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Abstract

Objective: To determine the ratio of free to total PSA in patients' of carcinoma prostate and nodular hyperpla-
sia, and to compare this ratio with total PSA for diagnosis of prostate cancer. 
Settings: The study was conducted in Armed Forces Institute of Pathology (AFIP) Rawalpindi in collaboration
with Armed Forces Institute of Urology (AFIU) Rawalpindi, over a period of 7 months (February 2000 to August
2000).
Materials and Method: One hundred and seventy nine blood samples were collected from patients admitted for
prostatectomy. After surgery, diagnosis of prostate carcinoma or nodular hyperplasia was confirmed histological-
ly. Serum samples were analyzed for total and free PSA. 
Results: The ± 2SD values of total PSA for nodular hyperplasia were 4.07-13.93 ng/ml (mean = 9.00 ng/ml), and
for carcinoma prostate were 9.34-23.74 ng/ml (mean = 16.54 ng/ml).These values showed a considerable over-
lap. While 95 % confidence interval values of percent free PSA for nodular hyperplasia were 14.00 - 28.08%
(average = 21.04%), and for carcinoma prostate were 2.69-16.05% (average = 9.37%) and these values showed
a little overlap. The sensitivity of percent free PSA in differentiating between prostate carcinoma and nodular
hyperplasia was 96% with a cut off limit of 15% of % free PSA as compared to 74 % with total PSA alone.
Conclusion: Percent free PSA is a better marker for differentiating patients of carcinoma prostate from nodular
hyperplasia as compared to total PSA (JPMA 53:233;2003).

Introduction
Carcinoma prostate is the most common malignancy in

males older than 50 years of age, and second most common
cause of cancer deaths in United States.1 To decrease the mor-
tality rate of prostate cancer, it is mandatory to diagnose the
disease at an early stage, when it is organ confined, so that the
disease can be cured by radical surgery.2 Different modalities
are used in clinical practice for the diagnosis of prostate cancer.
They include digital rectal examination, transrectal ultrasonog-
raphy, serum prostate specific antigen and prostate biopsy.3

Prostate specific antigen (PSA) is a glycoprotein with a
molecular weight of 33-34 kD. It is a serine protease, produced
predominantly by the epithelial cells of ducts and acini of the
prostate gland.4 In the seminal fluid, PSA cleaves seminal
vesicle specific proteins into several very low molecular
weight proteins, as a part of the process of liquefaction of the
seminal coagulum. In the seminal fluid PSA can be fractionat-
ed into five isoforms.5 The isoforms A and B are enzymatical-
ly active, whereas isoforms C, D and E are inactive. Low lev-
els of PSA in serum of healthy individuals are because of min-
imal leakage of this protein into the blood. Elevated levels are
seen in patients with nodular hyperplasia of prostate, adenocar-
cinoma of prostate and prostatitis as well as after manipulating
prostate gland by digital rectal examination, transrectal ultra-
sonography, catheterization, prostate biopsy and after radical 

prostatectomy.6 After leakage into the blood, the
enzymatically active isoforms of PSA, combine with serum
antiproteases like α-1 antichymotrypsin (α-1 ACT) and α-
2 macroglobulins (α-2 MG)7, where as the enzymatically
inactive forms remain free in the blood which can be
detected by available free PSA immunoassays.8-10

Prostate specific antigen is currently the most prom-
ising tumor marker for prostate cancer. But, PSA testing
alone is not competent enough in screening and detecting
early prostate cancer.10 Nodular hyperplasia of prostate is
a common occurrence in men with same age group, which
does cause elevation in serum PSA level. Unfortunately the
overlap of PSA values in nodular hyperplasia and early car-
cinoma of prostate is so extensive, that selecting an opti-
mum cutoff value of total PSA is almost impossible.11 In
order to optimize the use of PSA for detection of prostate
cancer various concepts have evolved. These include PSA
density, PSA velocity, age specific reference ranges and
percentage of free PSA.12 

Among the various modalities, the percentage of
free PSA has shown potentially better results. It is proposed
that the proportion of serum free PSA is significantly high-
er in patients with nodular hyperplasia than in patients of
prostate cancer. The cancer cells, due to structural changes
in PSA molecule, may produce lower proportion of free



PSA in patients of carcinoma prostate.13 A
study was planned to evaluate the diagnostic sensi-
tivity and specificity of percent free PSA ratio to
total PSA in differentiating between nodular hyper-
plasia and adenocarcinoma of prostate.

Materials and Methods
This was an observational study carried out

in Department of Chemical Pathology and
Endocrinology in collaboration with Department of
Histopathology, Armed Forces Institute of Pathology
(AFIP), Rawalpindi.

The patients admitted in Armed Forces
Institute of Urology (AFIU), Rawalpindi, between
February 2000 and August 2000 for prostatectomy
were selected for the study. Patients who were
catheterized, those who had digital rectal examina-
tion performed in last 2-3 days before taking blood
sample, and patients suffering from urinary tract
infection were excluded from the study. Venous
blood sample (5 ml) was collected in a plain Venuject
tube (without anticoagulant), avoiding hemolysis
from each patient for total and free PSA estimation.
Serum was separated from the clotted blood and
stored frozen at -200 C till analyzed. The detailed
clinical history was recorded, physical examination
and ultrasound findings and results of other investi-
gations were noted. The time interval between sam-
pling and performing the test ranged between 1 and
3 months. After surgery, diagnosis of prostate cancer
or nodular hyperplasia was histologically confirmed. 

Serum free PSA and total PSA estimations
were done by a solid phase two-site chemilumines-
cent enzyme immunometric assay on Immulite
Automated Analyzer (DPC-USA), using Immulite
free PSA (Cat. Number-LKPF 1) and total PSA (Cat.
Number-LKPS 1) reagent kits, duly approved by
FDA of USA.

Subjects were grouped into those having
nodular hyperplasia and the ones with carcinoma of
prostate.

Results
A total of 179 patients were studied. Out of

which 129 had nodular hyperplasia and 50 were suf-
fering from carcinoma prostate. The average age of
patients with nodular hyperplasia was 71.5 years (53-
90 year), where as the average age of patients having
carcinoma of prostate was  67.2 years (51-80 years).

The results of total PSA for all these patients showed that the
mean value in both groups to be well apart. Calculation of 95% confi-
dence interval (+2 SD = 4.93) reflected sinificant overlap between these
two groups. The histogram of total PSA (Figure 1) showed that this
overlap is considerable, particularly in the zone ranging from 5.0-20
ng/ml, consisting of majority of patients.

The results of percent free PSA showed that the mean values are
more spaced out between these two subgroups and the 95% confidence
interval (+2 SD = 10.12)  

Figure 1. Frequency distribution of total PS (n=179).

Figure 2. Frequency distribution of percent free PSA (n=179).



showed little overlap. The histogram of percent free PSA
showed that the overlap of patients of nodular hyperplasia and carcino-
ma prostate is very little.

To determine the diagnostic accuracy of the total and free PSA
in subjects with carcinoma prostate, Receiver Operating Characteristic
(ROC) curves were plotted (Figure 3) showed that by additional testing
with free PSA,the sensitivity rate of detecting carcinoma prostate
increasedfrom 74% to 96%, without any decrease in specificity, at a
cutoff limit of 15% of percent free PSA.

Discussion
The most important advancement in enhancing the performance

of prostate specific antigen, as a tumor marker is the discovery of var-
ious molecular forms of prostate specific antigen.14 

In our study the comparison of mean of total PSA for 179
patients of nodular hyperplasia and carcinoma prostate shows quite a
significant difference between these two groups. But the overlap of
total PSA values encompassing 95% confidence intervals of these two
groups is quite extensive. Majority of our patients fall in the zone rang-
ing from 9-19 ng/ml, and in this zone selecting a cutoff value of total
PSA, to differentiate between these groups seems more or less impos-
sible. However if a cutoff level at 12 ng/ml is established, the sensitiv-
ity of total PSA to detect carcinoma prostate becomes 74%, which is
not an appreciable sensitivity to detect carcinoma prostate.
Christenssion et al.15 in a study calculated the sensitivity of total PSA
to detect prostate cancer as 66%. Again, it is a low sensitivity rate to
detect prostate cancer.   

Percent free PSA (proportion of free PSA to total PSA), has been
shown in various studies to be more useful than total PSA in distinguish-
ing prostate cancer from nodular hyperplasia, in patients where the total
PSA levels are inconclusive.16-18 The  main aim of almost all of them

was, to reduce the number of unnecessary prostate biopsies
in individuals with slightly elevated total PSA values, and at the
same time improving the sensitivity of this tumor marker for early
detection of prostate cancer. Our study also shows that the percent-
age of free PSA discriminates better between carcinoma prostate
and nodular hyperplasia than total PSA.

Similar results are found in various other studies.
Christenssion et al.15 evaluated free PSA and total PSA in 121
patients of prostate cancer and 144 patients of nodular hyperplasia.
The percentage of free PSA was significantly lower in patients
with prostate cancer relative to those with nodular hyperplasia.
They established a cutoff limit of 18% for percent  free PSA, which
showed a sensitivity of 90% to detect early carcinoma prostate.
These results are in agreement with our study that reflected a sen-
sitivity of 96%, despite the fact that we have lowered the cutoff
limit to 15%.

In another study Lilja et al.7 showed, that percentage of free
PSA is considerably low in patients with prostate cancer than in
nodular hyperplasia. His cancer patients had 18% average free PSA
as compared to 28% average free PSA in patients with nodular
hyperplasia. Catalona et al.19 performed a multi-center trial in
which he evaluated men who had total PSA ranging from 4.0 - 10.0
ng/ml and a negative digital rectal examination, who underwent
ultrasound guided needle biopsy of prostate gland. A total of 773
individuals were studied, out of which 379 (19%) were ultimately
found to have cancer. He showed that total PSA was higher in
patients of cancer, whereas the free to total PSA ratio was signifi-
cantly higher in men with negative biopsies.

In our study Receiver Operating Characteristics curves
(ROC curve) demonstrated that the sensitivity of percent free PSA
in differentiating between prostate cancer and nodular hyperplasia
improved to 96%, when a cutoff limit was made at 15% of percent
free PSA. This free to total PSA ratio demonstrated a highly signif-
icant improvement over the total PSA concentration alone in dis-
criminating between patients with nodular hyperplasia and prostate
cancer. Similar results were found in a study by Lauderer et al18,
who showed that with a cutoff limit of percent free PSA at 20%, the
sensitivity to detect carcinoma prostate increased to 88%.
These observations support the concept that there is lower free to
total PSA ratio in the serum of prostate cancer patients, when com-
pared with patients of nodular hyperplasia. However the cutoff value
of free PSA, that yields maximum sensitivity, varies in different
studies. This difference in percentage of free PSA has been observed
because of variations in study design, data analysis and various fac-
tors known to directly influence serum PSA levels such as digital
rectal examination, ejaculation, exercise, catheterization and differ-
ent drugs.20 A number of analytical problems are also of concern,
such as the fact that PSA assays developed by various manufactur-
ers may differ in serum PSA level determination.21 Differences
between manufacturers would be multiplied when these two analytes
are measured to obtain the ratio of the free to total PSA. In our study
we used both free PSA and total PSA kits that were approved by
FDA of USA.



These variations in assays clearly pose problems in determin-
ing the free to total PSA ratio. Laboratories must provide information
with respect to which free and total PSA assay they utilize, as well as
to provide meaningful risk assessment for carcinoma prostate at a
given ratio.  PSA has truly revolutionized the management of men with
prostate cancer. Its role in screening and early detection is both ration-
al and unprecedented. Undoubtedly, new approaches for interpreting
PSA levels in the individual patient will be discovered and new mak-
ers will be identified to aid clinicians in the diagnosis of prostate can-
cer.

Conclusions
Total serum PSA level cannot significantly distinguish between

nodular hyperplasia and carcinoma prostate in patients having total
PSA ranging from 5-20 ng/ml. By doing additional testing with free
PSA and calculating percentage of free PSA, the sensitivity of prostate
specific antigen as a tumor marker is enhanced to 96% for detection of
prostate cancer when cutoff limit of 15% is selected.
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