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Summary

This study was aimed to demonstrate the significance of free/total Prostate

Specific Antigen (PSA) ratio in the diagnosis of prostatic enlargement. The

study was carried out in a total number of tOo subjects, of which 58 had benign

prostatic hyperplasia (BPH), 42 had cal'cinoma prostate and 50 were age

matched control. The subjects were collected from Dhaka Medical Collegc

Hospital (DMCH) and Bangabandhu Sheikh Mujib Medical University
(BSMMU). Venous blood (5ml) was drawn from each subject before digital

rectal examination or pre-urethral manipulation for estimation of PSA. Final
diagnosis was made by histopathological examination, specimen being obtained

by transurethral resection of prostate (TURP), open prostatectomy and per

rectal tru-cut biopsy with biopsy gun. The study showed a highly significant

difference of serum PSA and free/total PSA ratio in differentiating BPH from

carcinoma prostate. Free/total PSA ratio was highly significant in differentiating

between BPH and carcinoma prostate (p«U)OI) and carcinoma prostate and

control (p<lJ.OOl). In the marginally elevated PSA, free/total PSA ratio I'educcd

biopsy by 81-85 % in BPH and carcinoma prostate respectively. The ovemll

specificity, positive Pl'edictive value and efficiency of free/total PSA was much

higher than that of total PSA in differentiating BPH from carcinoma prostate.

Introduction

Prostate Specific Antigen (PSA) is a prostate
specific product. It is also expressed at low
concentrations in the paraurethral glandsl and
normal breast tissue as well as in some

cancers. The serum level of PSA IS widely
accepted to be the most useful tool for the

early detection. evaluation and management
of prostate carcinoma2. Recent studies

acknowledge that PSA exists in both free and
complexed form in the blood and this may
make it possible to improve the diagnostic
value of this test'. The concentration of both

forms are usually highest in patients with
prostate cancer. intermediate in those with
BPH and lowest 111patients without prostatic
disease4. In additIOn the ratio of free to total

PSA is lower in patients with prostate cancer
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than in those having BPH3.4. The value of
PSA for the early detection of carcinoma
prostate is controversial, because there is an

appreciable false positive result causing
many unnecessary biopsies. Elevated serum
PSA level indicates the presence of

carcinoma prostate or BPH and total PSA
alone cannot distinguish these conditions'.
Several PSA related indexes and assays have

been proposed in an attempt to improve the
power of PSA in the early detection of
prostate cancer. PSA density, age referenced
PSA, PSA velocity. PSA of the transition
zone (PSA-TZ), ProstAsure Index and free
to total PSA ratio'. Patients with total PSA

level between 4-10 ng/ml are diagnostically

a problem as there is significant overlap in
their total PSA values, making it difficult to
differentiate confidently between BPH and

prostate cancer, even when the age of the
patient is considered6. Recent reports suggest
a significant difference in the free/total PSA
ratios in patient!> with BPH and prostate
cancer, use of free/total PSA ratio may be

helpful in patients with a serum total PSA
level of 4-10 ng/mF.

In the present study, concentration of free and
total PSA in serum was investigated to find
out whether the ratio offree to total PSA (f/t

PSA) offers a better discriminant for the

detection of carcinoma prostate or BPH & to
determine whether these measurements have

any potential in reducing the number of
unnecessary biopsies in patients with
marginally raised PSA level.

Materials and Methods

This studywas an age matchedrandomstudy.
It was carried out in the Department of
Urology,DhakaMedicalCollege& Hospital.

August 2004

Cases were collected from Dhaka Medical

College Hospital and BSMMU. The study
was carried out during the period from
January 1998 to Apri I 200 I .

A total number of 100 subjects, out of which
BPH were 58 and carcinoma prostate were
42 with 50 control were included in this study.

Control were age match~d having no history
of features of prostate diseases and were

negative for abnormal results on digital rectal
examination (ORE).

Inclusion criteria

The patients were included in the study on
the basis of presence of prostatism such as

frequency, urgency, hesitancy, poor flow.
incontinence, nocturia etc. Inclusion criteria
were as follows:

I. DRE finding of prostatic enlargement
either benign or malignant.

ii. History of retention of urine.

iii Informed written consent from the patient

to carry out examination and all relevant
investi-gations.

Exclusio/1 Criteria

I. Refused to sign infromed consent form.

II. DRE normal.

iii. History of previous androgen deprivation
therapy or previous radiation therapy.

iv. Prostatism improved by conservative
treatment.

Study Design

A predesigned case record form was used.
Informed consent from each and every

patient was obtained on a predesigned
consent form. Detail clinical history was
recorded on the first day of visit in the case

record form and blood samples were
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collected before digital rectal examination for
estimation of PSA.

Digital rectal examination was carried out in
standard condition, patient being placed in
left lateral position after proper explanation
of the method to the patient.

It is well known that PSA level is influenced

by several factors such as ORE,
catheterization, cystoscopic manipulation etc.
To avoid these conditions, 5cc of venous

blood were collected before any prostatic
manipulation and the sample was processed
without delay. Serum were stored at-20nc
until assayed for PSA by enzyme immuno-
assay using kit (DiaSorin, Italy) with normal
reference for total PSA 0-4 ng/ml & cut off
value for free/total PSA 0.16 ng/ml. In some

cases with history of recent acute urinary
retention, catheterization or digital rectal
examination, blood samples were collected
after one month since the time of prostatic
manipulation by ORE or catheterization.
Total PSA, free PSA and free/total PSA were

measured in all cases in the immunology
department of BIRDEM. Blood samples
were also taken from 50 control subjects for
estimation of total PSA, free PSA and free
to total PSA ratio.

Transrectal tru-cut biopsy was done in 71
cases where PSA value was elevated or

suspicious nodule found on digital rectal
examination. Transrectal tru-cut biopsy was

done by using digital guided spring loaded
bIOpsy gun. A total of six specimens were
obtained in a systematic way from right and
left lobe of prostate. In all cases, tissues were
preserved in 10% formalin.

Other investigations for diagnosis of prostatic

enlargement include uroflowmetry, plain

X-ray of KUB region, cystoscopic
evaluation. For general assessment, some
other investigations were done which

include complete blood profile, blood sugar,
blood urea, serum creatinine, X-ray chest and
ECG.

Final diagnosis was achieved by

histopathological examination. specimen
being obtained by TURP or open
prostatectomy or tru-cut biopsy.

Sensitivity, specificity, positive predictive
value, negative predictive value and
efficiency of serum total PSA and free to total
PSA ratio in serum were calculated.

All data were collected from the predesigned
cases record form. To compare result~.

Student's unpaired 't' test,Chisquare (X2) test
were performed where appropriate. A .p'
value of <0.05 was considered as significant.

Results

Patients with BPH (n=58) and carcinoma

prostate (n=42) admitted in urology unit of
Dhaka Medical College Hospital and

Bangabandhu Sheikh Mujib Medical
University were included in the study along
with fifty control subjects of similar age and
sex matching.

The patients were between 45 to 88 years of
age. The peak incidence of both BPH and
carcinoma prostate was 111the seventh decade
followed by sixth decade in order.

Table-[ shows the distribution of serum total,

free and free/total PSA in patients with

carcinoma prostate. Table-I[ shows multiple
comparison of total, free and free/total PSA
in cancer prostate. BPH and control subjecl.
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Table-I: Towl. Fee and Fee/total PSA distribwion in patients with carcino/l/a pmslllte, UPfI {/I/{I

cO/lfrol subjects

Groups

l:arl:inoma pros laIc (n=42) BPH (n=5X) Control (n=:'iO,

TOLalPSA (ng/ml) mean wilh range

Frel: PSA (ng/ml) mcan with rangc

Free/Total PSA mean with range

13.67 (2.YO-3Y.XO)

1.17 (0.22-4.56)

X.3X (2.55-22.50)

3.l)6 ( 1.20-11.40)

1.007 (O.2X-2.20)

26.40 (X.2X-4Y.OO)

2.64 (0.54-1.\.70)

O.Xl) (0.1 X-4. 70)

3X..12 ( IO.l)3-l) I .W)

Table-II. Multiple comparison tests jlJr total, .lioeeand fi'ee/towl PSA in patients with {'arC;IIOIlIlI

prostate. BPH and control subjects

Comparisons p values
TOlal PSA

p values
Freerrolal PS;\

p values
Free PSA

Carcinoma prostate and BPH

Carcinoma prostate and l:ontrol
BPH and l:ontrol

<0.00 I

<0.00 I

<O,OS

>0.05

>(!.OS

>(J.OS

<O.()OI

<0.00 I

<0,00 I

The serum total PSA and free/total PSA ratio,

comparing between carcinoma prostate and

BPH, carcinoma prostate and control was
found to be highly significant (p<O.OOI), free!
total PSA ratio in comparing between BPH
and control in this series was also highly
significant (p<O.OOI).

Table-III: IJistrilJlltioll ot Iw/iell/s lI'i/1tHPfI /11111

carcillo/l/{/ pros/{//e lIc{'oullllg 10
.1'1'1'1/111total PSA IeI'd

Total PSA

ng/ml

<4
4-10
> 1<1

Tolal

x = 4() 42: r<().O() I

Table-III Shows the serum total PS.\ It: \ el

In benign prostatic h) pl'l'plasla and

carcinoma prostate in different ranges of its

detection. Total PSA level were <4 ng/ml in

36 cases of BPH and 4 cases of carcinoma

prostate. between 4-10 ng/ml in 20 cases of

BPH and 16 cases of carcinoma prostate and

22 cases were malignant having total PS/\

> I0 ng/ml. There was a significant di fference

between benign prostatic hyperplasia and

carCJIloma prostate in different ranges oftut,1I

PSA level (p<O.OOI).

In pa<ients with serum total PSA <4 ng/1lI1.

36 were benign and 4 were malign"nt

(Table-III). Among patients with BPH. free!
total PSA ratio were below 0.16 in 03 cases

and above 0./6 ill 33 cases. In patients \vllh
carcinoma prostate. free/tolal PSi\ raliu
werc be)()\\ () 16 In J cases and abm e () I ()

111 I (Table 1\ ) case. Statistical an,,1\ SIS

rc\c...dcd significant differences bd\\l'CIl

patients with BPH and carcinoma prostatL

lI~ln,!! h\:eltl1t,tI PSA ratio with Cllt utI \ ,tllIl

01 () 16tp<O ()Ol).

Benign Carl:inoma Total

prostalll: prostate

hyperplasia (n=42)

(n=5X)

36 04 40

20 16 16

02 ,,, 24--

5 47 I ()()
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Table-IV: Distributioll ofpatiellts with serum towl PSA level helow 4 IIg/lIIl.betll'eell4-IO IIg/1II1lIlId

> 10 ng/1II1by free/tow I PSA ratio with C/ltoff vllllle of (J.ln

33 36 02Benignprostate 03
hyperplasia
Carcinomaprostate03 01

34

04

40Total 06

03 17 20 01 01 ,

13

16

03

20

22

24

16

36

21

22

01

02

x2: 7.86. p<0.001 X2:13.23.p<0.001 X2: 7.9, p<0.001

Table-IV shows the distribution of patients

with serum total PSA level between 4-10 ng/
ml by free/total PSA ratio with cut off value
of 0.16. With total PSA level between 4-10

ng/ml, 20 cases were benign and 16 cases
were malignant. Free/total PSA ratio with cut
off value of 0.16 among BPH cases, .3were
below 0.16 and 17 were above 0.16. Among
16cases of carcinoma prostate, 13cases were
below 0.16 and 3 cases were above 0.16.

Statistical analysis revealed significant
differences between patients with BPH and

carcinoma prostate using free/total PSA ratio
with cut off value of 0.16 (p<O.OOI).

Table-iv shows the distribution of patients

with serum total PSA level> I0 ng/ml by free
/total PSA ratio with cut off value of 0.16. In

this group 2 cases were benign and 22 cases
were malignant with total PSA level> I0 ng/

ml. Using free/total PSA ratio with cut off
value of 0, 16, among the benign cases, I was
below 0.16 and I was above the cut off value.

Among the malig.lant cases with total PSA
level> I0 ng/ml. free/total PSA value were
below 0.16 in 21 cases and in only I case it
was above 0.16. Statistical analysis revealed
a significant difference between benign and
malignant diseases in this group (p<O.OOI).

Overall sensitivity, specificity, positive
predictive value, negative predictive valuc
and efficiency of serum total PSA, free/total
PSA ratio in differentiating benign prostate
hyperplasia and carcinoma prostate were
evaluated (Table- V).

Table- V: ShowillK sellsitivity. spec!ticity. positive predictive vallie, lIeKlItive predictive vullle. lIlId

efficiency of serul1l towl PSA and Fee/total PSA in differentiating betweell BPfI lIl/{l

carcinoma pmswte

Sensitivity
(9{)

Specificity
(9{.)

Positive predictive Negative predil.:tivc Efficiclll:Y
valuc(9{) value ('%.) (9{J

Total PSA 90.47

Freerrolal PSA 88.09

62.06

87.93

63.33

84.0l)

l)(). ()()

l) 1.07

74

8X
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From the above data it was clear that free/

total PSA ratio is a more efficient test in

differentiating benign prostate hyperplasia

from carcinoma prostate.

Discussion

Serum PSA testing are widely used as a

screening test in conjunction with digital

rectal examination for early detection of

prostate cancer. However, there is concern

about the high rate of false positive results

and the high cost of negative biopsies. To

improve the specificity and sensitivity of

serum PSA level in the detection of early

prostate cancer, additional variables have

been investigated including PSA density,

PSA velocity. age specific reference ranges').

As these factors are not universally helpful

in improving the sensitivity and specificity

of PSA. other variables are also coming up

to increase the sensitivity and specificity of

PSA e.g. free to total PSA ratio in serum or

serum to urinary prostate specific antigen
ratio. Free/total PSA ratio with cut off value

of 0.25 can detect at least 95% of prostate

cancerJO.It has been suggested that serum to

urinary PSA ratio may be helpful in

distinguishing BPH from prostate cancer

particularly in the diagostic gray zone of

serum PSA between 4.0 and 10.0 ng/ml". It

has been found that free/total PSA in patients

with carcinoma prostate issignificantly lower

than in men with BPH (p<O.OOI)3.

The present study was aimed to show the

significance of free/total PSA in serum for

the diagnosis of prostatic enlargement. In this

series. the highest incidence of prostatic

enlargement was in the seventh decade

followed by sixth decade in order. Prostatic

enlargement either 111BPH or carcll10ma

August :!004

prostate was found to be increasing till the

seventh decade. It supports the observation

that specific prevalence for BPH is closely

similar in population throughout the worl<.Jl2.

Blood samples for measurement of tPSA.
fPSA and fit PSA were obtained from all

patients and control subjects before digital

rectal examination or aHYother interventiun

which could alter the PSA value. Many
factors can alter PSA value in serum like

ORE, prostatic massage. ejaculation. prostate

biopsy, haemodialysis. acute urinary

retention and recent urinary tract iofection.

It has been demonstrated that PSA testing of

patients with outlet obstruction often fai led

to detect prostate cancer2. It has also been
described that the reference ranges for total.

free and free to total PSA ratio may not be

necessarily beneficial in haemodialysis

patientsl.\. Digital rectal examinatiun causes

a modest increase and prostate needle biopsy
causes dramatic increase in both furms of

PSAl4. Therefore, to avoid confusions all

factors were excluded before taking bluod

sample from patients and control subjects.

Student's unpaired t test was performed to

compare between BPH. carcinuma prostate

and control. Statistically there were

significant difference (p<O.OOI) between

carcinoma prostate and BPH. can:lllUma

prostate and control for both total PSA and
free/total PSA ratio. But for BPH and cuntrul.

free/total PSA ratio was also significant

(p<O.OOI). It confirms the recent report that
free to total PSA was constant for men of all

ages and who were confirmed to be free of

carcll10ma prostate').

In the present study, it was seen that there

was much difficulty in diagnosIs when total
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PSA level was between 4-10 ng/ml. Patients
with BPH having total PSA value between
4-10 ng/ml were 20. Among these patients,
free/total PSA ratio was below 0.16 in only
3 cases (15%) and above 0.16 were 17(85%)

cases. In carcinoma prostate, patients with

total PSA level between 4-1 0 ng/ml were 16.
Among these patients, free/total PSA ratio
was below 0.16 in 13 cases (81.25%) and,
above 0.16 in 03 cases (18.75%). Therefore,

in patients with marginally elevated level of
PSA, free/total PSA ratio can decrease

biopsies by 81.85%. It confirms the recent
report of others that free/total PSA may
reduce the number of biopsies in patients with

a mildly elevated total PSN5. Using Chi-
square (X2) test, it was also found that free!
total PSA can differentiate BPH from

carcinoma prostate significantly (p<O.OOI).
It has also been observed that free to total

PSA ratio is useful in distinguishing negative
and positive biopsies particularly when total
PSA level was between 4~lOng/mill'. In their

series 18.75% cancers were missed using free
to total PSA ratio with cut off value of 0.16

which is comparable to that of others that

free/total PSA ratio may be used to decrease

biopsies in patients with a total PSA value
between 4-10 ng/ml'h.l7. In these studies
t'eceiver operating characteristic curves for
the free to total PSA ratio showed a

significant increase in specificity in
comparison to total PSA. In their series with
free to total PSA ratio, 19% of cancers were
not detected. It has been demonstrated that

the area under the receiver operating
characteristic curve for free/total PSA was

significantly greater than that for total PSA
(p<O.OOI)IX.In their series, most patients with
BPH had a total PSA value between 4-10 ng/

ml, but no patients with BPH had a total PSA

value >20.0 ng/ml. In our series there were
only two cases of BPH having total PSA more
than 10.00 ng/ml. With free/total PSA ratio
cut off value is 0.16 in marginally elevated
total PSA level (4-10 ng/ml). It has also been

shown that free/total PSA in patients wilh
carcinoma prostate is significi.lIltly lower than
in men with BPH (p<O.OOI). In this series.

median free/total PSA for carcinoma prostate
was 18% compared with 28% for the men
with BPH. It is comparable to this study
where mean of free/total PSA in carcinoma

prostate was 8.98% and men offree/total PSA
in BPH was 26.40% which is more than three

times than that of carcinoma prostate.

The overall specificity, positive predictive
value and efficiency of the test was much

higher for free/total PSA ratio. Improved
specificity and positive predictive value of
free/total PSA with cut off value of 0.16 in

comparison to total PSA using threshold of
4 ng/m has also been shownl7. Despite this
improvement over total PSA assay, the free/
total PSA ratio alone is not an absolute test

in differentiating between BPH and prostate

cancer, but it is certain that it may reduce
many biopsies where total PSA is more than
4 ng/ml.

In conclusion, it appears that free/total PSA
ratio can reduce prostatic biopsy by 81-85Lk

in marginally elevated total PSA level. Total
PSA or free/total PSA level alone can not

diagnose absolutely prostatic enlargement

due to either BPH or carcinoma prostate.
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