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Correlation of Serum I'ree/Total Prostate Specific Antigen
Ratio with Histological Features for Differential
Diagnosis of Prostate Cancer

"™M.T. Agyei-Frempong, 'N.Y F. Frempong, K. Aboah and *K.A. Boateng

This study sought to find the correlation between Free to TPSA (F/T PSA) ratio
and the histological grades of prostate cancer. Among 120 selected from both
m-patients and out-patient clinic of the urclogy umt, 51 underwent tissue
biopsies within six months of thewr PSA measurements using enzyme
immunoassay. The F/T PSA ratios of patients with prostate cancer were compared
to those with BPH, using the students’ t-test. Correlation between histology
grades and F/T PSA ratios was calculated by the Pearson test and linear
regression. Receiver Operating Characteristic (ROC) curves were generated from
sensitivities and specificities of various F/T PSA ratios, FPSA and TPSA levels.
The F/T PSA ratio was significantly lower in the group of patients with prostate
cancer (PCa) (0.118+0.0043) compared to BPH (0.302+0.0179, p<0.0001). There was
also an inverse correlation between F/T PSA ratios and aggressiveness of
histology grades (r* = 0.76, p<0.0001), that is, the higher the histology grade, the
lower the F/T PSA ratio. The best accuracy was obtained with F/T PSA ratio
cut-off at 0.15, with specificity of 87.50% and sensitivity of 100%. The use of the
F/T PSA ratio improves PSA-based differential diagnoses of prostate cancer in
patients and can also lead to more specific identification of potentially curable
prostate cancer and reduce unnecessary prostate biopsies.
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INTRODUCTION

Prostate cancer 1s the most common malignancy in
men over 50 years old. The chance of any man bemng
diagnosed with prostate cancer 13 one m ten. The
mncidence of prostate cancer rises with age, 30% in men 30
to 40 years of age, 65% are diagnosed from 60 to 70 years
and 80% at the age of 80 vears (Badoe et al., 2000).
Geographically, there is a high incidence in the
United States particularly, among the Blacks. Tn Ghana,
there has been a steady increase in the number of deaths
from prostate cancer since 1991 and it is now the leading
cause of deaths n men (Nelson ef al., 2003, Arthur ez al |
2006). However, the prevalence rate has not been
ascertained.

Prostate Specific Antigen (PSA) has
characterized as the most useful serum marker for the
detection and management of prostate cancer. However,
1t 18 well recognized that serum PSA 1s also found to be
elevated in many benign prostatic diseases, as in Benign
Prostatic Hyperplasia (BPH), in prostatitis and after
manipulations of the prostate (Oesterling, 1991,
Leers et al., 2008; Mcneill and Hargreave, 2000). Between
25 and 50% of patients with BPH show PSA
concentrations above the upper limit of the normal range

been

(4 ng mL™"). As a consequence, the specificity of an
elevated PSA 1s often considered as being too low for
prostate cancer diagnosis. Thus men reporting to the
Hospital with prostate disorders are most likely to have a
biopsy taken for histological investigation since only a
biopsy can confirm or rule out cancer when PSA level i
high. However, 70% of men that undergo biopsy do not
have cancer, yet they go through the amxiety and trauma
of the procedure, its complications afterwards including
haematuria, a dull ache in the perineum and the cost
involved. These factors actually deny men with prostate
conditions access to healthcare leading to their eventual
death.

During the last decade several efforts have been
made to mcrease PSA’s diagnostic specificity using
methods such as PSA-density, PSA-velocity and age
specific PSA (Benson ef al., 1992).

At the same time several groups have been
investigating the molecular forms of circulating PSA
(Lilja et al., 1991; Stenman et al,, 1991). Tt has been found
that most of serum PSA is in complex with two serine
protease inhibitors, alpha-1 antichymotrypsin (ACT) and
alpha-2 macroglobulin (AMG). A smaller portion of serum
PSA is found to be unbound to any serine protease
mhibitor and this has been characterized as free PSA.
With the current immunoassays in climcal use, free PSA
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and PSA-ACT can be detected in serum (Bjork et al.,
1994). The sum of PSA-ACT and free PSA fractions
contribute to the total PSA.

Subsequently, it has been demonstrated that a lugher
proportion of PSA-ACT and lower one of free PSA exist
in patients with prostate cancer than in normal men or
men with BPH (Bjork ef af., 1994). As aresult, the use of
free PSA/total PSA ratio m the differential diagnosis
between prostate cancer and BPH has been proposed.

The aim of this study therefore was to compare the
ratio of free PSA to total PSA with histopathology of
prostate biopsies for the differential diagnosis of prostate
cancer.

MATERIALS AND METHODS

The study was conducted from July 2006 to March
2007. All study protocols were approved by the
Committee for Human Research and Ethics of the School
of Medical Sciences, Kwame Nkrumah Umversity of
Science and Technology and Komfo Anckye Teaching
Hospital, Kumasi, Ghana.

Patients’ examination, specimen collection (both
biopsy and blood specimens) and analysis were
performed with patients’ consent and in accordance with
the Helsinki Declaration.

One hundred and twenty patients, who attended the
out-patient clinic and in-patients of the urology umnit at the
Komfo Anokye Teaching Hospital (KATH) Kumasi were
selected for the study. These consisted of confirmed
prostate cancer patients and those who came for routine
checks for prostate diseases. The criteria for patient
selection included; 50 years and older, the duration
between blood sampling and tissue biopsy being less
than 6 months and those who consented to the study.
Fifty people from Our Lady of the Holy Rosary Catholic
Church, Kumasi who had not been diagnosed of any
prostate disease and who consented to the study were
used as controls.

Four milliliters of venous blood were collected from
each of the 120 consented patients as well as the 50
controls and all samples were processed to obtain sera.
Samples were kept at -80°C until assayed and were
brought to room temperature before assay.

Free Prostate Specific Antigen Immunoassay
(fPSA ETA) and total Prostate Specific Antigen
Immunoassay (tPSA EIA) kits respectively from HySkill
Diagnostics GmbH were used to analyse the samples;
both are quantitative enzyme immunoassays for the
determination of free PSA and tPSA concentrations
respectively in human serum. Both assays had detection
limits of 0.1 ng mL ™",



J. Med. Sci., 8 (6): 340-546, 2008

Tissue biopsies obtained from 51 of the 120 selected
patients withun 6 months of their PSA measurements were
processed and stained with haematoxylin and eosin (HE).
The stamned sections were examined under the light
microscope and diagnosis made by a specialist
pathologist who also determined the Gleason grades and
score of tumowur in those biopsies with prostate cancer.

Statistics: Data were analyzed using the statistical
software packages, GraphPad Prism 4.00 for windows and
Microsoft Excel. Comparison was done using the
student’s t-test, correlation was calculated by the Pearson
test, followed by linear regression, and the Receiver
Operating Characteristic (ROC) curves were generated
from sensitivities and specificities of methods.

Receiver Operating characteristic (ROC) curve
analysis was used to evaluate the reciprocal relationship
between sensitivity and specificity and to compare total
PSA with free PSA and freestotal PSA with the aim of
distinguishing between prostate cancer and BPH.

RESULTS AND DISCUSSION

One hundred and twenty male patients including
those who attended the Out-patient Clinic, and
In-patients, of the urology unit of KATH from July 2006 to
Tanuary 2007 were used for the study.

From the histopathology exammations, 35 were
diagnosed with BPH and 16 with prostate cancer (PCa).
Those with PCa had thewr Gleason grades and scores
determined.

The highest mean TPSA was observed in the 80-89
age group (45.22 ng mL.™"), followed by the >90 age group
(37.9ng mL ™", 70-79age group (35.99ng mL ™), 60-69 age
group (21.0 ng mL.™") and the lowest mean TPSA was
found in the 50-39 age group (8.81 ng mL™"). The same
trend was found with the mean FPSA (Table 1).

Conversely, the mean F/T PSA ratio was lowest in the
>90 age group (0.12) and increased gradually down the
age groups, 80-89 (0.14), 70-79(0.15), 60-69 (0.17), and
50-59 (0.25), respectively with a weak sigmficance
(p =0.0463) (Table 1).

The mean TPSA was lower in the 50-58 age group
(1.50+0.15) than n the »60 age group (2.09+0.29) but the
difference was weak (p = 0.09). However, the mean FPSA
was higher in the = 60 age group (0.74+0.13) as compared
to that of the 50-59 age group (0.51+0.06) with a weak
significance (p = 0.18) (Table 2).

Most importantly the mean F/T PSA ratio was higher
n the 50-59 age group (0.34+0.02) than the = 60 age group
(0.33+0.02) but 1t was of little sigmficance (p = 0.94)
(Table 2).

Mean TPSA was lower m the control group
(1.68+0.14) than in the test group (28.56+3.07) and the
difference was sigmficant (p<t0.0001). Also, mean FPSA
was significantly higher in the test group (4.59+0.36) than
in the control group (0.58+0.06, p<<0.0001). The mean
F/T PSA ratio was higher in control group (0.34+0.01)
than in the test group (0.1620.01), but the difference was
weak (p = 0.0463) (Table 3).

Table 1: Distribution of TPSA, FPSA and F/T PSA ratio among age groups of test group

Age Mean total Mean free Mean F/T
group PSA (ngmL™D) PSA (ngml.™Y PSA ratio Total No. Frequency (%)
50-59 8.81 2.16 0.25 14 11.67
60-69 21.00 3.63 0.17 41 34.17
70-79 3599 5.38 0.15 43 35.83
80-89 4522 6.22 0.14 16 13.33
=90 37.90 4.52 0.12 6 5.00
Table 2: Distribution of TPSA, FPSA and F/T PSA ratio among age groups of the control group
Total PSA (ng mL™") FREEPSA (ng mL™) F/T PSA ratio
Age group Mean+SEM p-value MeantSEM p-value Mean+SEM p-value
50-59 1.50£0.15 0.09 0.51+£0.06 0.12 0.34+0.02 0.94
260 2.09+0.29 0.74+£0.13 0.35+0.02
Table 3: Distribution of TPSA, FPSA and F/T PSA ratio in the control, test, BPH and PCa groups
TPSA (ng mL™) FPSA (ngmL™") F/T PSA ratio
No. of
Groups cases Mean+tSEM p-value Mean+SEM p-value Mean+SEM p-value
Control group 50 1.68+0.14 <0.0001 0.58+0.060 <0.0001 0.34+0.010 0.0463
Test group 120 28.56£3.07 <0.000 4.594+0.360 0.0276 0.16+0.010 <0.0001
BPH 35 17.95+2.54 7.21£0.920 0.40+0.020
PCa 16 65.49+9.33 14.68+0. 57 0.07+0.004

SEM = Standard Error of the Mean; p-vahie, Significance value
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The mean total PSA was found to be significantly
higher m the group of patients with prostate cancer
(65.4949.33) compared to BPH group (17.95£2.54,
p<0.0001). However, mean free PSA was significantly
higher in the BPH group (7.21+0.92) than the PCa group
(4.68+0.57, p=<0.0001) (Table 3).

The mean F/T PSA ratio was significantly lower in the
PCa group (0.07+0.004) than BPH group (0.40+0.02,
p<0.0001) (Table 3).

Out of 16 patients with PCa, nine (56.25%) had a
Gleason score of eight; four (25%) had seven; two (12.5%)
had three; and one (6.25%) had a Gleason score of two.

There was a weak correlation between the histological
grades (Gleason score) and TPSA concentration (1* = 0.35,
p = 0.0157) (Fig. la), and a similar weak correlation
between histological grades and FPSA concentration
(r* = 0.28, p = 0.0360) (Fig. 1b). However, there was a
significant inverse correlation between the histological
grades and F/T PSA concentration (r* = 0.76, p= 0.0001)
(Fig. 1c).

The best accuracy was obtained with a cut-off F/T
PSA ratio at 0.15, with specificity of 87.50% and
sensitivity of 100%. Furthermore, the area under the curve
(ATIC) of F/T PSA ratio (z = 1.00, p<0.0001) was higher
than AUC of TPSA (z=0.88, p<0.0001) or FPSA (z=0.69,
p = 0.0269) (Fig. 2a-c).

Moreover, the ROC analysis showed that a specificity
of 8570 and 81.25% were obtained for F/T PSA =
0.15 and TPSA, 18 ng mL ™" but for this TPSA value, the
sensitivity was very low (62.86%).

PSA is a tumow marker for diagnosis and
management of patients with prostate cancer. However,
low specificity makes TPSA assay climcally less useful
As an organ-specific antigen, the increase in serum TPSA
level 1s not cancer-specific. A better test 13 needed to
distinguish  benign conditions such as BPH and
prostatitis from malignant conditions (Stamey et al., 1987).
Abnormal results of TPSA assay often give patients
unnecessary concerns; the mvestigation procedures and
treatments can affect their quality of life. Previous reports
proved that PSA ratio improved specificity without
compromising sensitivity (Christensson et al., 1993).

In this study it was found that there was a gradual
mcrease m the TPSA and FPSA concentrations with
mcreasing age with the peak occurring in the 80-89 year
group for patients n the test group (Table 1) and also for
the normal individuals in the control group (Table 2). This
goes to prove that PSA concentration increases with
advancing age as suggested by Malarkey and
McMorrow (2000).

The mean FPSA concentration was sigmficantly
lower in PCa group (4.683+0.567) than that of the BPH
group (7.21320.917, p<0.0001), as confirmed by Bjork et al.
(1994) and Van Iersel et al. (1996) (Table 3).
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The mean F/T PSA ratio was found to be
significantly lower in the group of patients with
prostate cancer (0.074+0.004) compared to BPH (0.40+0.02,
p<0.0001). This finding 1s consistent with the findings of
Li et al. (1999), Filella et al. (1997) and Toubert et al.
(1996). However, distributions of individual values show
an overlap in the two groups (Table 3). The distribution
overlap of the F/T PSA ratio between prostate cancer and
BPH groups may be due, at least in part, to coexisting
hyperplasia and carcinoma areas within the same prostatic
gland. More than 80% of patients with prostate cancer
would also have histological BPH (Bostwick ef al., 1990).
It may be hypothesized that carcinomas associated with
BPH might not lead to a significant decrease in the F/T
PSA ratio, compared to BPH alone.

The first question for this study was: Is F/T PSA
ratio a better indicator than TPSA level for diagnosis of
prostate cancer?

Earlier studies showed that F/T PSA ratio could
discriminate benign from malignant prostate diseases
(Stenman et al., 1991) and even predict aggressiveness of
prostate cancer many years before the cancer was
diagnosed (Christensson ef af, 1990). This study has
confirmed that F/T PSA ratios in prostate cancer patients
not only differed from those in patients with BPH, but
also inversely correlated with histology aggressiveness
of prostate cancer. It has demonstrated that the more
aggressive the histology grade, the lower the F/T PSA
ratio; and the better the diagnostic sensitivity of F/T PSA
ratio for prostate cancer (Fig. la-c). Therefore, F/T PSA
ratio was not only prostate cancer-specific, but also
specific for histological aggressiveness. F/T PSA ratio
was a better indicator method than TPSA for diagnosis or
screening of prostate cancer. The result 13 consistent
with that of Li et al. (1999).

The second question considered in the study was:
Does F/T PSA ratios have a potential to replace tissue
biopsy?

Although tissue biopsy has been considered a gold
standard in diagnosis of prostate cancer, the procedure 1s
invasive, expensive and time-consuming. No
investigation procedures have been considered to replace
tissue biopsy. We found an inverse correlation between
histological grades and F/T PSA ratios. That 1s, the lower
the F/T PSA ratio, the more the aggressiveness of the
prostate cancer. Lower range of F/T PSA ratios had a high
sensitivity for diagnosis of prostate cancer with more
aggressive histology grades. In contrast, higher range of
F/T PSA ratios had a high specificity for ruling out
prostate cancer with more aggressive histology grades.
Previous studies reported a discrepancy of histology
grades of biopsy samples and Radial Prostatectomy (RP)
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specimen. The histology grades of biopsy samples gave
only 64% to 87% accuracy due to sampling errors
(Steinberg et al., 1997). Because of tlus discrepancy, it 1s
difficult to know which result 1s closer to real histology
grade of RP, F/T PSA ratio or histology grading of biopsy
samples.

When comparing the three methods (TPSA alone,
FPSA alone and F/T PSA ratio), TPSA measurement alone
and with a cut-off of 18 ng mL.™" provides a sensitivity of
81.25%, but with a low specificity (62.86%), a FPSA with
a cut-off of 10 ng mL ™" provides a sensitivity of 88.57%
and a low specificity of 37.50%, the F/T PSA ratio with
a cut-off of 0.15 gave the most accurate results, sensitivity
(100%) with a high specificity (87.50%) (Fig. 2a-c).

Furthermore, the area under the F/T PSA ratio curve
remained the biggest (z=1.00, p< 0.0001) versus FPSA
(z=0.69, p=0.0269) or versus TPSA (z =0.88, p<0.0001)
thus making it the method of choice.

The results are in agreement with Filella et al. (1997),
who found similar results (cut-off of 0.113 with a
sensitivity of 65%, specificity of 90%) and also
Toubert et al. (1996) who found a F/T PSA ratio at a
cut-off of = 0.15 showing a sensitivity of 79.5% and a high
specificity of 88.9% in spite of the great variability of the
TPSA and FPSA assays.

Catalona et al. (1993), however, proposed a higher
cut-off (23.4%) which would eliminate more than one third
of the useless prostatic biopsies when 90% of the cancers
were diagnosed

In conclusion, F/T PSA ratios in the prostate cancer
group were sigmficantly lower than those in the BPH
group and there was an inverse correlation between the
F/T PSA ratio and the histology aggressiveness of
prostate cancer. A cut-off of F/T PSA ratio at 0.15
improves diagnostic sensitivity and specificity for
prostate cancer.

The results from this study show that the use of the
F/T PSA ratio improves PSA-based differential diagnosis
of prostate cancer in patients and can also lead to more
specific 1dentification of potentially curable prostate
cancer and reduce unnecessary prostate biopsies.
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