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Background: Prostate cancer is a leading cause of morbidity and mortality in our male population, thus screening initiatives will
help to improve outcomes. The current screening marker, total prostate-specific antigen (PSA), is not prostate cancer specific. The
development of percentage free PSA (%FPSA) has largely improved the detection of prostate cancer.
Objectives: To assess the performance of %FPSA ratio at the 25% cut-off and its ability to distinguish between prostate cancer
and benign prostatic lesions.
Methods: This was a retrospective study conducted on male patients with total prostate-specific antigen values < 10 ng/ml
and with prostate histology results. Male patients with total prostate-specific antigen between 4 and 10 ng/ml had their free
prostate-specific antigen determined together with the calculation of the free prostate-specific antigen ratio. The ratio was then
correlated with prostate histology results to determine the presence of prostate cancer at the cut-off ratio of 25%.
Results: Prostate cancer was detected in 28 (21.37%) patients out of the total population of 131. Ninety-two patients had a FPSA
ratio of < 25%, 22 (22.8%) of whom were found to have prostate cancer. Notably the sensitivity and specificity were found to be
86% and 27% respectively, with a positive predictive of value of 21% at this cut-off.
Conclusions: The study demonstrates a %FPSA ratio of 25% not to be a good discriminator between prostatic cancerous and
benign lesions. It is thus recommended that a prostate biopsy should be done based on clinical examination findings rather than
the level of total prostate specific antigen from 0–10 ng/ml or %FPSA ratio.
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Background

Prostate cancer (PCA) is a common male cancer globally and in
South Africa (SA) the incidence has been reported to be 40.5 per
100 000 per year.1 The global incidence has been reported to
vary substantially due to differences in the screening of cancer
through prostate-specific antigen (PSA) testing. The incidence
has been shown to increase with age and is common after the
age of 50 with a peak at the age of 60–70 years.2 Screening and
diagnosing PCA early is crucial as these can prevent poor
outcomes. PSA is the only useful tumour marker that has been
approved by the Food and Drug Administration (FDA) for early
detection of PCA.3,4
Prostate-specific antigen is a proteolytic enzyme that belongs to
the kallikrein family of serine proteases.5 PSA is expressed in
prostate tissue, breast tissue, salivary glands and skene glands.2,6
In the prostate gland, PSA is produced as a proenzyme PSA
(proPSA) by the epithelial cells of the acini and ducts of the
prostate gland.5,7 It is then secreted to the lumen where the
propeptide is removed and active PSA is formed. Its major
function is to regulate seminal fluid viscosity and it plays a major
role in dissolving the cervical mucus cap, allowing sperm to enter
the uterus. Due to efficient blood supply, small amounts (or
concentrations) of PSA constantly pass to the bloodstream.5
It is well known that PSA exists in multiple forms. The fraction
that enters the circulation is intact and predominantly bound to
proteins (alpha 2 macroglobulin and alpha1 antichymotrypsin)
and is known to be active. The inactive enzymatic PSA form does
not bind proteins and circulates freely as free PSA (FPSA).2,8 The

total PSA (TPSA) is a combination of complexed and free PSA.
TPSA is used in monitoring treatment response in patients with
prostate cancer, early detection of recurrence, assessment of
tumour mass and is also useful in screening and diagnosing
PCA.2,7,9 Despite its useful clinical applications, TPSA lacks
specificity because it can increase in patients with non-cancerous
prostatic conditions, including benign prostatic hyperplasia,
prostatitis, acute urinary retention , and on digital rectal
examination, ejaculation and prostate biopsy.7,10 Measures have
been taken to improve the screening of PCA as the current TPSA
screening shows poor sensitivity and specificity, especially in the
TPSA grey-zone range (4–10 ng/ml). These measures include the
introduction of different indices: %FPSA:TPSA ratio, %proPSA,
PSA density and PSA velocity.2,11
The most successful measure thus far is the use of FPSA:TPSA
(FPSA/TPSA*100) ratio. This ratio is known to improve the
specificity and sensitivity for detecting PCA, especially in patients
with TPSA of 2/4–10 ng/ml.2,12 Notably, the FPSA has three
distinct forms: inactive PSA (iPSA), benign PSA (BPSA) and
precursor isoforms PSA (pro-PSA). BPSA is found in the transition
zone of the prostate gland and contributes to FPSA in the serum
of patients with benign prostatic hypertrophy (BPH). The proPSA is a precursor form of PSA, localised to the peripheral zone of
the prostate gland and contributes to FPSA in the serum of
patients with cancer of the prostate. The iPSA is enzymatically
inactive and is a minor variant of intact PSA.2 The clearance of
serum PSA is mainly through the liver (for both the complexed
PSA and the FPSA). FPSA is also cleared by the kidneys. Their halflives are 1.22 h and 22–333 h for FPSA and TPSA respectively.2,13
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Several studies done on the %FPSA:TPSA ratio have demonstrated
lower ratios (or values) in males with PCA as compared with those
without. The low ratio is attributed to the fact that PSA produced
from malignant cells appears to escape proteolytic processes,
resulting in more serum PSA complexed to alpha chymotrypsin
(ACT) and a lower percentage of total PSA that is in free form.
Notably PCA cells do not produce more PSA than benign prostate
epithelium.14 The ratio has assisted in determining the need for
prostate biopsy in patients with a TPSA level between 4 and
10 ng/ml. A ratio of ≤ 25% indicates the need for a prostate biopsy
whereas a ratio of > 25% requires monitoring with TPSA.2 Sokoll et
al. have shown that biopsied males with TPSA between 4 and
10 ng/ml and %FPSA ratio cut-off of < 25% showed sensitivity for
PCA of 95%, whereas Catalona et al. showed that about 25% of
patients will have a positive biopsy when their PSA level is
between 2 and 10 ng/ml. Currently, %FPSA ratio is the marker
that is used to predict PCA and is FDA approved.2

Aim of the study

The study has been done to investigate whether the %FPSA ratio
of 25% is able to distinguish between PCA and benign prostatic
lesions and to determine the need for prostate biopsies in our
population.

Methods

The study is a retrospective audit conducted on male patients
above 18 years of age attending Dr George Mukhari Academic
Hospital Urology clinic between June 2013 and March 2016. The
study was conducted by the Department of Chemical Pathology,
Sefako Makgatho Health Science University and study ethics
approval was obtained from the Sefako Makgatho Health Science
University Research ethics committee (SMUREC/P/106/2016).
Patients who had TPSA values < 10 ng/ml, FPSA values, FPSA ratios
(for TPSA 4–10 ng/ml) and prostate histology results were included
in the study; patients who did not have FPSA (for TPSA between 4
and 10 ng/ml) and/or histology were excluded from the study.
In all selected patients the serum samples were collected in plain
tubes and/or serum separator tubes for TPSA and routinely
analysed at a South African National Accreditation System
(SANAS) accredited laboratory. The measurement of serum TPSA
and FPSA was performed on the Abbott Architect ci8200
immunoassay system (Abbott, Abbott Park, IL, USA). The TPSA
assay is also a two-step chemiluminescent microparticle
immunoassay and the calibrator is referenced against the World
Health Organization (WHO) 1st International standard for PSA
(90:10) 96/670 at each concentration level. The assay has a linear
range of 0–50 ng/ml and a limit of detection of 0.008 ng/ml.

The FPSA assay is a two-step chemiluminescent microparticle
immunoassay and the calibrator is referenced against the
Stanford 90:10 PSA reference material at each concentration
level. The assay has a linear range of 0–30 ng/ml and a limit of
detection of 0.008 ng/ml. The %FPSA ratio was calculated by the
Laboratory information system (LIS).
Prostate histology results were used as a gold standard to
categorise patients as having prostate cancer or benign prostatic
lesions. Histological samples were obtained by transrectal
ultrasound (TRUS) guided biopsy and/or total prostatectomy.
The biopsies were analysed using haematoxylin and eosin
staining method at a SANAS accredited histopathological
laboratory by histopathologists.
The patient population was divided into two groups, those with
PCA and those with benign prostatic lesions and the group
categories were based on histology reports and %FPSA ratio of
0.25. The two groups were further subdivided into quartiles
based on %FPSA ratio 0.00–0.15, 0.16–0.25, 0.27–0.37 and > 0.37.

Statistical analysis

Data were analysed using SPSS®, version 24, statistical software
(IBM Corp, Armonk, NY, USA). The Shapiro–Wilk test was used to
establish if the data followed a Gaussian distribution. Since the
data was non-parametric, Wilcoxon’s signed rank test was used
to compare patients with prostate cancer and patients with
benign prostatic lesions. A p-value < 0.05 was considered as
statistically significant.
Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) were calculated at different
%FPSA ratio cut-offs (30%, 25%, 20%, 15% and 10%) to establish
which cut-off will offer a better diagnostic utility using histology
as a gold standard.

Results

The total number of patients evaluated was 131 and their TPSA
ranged from 0 to 10 ng/ml. The age of the cohort ranged from 47
to 90 years with a median age of 65 years. Twenty-eight out of
131 (21.37%) had PCA on biopsy. Nine out of 131 patients had
TPSA < 4 ng/ml. In this group, five patients had invasive
adenocarcinoma whereas four had benign prostatic lesions. The
remaining 122 patients had TPSA 4–10 ng/ml with 23 having
PCA and 99 having benign lesions. Of these 122 patients, using
the %FPSA ratio and the TPSA:FPSA ratio quartiles. We established
that more patients are classified as prostatic benign lesions as
compared with PCA (Figure 1 and 2). The TPSA, FPSA and F/TPSA
ratio did not show significant differences between the benign
and cancerous histology (Table 1), whereas age demonstrated a
significant difference when Wilcoxon’s signed rank test was used.
At the %FPSA ratio cut-off of 25%, PCA was found in 22.8% of
patients (Figure 2). The data demonstrated a sensitivity and
specificity of 86% and 27% respectively at the 25% cut-off, with a
PPV of 21%. At the 24% cut-off, the data showed a sensitivity and
specificity of 83% and 47% respectively with the best NPV of
92%, but a poor PPV of 26% (Table 2).

Discussion

Literature shows that PCA is the most common male cancer. In
SA, the 2012 National Cancer Registry (NCR) recognises PCA as
the second most common male cancer;15 thus early detection is
essential to reduce the high morbidity and mortality rates.

Figure 1: Quartiles of %FPSA ratio.
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region (2 or 4–10 ng/ml). Sokoll et al. demonstrated that biopsied
males with TPSA between 4 and 10 ng/ml and %FPSA ratio cutoff of < 25% showed sensitivity of 95%, whereas Catalona et al.
showed that 25% of patients will have a positive biopsy when
their PSA level is between 2 and 10 ng/ml. Using the 25% FPSA as
a cut-off, our study demonstrated a 23% chance of detecting
males with PCA while 77% of the patients would have been
subjected to unnecessary biopsies as shown in Figures 1 and 2.

Figure 2: Diagnosis based on 25% FPSA ratio and histology.

Table 1: Comparison between prostate cancer and benign prostatic
lesion patients
n

PCA

Benign

p-value

Age (years)

130

66.78 ± 6.87
(52–82)

65.09 ± 7.8
(47–90)

0.000

PSA (ng/ml)

131

6.46 ± 2.76
(0.70–9.90)

7.00 ± 2.06
(1–10)

0.355

FPSA (ng/ml)

122

1.13 ± 0.611
(0.10–2.33)

1.42 ± 0.84
(0.26–4.88)

0.977

F/TPSA ratio

122

0.16 ± 0.09
(0.02–0.41)

0.200 ± 0.105
(0.06–0.70)

0.749

Limitations

Note: In the benign lesion age category one patient was excluded as we did not
have his age.

Table 2: Diagnostic utility of F/TPSA ratio at different cut-offs
F/TPSA ratio (%)

Sensitivity

Specificity

PPV

NPV

10

0.26

0.81

0.24

0.82

15

0.52

0.61

0.24

0.84

18

0.56

0.5

0.21

0.83

20

0.69

0.42

0.22

0.85

22

0.83

0.34

0.23

0.89

24

0.83

0.47

0.26

0.92

25

0.86

0.27

0.21

0.9

26

0.87

0.25

0.22

0.89

28

0.86

0.16

0.19

0.84

30

0.95

0.15

0.21

0.93

*

Notably Figure 1 demonstrates that at different cut-offs of %FPSA
ratio there is poor stratification between the cancerous and the
benign lesions. The study was able to demonstrate that more
patients are diagnosed with PCA at lower %FPSA ratio cut-off as
compared with higher %FPSA ratio cut-off value, which is in
agreement with the findings of Catalona et al. The low PPV seen
in our study with %FPSA ratio cut-off of < 25% is comparable to
that of Agnihotri et al. who looked at Indian males and found a
PPV of 15.95%.14 The study demonstrates that %FPSA at 25%
does not have a high discriminating power between benign and
cancerous lesions, as the sensitivity at the current cut-off is 86%,
which is below the preferred 95% cut-off.2,3 For our study the
%FPSA at 25% could only detect 23% of the cancers. Notably
there is no significant difference between benign and cancerous
lesion as the TPSA mean was 6.46 ± 2.76 and 7.00 ± 2.06 for PCA
and benign lesions respectively with p < 0.355. When using the
%FPSA less than 25% as a cut-off, the difference between the
mean ratios (0.16 ± 0.09 and 0.200 ± 0.105) for PCA and benign
lesions, respectively, was still insignificant with p < 0.749.

†

Notes: *PPV: positive predictive value.

NPV: negative predictive value.

†

Most institutions do not recommend further testing when
patients present with TPSA < 4 ng/ml, unless there is a clinical
suspicion following a per-rectal examination. The prevalence of
PCA in patients with TPSA < 4 ng/ml is estimated to be
approximately 2–26%.16 PCA with the PSA range of < 4 ng/ml
was previously known to be indolent but has since been shown
to be aggressive, with metastases being present at the time of
diagnosis.17 A study done by Ibrahaim demonstrated a detection
rate of 13.1% for PCA with TPSA < 4 ng/ml and notably our study
detected 55.55% (five out of nine patients).18
The %FPSA has been recommended as the best strategy to
improve the diagnostic sensitivity of TPSA for the grey-zone

Not all patients with TPSA in the grey zone and available histology
results could be included in the study due to the absence of FPSA
levels. FPSA was initially not a reflexed test at the study laboratory.
In conclusion, the results of our study indicate that at 25% the
%FPSA ratio is not a useful discriminator for PCA and benign
lesions when TPSA is in the grey zone (4–10 ng/ml). The study
demonstrates that the majority of patients are subjected to
unnecessary biopsies based on the current 25% cut-off of the
FPSA ratio; however, a few (23% of cases) patients benefited from
the biopsies. Notably, we established that patients with low TPSA
(0–3.9 ng/ml) are also at high risk of PCA, thus we recommend
that the decision to refer for biopsy should be based on the
presence of other risk factors and clinical findings.
Disclosure statement – No potential conflict of interest
was reported by the authors.
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