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Abstract
Background. Prostate-specific antigen (PSA) occurs in

different molecular forms in serum: free PSA (fPSA) and
complexed PSA (cPSA), the sum of which corresponds to
total PSA (tPSA). In addition to tPSA, percent fPSA is
widely used in the detection of prostate cancer. Free PSA,
∼28 kDa, is eliminated by glomerular filtration. Previous
data showed that men with end-stage renal dysfunction re-
quiring chronic dialysis have increased percent fPSA. In this
study, we evaluated whether moderate-to-severe chronic re-
nal dysfunction, but with no need for dialysis, also impor-
tantly affects percent fPSA.
Methods. The study group consisted of 101 men (median
age 57 years, interquartile range 46–68) with chronic kidney
disease and no diagnosis of prostate cancer. Their median
glomerular filtration rate (GFR) was 23 mL/min/1.73 m2

(interquartile range 16–33; range 8–83), determined by io-
hexol clearance. Controls included 5264 men (median age
57 years, interquartile range 54–62) attending a prostate
cancer screening program with no diagnosis of prostate
cancer during 8 years of follow-up.
Results. With adjustment for age, median fPSA levels and
percent fPSA were significantly higher (P < 0.001) in pa-
tients with renal dysfunction, 0.45 µg/L and 47.2%, re-
spectively, compared to controls, 0.29 µg/L and 29.9%, re-
spectively. Regression analysis in the study group showed
a significant association between GFR and percent fPSA
(P = 0.036).
Conclusions. The percent fPSA is importantly influenced
by moderately impaired renal function in men with chronic
kidney disease. For such men, use of the current clinical
decision limits for percent fPSA could cause some men
with prostate cancer to be misdiagnosed as having benign
disease, and therefore fPSA should not be used to diagnose
prostate cancer in these patients.
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Introduction

The measurement of serum prostate-specific antigen (PSA)
is an important clinical tool for the detection and monitor-
ing of prostate cancer. PSA occurs in several molecular
forms in the blood, with two predominant forms: free, non-
complexed PSA (fPSA) with a molecular mass of ∼28 kDa
and complexed PSA (cPSA), a stable ∼90 kDa complex
with alpha-1-antichymotrypsin. PSA also occurs in com-
plex with alpha-1-antitrypsin and alpha-2-macroglobulin
but at much lower levels and of uncertain clinical value
[1,2]. The sum of fPSA and cPSA roughly corresponds to
the conventional immunodetected total PSA (tPSA) [3]. In-
creased release of tPSA in the blood is caused by prostate
cancer, but also by other prostate disorders such as benign
enlargement and prostatitis. However, fPSA as a percent-
age of tPSA (percent fPSA) is lower in men with prostate
cancer than in men with benign disorders. Therefore, per-
cent fPSA enhances discrimination of prostate cancer [4],
and it is frequently used to enhance the diagnostic efficacy
of PSA for early detection of prostate cancer in men with
moderately elevated tPSA [5].

Half-life for fPSA in serum is short (4–33 h) [6–10]. This,
combined with its low molecular mass, suggests elimination
by glomerular filtration. In contrast, cPSA has slow elim-
ination kinetics and 3-fold larger molecular mass, which
prevents glomerular filtration; these observations suggest
other routes of elimination, most likely by liver metabolism
[11,12]. After kidney transplantation and graft reperfusion,
serum concentrations of fPSA decline rapidly, which sup-
ports the hypothesis that the free, non-complexed PSA is
eliminated from blood circulation by glomerular filtration
[13–15]. Renal dysfunction may therefore alter the rela-
tive proportions of the two PSA forms by decreasing the
elimination of fPSA, thereby increasing percent fPSA. This
has been confirmed by findings in men on haemodialysis
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[16–19] and in men with peritoneal dialysis treatment [19]
who had significantly higher percent fPSA. This raises the
possibility that renal dysfunction may compromise the di-
agnostic accuracy of percent fPSA and suggests that a high
percent fPSA should not be considered as a sign of benign
prostatic disease in men with strongly reduced glomerular
filtration rate (GFR) requiring chronic dialysis.

To our knowledge, no reports have described the effect
of less severe renal dysfunction on fPSA. In this study, we
evaluate the effect of different degrees of renal dysfunction
on serum PSA and percent fPSA, in men without dialysis
treatment.

Subjects and methods

Patients

We investigated men with chronic kidney disease un-
dergoing regular medical examination at the Department
of Nephrology and Transplantation, University Hospital
(UMAS), Malmö, Sweden. During a routine visit for GFR
determination with iohexol clearance, men without history
of prostate cancer or urinary tract symptoms were invited
to participate in the study, and all 105 consecutive men
accepted the invitation. Using the local cancer registry up-
dated to 31 December 2006, we investigated if any of the
participating men had a prior diagnosis of prostate cancer.
Two study participants had been diagnosed with prostate
cancer and, hence, were excluded. Further, two men were
excluded as their PSA levels were below analytical detec-
tion limits. Therefore, our study cohort included 101 men
(median age 57 years; range 22–85) with a median io-
hexol clearance of 23 mL/min/1.73 m2 (range, 8–83). The
included men were diagnosed with diabetic nephropathy
(n = 20), glomerulonephritis (n = 21), non-specified renal
disease (n = 13), nephrosclerosis (n = 15), a group of mis-
cellaneous renal diseases (n = 10) and 22 renal transplants
with various degrees of renal function (Table 1). Informed
consent was obtained from all patients. The Committee of
Ethics at Lund University approved the study design.

Blood collection

Blood samples for PSA analysis were collected at the same
time as the routine determinations of glomerular filtration
rates. The blood samples were allowed to clot for 15 min at
room temperature and subsequently centrifuged at 3500 g
for 10 min and then immediately stored at −70◦C pending
analysis. Measurements of creatinine, tPSA and fPSA were
made in all blood samples.

Controls

We used data from a biennial prostate cancer screening pro-
gram that was part of the European Randomized Screen-
ing for Prostate Cancer (ERSPC) study. The program was
conducted in Göteborg, Sweden, from 1995 to 2002 [20].
Informed consent was obtained from all participants. The
screening group consisted of 10 000 randomly selected men
aged 51–66 years who were invited for a first round of PSA
testing between 1995 and 1996, and then re-invited every

second year for 8 years. A total of 5855 men participated
in the first round of screening; 559 cases of prostate can-
cer were detected during the follow-up (up to 31 December
2004) and excluded from the cohort (n = 5296). From this
cohort, we included 5264 men (median age 57 years) as
controls in our study. Thirty-two men were not included
due to missing values (n = 6), PSA levels below the de-
tection limit (n = 18) or PSA data suggestive of laboratory
interference (n = 8).

Laboratory methods

The time-resolved ProStatus PSA free/total fluoroim-
munoassay was used to measure tPSA and fPSA, from
which percent fPSA was calculated, in serum from both
study patients and controls. The characteristics of the
Prostatus R© assay was previously comprehensively docu-
mented [21] and measures fPSA and cPSA, in an equimolar
fashion and the cross-reaction for PSA-ACT in the fPSA
assay is <0.2%, with a lower limit of detection of 0.05 µg/L
for fPSA and 0.04 µg/L for tPSA [22,23]. The Prostatus R©

assay was calibrated according to a WHO standardization
in 2003, and therefore all control samples were increased
with a factor of 1.10 for fPSA and 1.13 for tPSA. Study
patients were all analysed with the calibrated assay.

Serum creatinine was determined by the Kodak
Ektachem 700 XR-C enzymatic method (Eastman Kodak,
Rochester, New York, USA) using the enzymes creatinine
amidohydrolase and creatinine amidinohydrolase. The ref-
erence range was 55–116 µmol/L.

The GFR was determined by measuring the plasma clear-
ance of iohexol according to a one-compartment model,
where samples were taken after the distribution phase, in the
assumed monoexponential part of the plasma decay curve.
Iohexol was analysed by the HPLC technique [24,25]. The
reference range was 80–125 mL/min/1.73 m2 up to the
age of 50 years, 60–110 mL/min/1.73 m2 between 50 and
65 years and 50–90 mL/min/1.73 m2 above 65 years.

Statistical methods

Statistical comparisons of biomarker levels between the
control and study groups were performed using linear re-
gression with adjustment for age. The association between
percent fPSA and GFR was evaluated using linear regres-
sion analysis. P-values of <0.05 were considered to be
statistically significant, and statistical analyses were con-
ducted using Stata 9.0 (Stata Corp., College Station, TX,
USA).

Results

The characteristics of study patients and controls are pre-
sented in Table 1. In the current study, we evaluated PSA
levels and percent fPSA in 101 men with chronic kid-
ney disease but without need for dialysis. According to
the criteria of the Kidney Disease Quality Outcome Initia-
tive (K/DOQI) [26], the majority of our study patients had
moderate-to-severe renal insufficiency (defined as GFR
between 15 and 59 mL/min/1.73 m2). Among our study
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Table 1. Characteristics of the study participants

Median (interquartile range)

Characteristic Study patients (n = 101) Controls (n = 5264) P-value

Age (years) 57 (46, 68) 57 (54, 62)
GFRa (mL/min/1.73 m2) 23 (16, 33) –
Creatinine (µmol/L) 226 (161, 297) –
Total PSA (µg/L) 1.08 (0.59, 1.87) 0.95 (0.61, 1.55) 0.15
Free PSA (µg/L) 0.45 (0.28, 0.76) 0.29 (0.20, 0.43) <0.001
Percent free PSA 47.2 (37.5, 55.1) 29.9 (22.4, 38.8) <0.001
Renal diseases, no. of patients (%)

Diabetic nephropathy 20 (20%) –
Renal transplants 22 (22%) –
Glomerulonephritis 21 (21%) –
Renal disease (non-specified) 13 (13%) –
Nephrosclerosis 15 (15%) –
Miscellaneous renal diseases 10 (10%) –

aGFR measured by iohexol clearance. P-values were obtained by linear regression, with adjustment for age.

Fig. 1. Scatter plot showing the relationship between percent fPSA and
glomerular filtration rate (GFR) in 101 men with chronic kidney disease.
The light grey line is from a linear regression model to predict percent
fPSA based on GFR.

patients, 96% had GFR <59 mL/min/1.73 m2, but patients
with other degrees of chronic kidney diseases were also
included. The median GFR was 23 mL/min/1.73 m2.

There was no significant difference in tPSA in the study
patients compared with controls (median 1.08 µg/L versus
0.95 µg/L; P = 0.15). Both median fPSA and percent fPSA,
however, were significantly higher (P < 0.001) in the study
patients (0.45 µg/L and 47.2%, respectively) than in the
controls (0.29 µg/L and 29.9%, respectively) (Table 1).
Among the study patients, 69 (68%) had percent fPSA
>40% and 39 (39%) had percent fPSA >50%.

We also investigated the association between GFR and
percent fPSA in the study group (Figure 1). Regression
analysis showed a significant association of lower GFR with
higher percent fPSA (P = 0.036). We considered whether
the regression function might be used to adjust a given
percent fPSA in light of GFR. However, Figure 1 clearly
shows that the relationship between percent fPSA and GFR
is subject to heteroscedacity: men with lower GFR values
had greater variability in percent fPSA than men with higher
GFR values. This makes regressions imprecise: for exam-
ple, the percent fPSA predicted from the linear regression

model for a man with GFR <20 mL/min/1.73 m2 ranged
from 48% to 50%, while the observed levels for these pa-
tients ranged from 23% to 81%. We attempted to stabilize
the variance through Box Cox transformation of GFR and
percent fPSA; however, no transformation provided an ad-
equate regression model.

Discussion

In addition to tPSA, percent fPSA is frequently measured
to enhance the discrimination of prostate cancer from be-
nign prostate disorders. It has been confirmed extensively
that a high percent fPSA indicates a lesser risk of cancer.
By using a cut-off of <25%, Catalona et al. have reported
that the number of unnecessary biopsies could be reduced
by 20% while maintaining a 95% sensitivity for prostate
cancer detection in men with tPSA in the range 4–10 µg/L
[27]. Diminished renal elimination of fPSA may, therefore,
affect percent fPSA and its accuracy as a diagnostic tool
for prostate cancer. Several reports confirm that men with
terminal renal failure requiring chronic dialysis have sig-
nificantly higher percent fPSA compared to men without
known renal dysfunction [16–19].

This study shows that men with chronic kidney dis-
ease and impaired renal function have significantly higher
serum levels of fPSA (median 0.45 µg/L versus 0.29 µg/L)
and significantly higher percent fPSA (median 47% ver-
sus 30%) compared to controls. As many as 68% of
the study patients presented with a percent fPSA >40%.
We have earlier reported that patients on haemodialy-
sis demonstrated fPSA levels of 0.42 µg/L and percent
fPSA ∼40% [19]. Thus, the present study demonstrates
that increased percent fPSA is not only restricted to men
with terminal renal insufficiency but also occurs in men
with moderate-to-severe renal dysfunction. For such men,
the detection and monitoring of prostate cancer using the
current clinical decision limits for percent fPSA could cause
some men to be misdiagnosed as having benign disease.
Since a cut-point of the degree of renal dysfunction at
which the percent fPSA first becomes affected could not be
determined, should refrain these patients from using percent
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fPSA for the detection or monitoring of prostate cancer.
Total PSA levels did not differ significantly between our
study patients and the controls, although there was a trend
towards higher tPSA levels among the study patients.

The inclusion of a very large number of control patients
was intended to ensure that the vast majority of control par-
ticipants would have normal renal function, although renal
function was not evaluated in controls. A large survey in
the USA demonstrated that only 0.3% of ‘normal’ persons
have GFR <30 mL/min/1.73 m2, and that no more than
∼4% have GFR 30–60 mL/min/1.73 m2 [26].

The data in this study do not allow us to determine the
degree of renal dysfunction at which the percent fPSA first
becomes affected. Determining such a cut-point would re-
quire a greater number of study patients. We have, however,
shown that patients with renal dysfunction as a group are
clearly distinguished from those with presumed normal re-
nal function with respect to fPSA and percent fPSA.

Our results show that the currently established percent
fPSA cut-off points are inappropriate not only for men on
dialysis but also for patients with moderate-to-severe renal
dysfunction. Impaired renal function is thus an important
factor to consider in the evaluation of percent fPSA for
detection of prostate cancer.
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