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Abstract

BACKGROUND— The degree of variability in prostate-specific antigen (PSA) measurements is
important for interpreting test results in screening programs, and particularly for interpreting the
significance of changes between repeated tests. This study aimed to determine the long-term intra-
individual variation for PSA in healthy men.

METHODS— A randomly selected cohort of men in a biennial prostate cancer screening program
(ERSPC) conducted in Sweden from 1995-1996 to 2001-2002. We studied men who had total PSA
(tPSA) levels <2.0 ng/ml in 2001-2002. This included 791 men with tPSA < 0.61 ng/ml (group A),
1,542 men with tPSA < 0.99 ng/ml (group B), and 1,029 men with tPSA 1.00-1.99 ng/ml (group C).
The intra-individual variability of free PSA (fPSA) and tPSA was assessed by calculating coefficients
of variation (CV) for each individual’s PSA measurements from the first and second round of
screening (1995-1996 and 1997-1998).

RESULTS— Intra-individual CV (geometric means) for tPSA were 13.7%, 12.7%, and 11.5% in
groups A, B, and C, respectively. Corresponding CVs for fPSA were significantly lower, ranging
from 12.1% to 10.4%. The estimated biological variation of tPSA and fPSA in groups A to C were
12.5%, 11.4%, 10.0% and 9.7%, 7.8%, 7.5%, respectively.

CONCLUSIONS— In healthy men with PSA levels less than 2 ng/ml, the natural long-term
variability for tPSA was less than 14%, and with 95% probability, a change in tPSA greater than
30% indicates a change beyond normal random variation.
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INTRODUCTION

A prostate-specific antigen (PSA) value of 4 ng/ml or higher has been considered predictive
of cancer of the prostate (CaP). Several recent studies have also found PSA levels of less than
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4 ng/ml to be associated with a substantial number of cases of CaP [1,2], and several studies
have suggested that a PSA level of 2.5 ng/ml or greater has a predictive value similar to that
of a level of 4 ng/ml or greater [3,4]. The interpretation of PSA levels of less than 4.0 ng/ml is
a challenge in decision-making for clinicians, as there are no widely accepted and carefully
validated upper limits of normal PSA level. The generally accepted practice of performing
prostate biopsy when PSA levels are 4.0 ng/ml or higher is based on a prospective study of
6,630 men aimed at optimizing cancer detection rates relative to test specificity [5]. Another
proposed predictor of CaP is the rate of increase in PSA levels over time (PSA velocity). Carter
etal. [6], based on the study of increase in PSA in men who later diagnosed with CaP, suggested
that an annual increase in PSA of greater than 0.75 ng/ml per year is indicative of cancer.
Contradictory data have been reported regarding the clinical usefulness of PSA velocity in men
with PSA levels less than 4.0 ng/ml [7-9].

The variability of PSA is an important factor to be considered in screening and in monitoring
of individuals over time. Total variation in PSA includes analytical and biological variation.
Analytical variation depends on assay performance, sample handling, and laboratory
processing [10]. Biological variation relates to individual factors such as PSA metabolism,
renal elimination, and physical and sexual activity [11,12].

A large normal variability requires larger changes between two consecutive measurements to
distinguish pathological changes from changes resulting from analytical and biological
variations. Several studies have described intra-individual variation of PSA over short time
periods, at most 5-months [13]. Nixon et al. [14] calculated the coefficient of variation (CV)
over 2 weeks and demonstrated that a change between two PSA measurements of
approximately 25% indicated a significant change. However, the only long-term study has been
performed in patients with CaP [15]. In that study, Bunting et al. reported a critical difference,
defined as the minimum percent change between two consecutive measurements that suggests
a significant change beyond the normal variation, close to 60% over a time period of 1 year.
As CaP is a slowly progressive disease in most cases, PSA screening is often performed
annually or biannually. To our knowledge, there have been no reports describing long-term
variability of PSA in healthy men. We evaluated the long-term intra-individual variability for
the different forms of PSA in seemingly healthy men, defined as having tPSA levels of less
than 2 ng/ml after 8 years of observation.

MATERIALS AND METHODS

Subjects

We used data from men who participated in a biennial CaP screening program (part of the
European Randomized Screening for Prostate Cancer (ERSPC) study) conducted in Géteborg,
Sweden from 1995 to 2002 [16]. The participants, 10,000 men aged 50-66 years, were
randomly selected and offered PSA testing between 1995 and 1996. Informed consent was
obtained from all participants. They were then invited to receive testing every second year
thereafter for 8 years (for a total of four PSA tests). In the first and second rounds of screening,
men with a total PSA (tPSA) of > 3 ng/ml were offered digital rectal examination, transrectal
ultrasound, and sextant biopsy, whereas in the third and fourth rounds of screening, men with
atPSA of > 2.5 ng/ml underwent prostate biopsy. Men with PSA <1 ng/ml in the second round
of PSA screening were not invited to participate in the third screening round. Because this
altered screening protocol could have biased our data considerably, data from the third round
were not included in this study. The observed cumulative incidence of prostate carcinoma was
7.3% after 8 years [16].

From the fourth round of screening, we selected the 3,568 men with tPSA <2.0 ng/ml. PSA
data from the first and second rounds of screening were available for 2,571 of these men. The
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subjects were split into three groups, according to tPSA level measured during the fourth round
of screening: 791 with tPSA <0.61 ng/ml (group A), 1,542 with tPSA <0.99 ng/ml (group B),
and 1,029 with tPSA 1.00-1.99 ng/ml (group C). The median age at screening in 1995-1996
was 55 years in group A, 56 years in group B, and 55 years in group C.

Laboratory Methods and Sample Handling

Serum was separated from blood cells by centrifugation, frozen within 3 hr of venipuncture,
and stored at —20°C. tPSA and free PSA (fPSA) were analyzed within 2 weeks of sample
collection and within 3 hr of thawing. tPSA and fPSA were measured with the ProStatus™
assay from Perkin Elmer Life Sciences (Turku, Finland), from which we calculated the
percentage fPSA (%fPSA) and the level of complexed PSA (cPSA = tPSA — fPSA). Samples
were analyzed on a DELFIA™ 1234 Plate fluorometer (Perkin Elmer Life Sciences). This
commercial assay is based on a dual-label detection technique, which uses three carefully
characterized, distinctly unique binding monoclonal antibodies to PSA. The assay for tPSA
measures fPSA and PSA in complex with alpha-1-antichymotrypsin in an equimolar fashion
[17]. The lower limit of detection is 0.04 ng/ml for fPSA and 0.1 ng/ml for tPSA. Analytical
coefficients of variation (CVa) were calculated from the data from control samples used during
the study period. The mean CVa for tPSA at a level of 2.4 ng/ml was 5.6%, and for fPSA at a
level of 0.25 ng/ml was 7.2%. The mean CVa for cPSA at a level of 2.2 ng/ml was 5.5% and
for %fPSA at a level of 10% was 7.7%.

Statistical Methods

RESULTS

Statistical analysis was performed with the SPSS program version 10.0 (SPSS, Inc., Chicago).

Bland Altman plots, with and without logarithmic transformation, were performed to determine
whether the changes varied in a systematic way over the range of measurements in the whole
study population [18].

Our estimations of variation and trend over time for PSA were calculated from levels measured
in samples collected from the first (1995-1996) and second (1997-1998) rounds of screening.

The coefficient of total intra-individual variation (CVt) was calculated from the ratio between
standard deviation (SD) and the mean of the two measurements of each patient: 1995-1996
screening and 1997-1998 screening (CVt = SD/mean 100). The CVt represents a combination
of the biological (CVb) and analytical (CVa) components of variation. CVb was calculated
from the following equation: CVb? = CVt2-CVaZ. As the CVs obtained for fPSA, tPSA, cPSA,
and %fPSA showed a log-normal distribution, the CVs are presented as geometric means.
Patients with SDs resulting in zero were excluded from log transformation. Ninety-five percent
confidence intervals (ClIs) of the means of the logarithmically transformed CVs were used to
evaluate statistical significance of differences between the CVs. Slightly overlapping Cls were
also tested by t-test or paired t-test. To calculate the critical difference at the 95% probability
level CVtwas multiplied by 2.32 (1.64 \2) (1-tailed estimation) [19]. Trend over time of tPSA,
fPSA, cPSA, and %fPSA was calculated by using linear regression analysis with
logarithmically transformed values. Exact time between the two measurements was calculated
for all patients (as an independent factor in the analysis). P-values less than 0.05 were
considered to be statistically significant. Model assumptions were checked by residual analysis.

The distributions of levels of fPSA, tPSA, cPSA, and %fPSA in serum, measured during each
of the three screening occasions, are shown in Table I.
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For each of the three groups with different final PSA levels, total intra-individual variation
(expressed as CVt, a measure of individual variation as a percentage of the individual mean
values) was assessed for fPSA, tPSA, cPSA, and %fPSA (Table I1). Total CV for tPSA was
13.7% for group A (final PSA < 0.61 ng/ml), 12.7% for group B (final PSA <0.99 ng/ml), and
11.5% for group C (final PSA 1.00-1.99 ng/ml). Men in group C showed significantly lower
total variation of tPSA than the men in groups A and B. In all three groups, CVt for tPSA was
significantly higher than that for fPSA and %fPSA. The critical differences (i.e., the sizes of
increase between two consecutive measurements that are statistically significant at the 95%
probability level) for the different PSA forms and %fPSA are also given in Table 1. The critical
differences for tPSA ranged from 31.8% to 26.7% in groups A to C.

The estimated biological variations of tPSA in groups A, B, and C was 12.5%, 11.4%, and
10.0%, respectively (Table I11).

Bland Altman analysis showed that differences in tPSA levels between the first and the second
screening round were proportional to the mean (results not shown). However, logarithmic
transformation of the values minimized this relationship between the differences and means
(Fig. 1). For men in group C, estimation of trend over time on logarithmically transformed
values (Table V) showed a significant increase in levels of tPSA (4.1% per year; P <0.001)
and fPSA (1.9% per year; P <0.05). In contrast, men in group A and B showed no significant
increase over time.

DISCUSSION

Repeated measurements of PSA are used in clinical routines, often on a yearly or biannual
basis. To assess the relevance of changes between two time points, we have studied the long-
term variability of the different forms of PSA at several different PSA levels in a randomly
selected population of asymptomatic and apparently healthy men. To minimize the risk of our
data being confounded by incident CaP among the study participants, we focused on men whose
PSA levels were low (tPSA <2.0 ng/ml) at the end of the 8-year observation period. Data from
the final round of screening were used to select participants and divide them into three groups
by tPSA level, while data from the first and second rounds of screening were used to assess
the intra-individual variation.

Atall three tPSA levels, the current study demonstrated that the total intra-individual variation
of tPSA was significantly higher than the intra-individual variation for either fPSA or %fPSA.
This suggests that fPSA concentration in blood may vary less than cPSA concentration, which
is the major contributor to tPSA. One explanation is that fPSA and cPSA may have different
elimination pathways, and hence different elimination rates [20-23]. The finding of higher
total variation in the group of men with the lowest PSA levels in this study cohort is more likely
to be a reflection of analytical imprecision at the lower ranges.

This study also aimed at evaluating the contribution of biological to the total intra-individual
variability. The biological variation was calculated from the total intra-individual and the
analytical variability. The analytical variation was assessed from control samples analyzed
during the study period instead of being obtained from manufacturer-generated data, which
has made our calculations more reliable. We found that men with low PSA levels and low risk
of CaP have a rather low biological variability in both fPSA and tPSA (less than 14%). In
contrast to this, Bunting et al. [15] have presented a long-term study of patients with CaP
demonstrating a variation of approximately 20% for both fPSA and tPSA. These data would
therefore suggest that the variability of PSA is considerably less in seemingly healthy men than
in men with CaP.

Prostate. Author manuscript; available in PMC 2007 August 24.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bruun et al.

Page 5

Our study did not aim to evaluate the long-term trend of PSA in healthy men, as this would
have required a different study setup. However, we were interested in estimating time-
dependent changes, since these contribute to the total intra-individual variation. In our study
population of seemingly healthy men, the annual change in tPSA contributed to our reported
variability only to a small extent.

We found no significant elevation of tPSA over time in groups A and B, which consisted of
men with final tPSA levels <0.99 ng/ml. However, in group C, consisting of men with final
tPSA 1.00-1.99 ng/ml, tPSA increased 4% per year between screening rounds 1 and 2. This
increase is consistent with the previously reported 3.2% increase in tPSA per year in a
population study of men in Olmsted County, Minnesota [24].

Recently, Eastham et al. [25] evaluated the year-to-year fluctuations in PSA levels over a period
of 4 years in a cohort of men selected from a polyp-prevention trial study group. Several cut-
off points for PSA were studied; 30% and 26% of the men with a PSA level >4 ng/ml and >2.5
ng/ml, respectively, had a PSA value below these cut-offs at the next PSA-testing. The variation
for PSA was not calculated and the results are therefore not directly comparable with our study,
but the results of Eastham et al. certainly indicate the importance of considering the variability
of PSA in a screening protocol for CaP.

Total intra-individual variability of PSA is the parameter that determines the critical difference,
which is defined as the minimum percent change between two consecutive PSA measurements
that suggest a significant change beyond the normal biological and analytical variation. In our
study cohort (with a very low risk of confounding CaP), an increase in tPSA of approximately
30% indicates a true increase at the 95% confidence level and may thus reflect a clinically
significant change. In the Bunting et al. [15] study of patients with CaP, a critical difference
close to 60% was found.

Complexed PSA and %fPSA are calculated from fPSA and tPSA. Therefore, estimations of
the variability of cPSA and %fPSA are dependent on the variations of each of the two PSA
forms. Due to this fact, we have chosen not to draw any extensive conclusions on the variability
of cPSA and %fPSA.

To improve our understanding of the natural long-term variability in PSA, we have focused
on men with low PSA levels (less than 2 ng/ml) after an observation period of 8 years. We
found that the intra-individual variability for tPSA, in seemingly healthy men, was less than
14% and that an increase in tPSA of approximately 30% indicates a true change in these low
PSA ranges. We do not aim to recommend a particular PSA change as the criterion for biopsy.
However, our findings may be helpful in the evaluation of small fluctuations in PSA levels
and in deciding the time interval for PSA tests in screening programs.
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Fig 1.

Bland Altman plot showing the correlation of the means and differences of logarithmically
transformed tPSA values measured at screening of the whole study population in 1995-1996
and 1997-1998. Values on the x-axis have been transformed anti-logarithmically.
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Total Coefficient of Variation (CVt) and Critical Difference of the Different Forms of PSA Based on Values
From the Screenings of 1995-1996 and 1997-1998

Group fPSA tPSA CPSA %fPSA
Geometric mean CVt, % (95% CI)

A 12.1 (11.2-13.0)P 137 (12.7-14.6)° 13.8 (12.3-15.6) 9.6 (8.8-10.5)

B 10.6 (10.0-11.2) 12.7 (12.1-13.4)° 13.4 (12.4-14.4) 9.0 (8.5-9.6)

C 10.4 (9.7-11.0)2 11.5 (10.7-12.2) 8¢ 12.5 (11.4-13.6) 7.9 (7.4-8.5)
Critical difference, %

28.1 318 32,0 223
B 24.6 29.5 311 20.9
C 24.1 26.7 29.0 183

% <0.01 by paired t-test.
bP <0.01 by paired t-test.

%P <0.05 by t-test.

Group A represents men with tPSA < 0.61ng/ml, group B men with tPSA < 0.99 ng/ml and group C men with tPSA 1.00-1.99 ng/ml, in 2001-2002.

Calculated parameters are shown in italics.

Critical differences are estimated with one-tailed 95% probability.
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TABLE Il

Page 11

Coefficient of Analytical Variation (CVa) and Calculated Coefficient of Biological Variation (CVb) Between

Screenings of 1995-1996 and 1997-1998

Group fPSA tPSA cPSA %fPSA
CVa, %

Controls 7.2 5.6 5.5 7.7
CVb, %

A 9.7 125 12.7 5.7

B 7.8 114 12.2 4.7

C 75 10.0 11.2 18

Group A represents men with tPSA < 0.61 ng/ml, group B men with tPSA < 0.99 ng/ml and group C men with tPSA 1.00-1.99 ng/ml, in 2001-2002.

CVa is expressed as mean and CVb as geometric mean.

Calculated parameters are shown in italics.
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TABLE IV
Mean Trend Over Time Between the Screening Rounds of 1995-1996 and 1997-1998

Page 12

Mean percent change per year (95% CI)

Group FPSA tPSA cPSA %fPSA

A —2.5(-0.4 to —4.5)2 0.4 (-1.7t02.5) 2.7(0.1t053)2 ~32.9 (-4.5t0-1.3)°
B -1.0(-25100.6) 1.1(-0.510 2.6) 2.7(0.8t0 4.7)° ~2.0 (-3.2t0-0.9)
c 1.9 (0.3 t0 3.6)2 41(25t058)° 5.1 (3.1t07.0)° ~2.2 (-3510-0.8)°
8p <0.05.

be <0.01.

°p <0.001.

Group A represents men with tPSA < 0.61 ng/ml, group B men with tPSA < 0.99 ng/ml and group C men with tPSA 1.00-1.99 ng/ml, in 2001-2002.
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