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Abstract
Introduction and Objectives—Benign prostate-specific antigen (BPSA) and [-2]pro-prostate-
specific antigen ([-2]proPSA) have been shown to be predictive of prostate cancer and benign
prostatic hyperplasia treatment, but little is known about longitudinal changes in these markers
and how they relate to outcomes.

Methods—In 1990, a 25% subsample from a cohort of Caucasian men aged 40–79 years
randomly selected from Olmsted County, MN residents completed a detailed clinical examination.
BPSA and [-2]proPSA were measured from frozen sera. Subjects were evaluated biennially
(median follow-up 7 years; range: 0–8.8 years). Mixed-effects regression models were used to
estimate longitudinal changes in BPSA and [-2]proPSA levels overall and by outcomes. Spearman
correlations were used to compare these changes with baseline levels and annualized changes in
urologic measures.

Results—Median (25th, 75th percentiles) annualized percent change for [-2]proPSA and BPSA
were 3.7% (2.5%, 5.2%) and 7.3% (6.8%, 7.7%), respectively. Annualized percent change for
both markers were correlated with baseline and annualized changes in PSA and prostate volume.
Annualized percent change increased with increasing age decade for [-2]proPSA, but not BPSA.
The median (25th, 75th percentiles) rate of increase in [-2]proPSA was significantly greater for
men who developed enlarged prostates (3.5% (2.6%, 4.4%)) or prostate cancer (8.1% (6.6%,
9.8%)) compared to those who did not develop enlarged prostates (1.9% (0.9%, 3.0%)) or prostate
cancer (3.5% (2.3%, 4.8%)).
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Conclusions—BPSA and [-2]proPSA levels increase over time. The annualized percent change
in [-2]proPSA increases with age and may be a useful predictor of development of prostate cancer.

Introduction
Prostate-specific antigen (PSA) is a widely used serum marker for the early detection of
prostate cancer (CaP). However, it is not specific to CaP since PSA can also be elevated in
benign prostatic conditions1,2. Benign prostate-specific antigen (BPSA) and [-2]pro-
prostate-specific antigen ([-2]proPSA) have been identified as promising new biomarkers
for distinguishing men with benign prostate disease and CaP, respectively3–7. BPSA is
associated primarily with benign transition zone tissue exhibiting nodular hyperplasia but
not with nonhyperplastic transition zone tissue or benign or cancerous peripheral zone
prostatic tissue3. BPSA is elevated in the prostate transition zone and is associated with
pathologic benign prostatic hyperplasia (BPH), while [-2]proPSA is associated with prostate
tumor3,6. Preliminary studies suggest that [-2]proPSA increases the specificity for detecting
prostate cancer over PSA, particularly in the 2–10 ng/ml range5,8 and has also been
associated with cancer aggressiveness9. Additionally, we previously showed that men with
higher baseline levels of BPSA are at greater risk of receiving BPH treatment and that
higher baseline levels of both BPSA and [-2]proPSA are associated with future diagnosis of
CaP even beyond serum PSA levels alone10,11.

Longitudinal studies of PSA have shown that serum PSA levels, and the rate of change in
PSA levels over time, are associated with a higher risk of acute urinary retention (AUR),
CaP, and BPH progression or treatment12–15. However, little is known about changes in
BPSA and [-2]proPSA levels over time and the relationship of these changes to longitudinal
changes in common urologic measures. The objective of this paper is to describe the
distribution of longitudinal changes in BPSA and [-2]proPSA levels in a community-based
sample of men, to investigate the association of these changes with longitudinal changes of
common clinical urologic measures, and to compare the rates of longitudinal changes among
men who do and do not develop enlarged prostates and CaP.

Methods
The Olmsted County Study of Urinary Symptoms and Health Status among Men is a
prospective cohort study begun in 1989 which has been described in detail in previous
publications16,17. Briefly, an age-stratified random sample was drawn from an enumeration
of Caucasian male Olmsted County, Minnesota residents between the ages of 40 and 79
years. Subjects were excluded if they had prior prostate surgery, CaP, or a number of
specified medical conditions that would affect normal urinary function (other than BPH). At
baseline, 2115 men (of 3874; 55% response rate) were visited in their homes and completed
a previously validated self-administered questionnaire which contained questions similar to
the American Urological Association Symptom Index (AUASI)18. A random subset of 476
men (of 537; 89%) participated in a full urologic exam, including maximum urinary flow
rate assessment, transrectal ultrasonography, digital rectal examination, and a serum PSA
determination16,17.

The cohort was actively followed on a biennial basis for fourteen years using a protocol
similar to the initial examination. The study design allowed replacement of men who had
left the study (n= 158 in the clinic subset) and this paper presents data on the 443 men who
had at least one serum measurement during the 4th, 6th, or 8th rounds of the study. This study
received approval from the Mayo Clinic and Olmsted Medical Center Institutional Review
Boards.
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Assays
Stored blood samples from the 4th, 6th, and 8th biennial rounds (1996, 2000, and 2004) were
used to measure BPSA and [-2]proPSA levels10,11. Serum samples were obtained prior to
any prostatic manipulations, including digital rectal examination and transrectal ultrasound
and were frozen at −70°C for latter assays. Measurements of BPSA and [-2]proPSA levels
were made using an automated, sequential, two-step immunoenzymatic (“sandwich”) assay
developed for use on an Access 2 Immunoassay analyzer (Access® instrument, Beckman
Coulter, Brea, CA). The BPSA measurements were run using research-use-only two-site
immunoenzymatic reagents and the [-2]proPSA measurements were run using
investigational-use-only two-site immunoenzymatic reagents, both provided by Beckman
Coulter, Inc. In our laboratory, the intra-assay variation in BPSA ranged from 4.3% to 8.1%
while the inter-assay variation ranged from 5.1% to 5.2%. For [-2]proPSA, the intra-assay
variation ranged from 2.0% to 3.2% while the inter-assay variation ranged from 3.0% to
9.9%.

Urologic Outcomes
Prostate volume was measured via transrectal ultrasound19 and calculated assuming a
prolate ellipsoid shape20. Prostatic enlargement was defined as prostate volume >30 cc21.
Additionally, all men were followed through their community medical records. Information
on use of medical and surgical lower urinary tract symptom/benign prostatic enlargement
treatments were obtained through self-report and through passive follow-up of the
community medical records. Dates of biopsy-confirmed CaP were ascertained through
detailed medical record review.

Statistical analysis
A natural log transformation was used to normalize variables (BPSA, [-2]proPSA, PSA,
prostate volume measurements, and maximum urinary flow rate) with skewed distributions.
Mixed-effects regression models were used to estimate longitudinal changes (i.e., annualized
percent change over time) in BPSA and [-2]proPSA levels, as well as the other urologic
variables. As BPSA and [-2]proPSA measures were only available at the 4th, 6th, and 8th

rounds of data collection, the 4th round of follow-up was considered as baseline. Transition
zone volume and free PSA were available beginning at the 5th round of data collection. To
assess the natural history, observations were censored after subjects received a medical (5-α
reductase inhibitor) or surgical BPH treatment or were diagnosed with CaP. Each measure
was regressed on time from baseline measurement, and 10-year age groups. An interaction
term was included to allow different slopes across age groups. This method estimates group
average longitudinal change (fixed effects) while still allowing the longitudinal change from
each individual subject to deviate from the group average curve (random effects)22,23.
Additional models included a term indicating an enlarged prostate (prostate volume >30 cc)
or diagnosis of CaP and an interaction of this term with time from baseline to allow for
comparison of slopes in men with and without an enlarged prostate or CaP diagnosis.
Prevalent cases of enlarged prostates or CaP were removed from these analyses which
resulted in 43 and 65 men with incident CaP and enlarged prostate, respectively. Spearman
correlations were used to describe the relationship between annualized percent change in
BPSA and [-2]proPSA levels with baseline and annualized changes over time of other
urologic measures.

Results
Subjects were evaluated biennially for a median follow-up interval of 7 years (range: 0–8.8
years) with an average of 2.2 BPSA and [-2]proPSA measurements per man. Study
participants were Caucasian with an average age at baseline of 58.7 years. Seventy (15.8%)
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of the men had a family history of prostate cancer and baseline levels of urologic measures
are presented in Table 1.

The median (25th, 75th percentile (Q1, Q3)) level of baseline BPSA was 31.6 pg/ml (16.0,
66.3) and baseline [-2]proPSA was 5.6 pg/ml (4.0, 7.7). The overall median (Q1, Q3)
annualized percent change in BPSA level was 7.3% (6.8%, 7.7%) per year (Figures 1a and
1b). The overall median (Q1, Q3) annualized percent change in [-2]proPSA level was 3.7%
(2.5%, 5.2%) per year (Figures 2a and 2b). The age-adjusted Spearman correlation between
baseline levels of BPSA and [-2]proPSA was 0.45 and between annualized changes in
BPSA and annualized changes in [-2]proPSA was 0.34.

Annualized percent changes in BPSA and [-2]proPSA levels were modestly correlated with
baseline levels and annualized changes in urinary symptoms and urinary flow rates (age-
adjusted Spearman correlations (rs) range: −0.16 to 0.09; Table 1). Stronger, positive
correlations were observed between annualized changes in BPSA and [-2]proPSA levels
with baseline levels and annualized changes in prostate volume, transition zone volume,
PSA level, and free PSA level (age-adjusted rs range: 0.21 to 0.72, Table 1).

The annual increase in BPSA level was consistent across age decades. This increase was
slightly higher, but not significantly different for men who were diagnosed with CaP
compare to men not diagnosed with CaP (Table 2). Similarly, there was a non-significant
increased rate of change in BPSA among men who developed as compare to those who did
not develop an enlarged prostate (Table 2).

The median annual increase in [-2]proPSA level increased with increasing age decade
(p<0.001) and ranged from 2.1% per year for men in their forties to 6.7% per year for men
who were 70 years of age and older (Table 2). The annualized rate of increase in [-2]proPSA
level among men who developed an enlarged prostate was nearly double the rate of men
who did not develop an enlarged prostate (p=0.048; Table 2). The greatest annual rate of
increase in [-2]proPSA level was observed among men who developed CaP (median (Q1,
Q3)=8.1% (6.6%, 9.8%) per year) (Table 2). This was over twice the rate of men who did
not develop CaP (3.5% (2.3%, 4.8%) per year, p=0.003). Annualized changes in [-2]proPSA
level for men with and without CaP were similar to the results comparing median (Q1, Q3)
changes in PSA level for men with (8.3% (7.3%, 9.4%) per year) and without (3.1% (1.6%,
4.7%) per year) CaP; however, adjusting for baseline PSA level did not alter the rates of
change in [-2]proPSA for men with and without CaP (data not shown).

Discussion
In this study, we report important information about longitudinal changes in BPSA and
[-2]proPSA levels. Over time, the median annualized percent increase in BPSA level is
greater than the median annualized percent increase in [-2]proPSA level. While changes in
both measures are correlated with baseline levels and changes in prostate size and PSA
measures, these results suggest that annual changes in [-2]proPSA level were significantly
greater in men who developed enlarged prostates and men who are diagnosed with CaP.

Annualized changes in both BPSA level and [-2]proPSA level were most strongly correlated
with other PSA and prostate size measures. The modest age-adjusted correlations between
changes in BPSA and [-2]proPSA levels and changes in symptoms and maximum flow rate
are consistent with the correlations among annual changes in urologic measures previously
reported in this same cohort24,25. Additionally, cross-sectionally, the associations between
BPSA level and presence of lower urinary tract symptoms or depressed urinary flow rate
were much lower than the associations with an enlarged prostate10.
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The age-adjusted correlation of 0.45 between annualized changes in BPSA level and
transition zone volume was greater than the age-adjusted correlation of 0.32 previously
observed between changes in PSA level and transition zone volume25. This is consistent
with other cross-sectional studies that reported stronger correlations between transition zone
volume and BPSA level than with PSA level3,4.

There were differences between the unadjusted and age-adjusted correlations, especially in
the correlations between change in maximum flow rate and change in [-2]proPSA level. As
these two measures both progress with increasing age, the observed unadjusted association
may be due to the confounding effect of age. Alternatively, there could be an association
between changes in the two measures which is over-adjusted and removed when adjusting
for age.

Annualized changes in BPSA are consistent across age groups, with an overall annual
percent change of 7.3% per year. However, as baseline BPSA level increases with
increasing age group, absolute levels of BPSA over time will increase across age groups.
We had previously found that baseline levels of BPSA were associated with future BPH
treatment and diagnosis of CaP10. While changes in BPSA levels over time were slightly
higher for men who developed an enlarged prostate or CaP, these differences were not
significant. It is possible that men with a higher level of BPSA may be at greater risk of
developing CaP or seeking treatment, however the continued rate of increase in BPSA level
does not differ between men who do and do not develop CaP or an enlarged prostate.

Annualized percent changes in [-2]proPSA level increased with increasing age and were
greatest among men who developed CaP. These findings suggest that age may be an
important predictor of the rate of increase in [-2]proPSA level. This is different than the
consistent rate of annualized percent change over age decades observed in this cohort for
changes in prostate volume, PSA level, and BPSA level19,24,26. Factors other than changes
in prostate volume and changes in PSA level may potentially play a role in the age-related
increase in [-2]proPSA over time. As [-2]proPSA is a subform of free PSA, age-related
increases in free PSA may partially explain the age-related increase in [-2]proPSA over
time. Importantly, establishing reference ranges for change in [-2]proPSA as a marker for
CaP should account for the age-related increases in annual changes in [-2]proPSA levels. A
single cut-point would decrease sensitivity in younger men and decrease specificity which
could lead to unnecessary biopsies in older men1.

Several papers have reported improved CaP detection using a single measurement of
[-2]proPSA, alone or in combination with other measures57–9,27,28. Additionally, we have
previously shown that higher baseline levels of [-2]proPSA are associated with future
diagnosis of CaP11. In the current study, men who were diagnosed with incident CaP had a
median annualized rate of increase in [-2]proPSA level over time which was more than
twice the rate of men not diagnosed with CaP, even after adjusting for baseline PSA level.
This supports the potential utility of change in [-2]proPSA in distinguishing men with or
without CaP.

The rate differences for men with and without CaP were similar for PSA and [-2]proPSA;
however there are several findings which point toward the potential usefulness of
[-2]proPSA in detecting CaP beyond PSA alone. First, the association between baseline
levels of [-2]proPSA and development of CaP11 remained significant after adjustment for
PSA level. Similarly, differences in longitudinal rates of change in [-2]proPSA for men with
and without CaP remained after adjustment for PSA level. Additionally, age-related
increases in [-2]proPSA over time were greater than would be explained by age-related
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changes in PSA. Further work is needed to determine if development of CaP could partially
explain the age-related increase in [-2]proPSA over time.

It is interesting to note that the overall longitudinal estimates of change in BPSA and
[-2]proPSA levels were greater than those observed cross-sectionally in this cohort10,11. At
baseline, there was an exponential increase of 6.2% and 1.9% per year of age for BPSA and
[-2]proPSA levels, respectively, which are equivalent to median rates observed in men with
prostate volume ≤30 cc. A diagnosis of CaP and surgical treatment for BPH were two of the
baseline study exclusion criteria. This may explain the similarity of cross-sectional rates to
rates for men with smaller prostate volumes. Therefore, the slightly higher overall
longitudinal estimates may better represent disease progression in the community.

A key strength of this study is the ability to examine longitudinal changes in BPSA and
[-2]proPSA levels in a community-based study population. Using a randomly selected
community cohort and truncation of observations after treatment or CaP diagnosis provides
results which represent a more comprehensive picture of how BPSA and [-2]proPSA change
over time in the general population.

There are also several limitations that should be considered. The BPSA and [-2]proPSA
levels measured in this community-based cohort are much lower than levels previously
reported in patients selected for biopsy, radical prostatectomy or CaP screening10,11. With a
maximum of up to three measurements (with approximately 4 years total between the first
and last measurements) per subject for BPSA and [-2]proPSA, the high within-subject
variability of the urologic measures may result in less stable estimates of change over time
and it was not possible to explore nonlinear relationships. With only 43 men who developed
CaP, we are unable to simultaneously assess the effect of changes over time in BPSA,
[-2]proPSA, and PSA levels with the development of CaP. Additionally, there were not
enough prostate cancer cases to permit meaningful analysis with respect to tumor pathology
and the majority of the cancer cases were low-grade (Gleason score <7).

While the long follow-up period of this study leads to unavoidable attrition which could bias
the results, previous work in this cohort found that dropout was not associated with baseline
urologic measures29. Although the preliminary results from this study and earlier reports are
promising, further research is needed evaluating both BPSA and [-2]proPSA in the context
of a broad spectrum of disease in order to gain a better understanding of the characteristics
of these tests. Indeed, as Djavan30 pointed out in a recent editorial, although these new
markers are encouraging they are not yet mature enough for general clinical use in a
urologic practice. For example, he points out that all of the studies that are investigating
these novel biomarkers ultimately base the biopsy decision on PSA values and associated
thresholds and not the novel biomarkers themselves. The clinical utility of the predictive
models has yet to be determined. Results in the current study predicting prostate cancer in
the presence of baseline PSA suggest that these new biomarkers may have a role in the
diagnostic workup of patients suspected of BPH or CaP. Clinical studies are needed
incorporating BPSA and/or [-2]proPSA into existing protocols (e.g., nomograms) to assess
clinical utility. Finally, this study population is limited to Caucasian men and the
generalizability of the results to other races or ethnicities may be limited.

Conclusions
Overall these results demonstrate that BPSA and [-2]proPSA levels increase over time.
Furthermore, the annual percent change in [-2]proPSA level increases with age and is
greater in men who develop enlarged prostates and CaP. These data suggest that rapid
increases in [-2]proPSA levels over time may help identify men with CaP.
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Figure 1.
Longitudinal changes in BPSA by age. (1A) Observed changes in BPSA by age; (1B)
Predicted changes in BPSA by age.
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Figure 2.
Longitudinal changes in [-2]proPSA by age. (2A) Observed changes in [-2]proPSA by age;
(2B) Predicted changes in [-2]proPSA by age.
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