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BACKGROUND. To determine longitudinal PSA changes over a period of 10 years in patients
with and without prostate cancer.
METHODS. Serial PSA measurements performed over 10 years were evaluated in 353 men
who eventually developed prostate cancer and in 2.462 participants of a screening program
without prostatic malignancy.
RESULTS. In men with cancer, mean tPSA increased from 2.28 ng/ml at 10 years before
diagnosis to 6.37 ng/ml at the time of postive biopsy (PSA velocity: 0.409 ng/ml/year). PSA
velocity was significantly associated with Gleason scores and pathologic stage. In the benign
group (n¼ 2.462), mean tPSA increased from 1.18 to 1.49 ng/ml over a period of 10 years (PSA
velocity of 0.03 ng/ml/year). Of the subjects with tPSA levels of 2 ng/ml or less, 2 years prior to
cancer diagnosis, 11.4% had tPSA values of more than 4 ng/ml at the time of biopsy. Of the 972
men with tPSA below 1 ng/ml 2 years before the most recent measurement was obtained, 966
(99.4%) had no evidence of prostate cancer 2 years later, while six were found to have
malignancies (0.6%).
CONCLUSIONS. Longitudinal PSA changes in men with and without prostate cancer are
significantly different. Annual testing may not be required in men with baseline tPSA levels of
1 ng/ml or below, whereas in patients with levels higher than 1 ng/ml, it seems to be indicated
because of the significant percentage of men presenting with tPSA levels of more than 4 ng/ml
two years later. Prostate 64: 240–245, 2005. # 2005 Wiley-Liss, Inc.
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INTRODUCTION

Although there is still a controversy about prostate
cancer screening in asymptomatic men, a recommen-
dation for annual PSA testing has been made [1]. PSA
screening reduces the number of prostate cancers
detected at late stage [2], andmetastatic prostate cancer
has practically been eliminated by annual PSA screen-
ing [3]. However, the PSA threshold that warrants
further evaluation is still a matter of discussion. To
date, there are only few long-term studies on PSA
velocity in men with no evidence of prostate cancer as
compared to those who eventually develop prostate
cancer. The use of percent-free PSA has been shown to
prevent 20% of unnecessary biopsies in men with

elevated PSA levels [4], nevertheless more than half
of the men exceeding the PSA threshold—no matter
whether it is 4.0 ng/ml or less—will be subjected to
unnecessary biopsy. The use of age-related PSA cut-off
values has dramatically increased the number of men
undergoing prostate biopsy, and costs of cancer de-
tection have risen correspondingly. In addition, the
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increase in the number of prostate biopsies has resulted
in a higher incidence of post-biopsy complications. It
has been shown that lowering the PSA threshold from4
to 3.5 ng/ml results in a 45% increase in the number of
biopsies [5], and lowering the threshold for biopsy to
2.5 ng/ml almost triples the number of men at risk and
thus raises the number of unnecessary biopsies [6].
Hence the question ariseswhether it is possible to avoid
unnecessary biopsies and safe costs by reducing the
number of PSA tests without comprising the detection
rate of curable prostate cancers.

The aim of the present study was to determine PSA
changes over a period of 10 years in patients who are
subsequently diagnosed with prostate cancer and to
assess how they differ from those in men who do not
develop prostate cancer.

MATERIALSANDMETHODS

The present retrospective study includes 2.462
subjects without malignancies undergoing PSA testing
at least every second year over a total time period of
10 years and 353 patients who underwent PSA testing
over 6–10 years (minimum: 6) and were eventually
diagnosed with prostate cancer.

In 1993, a mass screening project using PSA as the
only screening test was launched in the Federal State of
Tyrol, Austria. From 1988 to 1992, both PSA and digital
rectal examination (DRE) had been used in the diag-
nostic workup of patients with suspected prostate
cancer and occasionally of asymptomatic men as well.
Age-referenced PSA levels [7] in combination with
percent-free PSA of less than 22% were used as biopsy
criteria. Since October 1995, bisected PSA levels [8]
have been used together with percent-free PSA of 18%
(Table I). Patients with PSA levels greater than 10 ng/
ml or suspicious findings on DRE were also advised to
undergo biopsy.

Serum total and percent-free PSA levels were
assessed using the Abbott IMx Immunoassay (Abbott
Laboratories, Abbott Park, IL).

Patients with a history of prostatic surgery, men on
5-a reductase inihibitors, and those undergoing chemo-
therapy were excluded from the study.

In the present study, a total of 32.661 PSA measure-
ments were evaluated in 2.815 subjects to investigate
whether PSA levels behave differently in the two
different cohorts over a 10-year period and to identify
males in whom annual PSA testing may not be re-
quired. Three hundred thirty-six patients of the non-
cancer group (13.65%) underwent ultrasound guided
prostate biopsy due to elevated PSA values or sus-
picious findings on DRE.

Statistical Analysis

Data are expressed as mean and standard deviation
(�SD) and median, 25th and 75th centiles; a P-value of
<0.05 was considered statistically significant.

Comparisons of PSA velocity and tPSA between two
groups were performed with the Mann–Whitney U-
Test and between more than two groups with the
Kruskal–Wallis test. SPSS for Windows 11.5 software
(SSPS, Chicago, IL) was used for all analysis.

RESULTS

The final study group included 2.462 men with no
evidence of prostate cancer (median age at the most
recent visit: 66.2; range: 40–94) and 353 cancer patients
(median age at cancer diagnosis: 64.7; range: 47–94).
Among the 353 patients eventually diagnosed with
prostate cancer, tPSA values were available over
10 years prior to the diagnosis in 25 men, over 8 years
in 150, and over 6 years in 178 patients.

Of the 353 patients with biopsy-proven prostate
cancers, 270 underwent radical retropubic prosta-
tectomy (RRP), whereas 83 were subjected to either
radiation therapy (n¼ 62), brachytherapy (n¼ 3), or
androgen deprivation (n¼ 18); 214 (79.3%) patients
undergoing RRP showed organ-confined disease,
whereas 56 (20.7%) men had pT3 or pT4 disease. Of
the 120 patients with tPSA values of 4 ng/ml or below
at the time of surgery, 108 (90%) were found to have
organ-confined disease. In patients with organ-
confined disease, mean tPSA was significantly lower
compared to those with non-organ-confined disease
(mean� SD: 4.95� 3.05 vs. 7.33� 4.05) not only at the
time of surgery but also 2, 4, and 6 years prior to
diagnosis. Of the cancer patients, 208 had Gleason
scores of 6 or less at biopsy, 102 had Gleason 7, and
43 patients had Gleason 8 or more. tPSA was lowest in
patients with Gleason scores of 6 or less and highest in
those with Gleason scores of 8 and more (at diagnosis:
mean� SD: 5.41� 3.78 vs. 6.69� 4.95 vs. 10.27� 9.15).
This was the case not only at the time of positive biopsy
but also 2, 4, and 6 years before.

In men with prostate cancers, mean tPSA in-
creased from 2.28 ng/ml (SD: 1.88; range: 0.1–9.5) at
10 years prior to diagnosis to 6.37 ng/ml (SD: 5.28;

TABLE I. Bisected, Age-Specif|c Reference Ranges for
PSALevels

Age range (year) PSA range (ng/ml)

40–49 0–1.25
50–59 0–1.75
60–69 0–2.25
70–79 0–3.25
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range: 1.4–50) at the time of postive biopsy, which
corresponds to an annual PSA velocity of 0.409 ng/ml.
In the last 6 years prior to prostate cancer diagnosis,
mean annual PSA velocity increased to 0.637 ng/ml.
Median tPSA increased from 2.0 ng/ml (25th and 75th
centile: 1.0 and 3.0; range: 0.1–9.5) at 10 years before
diagnosis to 5.0 ng/ml (25th and 75th centile: 3.1 and7.9;
range: 1.4–50) at the time of positive biopsy (Table II).

PSA velocity for patients who presented with
Gleason scores of up to 6 was significantly different
(P< 0.05) compared to those with Gleason 7 and those
withGleason 8 ormore (0.503, 0.667 and 1.21 ng/ml per
year in the 6 years before diagnosis, respectively).
Moreover, in patients with organ-confined disease, the
annual increase in PSA in the 6 years before diagnosis
was significantly lower than inpatientswithpT3or pT4
disease (0.465 and 0.718 ng/ml per year).

In the benign group (n¼ 2.462), mean tPSA values
increased from 1.18 ng/ml (�1.01 SD; range: 0.1–11.8)
to 1.49 ng/ml (�1.36 SD; range: 0.1–14.6) over 10 years,
which corresponds to a PSA velocity of 0.03 ng/ml per
year.Whenmenwithno evidence of prostate cancer are
stratified into age groups, younger individuals were
found to have significantly lower mean tPSA values
throughout the 10-year period (mean: 0.89 in year one
and 1.14 ng/ml 10 years later for men below 50 years of
age at the time of the first PSA measurement [n¼ 489],
1.23–1.56 ng/ml for those between 50 and
70 [n¼ 1.836], and 1.47–1.73 ng/ml for those older
than 70 years [n¼ 137]).

In subjects younger than 65 years who had no
evidence of prostate cancer PSA velocity per year was
significantly higher compared to those older than 65 at
the time of the first PSAmeasurement (0.034 ng/ml vs.
0.019 ng/ml per year; P< 0.001). Similarly, patients
younger than 65 years who developed prostate cancer
hadahigherPSAvelocity than thoseolder than65years
(0.373 ng/ml vs. 0.326 ng/ml; P¼ 0.03).

Throughout the 10-year period, tPSA values in
cancer patients were significantly higher compared to
those in patientswith no evidence ofmalignant (Fig. 1),
whereas percent-free PSA values were lower.

The 353 patients who eventually were found to have
prostate cancer were stratified into different groups
according to their tPSA levels at 6 years prior to
positive biopsy. Of the 33 patients with tPSA values
below 1 ng/ml at 6 years prior to diagnosis none
presented with tPSA values of more than 4 ng/ml,
2 years later, and only 4 (12.1%) had tPSA between 2
and 4 ng/ml. Four years later, three patients (9.1%) had
tPSA levels of more than 4, but none presented with
values greater than 10 ng/ml. Six years later, nine
patients had tPSA values of more than 4 ng/ml, and as
many as ninemenpresentedwith tPSAvalues between
1 and 2 ng/ml.

Of the 139men presentingwith tPSA levels between
1 and 2 ng/ml at 6 years before diagnosis 135 (97.1%)
had tPSA values below 4 ng/ml, 2 years later, while
4 patients (2.9%) had levels between 4 and 6 ng/ml.
Four years later, 115 (82.7%) men were in the tPSA
range below 4 ng/ml, 20 men (14.4%) had tPSA values
between 4 and 6 ng/ml, and 4 men (2.9%) between 6
and 10 ng/ml. In the year of diagnosis, 83 men (59.7%)
had tPSA values of below 4 ng/ml, whereas in 56
subjects (40.3%), the levels were higher.

In the 121menwith tPSA levels between 2 and 4 ng/
ml, the likelihood of still having tPSA below 4 ng/ml,
2 years later was 66.9% (81/121 patients). However, the
likelihood decreased to 41.3% (50/121 patients), 4 years
later and to 23.1% (28/121 patients) at the time of
diagnosis. Two patients (1.7%) in this group had tPSA
values between 6 and 10 ng/ml, 2 years later but none
had higher values. At the time of diagnosis, however,
47 men (38.8%) had tPSA levels of 6–10 ng/ml, and 14
(11.6%) of more than 10 ng/ml.

Of the 60 patients with initial tPSA values between 4
and 10 ng/ml only 2 (3.3%) had tPSA values below
4 ng/ml, 2 years later, while 7 men (11.7%) had tPSA
levels higher than 10 ng/ml. Four years later, 9 men
(15.0%) and at the time of diagnosis 34 men (56.7%)
presented with tPSA values higher than 10 ng/ml.

Of the 144 patients with PSA values of 0–2 ng/ml at
6 years prior to diagnosis who eventually underwent
RRP, 86.8% (125/144 patients) were found to have
organ-confineddisease,while 76.1%of thosewith tPSA
levels of 2–4 ng/ml, 60% of those with tPSA values of
4–5 ng/ml, and 55.6% of patients with tPSA levels of
>5 ng/ml presented with organ-confined disease.

Evaluation of tPSA values at the time of RRP
demonstrated that 94.7% of patients (18/19 patients)
with tPSA values of 0–2 ng/ml had organ-confined
disease, compared to 89.1% (90/101 patients) of

Fig. 1. PSAvelocityis significantlyincreasedinpatientswithpros-
tate cancer compared to patients without prostate cancer. It is
observedthatmeantPSAvalues areatahigher levelinpatientswith
prostatecancercomparedtopatientswithbenignglandsatany time
of the study. [Color figure canbeviewedin the onlineissue,whichis
availableatwww.interscience.wiley.com.]
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patients with tPSA of 2–4 ng/ml, and 80% (24/
30 patients) in the group with tPSA levels of 4–5 ng/
ml. This percentage decreased to 68.3% in patientswith
tPSA of >5 ng/ml.

Four years before diagnosis, 13 (3.7%) of all patients
with prostate cancers had tPSAvalues of 0–1 ng/ml, 95
(26.9%) had values of 1–2 ng/ml, 143 (40.5%) had
between 2 and 4 ng/ml, and 102 (28.9%) showed tPSA
levels higher than 4 ng /ml.

Two years prior to positive biopsy, 6 of the 353
cancerpatients (1.7%)had tPSAvalues lower than1ng/
ml; in two of them (0.6%), tPSAwas even below 0.5 ng/
ml. Histologic workup in these six patients revealed
pT2 cancers in five and pT3 disease in one patient; four
patients hadGleason scores of 6,while twohadGleason
score 7. Median tPSA level in these patients at the time
of surgery was 2.5 ng/ml (range: 1.5–4.2).

Seventy men (19.8%) in whom biopsy was even-
tually positive had tPSA of 0–2 ng/ml at 2 years before
diagnosis, while 133 (37.7%) had values of 2–4 ng/ml,
and 155 (43.9%) had >4 ng/ml. Of the subjects with
tPSA levels of 2 ng/ml or less at 2 years prior to
diagnosis, 11.4% (8/70) had values of >4 ng/ml at the
time of diagnosis.

Of the 972 men with tPSA levels below 1 ng/ml at
2 years before the most recent tPSA measurement, 966
showed no evidence of prostate cancer (99.4%), 2 years
later,whereas6were found tohavemalignancies (0.6%).

Mean tPSA doubling time in patients with prostate
cancer was 5.6 years compared to 38.1 years in patients
with no evidence of prostatic malignancy.

Of the 2.462 patients with no evidence of malignant
disease after 10 years of PSA screening, 602 (24.5%)
were found to have tPSA values, which were even
lower than in their initial levels.

DISCUSSION

Widespread acceptance of serum PSA testing for
early detection of prostate cancer has been hampered
by its low specificity, the resulting costs as well as
complications due to unwarranted biopsies. Yet about
one in four men with PSA levels of 2.5 to 4 ng/ml is
found to have prostate cancer at biopsy.More than half
of these lesions are aggressive tumors that are detected
in the window of opportunity for cure [9], and it has
been estimated that 40% of all detectable cancers are
encountered in men with tPSA levels of less than 4 ng/
ml [10].

We herein present the largest longitudinal study
of PSA changes over a time period of 10 years in men
with prostatic disease and asymptomatic screening
participants.

Men who went on to develop prostate cancer were
found to have significantly higher tPSA levels as early
as 10 years before diagnosis, and therewas a significant

association between tPSA levels and Gleason scores as
well as the pathologic stage. In patients older than
65 years, a lower PSA velocity was found both in men
with prostate cancer and those with no evidence of
malignancy as compared to men who were under
65 years of age at the time of first PSA measurement.

The aim of prostate cancer screening is the detec-
tion of potentially curable cancers that are either
life-threatening or reduce the quality of life. It has
repeatedly been shown that cancers with pretreatment
tPSA levels of up to 4 ng/ml are very likely to be
curable, whereas in patients with higher levels, the
likelihood of organ-confined tumors decreases [11–13].
Recent studies havedemonstrated that prostate cancers
in patients with tPSA levels below 4 ng/ml may also
exhibit all features of tumors with higher volumes
and are thus potentially life-threatening [14,15]. Of
120 patients who had preoperative tPSA levels of
4.0 ng/ml or less, 108 (90%) had organ-confineddisease,
while in patients with pretreatment tPSA levels greater
than 5.0 ng/ml, the percentage dropped to 68.3%.

In the present study, a significant number of
patients (11.4%) who had tPSA levels of more than
4 ng/ml at the time of diagnosis were found to have
had tPSA levels of 2 ng/ml or less 2 years before
positive biopsy. Carter et al., who first described
the concept of PSA velocity, evaluated longitudinal
PSA changes at 2- and 4-year intervals in a pioneering
series of 40 men who eventually developed prostate
cancer [12]. They reported PSA conversions to 4.1–
5.0 ng/ml in 4% of patients whose baseline PSA had
been 2.0 ng/ml or less at 2 years before diagnosis.
Therefore, they claimed that a 2-year interval of PSA
testing is unlikely to miss curable prostate cancers in
men with initial tPSA levels of less than 2 ng/ml [12].
However, the results of the present study indicate that
this approach involves the risk of detecting cancer
2 years later at a PSA range where it might not be
curable any longer.

In our study, therewere 6/353 cancer patients (1.7%)
who had tPSA levels below 1 ng/ml, 2 years prior to
positive biopsy. When RRP was performed, their tPSA
values ranged between 1.5 and 4.2 ng/ml (mean:
2.5 ng/ml); histologic workup yielded pT2 disease in
five patients and pT3 in one and Gleason scores of 6 in
four andGleason 7 in twomen,which demonstates that
clinically significant prostate cancers are also encoun-
tered in the low PSA range. However, of all men with
tPSA levels below 1 ng/ml, 2 years before the last tPSA
measurement, only 0.6% (6/972) were found to have
prostate cancers and 0.1% (1/972) presented with non-
organ-confined disease. These data suggest that the
overwhelming majority of men with tPSA levels below
1 ng/ml does not benefit from annual PSA testing,
whereas it seems to be reasonable in patientswith tPSA
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levels greater than 1 ng/ml because of the significant
percentage of men converting to tPSA levels of more
than 4 ng/ml, 2 years later. Nevertheless, annual tPSA
tests shouldbeperformed in individuals at high risk for
prostate cancer, for example, those with a positive
family history, high-grade PIN, or atypical small acinar
proliferation in a previous biopsy. This approach
would also save health care costs.

PSA velocity is found to be significantly increased in
all patients with prostate cancers compared to those
without malignancies. Furthermore, increased PSA
velocity is also associated with higher Gleason scores
and pathologic stages. The reason for the higher
velocity in younger cancer patients compared to older
ones documented in the present study is still unclear;
an explanationmight be that cancer growth in younger
patients is more aggressive. However, this does not
explain why PSA velocity is also higher patients with
benign disease. Annual PSA velocity in men with
benign prostatic disease was found to be slightly lower
than that reported by other authors of smaller studies
[16].

According to the findings of the present study, a PSA
velocity of 0.75 ng/ml per year,which iswidely used in
men with tPSA levels between 4.0 and 10.0 ng/ml [17]
to distinguish those with prostate cancers from the
non-malignant group, might be to high, at least in a
Caucasian population. In fact, patients with potentially
curable prostate cancers are presented with signifi-
cantly lower annual PSA velocities compared to men
with pT3 disease and/or high-grade prostate cancers.
However, the effects of biannual PSA testing in men
with PSA values of 1 ng/ml or less on mortality have
not been assessed yet.

Age alone was found to be associated with increas-
ing tPSA levels inpatientswithout prostate cancer. This

supports the observation made by Oesterling [7] that
serum PSA concentration directly correlates with
patient age. In the present study, however, the annual
PSA increase was slightly lower than that reported by
Oesterling. As prostate volume is known to influence
tPSA levels, this discrepancy might be explained by
the lack of data on prostate volume in the screening
volunteers of the present study. Therefore, the influ-
ence of age on tPSA in non-cancer patients might be
attributed to the age-related increase in the prevalence
of benign prostatic hyperplasia which may, in turn, be
responsible for tPSA elevation. Interestingly, almost
one-fourth of men with no evidence of prostate cancer
(602/2.462 men; 24.5%) had lower tPSA values than at
initial screening 10 years earlier.

In the present study, mean tPSA values were found
to be consistently higher in patients with prostate
cancers compared to those without prostatic malig-
nancies. In patients with prostate cancers, PSA velocity
was significantly increased 8 years prior to diagnosis
already. This raises the question at which point of time
the cancer group starts to differ from the benign group
in terms of tPSA. The data obtained in the present study
demonstrate that the values in the two groups were
significantly different 10 years before biopsy already.
It still remains unclear, whether this is due to the extre-
mely slow growth of most prostate cancers in the early
stages or if cancer develops later on when tPSA values
are higher, perhaps due to chronic inflammation or
other reasons.

A potential limitation of the present study may be
the fact that biopsy criteria at our institution were
changed in 1995. This could have resulted in delayed
cancer detection in some patients harboring cancer,
whichmight in turn have led to greater tumor volumes
at the time of diagnosis.

TABLE II. Longitudinal Changes of tPSAAre ExpressedasMean�SDandMedian
(25th and 75thCentile) for Cancer andNon-Cancer Cases

Prostate
cancer

tPSA

Year 0 Year 2 Year 4 Year 6 Year 8 Year 10

No n 2.462 2.462 2.462 2.462 2.462 2.462
Mean (ng/ml) 1.18 1.28 1.36 1.39 1.45 1.49
Median (ng/ml) 0.9 0.9 0.9 1 1 1.06
SD 1.01 1.16 1.27 1.38 1.4 1.36
25th Centile 0.6 0.6 0.6 0.6 0.6 0.64
75th Centile 1.4 1.5 1.7 1.7 1.8 1.88

Yes n 25 150 353 353 353 353
Mean (ng/ml) 2.28 2.42 2.55 3.29 4.23 6.37
Mean (ng/ml) 2 1.7 2 2.6 3.5 5
SD 1.88 2.07 1.87 2.36 2.91 5.28
25th Centile 1 1.2 1.3 1.8 2.2 3.1
75th Centile 2.95 3.1 3.25 4.2 5.6 7.9
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In addition, prostate cancer cannot be ruled out in
all men who had total PSA values below the age-
referenced cut-off value. A recently published study
demonstrated a prostate cancer detection rate of 15% in
men who never had PSA values of more than 4 ng/ml
[18].

Moreover, all participants of the present study were
Caucasian men, therefore the results obtained may not
be representative for other ethnic groups. There is
evidence that black men have a higher prevalence of
prostate cancer and a propensity for more advanced
stages at diagnosis [19]. With regard to cancer cura-
bility, a striking difference was found between Black
andWhitemenwith tPSA levels higher than 5.0 ng/ml,
whereas both groups had reasonably high cure rates
when tPSA was 4.0 ng/ml or less [20]. Hence, corres-
ponding studies are necessary before a recommenda-
tion for biannual PSA testing can be made in black
patients as well.

CONCLUSION

Longitudinal PSA changes in men with prostate
cancer and those without exhibit significant differ-
ences. The association between PSA velocity and the
risk of developing prostate cancer found in a screening-
population of Caucasian men suggests that PSA velo-
city may be a useful parameter for assessing the risk of
prostatic malignancy.

Based on the results of the present study, annual
testing may not be required in men with baseline tPSA
levels of 1 ng/ml or less. In these patients, biannual
testing is probably sufficient to allow for earlydetection
of curable cancers, whereas in men with tPSA levels
above 1 ng/ml, annual testing seems to be advisable, as
a significant percentage of these men converts to tPSA
levels of 4 ng/ml or more, 2 years later.
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