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arge-Scale Study of Clinical Impact of
SA Velocity: Long-Term PSA Kinetics as
ethod of Differentiating Men with from

hose without Prostate Cancer
ndreas P. Berger, Martina Deibl, Alexander Strasak, Jasmin Bektic,
lexandre E. Pelzer, Helmut Klocker, Hannes Steiner, Gernot Fritsche, Georg Bartsch,
nd Wolfgang Horninger

BJECTIVES To assess the longitudinal prostate-specific antigen (PSA) changes in a screening population
with or without prostate cancer during a 10-year period.

ETHODS Serial PSA measurements performed during a 10-year period were evaluated in 4272 participants
of a screening program who had no evidence of prostate malignancy and 528 men who eventually
developed prostate cancer.

ESULTS Of the 4272 men with no evidence of prostate cancer, the mean total PSA level increased from
1.16 to 1.49 ng/mL during the 10 years, corresponding to a PSA velocity (PSAV) of 0.03
ng/mL/yr. Younger men had lower total PSA values throughout the 10-year period. Of the 528
patients with prostate cancer, the total PSA level increased from 2.19 at 10 years before diagnosis
to 6.09 ng/mL at the time of positive biopsy findings, corresponding to a PSAV of 0.39 ng/mL/yr.
The PSAV increased in the years before diagnosis (0.225 ng/mL/yr in the 8 to 10 years before
diagnosis compared with 0.98 ng/mL/yr in the 2 years before diagnosis). The PSAV was greater
in patients with Stage pT3-T4 cancer than in men with organ-confined tumors (median 0.53
versus 0.32 ng/mL/yr; P �0.001).

ONCLUSIONS In men with prostate cancer, the PSAV was significantly greater than in those without prostate
cancer and correlated with pathologic stage and Gleason score but not with prostate volume. In
the patients with prostate cancer, the PSAV increased in the years before the diagnosis. In
contrast, men without prostate cancer had only slight PSA changes over time. Hence, PSA
kinetics may help identify men with potentially curable prostate cancer. UROLOGY 69:

134–138, 2007. © 2007 Elsevier Inc.
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rostate-specific antigen (PSA) has been widely
used to screen for prostate cancer. As a result, the
number of prostate cancer cases detected at an

dvanced stage has decreased.1 Thus, metastatic prostate
ancer has practically been eliminated by annual PSA
creening.2 However, the PSA threshold that warrants
dditional evaluation is still a matter of discussion. The
se of percent-free PSA has been shown to help avoid
0% of unnecessary biopsies in men with elevated PSA
evels.3 Nevertheless, more than one half of the men with
SA levels exceeding the threshold—whether 4.0 ng/mL
r less—will be subjected to unnecessary biopsy. The use
f age-related PSA cutoff values has resulted in a dra-
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atic increase in the number of men undergoing prostate
iopsy, and the costs for cancer detection have risen
orrespondingly.

It has been shown that single PSA values lack sensi-
ivity and specificity for prostate cancer detection. The
SA velocity (PSAV) has been reported to constitute a
otential clinical marker for prostate cancer.4–6

A high preoperative PSAV has been shown to be
ssociated with a greater risk of death from prostate
ancer and is of great prognostic relevance if it increases
n the years before diagnosis.7 A major goal of the present
tudy was to use the PSAV to identify men whose cancer
as likely to be localized and thus curable by radical
rostatectomy.
To date, only a few, long-term studies have compared

he PSAV in men with no evidence of prostate cancer
ith that in men who eventually develop prostate can-

er. The present study is the largest to date to evaluate
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SA changes during a 10-year period in men who were
ventually diagnosed with prostate cancer. In addition,
he differences in PSA kinetics between those with and
ithout cancer were assessed.

ATERIAL AND METHODS

he present retrospective study included 4272 subjects without
alignancies undergoing PSA testing at least every second year

ver a total period of 10 years and 528 men who underwent
SA testing over 6 to 10 years (minimum: 6) and were even-
ually diagnosed with prostate cancers.

In 1993 a mass screening project using PSA as the only screen-
ng test was launched in the Federal State of Tyrol, Austria. From
988 to 1992 both PSA and digital rectal examination (DRE) had
een used in the diagnostic workup of patients with suspected
rostate cancer and occasionally of asymptomatic men as well.
ge-referenced PSA levels,8 combined with a percent-free PSA of

ess than 22%, were used as biopsy criteria. Since October 1995,
isected PSA levels have been used, together with a percent-free
SA of 18%.9 In addition, patients with PSA levels greater than
0 ng/mL or suspicious findings on digital rectal examination were
dvised to undergo biopsy.

The serum total (tPSA) and percent-free PSA levels were
ssessed using the Abbott IMx Immunoassay (Abbott Labora-
ories, Abbott Park, Ill).

Patients with a history of prostate surgery, men taking 5-
lpha-reductase inhibitors, and those undergoing chemotherapy
ere excluded from the study.
The data are expressed as the mean � standard deviation,
edian, and 25th and 75th percentiles. P �0.05 was considered

tatistically significant. We compared the PSAV and tPSA
etween two groups using the Mann-Whitney U test and be-
ween more than two groups using the Kruskal-Wallis test. The
tatistical Package for Social Sciences for Windows, version
1.5, software (SSPS, Chicago, Ill) was used for all analyses.

ESULTS
he study group included 4272 men with no evidence of
rostate cancer (median age at most recent visit 65.9
ears, range 40 to 94) and 528 patients with cancer

Table 1. Longitudinal changes in tPSA

Prostate Cancer Year 0 Year 2

No (n) 4.272 4.272
tPSA (ng/mL)

Mean 1.16 1.27
Median 0.9 0.9
SD 0.97 1.13
25th percentile 0.6 0.6
75th percentile 1.4 1.5

Yes (n) 48 228
tPSA (ng/mL)

Mean 2.19 2.33
Median 1.85 1.7
SD 1.63 1.97
25th percentile 1 1.2
75th percentile 3 3

tPSA � total prostate-specific antigen.
median age at cancer diagnosis 61.4 years, range 41 to c
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4). Of the 528 men eventually diagnosed with prostate
ancer, the tPSA values were available for the 10 years
efore diagnosis for 46, for 8 years for 228, and for 6 years
or 252 patients.

In men with no evidence of prostate cancer, the mean
PSA increased from 1.16 � 0.97 ng/mL (25th percentile
.60, 75th percentile 1.40) to 1.49 � 1.31 ng/mL (25th
ercentile 0.64, 75th percentile 1.90) during the 10-year
eriod (Table 1), corresponding to a PSAV of 0.03 ng/
L/yr (Fig. 1A). Younger men had significantly lower

PSA values throughout the 10-year period: mean 0.89 in
ear 1 and 1.22 in year 10 for the 674 men 45 to 50 years
ld at the initial PSA measurement (PSAV 0.033 ng/
L/yr), 1.06 to 1.45 ng/mL/yr for the 1954 men 50 to 60

ears old (PSAV 0.039 ng/mL/yr), and 1.48 to 1.77
g/mL/yr for the 1160 men aged 60 to 70 years (PSAV
.029 ng/mL/yr). However, the PSAV was equal in the
ifferent age groups (Fig. 1B). No difference was found in
he PSAV in those men without evidence of malignancy
nd initial tPSA values of 4 to 10 ng/mL compared with
hose with initial tPSA values of less than 4 ng/mL. In
en without prostate cancer, no differences were found

or percent-free PSA, although a trend was noted for
ncreased levels with advancing age.

After 10 years, of the 4272 men, 2910 (68.1%) had
reater tPSA values than at baseline, 58 (1.4%) had
nchanged tPSA levels, and 1304 (30.5%) had lower
PSA values. In 216 men (5.1%), a single value was
ound during the 10-year period that was at least twice as
igh as the second greatest value.
In men with prostate cancer, the mean tPSA increased

rom 2.19 � 1.63 ng/mL (25th percentile 1.0, 75th per-
entile 3.0) at 10 years before the diagnosis to 6.09 �
.02 ng/mL (25th percentile 3.07, 75th percentile 7.32)
t positive biopsy (Table 1), corresponding to a PSAV of
.39 ng/mL/yr (Fig. 1A). The median tPSA increased
rom 1.8 ng/mL at 10 years before the diagnosis to 4.7
g/mL at positive biopsy.
Of the 528 patients with biopsy-proven prostate can-

ar 4 Year 6 Year 8 Year 10

.272 4.272 4.272 4.272

.34 1.38 1.47 1.49

.9 1 1.04 1.09

.23 1.32 1.35 1.31

.6 0.6 0.62 0.64

.7 1.7 1.8 1.9
528 528 528

.62 3.26 4.14 6.09
2.55 3.4 4.68

.04 2.37 2.9 5.02

.3 1.7 2.2 3.07

.3 4.2 5.2 7.32
Ye

4

1
0
1
0
1

528

2
2
2
1
3

er, 366 underwent radical prostatectomy (RRP) and 162
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nderwent other treatment modalities (external beam
adiotherapy, brachytherapy, androgen deprivation, no
ctive treatment). Of the 528 patients undergoing RRP,
20 (79.5%) presented with organ-confined disease and
08 (20.5%) had Stage pT3 or pT4. Of the 173 men with
tPSA value of 4 ng/mL or less at surgery, 152 (87.9%)
ad organ-confined disease. Of the 30 men with a tPSA
alue of 2 ng/mL or less, 28 (93.3%) had organ-confined
isease and 2 had Stage pT3.

Also, 73.2% of patients undergoing RRP had organ-
onfined disease and a mean PSAV of 0.4 ng/mL/yr or
ore for 6 years before diagnosis compared with 69.6%
ith a mean PSAV of 0.5 ng/mL/yr or more for 6 years.
An increase in PSAV was observed in the years before

iagnosis. The PSAV was 0.225 � 1.26 ng/mL/yr (25th
ercentile 0.0, 75th percentile 0.65) 8 to 10 years before
iagnosis; 0.220 � 1.18 ng/mL/yr (25th percentile 0.0,
5th percentile 0.80) 6 to 8 years before positive biopsy;
nd had increased to 0.320 � 1.14 ng/mL/yr (25th per-
entile 0.1, 75th percentile 1.1) 4 to 6 years before cancer
iagnosis. At 2 to 4 years before diagnosis, the PSAV was
.435 � 1.49 ng/mL/yr (25th percentile 0.2, 75th per-
entile 1.5). However, in the 2 years before diagnosis, the
SAV was 0.98 � 3.29 ng/mL/yr (25th percentile 0.5,
5th percentile 2.32; Fig. 1C).
In patients with organ-confined disease, the median

igure 1. (A) PSAV increased significantly in patients with
ean tPSA values were greater in patients with prostate ca

B) In men with benign prostates, tPSA values increased w
0 to 69 years, n � 1160). However, PSAV remained consta
.039 ng/mL/yr; 60 to 69 years, PSAV 0.029 ng/mL/yr).
efore prostate cancer diagnosis. (D) Receiver operating c
ercent-free PSA (area under the curve [AUC] for PSAV 0.8
PSA was significantly lower than in those with non- v

36
rgan-confined disease (median 4.83 versus 6.68 ng/mL,
espectively, P �0.05), not only at surgery, but also 6
ears earlier (2.25 versus 2.93 ng/mL, respectively, P
0.05).
The PSAV measured during the 6-year period was

ignificantly greater in patients with Stage pT3-pT4 dis-
ase than in those with organ-confined disease (median
.53 versus 0.32 ng/mL/yr, respectively, P �0.001).
In patients with cancer, the PSAV was significantly

ssociated with tPSA. In men with a tPSA level of 0 to
ng/mL at 6 years before the diagnosis, the PSAV was

.44 ng/mL/yr versus 0.57 ng/mL/yr in men with a tPSA
evel of 2 to 4 ng/mL. In men with a tPSA level of more
han 4 ng/mL, the PSAV increased to 0.97 ng/mL/yr
P �0.01). The likelihood of presenting with a PSAV of
ore than 2 ng/mL/yr was 9.1% in men with an initial

PSA level of more than 4 ng/mL compared with 1.8% in
en with an initial tPSA level lower than 4 ng/mL.
Of the patients with cancer, 58.9% had a Gleason

core of 6 or less at biopsy, 29.2% had a Gleason score of
, and 11.9% had a Gleason score of 8 or more. The
PSA level was lowest in patients with a Gleason score of
or less and greatest in those with a Gleason score of 8

r worse (at diagnosis, median 5.13 versus 6.77 versus
.36, respectively, P �0.05). A similar trend was also
bserved 6 years before positive biopsy (median 2.43

tate cancer compared with those without prostate cancer.
than in those with benign glands at any time in the study.
ge (45 to 49 years, n � 674; 50 to 59 years, n � 1954;
5 to 49 years, PSAV 0.033 ng/mL/yr; 50 to 59 years, PSAV
In patients with prostate cancer, PSAV increased in years
cteristic curve analysis for PSAV compared with tPSA and
UC for tPSA 0.646; AUC for percent-free PSA 0.287).
pros
ncer
ith a
nt (4
(C)
hara
ersus 2.80 versus 2.99, P � 0.85). In the 6 years before

UROLOGY 69 (1), 2007
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iagnosis, the PSAV was significantly different among
he three groups (median 0.34 versus 0.46 versus 0.74
g/mL/yr, respectively, P �0.001).
The patients undergoing RRP were stratified into three

roups according to their prostate volume (less than 30,
0 to 60, and more than 60 cm3). The PSAV for the 6
ears before cancer diagnosis did not significantly corre-
ate with the prostate volume, although a trend was
oted for an increased PSAV in patients with large
rostates (corresponding PSAV 0.33 versus 0.38 versus
.48 ng/mL/yr, respectively, P � 0.06).

The sensitivitiy, specificity, and positive and negative
redicive values for the selected PSAV thresholds are
iven in Table 2. The area under the curve for PSAV was
ignificantly greater than for the total PSAV or percent-
ree PSA (Fig. 1D).

OMMENT
he present study is the largest analysis to date of longi-

udinal PSA changes in men with or without prostate
ancer. It has been demonstrated that in men with pros-
ate cancer, the PSAV is clearly greater than in those
ithout cancer.
In men with no evidence of prostate cancer, the an-

ual PSAV was 0.03 ng/mL/yr, slightly lower than that
eported by investigators of smaller studies.10 In fact,
0.5% of all subjects in the benign group had lower PSA
alues 10 years after the initial PSA measurement. This
mplies that patients with significant increases in PSA
ver time should be followed up closely. In contrast, in
16 men (5.1%), a single value was found during the
0-year period that was at least twice as high as the
econd highest value, indicating that elevated PSA
evels may also result from infection, instrumentation,
igital rectal examination, or recent ejaculation. Ob-
iously, several PSA measurements for a longer period
llow for more accurate determination of PSA kinetics
han two or three tPSA values obtained within a short
eriod.
Of note is the increase in PSAV observed in the years

efore the diagnosis of prostate cancer. This parameter
eems to have significant clinical implications, as was
hown by D’Amico and coworkers,7 who demonstrated

Table 2. Performance characteristics (sensitivity, speci-
ficity, positive predictive value, negative predictive value
for different PSAV thresholds)

PSAV Cutoff
(ng/mL/yr)

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

0.03 0.998 0.856 0.691 0.995
0.3 0.642 0.946 0.691 0.934
0.4 0.53 0.978 0.82 0.912
0.5 0.437 0.986 0.849 0.904
0.75 0.264 0.998 0.964 0.879

PSAV � prostate-specific antigen velocity; PPV � positive predic-
tive value; NPV � negative predictive value.
hat men whose PSA levels increased by more than 2.0 n

ROLOGY 69 (1), 2007
g/mL in the year before the diagnosis of prostate cancer
ight have a relatively high risk of death from prostate

ancer despite RRP. This implies that a high PSAV
efore diagnosis may be associated with an increased
ikelihood of incurable prostate cancer. Consequently, it
eems important to detect prostate cancer at a stage at
hich the PSAV is still low.
The PSAV correlated significantly with the tPSA lev-

ls. Men with a high initial tPSA value were significantly
ore likely to have a greater PSAV than those who had
low level. In the group with an initial tPSA level of
ore than 4 ng/mL, the likelihood of a PSAV of more

han 2 ng/mL/yr was five times greater than in the group
ith an initial level of less than 4 ng/mL. This suggests

hat PSAV should be related to the initial tPSA levels.
In the present study, a significant difference in PSAV

as found between patients with organ-confined disease
nd those with non-organ-confined disease (0.32 versus
.53 ng/mL/yr during the 6-year period before diagnosis).
f all men undergoing RRP, 79.5% had pT2 disease,

ndicating that a significant number of patients have
on-organ-confined prostate cancer. Even in the 173
atients with a tPSA value of 4 ng/mL or less at surgery,
1 (12.1%) had pT3 or pT4 disease. If a lower PSAV had
een used, these cancers might have been detected at a
tage at which they were still surgically curable. The
resent data have demonstrated that in our screening
opulation, the PSAV starts to increase at about 6 years
efore the cancer diagnosis. The question is whether the
0.5% of non-organ-confined cancers could have been
etected at a potentially curable time if the PSAV of
.435 ng/mL/yr at 2 to 4 years before positive biopsy had
een used. Only 73.2% of patient undergoing RRP had
rgan-confined disease when the mean PSAV was 0.4
g/mL/yr or less in the 6 years before the diagnosis of
rostate cancer. We, therefore, have concluded that a
ean PSAV of 0.4 ng/mL/yr or more during a 3-year

eriod or longer may indicate the presence of tumor and
hus warrants biopsy. However, not only the pathologic
tage, but also the Gleason score, seems to have a signif-
cant impact on PSAV. An increased PSAV was associ-
ted with worse Gleason scores. In the present study,
atients with a Gleason score of less than 7 had lower
SAV (0.34 ng/mL/yr) than those with Gleason score 7
PSAV 0.46 ng/mL/yr) and those with a Gleason score of
or more (PSAV 0.74 ng/mL/yr).
In contrast, the prostate volume was not significantly

ssociated with the PSAV. The main factor contributing
o the PSAV in patients with prostate cancer seems to be
ancer load. The PSAV may help identify patients with
mall tumors and thus increase the detection rate of
otentially curable prostate cancer.
A potential limitation of the present study was that the

iopsy criteria at our institution were changed in 1995.
his could have resulted in delayed cancer detection in

ome patients and thus a greater tumor volume at diag-

osis. Moreover, the present data were assessed in a
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creening population, and the findings may not be valid
n patients from referral populations. The results of the
resent study may not be representative of other ethnic
roups, because all participants were whites. Some evi-
ence has shown that the prevalence of prostate cancer
nd the propensity for more advanced stages at diagnosis
re greater in black men.11 With regard to cancer cur-
bility, a striking difference was found between black and
hite men with tPSA levels greater than 5.0 ng/mL,
lthough the cure rates were comparable for both groups
f the tPSA level was 4.0 ng/mL or less.12

ONCLUSIONS
n a screening population, the PSAV was significantly
reater in the patients with prostate cancer than in the
en without prostate cancer and correlated with the

athologic stage and Gleason score, but not the prostate
olume. In patients with prostate cancer, the PSAV
ncreased in the years before diagnosis. Although men
ithout prostate cancer had only slight PSA changes,
ounger men had significantly lower tPSA values than
id older subjects. Hence, PSA kinetics may help identify
en with potentially curable prostate cancer.
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