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RELAPSE AFTER RADICAL PROSTATECTOMY CORRELATES
WITH PREOPERATIVE PSA VELOCITY AND TUMOR

VOLUME: RESULTS FROM A SCREENING POPULATION

ANDREAS P. BERGER, MARTINA DEIBL, ALEXANDER STRASAK, JASMIN BEKTIC,
ALEXANDRE PELZER, HANNES STEINER, ROBERT SPRANGER, GERNOT FRITSCHE,

GEORG BARTSCH, AND WOLFGANG HORNINGER

ABSTRACT
bjectives. To evaluate, in a screening population, the impact of tumor volume and prostate volume on
rostate-specific antigen (PSA) velocity (PSAV) and to find predictors of biochemical failure after radical
rostatectomy. Longitudinal PSA changes in men with prostate cancer have been reported to be significantly
ifferent from those without prostate cancer.
ethods. PSAV was assessed in 102 men undergoing radical retropubic prostatectomy. The pathologic

ndings of specimens obtained at radical retropubic prostatectomy and pelvic lymph node dissection were
nalyzed separately for all patients.
esults. The median preoperative PSA in the 102 patients was 6.4 ng/mL, the median prostate volume was
2.8 cm3, and the median tumor volume was 1.27 cm3. The PSAV correlated significantly with tumor volume
P �0.05) but not with prostate volume (P � 0.142). The median tumor volume in men with biochemical
rogression after radical retropubic prostatectomy was 2.55 cm3 versus 0.94 cm3 in men who were free of
isease 5 years after surgery. The median PSAV in the year before diagnosis in men with relapse after radical
rostatectomy was 1.98 ng/mL/yr versus 1.05 ng/mL/yr in men who had no evidence of disease.
onclusions. The results of our study have shown that the main factor contributing to the PSAV in patients
ith prostate cancer is cancer load and that prostate volume is not significantly associated with the PSAV.
en with a PSAV of more than 2 ng/mL/yr in the year before cancer diagnosis are at a high risk of relapse.

he PSAV may be helpful in identifying patients with small tumors and thus increase the detection rate of
otentially curable prostate cancers. UROLOGY 68: 1067–1071, 2006. © 2006 Elsevier Inc.
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ongitudinal prostate-specific antigen (PSA)
changes in men with prostate cancer have been

hown to differ significantly from those in men
ithout prostate cancer. However, differences

xist between screening and nonscreening pop-
lations.1,2

The aim of prostate cancer screening is the de-
ection of potentially curable cancer that is either
ife-threatening or reduces the man’s quality of life.
owever, controversy still exists about prostate

ancer screening in asymptomatic men, and the
SA threshold warranting further evaluation is still
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matter of discussion. Several studies have shown
hat patients with cancer and pretreatment total
SA levels of up to 4 ng/mL have a good chance of
ure, but patients with greater levels are less likely
o have organ-confined tumors.3–5 According to re-
ent studies, prostate cancer in patients with a total
SA level less than 4 ng/mL may exhibit all the

eatures of advanced tumors and are thus poten-
ially life-threatening.6,7 It has been shown that
en whose PSA levels increase by more than 2.0
g/mL in the year before diagnosis have a high risk
f death from prostate cancer even if they undergo
adical prostatectomy.8

In patients with prostate cancer, the tumor vol-
me has been found to correlate with numerous
dverse prognostic indicators.
The present study was performed to evaluate the

mpact of tumor volume and prostate volume on

he PSA velocity (PSAV). Moreover, the value of
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SAV in identifying patients who are likely to have
iochemical relapse after radical retropubic pros-
atectomy was assessed in a screening population.

MATERIAL AND METHODS

In the present retrospective study, we reviewed the charts of
02 consecutive men undergoing radical retropubic prostatec-
omy for clinically localized prostate cancers. Patients with a
istory of prostate surgery, men taking 5-alpha-reductase in-
ibitors, and those undergoing chemotherapy were excluded

rom the study.
In all subjects, the prostates were examined using the Stan-

ord technique9 of 3-mm step sections. The pathologic stage,
ostoperative Gleason score (Table I), and PSAV for a 3-year
eriod were obtained, as were the PSA values for at least 5
ostoperative years. The PSAV was defined as the average an-
ual rate of change in the PSA level between the first and last
isit. At least three PSA values were available for every patient.
iochemical failure was defined as a PSA value of more than
.2 ng/mL.
In 1993, a mass screening project using PSA determination

s the only screening test was launched in the Federal State of
yrol, Austria. From 1988 to 1992, both PSA determination
nd digital rectal examination were used in the diagnostic
orkup of patients with suspected prostate cancer, and occa-

ionally of asymptomatic men as well. Age-referenced PSA
evels,10 in combination with percent-free PSA of less than

TABLE I. Demographic data and
pathologic findings

atients (n) 102
ge (yr)
Mean 63
Range 47–76

reoperative PSA (ng/mL)
Mean 6.35
Range 1.1–56.6

rostate volume (cm3)
Mean 32.8
Range 12–80

ancer volume (cm3)
Mean 1.27
Range 0.01–15.13
leason score (n)
�7 62 (60.7)
7 27 (26.5)
�7 13 (12.7)

umor stage (n)
pT2 79 (77.5)
pT3–pT4 23 (22.5)

ymph node involvement (n)
No 98 (96.1)
Yes 4 (3.9)

eminal vesicle involvement (n)
No 91 (89.2)
Yes 11 (10.8)
argin status
Negative 85 (83.3)
Positive 17 (16.7)

EY: PSA � prostate-specific antigen.
ata in parentheses are percentages.
2%, were used as biopsy criteria. Since October 1995, bi- u

068
ected PSA levels11 have been used, together with a percent-
ree PSA of 18% (Table II). In addition, patients with PSA
evels greater than 10 ng/mL or suspicious findings on digital
ectal examination were advised to undergo biopsy.

The serum total and percent-free PSA levels were assessed
sing the Abbott IMx Immunoassay (Abbott Laboratories, Ab-
ott Park, Ill).
The pathologic findings of the specimens obtained at radical

etropubic prostatectomy and pelvic lymph node dissection
ere analyzed for all patients. The radical prostatectomy spec-

mens were inked and perfused with formalin. They were then
ectioned in 3-mm steps and processed in standard cassettes.
he prostatic capsule, fibromuscular junction between the pe-
ipheral and transition zones, urethra, and the boundaries of
ach cancer lesion were traced with continuous ink lines for
ach slice on the glass slide. The outlines were then transferred
o tracing paper so that the tumor area could be determined
nd digitized for each slice. The tumor volume was calculated
s the sum of the tumor areas in each slice multiplied by the
lice thickness and a shrinkage factor of 1.33.

Data are expressed as the mean � standard deviation (SD),
edian, and 25th and 75th percentiles; P �0.05 was consid-

red statistically significant.
The Statistical Package for Social Sciences for Windows,

ersion 11.5, software (SPSS, Chicago, Ill) was used for the
nalyses. Differences between subgroups were analyzed with
he Kruskal-Wallis test. If it indicated statistical significance,
ost hoc tests were performed with the Mann-Whitney U test.
tatistical significance was defined as P �0.05. After Bonfer-
oni correction for comparisons, corrected P values were con-
idered to indicate statistical significance, depending on the
umber of compared subgroups. Multivariate analysis (for-
ard stepwise logistic regression analysis) was performed to

valuate the influence of different parameters on tumor pro-
ression.

RESULTS

Whole mount sections obtained from 102 pa-
ients with prostate cancer with a median preoper-
tive PSA value of 6.35 ng/mL (25th percentile,
.07 ng/mL; 75th percentile, 10.63 ng/mL) were
nalyzed with regard to tumor volume (Stanford
rotocol), PSAV, Gleason score, pathologic stage,
nd PSA values at a median of 7.6 years (range 5 to
) after surgery. Biochemical failure was defined as
epeated PSA values of 0.2 ng/mL or more. The
edian patient age at surgery was 63.1 years (range

7 to 76).
The median tumor volume for all patients was

.27 � 3.1 cm3 (25th percentile, 0.53 cm3; 75th
ercentile, 2.66 cm3), and the median prostate vol-

TABLE II. Bisected, age-specific reference
ranges for PSA

ge Range (yr) PSA Range (ng/mL)

0–49 0–1.25
0–59 0–1.75
0–69 0–2.25
0–79 0–3.25

EY: PSA � prostate-specific antigen.
me was 32.8 cm3 (range 12 to 80). In the 32 men
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ith failure after surgery, the median tumor vol-
me was 2.55 � 4.17 cm3 (25th percentile, 1.23
m3; 75th percentile, 5.9 cm3) compared with
.94 � 1.23 cm3 (25th percentile, 0.43 cm3; 75th
ercentile, 1.99 cm3) in the 70 patients who pre-
ented with undetectable PSA levels 5 years post-
peratively (P �0.001).
The PSAV in patients with tumors greater than
cm3 was significantly greater than that in men with

umor loads of 0.5 to 1 cm3 and men with tumors
maller than 0.5 cm3 (Table III).
The median PSAV for men who postoperatively

resented with biochemical failure was 1.98 ng/
L/yr compared with 1.05 ng/mL/yr for men with-

ut relapse within 5 years after surgery (P �0.05).
Of the 102 men, 54 had a prostate volume of less

han 30 cm3, 42 had a prostate volume of 30 to
0 cm3, and 6 had a prostate volume larger than
0 cm3. The median PSAV in the first group was
.78 � 1.01 ng/mL/yr versus 1.08 � 3.28 ng/mL/yr
n the second group and 1.55 � 1.27 ng/mL/yr in
he third; this difference was not statistically signif-
cant (P � 0.142).

The Gleason score correlated strongly with the
umor volume (P �0.001). In the 62 men with a
leason score of less than 7, median tumor volume
as 0.82 � 1.03 cm3 (25th percentile, 0.4 cm3;
5th percentile, 1.72 cm3). In the 27 men with a
leason score of 7, the median tumor volume was
.15 � 2.39 cm3 (25th percentile, 1.34 cm3; 75th
ercentile, 4.01 cm3), and in the 13 men with a
leason score of 8 to 10, the median tumor volume
as 8.49 � 5.16 cm3 (25th percentile, 2.61 cm3;
5th percentile, 11.66 cm3). A trend toward a
reater PSAV was found in patients with a Gleason
core of 7 or greater (median PSAV 1.07 ng/mL/yr)
ompared with men with a Gleason score of 7 (me-
ian PSAV 1.07 ng/mL/yr) and those with a Glea-
on score of less than 7 (median PSAV 0.83 ng/mL/
r); this difference was not statistically significant.
The median tumor volume in the 79 men with

rgan-confined cancer was 0.92 � 0.97 cm3 (25th
ercentile, 0.44 cm3; 75th percentile, 1.85 cm3),
ower than in the 23 men with non-organ-confined
ancer (median 4.95 � 4.28 cm3; 25th percentile,

TABLE III. Correlation between PSA velocity
and cancer volume

umor
olume
cm3) Median

PSAV (ng/mL/yr)

25th Percentile 75th Percentile

–0.5 0.59 0.43 1.23
.51–1 1.11 0.65 2.55
1 2.03 0.8 3.26
ll 1.27 0.53 2.66

EY: PSA � prostate-specific antigen; PSAV � PSA velocity.
.67 cm3; 75th percentile, 10.07 cm3). This also o

ROLOGY 68 (5), 2006
pplied to the PSAV (median 0.83 ng/mL/yr for
tage pT2 versus 1.23 ng/mL/yr for Stage pT3 and
T4; P �0.05).
Multivariate analysis (forward stepwise logistic

egression analysis) revealed that several parame-
ers were associated (P �0.05) with biochemical
rogression after surgery, including tumor volume
P �0.001), Gleason score (P �0.05), pathologic
tage (P �0.001), PSAV in the year before the di-
gnosis of prostate cancer (P �0.05), surgical mar-
in status (P �0.05), and seminal vesicle involve-
ent (P �0.05). Prostate volume (P � 0.490),

reoperative PSA level (P � 0.093), and age (P �
.165) were not associated with biochemical pro-
ression.

COMMENT

Widespread acceptance of serum PSA testing for
he early detection of prostate cancer has been
ampered by its low specificity, the resulting costs,
nd complications resulting from unwarranted bi-
psies. However, about 1 in 4 men with a PSA level
f 2.5 to 4 ng/mL will have prostate cancer at bi-
psy. More than one half of these lesions are ag-
ressive tumors detected in the window of oppor-
unity for cure.12 Also, it has been estimated that
0% of all detectable cancers are encountered in
en with a total PSA level of less than 4 ng/mL.13

PSAV has been used as a means of enhancing the
pecificity of PSA testing. A recent study has shown
hat the PSAV in the year before radical prostatec-
omy allows for predicting the risk of death from
rostate cancer. According to that study, a PSAV of
ore than 2 ng/mL/yr is an independent predictor

f the risk of death from prostate cancer.8 Al-
hough demographic differences might be present
etween the above-mentioned population and that
f the present study (purely white screening pop-
lation), it seems noteworthy that in the present
tudy cohort, a similar PSAV (ie, median 1.98
g/mL/yr) was associated with relapse. Also, those
ith a median PSAV of 1.05 ng/mL/yr in the year
efore radical prostatectomy did not present with
iochemical failure for at least 5 years postopera-
ively. As the number of men diagnosed with pros-
ate cancer on the basis of PSA screening has in-
reased, small-volume cancers have become more
ommon. It has been suggested that the serum PSA
evel reflects the size of the prostate rather than the
resence of cancer.14 This might be true for total
SA but not for the PSAV. The present data have
hown that it is the cancer load, rather than the
rostate volume, that contributes to the PSAV.
herefore, patients with a rapid increase in PSA
ight not be good candidates for watchful waiting.
lthough the PSAV did not prove to be a predictor

f biochemical relapse after prostatectomy in a

1069
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tudy including a nonscreening population,15 a
arge study recently published has clearly demon-
trated that PSAV is a useful predictor of postoper-
tive outcome.16 This is supported by the present
ata, which have confirmed the usefulness of PSA
inetics for predicting the postprostatectomy
utcome. However, not all men with recurrence
ie of prostate cancer, and the Gleason score and
athologic stage are additional determinants of
ecurrence.
The results of the present study have indicated

hat the impact of prostate size on PSAV can be
eglected. Although it is generally accepted that

arge prostates release more PSA into the circula-
ion, which results in greater baseline levels, a large
tudy of 2462 men without prostate cancer has
emonstrated that they had almost no PSA increase
PSAV of 0.03 ng/mL/yr during a 10-year period)
espite high total PSA levels and large prostate vol-
mes.2 Also, 24.5% of men with no evidence of
alignant disease after 10 years of PSA screening

ad PSA values that were even lower than their
nitial levels. A continuous PSA increase over time,
owever, may indicate a significant tumor burden,
rovided that infection, instrumentation, recent
jaculation, and digital rectal examination have
een excluded.
From the data provided by D’Amico et al.,8

engupta et al.,16 and the present study, we believe
hat the results of reports claiming that a PSAV of
p to 2.5 ng/mL is predictive of a good prognosis17

ight not be valid for a screening population. The
SAV indicating a favorable outcome after surgery
eems to be lower.
Patients with organ-confined cancer had signifi-

antly lower annual PSAVs, as well as lower tumor
oads, than men with pT3 disease and/or high-
rade prostate cancer. The results of the present
tudy have suggested that the tumor volume and
SAV in the year before radical prostatectomy may
e used as prognostic factors for relapse after pros-
ate cancer surgery.
A potential limitation of the present study was

hat all participants were white men; thus, the re-
ults obtained might not be representative of other
thnic groups. Evidence has shown that black men
ave a greater prevalence of prostate cancer and a
ropensity for more advanced stages at diagnosis.18

ith regard to cancer curability, a striking differ-
nce was found between black and white men with
otal PSA levels greater than 5.0 ng/mL, although
oth whites and blacks had reasonably high cure
ates when the total PSA level was 4.0 ng/mL or
ess.19 Additional studies are necessary before rec-
mmendations for biannual PSA testing can be

ade for black men. 2

070
CONCLUSIONS

The results of our study have shown that the
ain factor contributing to PSAV in patients with

rostate cancer is cancer load. In contrast, prostate
olume correlated with PSAV only insignificantly.
n the present study, a correlation between the pre-
perative PSAV and PSA recurrence was found in
en undergoing radical prostatectomy. A low
SAV was shown to be associated with a low tumor
olume and a high PSAV with a high tumor bur-
en. Consequently, rapidly increasing preopera-
ive PSA levels may indicate rapid tumor growth
nd a high risk of relapse. PSAV determination may
e helpful in identifying patients with small tu-
ors and thus increase the detection rate of poten-

ially curable prostate cancer.
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