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ABSTRACT
Objectives. To determine whether in the prostate-specific antigen (PSA) era stage and/or grade migration
of patients treated with radical prostatectomy (RP) has occurred. We also examined whether the biochemical
recurrence rates after RP have changed with time.
Methods. A total of 1654 patients from the Shared Equal Access Regional Cancer Hospital (SEARCH)
database were analyzed for time trends in age, preoperative PSA level, clinical stage, biopsy Gleason score,
prostatectomy Gleason grade, pathologic stage, margin status, and recurrence rates after RP. Results were
stratified into three 4-year blocks of time between 1988 and 2002 for analysis.
Results. The preoperative PSA level, patient age, tumor stage, rate of capsular penetration, and lymph node
involvement decreased with time. Both biopsy and pathologic Gleason grade steadily increased with time.
The positive margin rate and incidence of seminal vesicle involvement remained stable. On multivariate
analysis, only serum PSA level (P <0.001) and biopsy Gleason score (P <0.001) were significant indepen-
dent predictors of the time to recurrence after RP. The year of surgery was not a significant independent
predictor of biochemical recurrence after RP in multivariate analysis.
Conclusions. Despite lower stage and lower PSA levels with time, we found no improvement in PSA
recurrence rates over time. This may reflect lead-time bias in detecting PSA recurrence by the use of more
sensitive PSA assays in recent years. UROLOGY 61: 736-741, 2003. © 2003, Elsevier Science Inc.

The Food and Drug Administration approved
prostate-specific antigen (PSA) testing to mon-
itor men with prostate cancer in 1986. It quickly
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became apparent that PSA measurement was also a
valuable tool for the detection of early-stage pros-
tate cancer.!'-3 By the late 1980s, PSA testing was
widely used to screen asymptomatic men for pros-
tate cancer, leading to dramatic increases in the
incidence of new prostate cancer diagnoses and a
dramatic decrease in the incidence of advanced dis-
ease.*~© Combined with alterations in surgical
technique that allowed improved potency preser-
vation,” the rates of radical prostatectomy (RP)
markedly increased.*® Among men undergoing RP
within the PSA era, there has been continued stage
migration.®-'> However, whether this stage migra-
tion within the PSA era has resulted in improved
biochemical success after definitive therapy such
as RP is unclear.!!-13 Moreover, PSA screening re-
sulted in significant controversy as to whether it
would result in patients being treated unnecessar-
ily for small, clinically insignificant cancers.

We sought to determine whether in the PSA era
stage and/or grade migration has occurred and
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whether this has resulted in improvements in PSA
control after RP. To examine this, we studied men
treated with RP between 1988 and 2002 using a
multicenter database of men treated with RP, the
Shared Equal Access Regional Cancer Hospital
(SEARCH) database. We determined whether
there were changes in the clinical and pathologic
features or biochemical recurrence rates with time.

MATERIAL AND METHODS

After each institution provided institutional review board
approval, patients undergoing RP since 1988 at the Veterans
Affairs (VA) Health Care Facilities in West Los Angeles, Palo
Alto, and San Francisco, as well as the San Diego Naval Hos-
pital, were combined into one database, the SEARCH data-
base.

Patients treated with preoperative androgen deprivation or
radiotherapy were excluded. This resulted in a study popula-
tion of 1684 patients. Patients were grouped into three groups
on the basis of the year in which RP was performed. Group 1
was from 1988 to 1991, group 2 from 1992 to 1995, and group
3 from 1996 to 2002. The 1992 TNM staging system was used
to classify the stage,'> and tumors were graded using the Glea-
son grading system.!® The clinical stage was unknown in 47
patients (6 in group 1, 38 in group 2, and 3 in group 3); the
biopsy Gleason score was unknown in 207 patients (133 in
group 1, 54 in group 2, and 15 in group 3); the serum PSA level
was unknown in 286 patients (33 in group 1, 14 in group 2,
and 240 in group 3); and age was unknown in 18 patients (all
group 1).

The RP specimens were sectioned as per the usual routine of
each individual institution and analyzed for Gleason score,
pathologic stage, and involvement of the surgical mar-
gins.17-20 Patients were followed for up to 164 months to de-
termine PSA recurrence. Patients who received adjuvant ra-
diotherapy or hormonal therapy for adverse pathologic
findings with undetectable PSA levels were censored as not
having recurrence at the time of treatment. Data from the three
VA medical centers were collected retrospectively, and data
from the San Diego Naval Hospital was collected prospectively
starting in the mid-1990s. Recurrence was defined as a single
PSA level greater than 0.2 ng/mL or two values at 0.2 ng/mL.
However, the lower limit of detection for the PSA assays at the
various institutions decreased over time, with lower limits of
detection of up to 1.0 ng/mL at the beginning of the study
period. No follow-up data were available for 107 patients (44
in group 1, 17 in group 2, and 48 in group 3). These patients
were included for evaluating the difference among the varying
periods for preoperative and pathologic characteristics, but
not biochemical recurrence.

STATISTICAL ANALYSIS

Age, biopsy Gleason score, and serum PSA level were exam-
ined as continuous variables. Clinical stage was evaluated as
an ordinal variable of T1 versus T2-T3. The three groups were
evaluated as a categorical variable for comparing the clinical
and pathologic variables using an analysis of variance model.
Predictors of time to biochemical recurrence were evaluated
using a Cox proportional hazards model. For the multivariate
analysis, a forward stepwise Cox regression survivorship
model was used. A P value of less than 0.1 was used to deter-
mine which variables should be entered into the model at each
step. The period of surgery was evaluated as a categorical
variable. Survival curves were estimated using the technique
of Kaplan and Meier. Differences in survival curves between
the groups were evaluated using a log-rank test for equality of
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survivorship. All clinical (age, clinical stage, serum PSA level,
biopsy Gleason score) and pathologic (surgical Gleason score,
pathologic stage, capsular penetration, surgical margin status,
seminal vesicle invasion, and lymph node involvement) vari-
ables were similar among the four centers contributing to the
SEARCH database. Therefore, the data from all four centers
was combined for analysis. All statistical analyses were per-
formed using STATA, version 7.0 (Stata, College Station,
Tex).

RESULTS

The clinical characteristics of the study popula-
tion are shown in Table I. The annual number of
patients undergoing RP steadily increased until
1992 and remained relatively stable since. Over
time, the increase in the percentage of patients
with clinical T1 tumors was steady and significant.
The preoperative serum PSA level and median age
at the time of surgery steadily declined with time. A
steady rise in biopsy Gleason scores occurred over
time. This was largely due to an increase in the
number of Gleason score 6 tumors and a decrease
in the number of Gleason score 4 and 5 tumors. No
differences were found in the percentage of pa-
tients who had high-grade tumors (Gleason score 7
or greater) over time (P = 0.508).

The pathologic characteristics of the study pop-
ulation are shown in Table I. A small, but steady,
increase in the percentage of patients who had or-
gan-confined (pT2 or less) tumors was noted. Con-
versely, the rate of capsular penetration and the
incidence of lymph node involvement steadily de-
creased over time. No association was found be-
tween the time of RP and the incidence of either
positive surgical margins or seminal vesicle inva-
sion. As with the biopsy Gleason scores, the patho-
logic Gleason scores from the surgical specimens
steadily increased over time. This was largely a re-
sult of an increase in the number of Gleason score
6 tumors in the prostatectomy specimens and a
decrease in the number of patients with Gleason
score 4 or 5 tumors, mirroring the trend seen with
biopsy. However, a trend was noted for an increas-
ing percentage of patients with high-grade tumors
(Gleason 7 or greater) over time (P = 0.078).

With a mean follow-up of 44 months (median
35), the overall biochemical recurrence rate was
25%. Using a log-rank analysis, the period in which
RP was performed was a significant predictor of the
time to biochemical recurrence, with more recent
patients having higher PSA failure rates (P =
0.006, Fig. 1). Using a Cox proportional hazards
model, group 2 (P = 0.001) and group 3 (P =
0.019) patients had higher biochemical recurrence
rates than did group 1 patients (Table II). No dif-
ference was found in the time to biochemical re-
currence between group 2 and group 3 patients (P
= 0.589).
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TABLE 1. Clinical and pathologic characteristics of men undergoing radical prostatectomy
Characteristic 1988-91 1992-95 1996-02 P Value*
Patients (n) 314 (19) 534 (32) 836 (50)

Clinical stage (n) <0.001
T1a/b 23 (7) 11 (2) 12 (1)
Tlc 28 (9) 142 (29) 423 (51)
T2 254 (82) 336 (68) 393 (47)
T3 2(1) 7(1) 5(1)
Preoperative PSA (ng/mL) <0.001
Mean = SD 11.8 = 18.1 11.2 9.7 89176
Median 6.2 8.4 6.8
Age (yr) <0.001
Mean = SD 66.1 = 6.2 64.6 = 6.2 61.2 6.5
Median 67 65 62
Biopsy Gleason score (n) <0.001
2 9 (5) 8(2) 4 (0)
3 9 (5) 4 (1) 1(0)
4 37 (20) 80 (17) 48 (6)
5 43 (24) 113 (24) 111 (14)
6 31 (17) 115 (24) 399 (49)
7 37 (20) 111 (23) 194 (24)
8 10 (6) 35 (7) 48 (6)
9 4 (2) 12 (3) 16 (2)
10 1(1) 2 (0) 0 (0)
Mean = SD 54+ 16 58+ 1.4 6.1 1.0
Pathologic stage (n) 0.028
=T2 199 (67) 359 (68) 613 (74)
T3 91 (31) 145 (28) 203 (24)
T4 7(2) 21 (4) 18 (2)
Pathologic Gleason score <0.001
2 1(1) 1(0) 0 (0)
3 10 (6) 8(2) 1(0)
4 23 (14) 33 (6) 9 (1)
5 43 (25) 133 (26) 79 (10)
6 26 (15) 112 (22) 327 (41)
7 41 (24) 177 (34) 313 (39)
8 11(7) 30 (6) 34 (4)
9 12 (7) 26 (5) 35 (4)
10 1(1) 0 (0) 1 (0)
Mean = SD 59+16 6.2=*1.3 6.5+0.9
Positive surgical margins (n) 83 (27) 176 (34) 244 (29) 0.113
Capsular penetration (n) 91 (31) 131 (25) 182 (22) 0.010
Seminal vesicle invasion (n) 29 (9) 55 (10) 63 (8) 0.183
Positive lymph nodes (n) 12 (4) 17 (3) 8 (1) 0.009
KEy: PSA = prostate-specific antigen.
Numbers in parentheses are percen[ages.
* Analysis of variance.
In multivariate analysis using a stepwise Cox COMMENT

proportions hazard analysis, only serum PSA (P
<0.001) and biopsy Gleason score (P <0.001)
were independent predictors of the time to bio-
chemical failure (Table II). The period of surgery
was not a significant independent predictor of the
time to biochemical recurrence after RP in multi-
variate analysis. Moreover, when each center was
examined separately, the period of surgery was not
a significant predictor of biochemical recurrence
after RP on multivariate analysis (P >0.1 for all
analyses).
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The introduction of PSA testing has had a dra-
matic impact on the incidence and treatment of
prostate cancer. The incidence of localized disease
and thus the number of men who are candidates for
curative treatments, including RP, increased sig-
nificantly. This gave rise to concern that many men
who had clinically insignificant tumors would be
subjected to potentially morbid and unnecessary
treatments. We found that during the PSA era, the
average age of men undergoing RP decreased sig-
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FIGURE 1. Kaplan-Meier survival curves of patients

undergoing radical prostatectomy separated by the pe-
riod of surgery. P value was computed using log-rank
survivorship analysis.

nificantly. Although a steady increase in the inci-
dence of organ-confined disease and a concomitant
decrease in the incidence of adverse pathologic
findings at the time of RP occurred, a trend was
noted for a greater percentage of men to have high
pathologic Gleason scores (7 or greater). Com-
bined with lead-time bias for detecting biochemi-
cal recurrence by the use of PSA assays with a lower
threshold of detection in more recent years, a
greater PSA recurrence rate was found among the
more recently treated men in univariate analysis.
However, after controlling for serum PSA level, bi-
opsy Gleason score, and clinical stage, the period
of surgery was not a significant independent pre-
dictor of the time to biochemical failure after RP.

Adverse pathologic findings are often used as a
surrogate of advanced disease. Indeed, much effort
has been put into preoperatively predicting the
pathologic findings at the time of RP.2! We found
that over time, the incidence of lymph node in-
volvement and extracapsular disease steadily de-
creased. Similarly, the rate of organ-confined dis-
ease increased. These findings are in agreement
with several prior studies.®-2-22 However, Soh et
al.’> found that over time no differences were
found in the pathologic stage of men undergoing
RP, although there was a decrease in the incidence
of advanced disease (established extraprostatic ex-
tension with a positive surgical margin, seminal
vesicle invasion, or lymph node metastases). The
increased percentage of patients with organ-con-
fined disease in the current report was less than
that previously reported.!®!! This was likely be-
cause the current series included only patients
treated since 1988 as opposed to the prior studies
that also included patients treated before the intro-
duction of PSA screening.

In the current study, a steady increase occurred
in both biopsy and pathologic Gleason scores over
time. This was largely due to an increased inci-
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dence of Gleason score 6 tumors and a decreased
incidence of Gleason score 4 and 5 tumors. Other
studies found similar results.!-13.23 Whether this
reflects a changing natural history of prostate can-
cer or systematic upgrading over time remains to
be determined.?* However, given that Epstein?> re-
cently recommended that a diagnosis of Gleason
score 2 to 4 should not be made on a needle biopsy,
it is likely that this trend for a decreased incidence
of lower Gleason scores will continue.

Although biochemical-free survival among men
undergoing RP during the PSA era has improved
relative to men treated before widespread PSA test-
ing, several studies failed to find continued im-
provement in recurrence rates during the PSA
era.'13 The current study, encompassing only pa-
tients treated during the PSA era, found that the
period of RP was not a significant independent pre-
dictor of biochemical recurrence. This is in con-
trast to a recent report by Ung et al.'> who found
biochemical recurrence rates have decreased dur-
ing the PSA era. Given that more recent patients
had lower incidences of advanced pathologic find-
ings and higher rates of organ-confined disease in
the current study, it is unclear why this did not
translate into improved PSA-free survival rates.
One possible explanation is the higher Gleason
scores among more recently treated men. How-
ever, whether these increased Gleason scores truly
reflect disease differences or systematic upgrading
is unknown.?* The most likely explanation for a
lack of improved PSA-free survival among more
recently treated patients is lead-time bias in the
detection of biochemical recurrence by the use of
PSA assays with greater sensitivity to detect low
levels of PSA. The use of PSA testing with lower
levels of detection results in the detection of bio-
chemical recurrence as much as 18 months earli-
er.2%27 In the current study, the PSA recurrence
definition was a single value greater than 0.2
ng/mL or two values at 0.2 ng/mL. Therefore, a
patient with a PSA value of 0.21 ng/mL by ultrasen-
sitive PSA testing was considered to have recur-
rence. However, with a less sensitive PSA assay,
this would equate to a single PSA level of 0.2 ng/
mL, which would not be considered recurrence
until a second PSA value at 0.2 ng/mL, which
might be several months later. Moreover, in the
early 1990s, the lowest threshold of PSA detection
was greater than 1.0 ng/mL. As a result, men whose
serum PSA values were greater than 0.2 but less
than 1.0 ng/mL, and who thus should have been
considered to have recurrence, had an undetect-
able PSA value and were considered to not have
recurrence. Another possible reason for the lack of
areduction in the PSA recurrence rates over time is
that our patient populations were clinic based
rather than a screening population. One may be
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TABLE II.

Cox proportional hazards analysis of factors predicting

time to biochemical recurrence after radical prostatectomy

HR 95% Cl P Value
Univariate analysis
Biopsy Gleason score 1.29 1.19-1.40 <0.001
Serum PSA 1.03 1.02-1.03 <0.001
Clinical stage 1.18 0.95-1.46 0.144
Age 1.00 0.99-1.02 0.904
Time period (continuous variable) 1.17 1.02-1.34 0.030
1992-95 (relative to 1988-91) 1.54 1.18-2.01 0.002
1996-02 (relative to 1988-91) 1.42 1.06-1.91 0.019
1996-02 (relative to 1992-95) 0.94 0.74-1.19 0.589
Multivariate analysis
Serum PSA 1.02 1.01-1.02 <0.001
Biopsy Gleason score 1.24 1.14-1.36 <0.001

Key: HR = hazard ratio; CI = confidence interval; PSA = prostate-specific antigen.

more likely to see a difference in PSA recurrence in
a screening population with aggressive screening
such that patients diagnosed more recently would
be expected to have much lower stage and PSA
values.

The limitations to the current study were that it
was retrospective and the mean follow-up was rel-
atively short. Furthermore, because all four centers
in the SEARCH database are equal access medical
centers in California, the current findings may not
apply to patients at non-equal access medical cen-
ters.

CONCLUSIONS

During the PSA era and among our patient pop-
ulation, a steady shift was found for men to un-
dergo surgery at younger ages and for earlier stage
disease. However, the mean Gleason scores in-
creased over time. Despite this stage migration, we
found no improvement in PSA recurrence rates
with time. This may reflect lead-time bias in detect-
ing PSA recurrence by the use of more sensitive
PSA assays.
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