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Introduction

Localized prostate cancer is overtreated, in that some
patients not destined to suffer prostate cancer death
or morbidity are subject to radical therapy.1-8  Several
recent studies have driven this point home forcefully.
The PCPT study reported a 25% positive biopsy rate

in the placebo arm; most of these men had a normal
PSA.9  This proportion is consistent with the number
of men who harbor prostate cancer detected at
autopsy.10   Since the  chance of dying of prostate
cancer  historically is about 2.5%, this suggests that
approximately 10 times as many men will be
diagnosed by routine biopsy as will die of the disease.
Presumably, the risk of death in good risk patients is
considerably lower than this.   Stamey11 has recently
reported that the correlation between prostate cancer
volume and PSA has fallen steadily, from 0.6 to about
0.02, over the last 20 years.  This suggests that in most
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Purpose:  To summarize the case for active surveillance
for good risk prostate cancer with selective delayed
intervention for rapid biochemical or grade progression,
and review the results of a large phase II experience using
this approach.
Materials and methods:  A prospective phase II study
of active surveillance with selective delayed intervention
was initiated in 1995.  Patients were managed initially
with surveillance; those who had a PSA DT of 2 years or
less, or grade progression on rebiopsy were offered radical
intervention.  The remainder were closely monitored.
Results:  The cohort consists of 299 patients with good
risk prostate cancer, or intermediate risk prostate cancer

in men over 70.  The median PSA doubling time was 7.0
years. 35% had a PSA DT > 10 years.  The majority of
patients remain on surveillance.  At 8 years, overall
actuarial survival is 85%, and disease specific survival
is 99%.
Conclusion:  Most men with favorable risk prostate
cancer will die of unrelated causes.  The approach of active
surveillance with selective delayed intervention based on
PSA DT represents a practical compromise between
radical therapy for all  (which results in overtreatment
for patients with indolent disease), and watchful waiting
with palliative therapy only (which results in
undertreatment for those with aggressive disease).  The
results at 8 years are favorable.  Longer follow up will be
required to confirm the safety of this approach in men
with a long (>15 year) life expectancy.
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men with mild PSA elevation (<10) in a screened
population, the PSA is unrelated to cancer.  Therefore,
a fundamental research objective in this disease is to
enhance prediction of the biologic phenotype of the
cancer.  One method to do this is to use the window
of curability that exists for patients with favorable risk
disease to estimate the biological aggressiveness of
the tumor based on PSA doubling time.

Results of active surveillance with selective
intervention approach

We have conducted a clinical study to evaluate a novel
approach in which the choice between a definitive
therapy and conservative policy is determined by the
rate of PSA increase or the development of early,
rapid clinical and/or histologic progression.13-21

This strategy offers the powerful attraction of
individualizing therapy according to the biological
behavior of the cancer.  Patients with slowly growing
malignancy would be spared the side effects of radical
treatment, while those with more rapidly progressive
cancer would still benefit from curative therapy.

This prospective study consisted of 299 patients
followed with active surveillance with selective
delayed intervention. Patients had PSA of <15,
Gleason <=7, and T<=2b.  The grade, stage, and PSA
of the study population is summarized in Table 1.
After obtaining informed consent, patients were
followed with active surveillance until they met
specific criteria defining rapid or clinically significant
progression.  These criteria were as follows:
1. PSA progression, defined by all of the following
three conditions:

(a) PSA doubling time < 2 years, based on at least
three separate measurements over a minimum
of 6 months

(b) Final PSA > 8 ng/ml

(c) P value < 0.05 from a regression analysis of ln
(PSA) on time

2. Clinical progression when one of the following
conditions was met:

(a) More than twice increase in the product of the
maximum perpendicular diameters of the
primary lesion as measured digitally

(b) Local progression of prostate cancer requiring
TURP

(c) Development of ureteric obstruction
(d) Radiological and/or clinical evidence of distant

metastasis
3. Histologic progression:  Gleason score > 8 in
the rebiopsy of prostate at 12-18 months.

Most of the patients in this series fulfilled the
criteria for favorable disease (PSA < 10, Gleason < 6,
T < 2a).   Eighty percent of patients had Gleason 6 or
less, and 78% had a PSA < 10.  With a median follow
up of 55 months, 60% remain on surveillance.  Of the
patients coming off surveillance, 12% of patients came
off because of rapid biochemical progression; 8% for
clinical progression; 4% for histologic progression; and
16% due to patient preference.

Overall survival is 85% at 8 years Figure 1 and
disease specific survival 99% at 8 years Figure 2.  Of
the two patients who died of prostate cancer, both died
5 years after diagnosis.

The distribution of PSA doubling times (PSA dt) is
seen in Figure 1, and the cumulative distribution in
Figure 3.  The median PSA dt was 7.0 years.  Only
21% of patients had a PSA doubling time < 3 years.
Forty two percent had a PSA DT > 10 years.

Patients were re-biopsied 1.5-2 years after being
placed on the surveillance protocol.  Grade remained
stable in 92%; only 8% demonstrated significant (> 2
Gleason score) rise.  This is also consistent with the
recent publication by Epstein and Walsh,29

demonstrating a 4% rate of grade progression over

TABLE 1.  Clinical parameters of 299 patients on active surveillance

      Clinical Stage
           T1b - T1c (n=125)            T2a - T2c (n=75)

Grade/PSA <5 5 - 9.9 10 - 14.9 <5 5 - 9.9 10 - 14.9 Total

      Gx* 0 0 0 1 2 0 3

      2 – 4 4 4 3 0 0 0 11

      5 11 19 5 7 9 0 51

      6 48 60 14 19 18 18 177

      7 3 12 10 10 15 7 57

      Total 66 95 32 37 44 25 299
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 2-3 years.
Neither grade, stage, baseline PSA, or age

correlated significantly with the PSA DT.  Only a fall
in the PSA free/total ratio correlated with a rapid PSA
DT.35  Patients were followed with serial bone scans.
None of the patients, including the rapid PSA DT
cohort, manifested a positive bone scan during the
duration of the study.33  Analysis of the TRUS data
(performed every 6 months for 2 years, and then
annually) showed no correlation between TRUS and
rapid biochemical progression.37

Twenty-four patients (of 299) had a radical
prostatectomy after they manifested a PSA doubling
time of less than 2 years.  All had Gleason 5-6,
PSA <10, pT1-2 at study entry.  Final pathology was
as follows: 10/24 (42%) were pT2, 14 (58%) were
pT3a-c, and two (8%) were N1. our series, that

constituted 22% of patients.

Discussion

A disease specific survival of 99% at 8 years is
encouraging.  Longer follow up is required to address
the impact of the delay in therapy for patients with
rapid progression.  Nonetheless, the fact that the only
two prostate cancer deaths have occurred within 5
years of diagnosis is important.  In the context of the
natural history of prostate cancer, the likelihood is that
these patients had occult metastatic disease at the time
of diagnosis, in which case earlier treatment would
not have been likely to alter the outcome.

In spite of favorable clinical characteristics, the
patients with a PSA DT < 2 years had a relatively high
rate of locally advanced disease (58%).  This supports
the view that a short PSA DT is associated with a more
aggressive phenotype.  A PSA DT < 2 years, in patients
with otherwise favorable clinical features, portents a
high likelihood of locally advanced disease. This
also suggests that, insofar as cure of the patients
with early rapid biochemical progression is a goal,
the optimal PSA DT threshold  for intervention
should be somewhat greater than 2 years. A rough
approximation is that the optimal threshold is about
3 years.

Stamey has recently observed that the correlation
between PSA and prostate cancer volume has declined
since the advent of PSA screening.  Benign prostatic
volume, rather than prostate cancer, is therefore the

Figure 1. Overall survival on the TSRCC surveillance
cohort (n=299).

Figure 3. Doubling times of PSA in 299 patients on an
active surveillance protocol.  The data is based on a
median follow up of 55 months.  Median PSA
doubling time was 7.00 years.
Median number of measurements was 7  (range 3-19).
Twenty-two percent of patients had a PSA DT < 3  years.

Figure 2. Prostate cancer specific survival in the
TSRCC surveillance cohort (n=299).
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cause of mild elevation of PSA (<12) in most men with
early prostate cancer.  If so, this could confound the
identification of rapid PSA progression because the
baseline PSA will vary as a function of benign prostatic
volume.

One solution to this problem is to subtract the
baseline PSA (which presumably reflects a substantial
BPH component)  from all subsequent PSA
determinations in calculating the doubling time.   This
is based on a three parameter model:

                      PSA= A + BT +CelT

where A=baseline PSA from BPH,  B=linear increase
of PSA from BPH over time (assumed to be minimal),
and  C=the exponential increase of PSA from CaP over
time.

We applied this model to the patients in this cohort.
We restricted the analysis to the 229 patients who had
a minimum of seven PSA determinations over 2 years.
A subtracted PSA doubling time is, of necessity, either
the same or less than the conventionally determined
PSA DT.  The median PSA DT dropped to 4 years
from 7.0 years.  Twenty percent of patients had a
PSA DT < 1.2 years, and this figure was used to define
the rapid risers (subtracted). Twenty-seven of 229
patients (12%) had  a slow (>3 years) conventionally
determined PSA DT but  a rapid (<1.2 years)
subtracted PSA DT.  The significance of this remains
uncertain.  These patients are being scrutinized
carefully.

Conclusions

The approach of active surveillance with selective
intervention for patients with rapid biochemical or
clinical progression is appealing for good risk patients.
Most patients, who understand the basis for the
approach, will remain on observation long term.
Doubling time varies widely, and was not predicted
by grade, stage, or baseline PSA.  Forty-two percent
have a PSA doubling time (TD) > 10 years.  Doubling
time appears to be a useful tool to guide treatment
intervention for patients managed initially with
expectant management.  A doubling time of less than
2 years appears to identify patients at high risk for
local progression in spite of otherwise favorable
prognostic factors.  It is possible that this subset of
patients would have an improved outcome with
earlier therapy; this is unknown.  Based on this
experience, the appropriate threshold for initiation of
definitive therapy appears to be a doubling time of
around 3 years, and approximately 20% of patients
will fall into this category.  The remainder have a high
chance of remaining free of recurrence and

progression for many years.  If patients are selected
properly (good risk and low volume disease) and
followed carefully (with intervention for evidence of
rapid PSA or grade progression), it is likely that almost
all will die of causes unrelated to prostate cancer.  This
approach warrants evaluation with a prospective
comparative trial.
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