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INTRODUCTION
Prostate specific antigen screening has led to a dramatic reduction in disease stage at diagnosis and identified more patients
with curable cancers. Prostate cancer mortality has decreased
about 25% in many regions, including the United States and
Canada. The side effects of surgery and radiation are considerably less than they were 20 years ago due to improved surgical
technique and expertise, and more precise radiation targeting.
However, early and repeated PSA testing results in many men
being diagnosed with clinically insignificant prostate cancer that
may pose little or no threat to life if left untreated. Unfortunately,
the diagnosis of cancer typically results, at least initially, in
‘‘cancer hysteria,’’ that is fear of an aggressive, life threatening
condition. This may lead to a quick and early treatment decision
regardless of the risks and benefits. In fact, the condition most
of these men have is far removed from a rampaging aggressive
cancer. An alternative approach is presented which involves
using the behavior of the disease over time to determine how
aggressively a patient will be treated.
SCOPE OF PROBLEM AND RATIONALE FOR ACTIVE
SURVEILLANCE
Prostate cancer screening based on PSA and prostate biopsy
results in diagnosing many men with prostate cancer for whom
the disease does not pose a threat to life. Welch recently modeled
the rate of prostate cancer diagnosis. There are 2.74 million 50
to 70-year-old men in the United States with a PSA of >2.5. If
all American men in this age group had a PSA test and PSA
>2.5 was used as an indication for biopsy, 775,000 cases of PC
would be diagnosed this year in the U.S. alone. This is 543,000
more than the 232,000 cases diagnosed in 2005, and 25 times
more than the 30,350 men expected to die of PC per year
in the U.S.1
Autopsy studies of men dying of other causes have documented the high prevalence (about 50% of those older than
50 years) of histological prostate cancer.2 A large proportion
of this histological or latent prostate cancer is never destined
to progress or affect the life span of the patient. Since the
introduction of PSA screening, the lifetime risk of being diagnosed with prostate cancer has almost doubled from around
10% in the pre-PSA era to 17%.3 Many men with localized
prostate cancer are overtreated, since most not destined to die
of prostate cancer or experience its morbidity will be subjected
to radical therapy.4
Autopsy studies have demonstrated that prostate cancer typically may begin in the third or fourth decade of life.1 Therefore,
in most patients there is likely a period of slow subclinical tumor
progression that lasts approximately 20 years, followed by a
period of clinical progression (potentially to metastatic disease
and death) lasting about 15 years. The implication is that most
patients have a long window of curability, particularly those
with favorable risk, low volume disease.

The lifetime risk of dying of prostate cancer remains at less
than 3%.3 As the lifetime risk of being diagnosed approaches
the known rate of histological (mostly insignificant) prostate
cancer, there is a greater risk of overtreatment. At least 2 studies
have attempted to model the rate of diagnosing clinically insignificant disease, suggesting that it ranges from 30% to 84%.4, 5
The current incidence-to-mortality ratio of about 7:1 suggests
that the higher (84%) figure is more likely. Factors contributing
to this hypothesis are the increasing use of PSA screening and
more extensive biopsy of 8 to 13 cores compared to the historical
value of 6 cores.6 Additionally, biopsies are often repeated until
a cancer diagnosis is made. More biopsies mean more clinically
insignificant and clinically important prostate cancer is diagnosed.
The PSA era (1990 to the present) has been characterized by
a high level of enthusiasm for radical therapy, including surgery
and radiation. This enthusiasm has been driven by high quality
data from phase 2 prospective databases, population databases
and randomized trials showing improved biochemical diseasefree survival with aggressive treatment. Screening has also been
accompanied by a 25% reduction in mortality in screened populations. However, this decrease has come at the cost of many
patients being diagnosed and treated for a non-life threatening
cancer. Currently, 90% of men with low risk prostate cancer
undergo radical treatment. A situation in which 1 in 5 men
is diagnosed vs 1 in 30 at risk for prostate cancer mortality, in
the context of the impact of treatment on quality of life and the
modest survival benefit for many patients who are cured, is
not sustainable. An approach that would reduce unnecessary
treatment is highly desirable. The fundamental approach is to
screen aggressively, thereby detecting intermediate and high
grade cancers earlier when treatment is clearly of benefit, but
manage the low risk disease conservatively.
WHAT IS ACTIVE SURVEILLANCE?
Active surveillance is used to describe an approach to favorable
risk prostate cancer characterized by initial observation, with
close monitoring of PSA kinetics and serial biopsy. Over time
a minority of patients will be reclassified as having higher risk
disease and offered definitive radical treatment, and the remainder will continue to be followed. Watchful waiting, a phrase
coined in the pre-PSA era, refers to conservative management
until metastatic disease develops at which time patients are
treated palliatively. The key distinction is the use of selected
delayed definitive treatment in a subset of patients based on
biological markers before the development of clinical disease
progression.
Cancer aggressiveness can be predicted using existing clinical
parameters, the most widely used of which are tumor grade or
Gleason score, PSA and tumor stage. Favorable risk prostate
cancer is characterized by a Gleason sum of 6 or less (ie no
pattern 4 or 5 disease), PSA 10 ng/ml or less and T1c-T2a
disease.5 As a result of stage migration due to PSA screening,
the proportion of newly diagnosed patients in the favorable risk
category has increased, and now constitutes about 50%. While

ABBREVIATIONS: NNT (number needed to treat), PC (prostate cancer), PSA (prostate specific antigen), PSADT (prostate specific
antigen doubling time)
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patients with these characteristics have a much more favorable
natural history and progression rate than those with a higher
Gleason grade or PSA, advanced incurable prostate cancer and
death will occur in a few.
REVIEW OF PREVIOUS STUDIES
A large group of patients in Connecticut were treated with
watchful waiting, and outcomes at 20 years have been reported.7
The study data confirm the powerful predictive value of Gleason
score. In the pre-PSA screening cohort 23% of patients with
untreated Gleason 6 and 65% with Gleason 7 disease died of
prostate cancer within 20 years. In addition, there has been a
shift in Gleason scoring8 interpretation during the last 20 years
largely due to the current practice of calculating the Gleason
sum based on the presence of any high grade foci, even if they
are scant. A pattern 3+3 cancer with 5% Gleason 4 would have
been called a 6/10, 20 years ago and today it would be a 7.
Thus the Connecticut results likely represent a worst case
scenario for the expected mortality from untreated Gleason 6
cancer. Furthermore lead time with PSA screening is about 10
years in men in their 60s, estimated from a variety of serum
databases and modeling.9, 10 Therefore, it is plausible that in
a serially screened population the cancer mortality of Gleason 6 cancer may be as low as 10% at 30 years.
The results of a watchful waiting approach (no treatment until
progression to metastatic or locally advanced disease) has been
reported by many groups.11-20 Although these studies describe
non-progression in many patients, the results are difficult to
apply in the current era because 1) the cohorts described are
from the pre-PSA era, and constitute patients with more extensive disease at the time of diagnosis, and 2) patients were not
offered the opportunity for selective definitive therapy. In the
era of PSA monitoring patients who are treated conservatively
receive periodic PSA tests, which raises the tantalizing prospect

that treatment of favorable prostate cancer could be deferred
indefinitely in the majority. Although effective, delayed therapy
need only be offered to the patient subset in whom PSA progresses rapidly or the tumor grade increases.21, 22
Choo et al were the first to report a prospective active surveillance protocol incorporating selective delayed intervention for
the subset of patients with rapid PSA progression or grade
progression on repeat biopsy.23, 24 The eligibility criteria for this
therapy included T1c or T2a prostate cancer, Gleason ≤6 and
PSA ≤10. For patients older than 70 years these criteria were
relaxed to include Gleason ≤7 (3+4) and/or PSA ≤15. The
core prospective cohort was 331 patients with a median followup of 8 years (range 2 to 11). Overall survival was 85%, and
the disease specific and metastasis-free survival was 99%.
Only 3 of the 331 patients died of prostate cancer to date. All
3 patients had PSADT of <2 years and death occurred 3.0, 5.1
and 5.2 years after diagnosis. All 3 patients exhibited the same
pattern of clinical progression, which included initial favorable
prognostic factors; a rapid increase in PSA which led to treatment 6, 9 and 11 months after the initial diagnosis; a progressive
increase in PSA; and clinically apparent bone metastases within
a year after treatment, leading to androgen deprivation therapy.
All 3 patients died within 3 years of the initiation of hormonal
therapy. This rapid progression after diagnosis suggests that
these patients had occult metastases at the time of initial disease
presentation, and that the outcome would not have been altered
by earlier treatment. Even in the Scandinavian trial there were
almost no lives saved before 5 years had elapsed.25
PSADT, calculated by logarithmic regression, was <3 years
in 22% and more than 10 years in 42% of patients (median 7),
suggesting an indolent course of disease in these patients. Radical treatment was given to 35% of the patients for PSADT <3
years (20%), progression to Gleason 4+3 or higher on repeat

FIG. 1. Overall survival of 331 patients on active surveillance
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FIG. 2. Prostate cancer specific survival of 331 patients on active surveillance
biopsy (5%) and patient preference (10%). The remaining patients have not required any local or systemic therapy.
A number of other groups have now reported favorable results
of active surveillance, including 270 patients diagnosed in the
Swedish arm of the European screening trial.26 Of the patients
39% have been treated and there were no prostate cancer deaths
or metastatic progression. Of the 70 patients treated with delayed
surgery 12% have had biochemical recurrence but none with
PSADT >4 years has had recurrence after surgery. Soloway et
al reported on 175 patients with a median follow-up of 4 years
(range 1 to 12).27 There were no prostate cancer deaths or
metastatic disease, and only 8% of the patients received delayed
radical intervention. Carter et al performed surveillance on 407
patients, and at a median follow-up of 3.4 years (range 0.4 to
12) there have been no prostate cancer deaths.28
These series confirm that this approach is associated with an
extremely low rate of progression to metastatic disease and/or
prostate cancer death, and that the majority of patients do not
require intervention. The limitation of these studies in the context
of the long natural history of this disease is the length of followup. It will require another 5 to 7 years before even the most
mature of these studies will have a median 15-year follow-up.
Nonetheless, the results are encouraging to date.
STUDIES SUPPORTING RADICAL INTERVENTION
The recent landmark trial from Scandinavia recently demonstrated, for the first time, that radical prostatectomy improves
survival.25 Treatment of about 630 patients was randomized
between radical prostatectomy and watchful waiting. The study
revealed a 5% absolute survival benefit at 10 years and a
50% reduction in prostate cancer mortality with surgery.
However, this cohort included many patients with intermediate
to high risk disease, and only 5% were diagnosed based on PSA
screening (median PSA 12.8). The volume of disease in these
324

patients represented a pre-stage migration cohort. However,
even in this group the PSA level needed to treat to prevent each
prostate cancer death at 10 years was 19. The distribution of
disease volume and grade was higher than the expected distribution in a contemporary screened population, in which a substantial proportion of newly diagnosed patients have small volume
low grade disease.
The Scandinavian study should not be interpreted to mean that
all patients with localized prostate cancer should be treated
radically. Many studies emphasize that patients with Gleason
4-5 pattern disease are at the greatest risk for death from prostate
cancer. In the Swedish study the mortality improvement began
to appear at 5 years.25 It would be most unusual for a patient
with low grade, low volume disease to die within 5 years of
diagnosis, and in the Toronto surveillance cohort this rate is
1% of patients.23 Thus, the majority of the benefit seen in the
Scandinavian trial likely represents mortality reduction in the
high risk group. Importantly, the study showed no benefit in
men older than 65 years.
We have used these data and the Connecticut watchful waiting
data to estimate for each prostate cancer death averted at 20
years the number of patients with favorable risk prostate cancer
that would have to be treated at the time of diagnosis. The
number needed to treat for each death avoided at 10 years in
the Swedish trial was 20. It is likely that with additional (ie 20
years) follow-up the survival benefit in the Swedish trial, now
10 years, will increase. In patients diagnosed by PSA screening
this benefit is likely to be balanced by the additional 10-year
lead time afforded by screening. Thus, in a screened patient
with intermediate grade disease and PSA similar to the Swedish
cohort, the NNT at 20 years is estimated to also be about 20.
Albertsen et al indicated that the mortality for intermediate
risk disease (Gleason 7) was about 2.5 times greater at 20
years than it was for favorable risk disease.7 If the shift in

contemporary Gleason scoring is factored in then this number
may be an underestimate. Even so, compared to no treatment,
about 50 favorable risk patients (Gleason 6 or less) would need
to be treated for each death that would be prevented by surgery.
However, if one offers selective delayed intervention to those
patients with disease progression, it can be conservatively estimated that at least 50% can be salvaged. The conclusion is
that about 80 to 100 radical prostatectomies would be required for each prostate cancer death averted in cases of
favorable risk disease. Correcting the Connecticut data for
grade migration, as referred to earlier, would increase this even
further. A similar analysis has been performed by Parker et al,
also confirming that for Gleason 6 or less virtually no reduction
in prostate cancer mortality would be expected by radical treatment of all patients.29
Finally, how much benefit does that 1 patient whose prostate
cancer death is averted by all of those radical treatments achieve?
Experience with 2000 patients suggests that the prostate cancer
deaths averted would have occurred on average 16 years after
diagnosis, meaning that the number of life years saved in each
of these 1 in 100 averted deaths is modest.30 Unfortunately, no
one lives forever. For the average 60-year-old man, life would
be prolonged an average of 5 years by having prostate cancer
death averted.8 If each prostate cancer death averted adds 5years
to that individual’s life, each radical prostatectomy would add
0.6 months of life (60 months per 100 operations). This is of
dubious merit.
DO WE HAVE CLINICAL TOOLS THAT MAKE ACTIVE
SURVEILLANCE SAFE?
The 2 challenges with surveillance are to avoid excessive delay
in patients who appear to be at higher risk for progression over
time and avoid overtreating patients based on a transient change
in PSA or other biomarkers. All groups have used a combination
of PSA kinetics and serial biopsy, and the specific approach
varies. The Toronto group uses a doubling time of 3 years
or less based on multiple determinations at 3-month intervals
calculated using a General Linear Mixed Model which corrects
for baseline PSA, grade and age. This model is available free
at http://psakinetics.sunnybrook.ca. Others use a calculated or
actual PSA velocity >2.0 ng/ml per year.
Most groups advise serial biopsies at intervals varying from
1 to 4 years. The Toronto group recommends a confirmatory
biopsy at 1 year to identify higher grade disease that was missed
on the original biopsy, and subsequent biopsies are performed
every 4 to 5 years to detect biological progression, a much
more uncommon event. The Hopkins group performs biopsies
annually or when an increase in PSA occurs.28
In the Toronto series patients with a PSADT of 3 years or less
constituted 22% of the cohort. This cut point for intervention
remains empirical and speculative. However, the 20% to 25%
of patients with a 3-year doubling time represents a rough approximation of the proportion of good risk patients at risk for
disease progression.24 For patients with a PSA in the 6 to 10
range, it also approximates an annual increase of 2 ng/ml, which
is an adverse predictor of outcome as described by D’Amico et
al.31 PSA kinetics are prone to artifact from biological variation,
prostatitis, etc. There are a number of other promising biomark-

ers to identify patients at risk for disease progression, including
PSA density, free vs total PSA ratio and PCA3. It is also likely
that genetic biomarkers, including SNP chip arrays, will allow
better prediction of patient risk within the next decade, and this
remains an active area of research.
Prostate biopsy is also imperfect, since it is a limited sampling
of the prostate. This issue has been addressed, in part, by serial
biopsies with particular attention to the anterolateral horn, a
common site for disease missed on routine biopsies. Some have
advocated saturation biopsies, consisting of 50 or more cores
performed with the patient under general anesthesia for those
contemplating surveillance. This approach, which may identify
some patients with higher risk disease, has not been embraced
by most advocates of active surveillance and does not appear
necessary in the majority of patients.32
The psychological effects of living for many years with untreated cancer are a potential concern. Does the cumulative
effect, year after year, of knowing one is living with untreated
cancer lead to depression or other adverse effects? The best
data on this come from a companion study by Steineck
et al33 to the Scandinavian randomized trial of surgery vs
watchful waiting in Sweden.25 Steineck et al found absolutely
no significant psychological difference between the 2 groups
after 5 years, and worry, anxiety and depression were equal
between the 2 arms.33 The absence of any adverse effect compared to patients treated radically has been reported by others.34
While surveillance may be stressful for some men, the reality
is that most patients with prostate cancer, whether treated or
not, are concerned about the risk of progression. Anxiety about
PSA recurrence is common among treated and untreated men.
Patients who are educated to appreciate the indolent natural
history of most good risk prostate cancers may avoid much of
this anxiety.
WHO IS A CANDIDATE?
Identifying patients for surveillance requires a knowledge of
the natural history of prostate cancer, and the impact of age and
comorbidity on life expectancy. While there are no absolute
rules, some general considerations apply. Young age is not a
contraindication. Rather, the longer the life expectancy, the more
stringent the criteria. For example, men younger than 60 years
should ideally fulfill the Epstein criteria for insignificant prostate
cancer (no more than a third of all cores positive, no more than
half of any 1 core involved and PSA density <0.15). Men older
than 70 years, particularly with comorbidity, may have a PSA
of >10 or minor elements of Gleason 4 pattern and still be
appropriate candidates. Patient choice is a key component of
decision making. Men younger than 70 years with any significant
Gleason 4 pattern are not good candidates for surveillance. The
evidence suggests that their likelihood of disease progression
is about 3 times greater than those without Gleason 4 pattern.
FOLLOW-UP
The Appendix contains a suggested calendar for follow-up. It
is the responsibility of the physician and patient to maintain
regular follow-up on surveillance to monitor PSA kinetics and
undergo periodic repeat biopsies (although these can be rela325

tively infrequent). A key task of the physician is to reassure the
patient (in most cases) as to the indolent course of the disease.
CLINICAL TRIALS
There are currently about 8 prospective phase 2 trials of active
surveillance that report ongoing results. In addition, the National
Cancer Institute (Canada), in conjunction with 4 U.S. based
cooperative oncology trial groups and the UK, have opened a
trial entitled START (Surveillance Therapy Against Radical
Treatment). This trial, which opened to accrual in September
2007, will randomize 2100 patients between the active surveillance approach described and patient choice of radical treatment
(surgery or radiation). The primary end point is prostate cancer
survival. The trial has a major correlative science component.
Successful accrual to this trial will demonstrate conclusively
whether active surveillance is equivalent to radical treatment in
the favorable risk patient.

APPENDIX: SUGGESTED CALENDAR FOR FOLLOWUP OF ACTIVE SURVEILLANCE
Follow-up schedule:
• PSA, digital rectal examination every 3 months x 2 years, then
every 6 months assuming PSA is stable
• 10-12 core biopsy at 1 year, and then every 3 to 5 years until age 80
• Optional transrectal ultrasound on alternate visits
Intervention:
• For PSADT <3 years (in most cases based on at least 8 determinations, about 20% of patients)
• For grade progression to Gleason 7 (4+3) or higher (about 5% of
patients)
• For patient anxiety about harboring untreated cancer (about 10%
of patients)
These are guidelines and should be modified according to patient age
and comorbidity

CONCLUSION
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Study Questions Volume 27 Lesson 33
1. Aggressive PSA screening of the entire male population between ages 50 and 70 years would result in an incidence-tomortality ratio of
a. 3:1
b. 6:1
c. 15:1
d. 25:1
e. 50:1
2. The proportion of men older than 50 years who harbor microfoci of prostate cancer is approximately
a. 10%
b. 25%
c. 50%
d. 70%
e. 90%
3. A 63-year-old man has a PSA of 4.5 and is diagnosed with
2 microfoci of Gleason 6 prostate cancer, stage T1c. Untreated the likelihood of prostate cancer mortality at 20 years
is about
a. 10%
b. 20%
c. 40%
d. 60%
e. 80%

4. The Scandinavian trial randomized patients between watchful
waiting and radical prostatectomy. The absolute reduction in
prostate cancer mortality at 10 years was
a. 5%
b. 10%
c. 25%
d. 50%
e. 75%
5. Studies of the psychological impact of a conservative surveillance approach suggest that
a. The psychological burden increases with time and frequently becomes intolerable
b. There is no difference in psychological functioning between patients treated radically and those treated with
surveillance
c. The side effects of radical treatment have a greater adverse psychological effect than the burden of being on
surveillance
d. Surveillance is associated with significant anxiety and
depression, which are relieved by radical treatment
e. The psychological impact of surveillance has not been
studied
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