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A B S T R A C T

Purpose
Active surveillance (AS) is an option for the initial management of early-stage prostate cancer.
Current risk stratification schema identify patients with low-risk disease who are presumed to be
most suitable for AS. However, some men with higher risk disease also elect AS; outcomes for
such men have not been widely reported.

Patients and Methods
Men managed with AS at University of California, San Francisco, were classified as low- or
intermediate-risk based on serum prostate-specific antigen (PSA), Gleason grade, extent of biopsy
involvement, and T stage. Clinical and demographic characteristics, and progression in terms of
Gleason score, PSA kinetics, and active treatment were compared between men with low- and
intermediate-risk tumors.

Results
Compared to men with low-risk tumors, those with intermediate-risk tumors were older (mean,
64.9 v 62.3 years) with higher mean PSA values (10.9 v 5.1 ng/mL), and more tumor involvement
(mean, 20.4% v 15.3% positive biopsy cores; all P � .01). Within 4 years of the first positive
biopsy, the clinical risk group did not differ in terms of the proportions experiencing progression-
free survival, (low [54%] v intermediate [61%]; log-rank P � .22) or the proportions who underwent
active treatment (low [30%] v intermediate [35%]; log-rank P � .88). Among men undergoing
surgery, none were node positive and none had biochemical recurrence within 3 years.

Conclusion
Selected men with intermediate-risk features be appropriate candidates for AS, and are not
necessarily more likely to progress. AS for these men may provide an opportunity to further reduce
overtreatment of disease that is unlikely to progress to advanced cancer.

J Clin Oncol 29:228-234. © 2010 by American Society of Clinical Oncology

INTRODUCTION

While prostate cancer remains a leading cause of
cancer mortality among American men,1 manage-
ment is challenging given the variable and often in-
dolent natural history of the disease. As screening
with prostate-specific antigen (PSA) has become in-
creasingly commonplace, more cases of early-stage,
low-risk prostate cancer have been identified.2

Many low-risk cancers may represent clinically in-
significant lesions that if not detected would remain
indolent and never progress to symptomatic or le-
thal disease.3 A substantial majority of men with
low-risk disease in fact die of other causes, even
under a conservative management strategy.4

Therefore, in light of growing concerns re-
garding overdiagnosis and subsequent overtreat-
ment of low-risk disease,2 a major goal of recent
research efforts has been to identify patients who

would benefit from active surveillance (AS)
with selective delayed intervention rather than
immediate active treatment.5,6 Several groups of
investigators have evaluated the appropriate-
ness of AS in patients with established low-risk
disease and demonstrated favorable outcomes with
intermediate-term follow-up.7,8

However, some men with higher risk disease
characteristics may also elect AS, and series reported
to date have not determined whether expanding
criteria for surveillance to include such men could
be viable or safe. At our institution, a large cohort
of men is managed with AS. Most patients meet
strict criteria for low-risk disease but some have
intermediate-risk features (based on Gleason score
and/or a multivariable risk prediction score9,10)—
these are men who elect AS despite counseling that
they may face a greater likelihood of disease progres-
sion.7 We sought to determine the extent to which
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low- and intermediate-risk men differ in terms of risk factors for
progression, and whether the rate of cancer progression is in fact
higher among the men at intermediate risk.

PATIENTS AND METHODS

As of June 2010, 640 men at University of California, San Francisco (UCSF),
have been followed on AS, defined as no active treatment within 6 months after
first positive biopsy. Of these, 540 men consented to participate in the prospec-
tively accrued Urologic Oncology Database under supervision of the UCSF
institutional review board. Patients were followed on AS with digital rectal
examination and PSA measurements at approximately 3-month intervals,
transrectal ultrasonography every 6 to 12 months, and follow-up biopsies
every 12 to 24 months.7 Staging and grading were based on at least a sextant
biopsy (median, 12 cores; interquartile range, 10 to 16) in all patients. Biopsies
performed outside UCSF were routinely reviewed by UCSF pathologists.

The UCSF Cancer of the Prostate Risk Assessment (CAPRA) score was
calculated based on clinical features at diagnosis: PSA, biopsy Gleason score,
age, clinical T stage, and percent of biopsy cores positive.9,10 Validated CAPRA
risk groups are 0 to 2 (low), 3 to 5 (intermediate), and 6 to 10 (high).10 Patients
in this study were classified as low risk if they had a Gleason sum 2 to 6 and
CAPRA score 0 to 2. A CAPRA score of 2 could represent, for example,
Gleason 3�3 disease in multiple cores or with PSA in the 6 to 10 ng/mL range.
Men considered to have intermediate risk had a Gleason sum 7 or CAPRA
score of 3 to 5. Tumors with CAPRA scores in this range may be higher-volume
Gleason 3�4 tumors, and/or associated with higher PSAs. Both criteria were
applied because a man with low-volume Gleason 3�4 disease and a low PSA level
may be considered low risk by CAPRA score, but would frequently be excluded
from surveillance cohorts; conversely, a man with low-grade disease but with, for
example, a PSA of 9 ng/mL and 40% of cores involved, would meet criteria for
inclusion in some surveillance cohorts,5 but would have a higher risk of progres-
sionbymostmultivariableassessments includingCAPRA.11 ThosewithaCAPRA
score 6 to 10, Gleason sum 8 to 10, and/or cT3 disease were excluded.

Of the 540 potential participants, 85% had all component data to com-
pute a CAPRA score. The remaining men were missing percentage of positive
cores, whichwasreplacedusingmultiple imputation.Allpatientswererequiredto
have a minimum follow-up of 1 year—unless they underwent active treatment at
or after 6 months—and at least one follow-up biopsy or PSA value 6 to 18 months
afterdiagnosis,yieldingasamplesizeof466.Foreachparticipant, thetimebetween
the first and last PSA for calculation of kinetics was at least 18 months. We
compared the demographic and disease characteristics at diagnosis of low
versus intermediate-risk AS patients using �2 and t-tests, as appropriate.

Our primary outcome was cancer progression, defined as Gleason up-
grade to any pattern � 4 on repeat biopsy for those with Gleason score � 6 at
diagnosis, or to Gleason � 4�3 for those with Gleason 3�4 at diagnosis; PSA
doubling time (PSADT) � 2 years or � 3 years12; or active treatment (ie,
surgery, radiation, and/or androgen deprivation therapy). For each risk group,
we used Kaplan-Meier analysis to estimate progression-free survival. We com-
pared the two risk groups with respect to each of the three definitions of
progression. While the median number of follow-up assessments was similar
for both low- and intermediate-risk patients, the number of repeat biopsies
varied by risk group. Therefore, we used Poisson regression to estimate the
Gleason upgrade incidence rate per group, adjusted for the log of number of
biopsies; we adjusted this model for diagnostic age and year. PSADT was
calculated as the time after the first measurement until the patient’s log(PSA)
increased by a factor of 2.12 PSA velocity was also calculated using linear
regression to determine the slope of PSA values between 18 months before and
4 years after diagnosis.13

In a supplementary analysis, we assessed the AS patients who subse-
quently underwent radical prostatectomy (RP; ie, the AS � RP cohort) and
compared them with a 2:1 matched cohort of men who underwent RP at
UCSF within 6 months after diagnosis. Patients were matched by age and
CAPRA score at diagnosis. We compared these groups with respect to inci-
dence of positive margins, stage � T3 disease, and upgrading (in terms of total

or primary grade) on surgical pathology from most recent biopsy. All statistical
analyses were performed with SAS version 9.1 (SAS Institute Inc, Cary, NC).

RESULTS

Three hundred seventy-six men had Gleason 2 to 6 and CAPRA 0 to 2
(low risk), and 90 had Gleason 7 and/or CAPRA 3 to 5 (intermediate
risk). Two percent of the CAPRA 0 to 2 men had Gleason 3�4 tumors,
and 74% of CAPRA 3 to 5 men had Gleason � 6 tumors. Mean age at
diagnosis was 62.8 � 8.1 years (standard deviation). Eighty-two per-
cent of the participants were white. Intermediate risk men were older
(64.9 v 62.3 years; P � .01) and had higher PSA values (10.9 v 5.1 ng/mL;
P � .01) and greater tumor involvement (20.4% v 15.3% positive biopsy
cores; P � .01) than low-risk men. Other clinical characteristics by risk
group are described in Table 1. Median follow-up since diagnosis was
47 months (range, 12 to 182 months) for low-risk men and 51 months
(range, 14 to 140 months) for intermediate-risk men.

Twenty-four percent of men underwent diagnostic biopsy at
UCSF and 76% at outside institutions; follow-up biopsies were per-
formed at UCSF. Biopsy surveillance of the intermediate group was
somewhat less complete: at least one repeat biopsy was performed in
313 low-risk men (83%), with 111 (35%) upgraded to Gleason 7 or
higher. In contrast, 63 intermediate-risk patients (70%) underwent
rebiopsy, of whom 19 (30%) were upgraded and none were down-
graded (Table 2). PSA velocity appeared higher among intermediate-
versus low-risk men (mean, 0.32 v 0.14 ng/mL/yr), but this was not
statistically significant, nor were differences in the proportions of
patients experiencing PSADT � 2 years (7% v 5%; P � .54) or � 3
years (10% v 11%; P � .80). Thirty-percent of low-risk and 35% of
intermediate-risk men underwent active treatment within 4 years of
diagnosis (log-rank P � .88). Selection of different treatment types did
not vary significantly between risk groups (Table 2).

The number of clinical assessments in follow-up did not vary
between the low- and intermediate-risk groups: median assessments
were nine (range, three to 32) and nine (range, three to 17), respec-
tively (P � .92). Number of PSAs were likewise similar: median of
seven (range, two to 30) and seven (range, two to 13), respectively
(P � .55), as were number of biopsies: median of two (range, one to
seven) and two (range, one to six), respectively; and duration of
follow-up: median of 47 (range, 12 to 182) and 51 months (range, 14
to 140), respectively (P � .59). However low-risk patients were more
likely to have at least two repeat biopsies (47%) compared with
intermediate-risk patients (37%; P � .01). Median time interval be-
tween surveillance biopsies did not vary significantly between the
low-risk(13months)andintermediate-riskgroups(14.5months;P� .2).

Progression-free survival, defined as no upgrade, no PSADT � 2
years, and no active treatment, did not differ by clinical risk group:
54% of low-risk and 61% of intermediate-risk men were progression
free at 4 years (log-rank P � .22; Fig 1). When progression was
redefined using the threshold of PSADT � 3 years, 52% of low-risk
versus 61% of intermediate-risk men were progression free at 4 years
(log-rank P � .13). No association between risk group and progres-
sion (using either PSADT definition) was found using Poisson regres-
sion modeling adjusted for number of biopsies.

Among 74 men on AS ultimately electing to undergo RP, 58
were low-risk and 16 intermediate-risk. Fifty two (70%) upgraded
at repeat biopsy and/or at surgery and 11 (15%) had positive
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margins (Table 3). Sixteen (28%) low-risk and eight (50%)
intermediate-risk had pT3 disease (P � .09). The rate of upgrading
from last biopsy to surgical pathology was somewhat higher among
patients in the risk-matched immediate RP cohort (42%) com-
pared with the AS � RP cohort (31%; P � .10), while the rate of
upstaging to pT3 tended to be lower in the immediate RP cohort
(23%) compared to the AS � RP cohort (32%; P � .13). None of
the AS � RP cohort patients was node positive. No AS � RP
patient, and two immediate RP patient experienced biochemical
recurrence by 3 years.

DISCUSSION

Data from the national CaPSURE registry indicated that the percent-
age of prostate cancers with low-risk characteristics increased from
approximately 27% in 1990 to 1994, to 45% in 2004 to 2006.2 A recent
analysis based on Surveillance, Epidemiology, and End Results data
demonstrated a similar trend.14 During this period, prostate cancer
mortality rates at the US population level have fallen by roughly 40%,1

but this gain has come at the cost of overtreatment of many tumors.4

Therefore, with careful risk stratification, a growing subset of men
diagnosed with prostate cancer are recognized to be candidates for at
least a trial of AS.5,7,15

To date, a number of studies using AS have reported favorable
short- to intermediate-term outcomes among men with low-risk dis-
ease, including cohorts from the University of Toronto,8 Johns Hop-
kins University,16 Memorial Sloan-Kettering Cancer Center,17 the
Royal Marsden Hospital,18 and UCSF.7 Results from these series have
established the viability of AS protocols for selected men, though
specific inclusion criteria vary across the institutions. At 3- to 5-year
follow-up, men in these studies have generally done well, with 20% to
35%movingtoactivetreatmentonthebasisofdiseaseprogressionand/or
patient preference. Nonetheless, relatively few men with eligible low-risk
disease elect AS, a trend which holds even among older men.2,19-21

The University of Toronto cohort was recently updated with a
report on 450 men, including 14% with PSA higher than 10 ng/mL,
17% with Gleason sum 7, and 3% with both risk factors. Just under 9%
had clinical stage � T2b. Nineteen percent were intermediate-risk
based on PSA higher than 15 ng/mL, Gleason 7, and/or clinical stage
T3. Clinical stage, PSA, and Gleason score, as well as PSADT all
predicted intervention among those starting with AS. However, the
outcomes were not explicitly stratified between low- and intermedi-
ate-risk groups.8

At UCSF, the ideal criteria for AS are relatively strict, including
PSA lower than 10 ng/mL, no Gleason pattern higher than 3, clinical
stage T1-2a, and � 33% of biopsy cores positive. Moreover, at least a

Table 1. Patient Characteristics at Time of Diagnosis

Characteristic at Diagnosis

Risk

P �

Low (n � 376) Intermediate (n � 90)

No. % No. %

Median year 2005 2004 .08
Range 1995-2010 1995-2010

Median age, years 62 65 � .01
Range 40-84 46-86

Race
White 304 81 77 86 .44
Other 30 8 7 8 —
Unknown 42 11 6 7 —

Median biopsy cores taken 12 12 .02
IQR 10-16 9-18

Median biopsy cores positive, % 11 13 � .01
IQR 8-20 6-30

Gleason grade
2-6 376 100 61 68 � .01
7 (3 � 4) — 27 30 —
7 (4 � 3) — 2 2 —

Biopsy source
UCSF biopsy 84 22 25 28 .44
Outside biopsy 290 77 65 72 —
TURP 2 1 0 0 —

Clinical T stage
T1 247 66 56 62 .54
T2 129 34 34 38 —

Median PSA, ng/ml 4.99 10.30
Range 0.30-11.00 3.14-37.91 � .01

CAPRA score
Low (0-2) 376 100 7 8
Intermediate (3-5) — 83 92 .

Abbreviations: IQR, interquartile range; UCSF, University of California, San Francisco; TURP, transurethral resection of the prostate; PSA, prostate-specific antigen;
CAPRA, Cancer of the Prostate Risk Assessment.

�T-test P for continuous variables; �2 P for categorical variables.
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sextant biopsy is required, and men with less than a 10-core biopsy at
diagnosis are recommended to undergo an immediate extended-
template biopsy at UCSF.7 Less stringent criteria tend to be associated
with higher rates of upgrading and/or upstaging among those later
undergoing surgery.22 However, many men come to our institution
interested in AS who do not meet the strict criteria. Such men are
advised that their risk of progression may be higher, and indeed,
younger men with higher-risk disease (generally high-volume
Gleason 3�4 tumors) are explicitly recommended to undergo
treatment. If they are strongly motivated, however, and are willing
to accept these risks they are offered a trial of AS. Many participate
in the Prostate Active Surveillance Study sponsored by the Canary
Foundation and the National Cancer Institute’s Early Detection
Research Network,6 under which clinical data and biospecimens
are collected prospectively for future identification of better mark-
ers of progression.23

In this study, we defined as intermediate-risk men with CAPRA 3
to 5 prostate cancer—a validated definition of intermediate risk—as

well as men with low CAPRA scores, but with Gleason 3�4 disease.7

Early outcomes were favorable for men with both low- and
intermediate-risk disease whether measured by upgrading on rebi-
opsy, PSADT, or incidence of active treatment. Men at intermediate
risk had higher rates of adverse pathologic findings after RP. Addi-
tional follow-up is needed to determine whether biochemical out-
comes are comparable to those among low-risk men.

While high-risk prostate cancer is frequently lethal even among
older men, intermediate-risk disease may be marked by a more indo-
lent course, depending in part on how risk is defined. Competing
sources of mortality far outweigh prostate cancer in determining out-
comes for men with prostate cancer with Gleason score � 7 managed
conservatively.4 Data from the Prostate Cancer Prevention Trial
demonstrated that 2.3% of the enrolled population of men with
PSA levels lower than 4.0 ng/mL harbored prostate cancer with
Gleason score � 7.24 The population risk of prostate cancer mor-
tality is 2.8%25; thus many men clearly harbor Gleason 7 histologic
tumors which never progress.

Table 2. 4-Year Disease Progression During Active Surveillance

Progression

Risk

P �

Low (n � 376) Intermediate (n � 90)

No. % No. %

Gleason upgrade
No 202 65 44 70 .42
Yes 111 35 19 30 —
No repeat biopsy 63 27

PSADT
Within 24 months

No 357 95 84 93 .54
Yes 19 5 6 7 —

Within 36 months
No 335 89 81 90 .80
Yes 41 11 9 10

Active treatment type
None 257 68 61 68 .92
Radical prostatectomy 58 15 16 18 —
Radiation 46 12 9 10 —
Androgen deprivation 14 4 4 4 —
Chemotherapy/ketoconazole 1 � 1 0 0 —

Upstage at surgery
No 42 72 8 50 .09
Yes 16 28 8 50 —

Cumulative Incidence by Time to Event

Low-Risk
Cumulative Rate

Intermediate-Risk
Cumulative Rate

Log-Rank
PNo. % No. %

Any progression (upgrade/PSADT � 2 years/treatment/pT3), years
1 50 13 6 7 .22
2 104 29 21 24 —
3 136 39 24 28
4 152 46 30 39

Any progression (upgrade/PSADT � 3 years/treatment/pT3), years
1 51 14 6 7 .13
2 106 29 21 24 —
3 143 41 24 28
4 159 48 30 39

Abbreviations: PSADT, prostate-specific antigen doubling time; pT3, pathological stage T3.
�T-test P for continuous variables; �2 P for categorical variables; log-rank P for cumulative incidence.
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Many men with low-volume Gleason 3�4 cancer, particularly
those with comorbid conditions, may be appropriate candidates for
AS; others are highly motivated to avoid treatment even in the face of
higher-risk factors. Patients electing AS, particularly those with
intermediate- rather than low-risk disease, are counseled that in many
cases AS denotes delayed rather than avoided treatment. During this
interval quality of life is presumed to be maintained—though this has
not yet been proved prospectively—and patients may benefit from
advances in medical care that occur in the interim, including both
clinicians’ improvement along their learning curves26 and develop-
ment and dissemination of improved treatments. Conversely, some
men experience increasing anxiety on AS even in the absence of ob-

jective evidence of progression,27 and the risks of serial prostate biopsy
are increasingly recognized.28,29

The most important risk, however, is the likelihood of disease
progression during a period of AS. Contemporary studies of AS
have found significant rates of upgrading and upstaging among
men undergoing RP who meet various sets of criteria for surveil-
lance,22,30 with the rates varying predictably with the specific crite-
ria examined. However, PSA screening identifies cancers during
what is typically a years-long lead-time before clinical progression,
and the as-yet unanswered question is whether cancer actually
progresses during AS or is undersampled by the diagnostic biop-
sy.31 The latter is presumed to be the more common scenario,
highlighting the importance of a high-quality, extended-template
biopsy before initiating AS.32

In the Toronto cohort, five men died of prostate cancer, but
only one of these had been on AS for more than 2 years, suggesting
that in most such cases aggressive tumor biology drives the out-
come regardless of timing of intervention.8 A recent analysis from
the Swedish cohort of the European Randomized Study of Screen-
ing for Prostate Cancer found that men who underwent RP after a
mean 2.6-year delay had statistically similar pathologic and bio-
chemical outcomes as those undergoing immediate surgery. The
analysis corrected for clinical risk variables but was not random-
ized and may be subject to acknowledged selection bias.33 Such data
suggest—though they do not prove—that a window of opportunity
for cure is not commonly missed during a period of AS.

We found that in the short-term, AS may be a viable option for
carefully selected men with intermediate-risk prostate cancer, assum-
ing they are counseled regarding their possibly increased risk of pro-
gression. Important caveats to this analysis include, most critically, the
definitions of progression used. It is more likely for a man in the
low-risk group to upgrade to Gleason 3�4 due to resampling than for
an intermediate-risk Gleason 3�4 tumor to be further upgraded to
4�3 or higher. Moreover, PSA kinetic measures and the other end
points assayed are not uniformly predictive of clinical progression,
and the decision for treatment may reflect anxiety and other factors
rather than true progression. These definitions reflect the best avail-
able for AS cohorts, but we fully acknowledge that they remain arbi-
trary, and more work must be done to determine which definitions
are optimal.34

Gleason grading standards have changed over time; most com-
monly, cases originally graded in the early 1990s would be upgraded if
read to contemporary standards.35 Very few of the cases in this series
were diagnosed so long ago, so we do not anticipate that this potential
artifact affects our findings. Our database does not include consistent
information on the number of prior negative biopsies before prostate
cancer diagnosis. It would be expected that men with multiple nega-
tive prior biopsies might be less likely to upgrade during early surveil-
lance, but we cannot verify that presumption. Among the small cohort
of AS � RP men with intermediate-risk disease, upstaging was rela-
tively common, though early biochemical outcomes in this cohort
are reassuring.

Longer-term follow-up of these men beyond the timeframe of
this study is required. Equally important, future research must
establish better markers of both presumed indolence at diagnosis
and of disease progression.6 Ultimately, with improved imaging
and/or tissue-based biomarkers, a subset of prostate tumors may
be determined to be indolent with sufficient confidence that they

Clinical risk
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      Intermedlate

No. at risk
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Intermedlate 90 84 62 47 32
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Fig 1. Kaplan-Meier curves illustrating time to progression for patients with low-
and intermediate-risk prostate cancer initially electing active surveillance.

Table 3. Surgical Pathology Among Men Who Underwent Immediate
Surgery (RP) Versus Those Who Underwent Surgery After a Period of AS

(AS � RP)

Surgical Pathology

%

P �

AS � RP
(n � 74)

RP
(n � 148)

Median months from diagnosis to
surgery 19.5 3

IQR 14-36 3-4 � .01
Median months of follow-up after

start of AS or primary RP 37.5 35.5
IQR 27-60 23-56 .25

Gleason grade
2-6 31 49 .07
7 (3 � 4) 55 40
7 (4 � 3) 11 7
8-10 3 3

Pathologic T stage, T3 32 23 .13
Pathologic N stage, N0 22 23 .82
Positive margins, yes 15 9 .23
Extracapsular extension, yes 27 19 .17
Seminal vesicle invasion, yes 7 5 .69

Abbreviations: RP, radical prostatectomy; AS, active surveillance; IQR, inter-
quartile range.

�T-test P for continuous variables; �2 P for catagoric variables.
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will not be called cancer.3 Furthermore, focal rather than radical
therapy may become an acceptable option for growing numbers
of patients with low-risk cancer, and may alleviate both the
morbidity of radical therapy and—at least to an extent—the
uncertainty and anxiety associated with surveillance.36 We
would hope and anticipate that with better risk assessment
through emerging biomarkers and better integration of clinical
data,37 together with appropriately selected treatment, the on-
going controversy regarding prostate cancer screening will
eventually fade, and men with high-risk disease will not miss the
opportunity for early diagnosis and treatment for fear of over-
treatment of indolent disease.
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