UCSF

UC San Francisco Previously Published Works

Title

Prostate cancer mortality and metastasis under different biopsy frequencies in North
American active surveillance cohorts

Permalink
https://escholarship.org/uc/item/39z3b9qf]
Journal

Cancer, 126(3)

ISSN
0008-543X

Authors

Lange, Jane M
Laviana, Aaron A
Penson, David F

Publication Date
2020-02-01

DOI
10.1002/cncr.32557

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/39z3b9qt
https://escholarship.org/uc/item/39z3b9qt#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cancer. Author manuscript; available in PMC 2021 February 01.

-, HHS Public Access
«

Published in final edited form as:
Cancer. 2020 February 01; 126(3): 583-592. doi:10.1002/cncr.32557.

Prostate Cancer Mortality and Metastasis under Different Biopsy
Frequencies in North American Active Surveillance Cohorts

Jane M. Lange, PhD,
Fred Hutchinson Cancer Research Center, Seattle Washington

Aaron A. Laviana, MD,
Vanderbilt University

David F. Penson, MD,
Vanderbilt University

Daniel W. Lin, MD,
University of Washington

Anna Bill-Axelson, M.D., Ph.D,
Uppsala University, Sweden

Sigrid V. Carlsson, MD PhD MPH,
Memorial Sloan Kettering, Sahlgrenska Academy at University of Gothenburg, Sweden

Lisa F. Newcomb, PhD,
Fred Hutchinson Cancer research center

Bruce J. Trock, PhD,
Johns Hopkins University

H. Ballentine Carter, MD,
Johns Hopkins University

Peter R. Carroll, MD MPH,
University of California, San Francisco

Mathew R. Cooperberg, MD,
University of California, San Francisco

Janet E. Cowan, MA,
University of California, San Francisco

Corresponding Author: Jane M. Lange, Fred Hutchinson Cancer Research Center, 1100 Fairview Avenue North, Seattle, WA, 98102,
206-667-6872 jlange@fredhutch.org.

Author Contributions:

ABA, DWL, LFN, BCT, BJT, HBC, MRC, PRC, JEC, and LHK contributed data to the study. JML and RBE conducted the study
design. JML conducted the analysis. JML, RBE, and AAL wrote the manuscript. JML, RBE, AAL, DWL, DFP, and SVC edited the
manuscript.

Conflicts of Interest:

BJT reports grants from MDxHealth, personal fees from GenomeDx Biosciences, and grants and personal fees from Myriad Genetics
outside the submitted work. MRC reports personal fees from Dendreon, Astellas, GenomeDx, Myriad Genetics, and MDxHealth
outside the submitted work. JEC reports that she is a paid statistical peer reviewer for Journal of Urology and Urology. SVC has
received a lecture honorarium and travel support from Astellas Pharma (unrelated to current study). Authors not named here have
disclosed no conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lange et al. Page 2

Laurence H. Klotz, MD,
University of Toronto

Ruth B. Etzioni, PhD
Fred Hutchinson Cancer Research Center, University of Washington

Abstract

Background: Active surveillance (AS) is an accepted means of managing low-risk prostate
cancer. Due to rarity of downstream events, data from existing AS cohorts cannot yet address how
differences in surveillance intensity affect metastasis and mortality. This study projects the
comparative benefits of different AS schedules in men diagnosed with Gleason Score (GS) 6 or
below with risk profiles similar to those in North American AS cohorts.

Methods: We simulated times of GS upgrading based on AS data from the University of Toronto
(UT), Johns Hopkins University (JHU), University of California, San Francisco (UCSF) and the
Canary Pass Active Surveillance Cohort (PASS). Times to metastasis and prostate cancer death,
informed by models of the Scandinavian Prostate Cancer Group 4 trial, were projected under
biopsy surveillance schedules ranging from watchful waiting (WW) to annual biopsies. Outcomes
included risk of metastasis and death, remaining life years (LY's), and quality adjusted life years
(QALYsS).

Results: Compared to WW, annual surveillance biopsies reduced the risk of prostate cancer
metastasis (death) at 20 years by 1.4-3.3% (death 1.0-2.4%) and 5 year biopsies by 1.0-2.4%
(death .6-1.6%). There was little difference between annual and five year biopsy schedules in
terms of LYs (range of differences 0.04-0.16), and QALY (range —0.09-0.02).

Conclusion: In men diagnosed with GS< 6, biopsying every 3—4 years appears is an acceptable
alternative to more frequent biopsies. Reducing surveillance intensity for those with low risk of
progression reduces the number of biopsies while preserving the benefit of more frequent
schedules.

Precis:

A simulation study shows that biopsying every 3—4 years is an acceptable alternative to annual or
biennial biopsies in active surveillance for low risk prostate cancer. Tailoring schedules by risk of
grade progression has the potential to reduce mean number of biopsies while preserving benefit.

Keywords
Prostate cancer; active surveillance; microsimulation

Introduction

Active surveillance (AS) is now a widely accepted management option for newly-diagnosed
low-risk prostate cancer.1~4 AS offers men with low-risk prostate cancer the opportunity to
avoid treatment that may be unnecessary while still offering curative treatment to those
reclassifying as higher risk during surveillance. Its acceptance has increased dramatically in
recent years. In the US, the Surveillance, Epidemiology, and End Results (SEER) database
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documented an increase in the utilization of AS/watchful waiting (WW) among men with
low-risk prostate cancer from 14.5% to 42.1% between 2010 and 2015.° This figure is
significantly higher in countries such as Sweden, where, in 2014, 91% of men with very low
risk prostate and 74% of men with low risk prostate cancer chose AS.5

Despite widespread acceptance of AS, uncertainties remain regarding preferred strategies
and their effects on long-term outcomes. Differences in AS protocols across existing
cohorts’10 present an opportunity to compare short-term outcomes. For example, frequency
of biopsies ranges from annual (Johns Hopkins University (JHU)1) to every 3-4 years
(University of Toronto (UT)?8).

There are a number of challenges involved in using existing data for comparing AS
protocols. First, patient populations may vary in underlying risk.12:13 Second, there is
limited information on downstream outcomes such as metastases and deaths, due to the low
risk of progression and lengthy follow-up needed to accumulate an adequate number of
events. Results so far suggest that intermediate and long-term risks of metastasis and
prostate cancer death are low in men with GS6 at diagnosis,’:8-10.14 but data are still
inadequate to make firm conclusions about the comparative outcomes under different biopsy
schedules.

The absence of long-term clinical outcomes in existing AS cohorts necessitates the use of
modeling to fill the gaps. Models of AS versus immediate curative treatment!®:16 project that
while AS results in a modest increase in risk of prostate cancer death, it has clear benefits in
terms of quality adjusted life years (QALYS). AS spares patients years of long-term side-
effects from curative treatment such as erectile dysfunction, bowel dysfunction and urinary
incontinence. Models of AS versus WW have found benefits of AS over WW in terms of life
years (LYs) and QALYSs, but little difference in LYs and QALY between AS schedules of
different frequencies.17.18

This study reports results from a microsimulation model of the comparative downstream
effects of different AS schedules, harnessing recent work on the underlying upgrading risk
across four North American AS cohorts. We include WW and continuous surveillance for
benchmarking purposes, but focus on the comparison of intermediate schedules.

Our goal is to produce results that reflect the range of risks encountered in contemporary
cohorts, enabling us to ascertain the robustness of our findings to differences in risk of
underlying upgrade. Those included in the present study are the multi-institutional Canary
Prostate Active Surveillance Study (PASS) and cohorts from the University of California at
San Francisco (UCSF), JHU, and UT.13 Underlying upgrading is defined as the first point at
which a biopsy with perfect sensitivity to detect grade progression would detect GS7 or
higher in a man who was initially diagnosed with GS6 disease and chose AS. We
superimpose multiple AS protocols and project metastases, deaths due to prostate cancer,
and QALYs under each. In addition to schedules that are the same for all individuals, we
also investigate tailored strategies that increase surveillance intensity for men who have a
relatively high risk of underlying upgrading on AS. Our results apply to both very low-risk
and low-risk AS populations.
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Underlying grade change—The following low-risk cohorts were included in this
analysis: 1) PASS10 (1,067 men enrolled during 2008-2013), UT (1,104 men enrolled
during 1995-2015),8 and 3) UCSF (1,319 men enrolled during 1990-2015).° In addition, the
JHU cohort was also included (913 men enrolled during 1994-2014.7), although this cohort
primarily included men with very low-risk disease. In all cohorts, we excluded patients
diagnosed before 1995, who were older than 80 years at enroliment, or who had GS =7 at
diagnosis. Enrollment criteria, follow-up schedules, and number of men who were upgraded
are provided in Table 1.

Our model of underlying upgrading from GS6 to GS7 based on the four cohorts has been
described previously.13 The estimation approach accommodates imperfect biopsy sensitivity
and specificity in detecting GS7 disease and includes age at diagnosis, baseline PSA and
PSA velocity as predictors of upgrading risk. Supplemental Materials Figure 1 demonstrates
the average cumulative incidence of underlying upgrading in the four cohorts with 90%
prediction intervals, assuming biopsy sensitivity of 0.6 (based on a prior study!?) and
specificity of 1.

Metastasis and prostate cancer death—To model time from underlying upgrading to
metastasis and time from metastasis to prostate cancer death, we used data from the
Scandinavian Prostate Cancer Group 4 (SPCG-4) trial of radical prostatectomy (RP) versus
WW in men with localized prostate cancer.20-22 We fit independent Weibull models for time
from diagnosis to metastasis and time from metastasis to death in the SPCG-4 data, as a
function of GS, age, and PSA and SPCG-4 study arm. (Supplemental Materials provides a
description of these methods). The hazard ratio (HR) associated with RP, adjusted for age
and GS, was 0.53 for metastasis and 0.76 for death following metastasis. The parametric
Weibull model provided a similar fit to a Cox regression but allowed for projecting beyond
the timeframe of the trial (Supplemental Materials Figure 2).

Since the SPCG-4 trial was largely conducted before the era of PSA screening, post-
diagnosis survival times did not include lead time as would be expected in contemporary
screen-detected cases on AS. Therefore, we added age-specific lead times sampled from
previously estimated distributions?3 to times from diagnosis to metastasis and prostate
cancer death generated using the SPCG-4-based models (Supplemental Materials Figure 3).

Other-cause death—Hazards of other cause death were derived from 2013 male US

Social Security Actuarial Life Tables (https://www.ssa.gov/oact/STATS/table4c6.html),

adjusted by a multiplicative factor of 0.45 to reflect a lower risk in men screened for prostate
24

cancer.

Microsimulation Model

We generated four different populations (N=50,000 each) that reflected the baseline
distribution of age and PSA characteristics and underlying risk of upgrading in the four
North American cohorts.13 N=50,000 was selected to minimize Monte Carlo error in
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quantities of interest but allow for computational feasibility. Baseline factors were
bootstrapped from the original cohorts. For each individual, we simulated a time of
underlying upgrade, given cohort, age at diagnosis, PSA intercept, and slope. We then
superimposed a range of biopsy schedules (Table 2) on the disease histories. For each
schedule, we determined the time at which the biopsy detected the underlying upgrade,
assuming a biopsy sensitivity of 60% for detecting GS7.19

Individuals were at risk of metastasis from the point of GS upgrade, with a hazard based on
the GS7 cancers in the SPCG4 WW group. We assumed all upgraded cancers were GS7.
Once the upgrade was detected, curative treatment was applied, multiplying the hazard of
metastasis by 0.53.22 The later the upgrade was detected, the later the hazard reduction was
activated (Supplemental materials Figure 4). Less frequent biopsies led to a longer interval
between underlying upgrade and treatment and, ultimately, a greater cumulative risk of
metastasis than expected under more frequent biopsies.

We sampled a lead time from the appropriate age-specific distribution, adding it to the
generated time from underlying upgrade to metastasis as described above. Finally, we
generated times of competing other-cause death and prostate cancer death following
metastasis.

Surveillance schedules—We considered eight fixed biopsy schedules and three risk-
tailored biopsy schedules (Table 2). The ““risk-tailored” schedules assigned each individual
to one of the fixed schedules based on their quartile in the simulated population with respect
to a risk of upgrading. Risk of upgrading was derived from age, PSA at diagnosis, and PSA
velocity and the corresponding coefficients based on previously estimated models of
underlying upgrading.13 The risk-tailored schedules assign individuals with higher risk of
upgrading to more frequent biopsies and those with lower risk of upgrading to less frequent
biopsies.

Outcomes—TFor each scenario/cohort, we calculated the time spent in AS before
treatment, the delay between underlying upgrade and treatment, LY's, QALYSs, and net (in
the absence of other-cause death) cumulative probabilities of prostate cancer death and
metastasis at 10 and 20 years.

To generate QALYS, we superimposed health states corresponding to events in a man’s
natural history (Figure 1) on the post-diagnosis time period. Each health state is associated
with a utility ranging from 0 (dead) to 1.0 (perfect health). Table 3 provides the utilities and
other model inputs from literature sources used in this analysis. A range of values was
assigned according to the minimum and maximum values in published studies.

Sensitivity Analyses

The base case assumed independence between times of underlying upgrade, metastasis, and
death, conditional on age, grade, and PSA and used a value of 0.53 for the treatment hazard
ratio for metastasis and .76 for metastasis to death. Sensitivity analyses considered each of
the following:
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. Strong correlation between times to underlying upgrade, metastasis, and death,
achieved by assuming that the times to metastasis and death share the same
percentile as the time to underlying upgrade, conditional on age and PSA at
diagnosis.

. An enhanced benefit of primary treatment on time to metastasis, corresponding
to treatment such as adjuvant or salvage radiation. Salvage radiation in RP
patients is associated with HR of 0.4125, so we assessed a benefit of combined
surgery and radiation of 0.53*0.41 = 0.23.

We also conducted one-way sensitivity analyses varying the health-state utilities.

Time to curative treatment and delay between upgrading and treatment

Figure 2 summarizes the times to upgrading and curative treatment under different biopsy
schedules. JHU had the longest time until underlying GS upgrade (median 14.8 years for
JHU years versus 1.7-2.8 years for other cohorts) and the longest time to treatment
initiation.

The delay between underlying upgrade and curative treatment depended on the biopsy
frequency. Delay distributions were relatively comparable across all cohorts.12 Median delay
ranged from 0.9 years under annual schedules to 4.1-4.4 years under biopsies every five
years.

Under annual surveillance, mean counts of biopsies prior to treatment varied from 14.2 in
JHU to 6.6-10 in the other cohorts. Under five-year biopsy surveillance, mean counts varied
from 3.0 (JHU) to 1.7-2.2 in the other cohorts (Figure 3).

Metastasis, mortality and quality of life

In general, all AS schedules performed favorably relative to WW in terms of metastases and
prostate cancer deaths (Figure 3). Compared to WW, annual biopsies reduced the risk of
prostate cancer metastasis (death) at 20 years by 1.4-3.3% (1.0-2.4%), and 5 year biopsies
by 1.0-2.4% (death 0.6-1.6%). There was little marginal improvement in 20-year metastasis
and death for annual and biennial schedules versus biopsies every 3—4 years (Figure 3).

LYs and QALYSs, both of which account for other-cause death, were less sensitive than the
net probabilities of death and metastasis to differences in schedules (Figure 4). Mean LYs
under annual AS exceeded those under five year biopsies by 0.04 (JHU) and 0.08-0.16
(other cohorts). Relative to five year biopsies, mean QALY's under annual AS were 0.02
lower in JHU and 0.02-0.09 greater in the other cohorts.

Sensitivity Analyses

Sensitivity analyses assuming an enhanced treatment effect yielded a relatively greater
benefit of more frequent biopsies than in the base case. The LY difference between annual
and five-year biopsies was 0.1 in JHU and 0.2-0.3 (other cohorts). QALY differed by 0.02
in JHU and 0.11-0.18 (other cohorts). Assuming correlated outcomes, the LY difference
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between annual and five-year biopsies was 0.11-0.13 across cohorts; QALYS varied by
0.05-0.07.

Figure 5 shows one-way sensitivity analyses for QALY's with respect to health state utilities.
QALY's were most sensitive to the utilities of the pre-treatment/AS state and the long-term
post-treatment state. The relative benefit of more intensive AS schedules decreased when the
pre-treatment state had a higher utility and increased when the long-term treatment state had
a higher utility.

Risk-tailored schedules

The performance of risk-tailored schedules fell between schedules with biopsies every 2 and
5 years in terms of number of biopsies incurred and net percent with metastasis and death at
20 years (Figures 3). Relative to a biennial biopsy schedule, tailored schedules that reduced
biopsy frequency to five years for the first or first and second quartiles of risk (Tailored
Schedules 2 and 3) reduced the mean number of biopsies by 1.0-2.5 and 0.60-1.5,
respectively, while only increasing 20 year risk of metastasis by 0.1%-0.5% and death by
0.2%-0.6% (Figure 3) and reducing LYs by <0.04 and QALY by <0.01 (Figure 4).

Discussion

Our goal in this study was to examine the likely impact of varying AS protocols while
incorporating the natural heterogeneity that exists among published studies. We found that
increasing biopsy frequency offered benefits versus WW in terms of downstream risk of
metastasis and death, but there were only modest differences in LYs and QALY's between
surveillance schedules that varied the biopsy interval from every one to five years.
Furthermore, compared with 3-and 4-year biopsy schedules, the marginal declines in risk of
metastasis and death for more frequent schedules were small relative to the mean increase in
biopsies.

While other recent studies have projected downstream outcomes under different schedules,
17.18 ours is the first study to explicitly examine long-term outcomes as they pertain to
existing North American AS cohorts. Prior work has indicated that the risk of underlying
upgrading differs by cohort; in particular, JHU appears to have a much lower risk than the
other three cohorts. These findings translate into differences in projected risks of
downstream outcomes. We project that under annual biopsies, the net probability of prostate
cancer death is 1.3% at 20 years in JHU versus 3.2-3.4% in the other cohorts.

Our projections of the relative differences in outcomes across candidate schedules are
consistent with AS modeling studies that compared a variety of AS schedules.17:18.26
Sathianathen et all8 projected a LY difference of 0.02 between annual and five year
schedules, and a difference in QALYs of 0.01. Similarly Loebl” found only minor
differences in LYs and QALY between annual and five-year biopsies. Loeb’s study also
found the marginal benefit of AS over WW in terms of LY's and QALY's was significantly
greater for men who were younger at diagnosis. These findings are consistent with the age
ordering in our cohorts. UCSF and PASS have an average age of 62—63 at diagnosis and
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have a higher marginal benefit of more frequent biopsies relative to UT and JHU, whose
average age was 66.

At this time, we have some ability to make comparisons of our projections with the observed
downstream events in the longest running North American AS cohorts. In the JHU cohort, as
of 2015, only 2/1,298 men have died of prostate cancer while on AS; cancer-specific, and
metastasis-free survival rates were 99.9%, and 99.4%, respectively, at 15 years.” Our
corresponding projections under annual biopsies were 99.7% and 99.4%, respectively. In the
Toronto cohort, as of 2016, 2.0% (16/769) of those diagnosed with GS6 had developed
metastasis.}# Using this data and simulating biopsies every 3 years, our 10 and 15-year
projections for metastasis were 1.2% and 2.9%, respectively. In practice, a higher fraction of
men have curative treatment in actual cohorts compared to simulated ones due to volume
criteria for progression and/or dropout due to patient choice. Ultimately, these differences
may lead to lower rates of metastasis and death relative to those projected under the nominal
schedules.

Our models allow us to examine the benefit of tailored approaches that are based on a known
underlying risk of upgrading. The tailored schedules consisted of biennial surveillance for
higher risk groups with a single biopsy or biopsies every 5 years for lower risk groups.
These schedules did not significantly alter the risk of downstream outcomes compared with
non-tailored biennial schedules, but did lower the biopsy burden for low-risk men.
Therefore, accurate risk stratification has the potential to meaningfully reduce biopsies
without sacrificing benefit.

Clinical Perspective

Limitations

Biopsies are burdensome and have a risk of potentially serious complications.2” In men of
similar risk and age to these cohorts (i.e., GS6, starting AS in their 60s), performing annual
biopsies in men with no change in their disease state or PSA is clearly excessive, especially
when taking into account the complications from multiple biopsies. Our results confirm that
extending the interval between biopsies is appropriate in carefully selected low-risk men. It
should be borne in mind that comparisons between strategies over the long term show
greater differences than over the short term given the higher rate of prostate-specific
mortality over time.1’ Therefore, men with greater life expectancy contemplating AS will
likely receive greater benefit from more intensive surveillance.

As with all modeling studies, the validity of our results relies on many assumptions. The fact
that our results are in line with other recent studies that made different assumptions suggests
robustness of our major findings. Our QALY calculations were based on a simplified set of
health states that did not incorporate treatment for PSA recurrence complications of biopsy.
Our study also only considered biopsy-based protocols and did not include other elements of
current AS practices, including MRI/fusion biopsies or dynamic schedules based on
evolving biomarkers that may increase the sensitivity of biopsy. We assumed a biopsy
sensitivity of 60%; a higher sensitivity would reduce the delay from underlying upgrade to
detected upgrade under all schedules and would narrow further modest differences in benefit
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between schedules that biopsy more versus less frequently. Our results also only apply to
men with GS6 at diagnosis, not to men with GS 3+4=7 who are included in some protocols.
While the SPCG-4 represents a high-quality data source for long term follow-up, it may not
completely reflect the risk of metastasis and death in contemporary North American AS
cohorts. In particular, the historical SPCG-4 WW cohort may not be directly comparable to
contemporary patients due to GS grade inflation and migration that has occurred since the
trial, which enrolled patients from 1989-1999. The risk of metastasis and prostate cancer
death in contemporary patients with the same grading is lower than SPCG-4:28 as such, our
model may overstate the probability of these outcomes. The relative comparisons between
biopsy schedules are likely robust to moderate differences in the overall risk of metastasis
and death.

Conclusion: In men diagnosed with GS6 disease who are similar to those in existing AS
cohorts, we project little marginal improvement for biopsying annually versus every 3-4
years. Until validated tools are available for accurate risk stratification, determining the
exact frequency with which to biopsy each patient should depend on patient-specific risk
factors and personal preferences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2.
Median years until treatment, median delay of treatment after upgrade, and mean number of

biopsies under perfect AS compliance.
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Projected net cumulative probability of metastasis and death versus mean number of

biopsies by cohort and schedule.
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Projected mean remaining LYs and QALY's by schedule and cohort.
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Figure 5.
Tornado plots for one-way sensitivity analyses, comparing the difference in QALY between

annual and five year based on the range of utilities in the literature. The vertical line
represents the Annual-five year QALY difference under the base values.
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Table 1.
Description of North American AS cohorts
JHU PASS Toronto UCSF

Enrollment years 2008-2013 1995-2015 1994-2014 1990-2015
Low and select intermediate
Enrollment criteria” Very low risk Low risk  Low and select intermediate risk risk
PSA surveillance 6 mo. 4 mo. 3 mo. 3 mo.
Confirmatory biopsy Yes Yes Yes Yes
Subsequent biopsies 1 year 2 years 4 years 2 years

Triggers for intervention
Gleason score >6 >6 >6 >6

Volume
Positive cores >16% >33% NA >33%
Max % core with cancer >50% NA NA >50%
Sample size after exclusions 1t 699 613 421 764
Age at diagnosis, median (IQR) 7 65.6 (62.0,68.8) 63 (58, 67) 65.7 (60.1, 70.9) 62 (57, 66)
Clinical Stage 1t

T1 699 (100.0%) 543 (88.6%) 859 (77.8%) 592 (77.5%)
T2 (Not Otherwise Specified) 0 0 4 (0.4%) 0
T2a 0 70 (11.4%) 133 (12.0%) 172 (22.5%)
T2b or higher 0 0 42 (3.8%) 0
Missing 0 0 66 (6.0%) 0

7LRisk based on Gleason score, clinical stage, tumor volume, PSA; JHU also included low PSA density criterion.

ﬁEchusion of GS>6, Age>80
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Biopsy schedules and schedules

Table 2.

Biopsy schedules

Years of
biopsies

Continuous
Annual
Biennial
Every 3 years
Every 4 years
Every 5 years
PRIAS
Single

ww

Hypothetical schedule with continuous biopsies

1,234,...
135, ...
147, ..
159, ...
1,6,11,16,...

1,3,7,10,15,20,25, ...

1

None

Tailored biopsy schedules

Name Upgrading risk” Biopsy schedule
Tailored 1 1st quartile Single

2nd quartile Biennial

3rd quartile Biennial

4th quartile Biennial
Tailored 2 1st quartile Every 5 years

2nd quartile Biennial

3rd quartile Biennial

4th quartile Biennial

Tailored 3 1st quartile Every 5 years

2nd quartile Every 5 years

3rd quartile Biennial

4th quartile Biennial

fUpdgrading risk based on baseline age, PSA, and PSA veloci’(y.13
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Table 3.

Utilities of health states
Health State Mean Range Duration Reference
Active Surveillance/Pre-treatment  0.97 0.85-1.00 e
Radical prostatectomy
Short-term treatment 0.67  0.56-0.90 2mo. 30
Mid-term treatment 077  0.70-0.91 10 mo. 31
Long-term treatment 0.95  0.90-1.0 until other-cause death or metastasis 29.30,32-34
Metastasis
Early metastasis 0.76  0.6-0.83  from metastasis until 30 mo. before prostate death 3536
Palliative therapy/end of life 0.60  0.24-0.86 30 mo. 37-40
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