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Purpose:We used data from MUSIC (Michigan Urological Surgery Improvement
Collaborative) to evaluate the performance of published selection criteria for
active surveillance in diverse urology practice settings.

Materials and Methods: For several active surveillance guidelines we calculated
the proportion of men meeting each set of selection criteria who actually entered
active surveillance, defined as the sensitivity of the guideline. After identifying
the most sensitive guideline for the entire cohort we compared demographic and
tumor characteristics between patients who met this guideline and entered
active surveillance, and those who received initial definitive therapy.

Results: Of 4,882 men with newly diagnosed prostate cancer 18% underwent
active surveillance. When applied to the entire cohort, the sensitivity of pub-
lished guidelines ranged from 49% in Toronto to 62% at Johns Hopkins. At
a practice level the sensitivity of Johns Hopkins criteria varied widely from 27%
to 84% (p <0.001). Compared with men undergoing active surveillance, those
meeting Johns Hopkins criteria who received definitive therapy were younger
(p <0.001) and more likely to have a positive family history (p ¼ 0.003), lower
prostate specific antigen (p <0.001), a greater number of positive cores (2 vs 1) on
biopsy (p <0.001) and a higher cancer volume in positive core(s) (p ¼ 0.002).

Conclusions: The sensitivity of published active surveillance selection criteria
varies widely across diverse urology practices. Among patients meeting the most
stringent criteria those who received initial definitive therapy had characteris-
tics suggesting greater cancer risk, underscoring the nuanced clinical factors
that influence treatment decisions.
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DUE to concerns about overtreatment
of men with lower risk prostate
cancer1e4 initial AS is being used
more frequently for patients with
early stage disease.5 The potential
benefits of AS include avoidance of
treatment related side effects (eg
urinary incontinence and erectile
dysfunction) by delaying or not
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pursuing definitive therapy. How-
ever, these benefits must be weighed
against the potential risk of cancer
progression. Given the growing
acceptance of AS among patients
and physicians, there are now many
published guidelines describing
optimal selection criteria for patients
to enter initial AS.6e13
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1254 UNDERSTANDING PERFORMANCE OF ACTIVE SURVEILLANCE SELECTION CRITERIA
Although most guidelines for entry into initial AS
are widely recognized,6e13 their application and
performance in clinical practice are not well char-
acterized. One measure of interest is the sensitivity
of such guidelines in the real world setting, that is
how many men who meet these selection criteria
actually proceed to initial AS. While it makes sense
that the most restrictive criteria would also be most
sensitive, the actual proportion of patients under-
going surveillance according to these different
guidelines is not well defined for diverse urology
practice settings. In addition, little is known about
the factors that lead men who meet established
criteria for entering surveillance to nonetheless
proceed to initial local therapy.

In this context we examined the sensitivity of
several published guidelines for identifying men
who elected initial AS in the community and aca-
demic practices comprising MUSIC. In addition to
comparing the sensitivity of these guidelines across
MUSIC practices, we evaluated differences in de-
mographic characteristics, comorbidity and cancer
severity among patients meeting the most sensitive
selection criteria who entered AS and those who
underwent initial definitive therapy.
MATERIALS AND METHODS

Michigan Urological Surgery Improvement
Collaborative
MUSIC was established in 2011 with the aim of improving
the quality and cost efficiency of prostate cancer care in
Michigan.5,14e16 The collaborative now includes 42 urol-
ogy practices comprising more than 90% of urologists in
the state. MUSIC receives financial support from Blue
Cross� Blue Shield� of Michigan. Each participating
practice obtained exemption or approval for participation
from a local institutional review board.

Study Population and Data Elements
For all men who undergo prostate biopsy and/or have a
new prostate cancer diagnosis seen in participating
practices trained abstractors enter a standardized set of
data elements in a web based registry, including age, race/
ethnicity, CCI, serial PSA results, clinical stage, biopsy
Gleason score, number of positive cores, cancer directed
treatments, and followup laboratory and pathology re-
sults. Quality assurance steps for MUSIC data have been
described previously.5,14e16 The population for this anal-
ysis included 4,883 men with newly diagnosed prostate
cancer entered in the MUSIC registry from March 2012
through June 2014. Details of participating urologists and
practices can be found at www.musicurology.com.

Identification
Primary Treatment. To ensure complete and accurate
data, abstractors wait 3 months from the date of prostate
cancer diagnosis before entering information about cancer
treatment in the MUSIC registry. In addition, explicit
documentation in the medical record is required to assign
a specific treatment (eg AS, radical prostatectomy,
external beam radiation therapy, etc). For instance, the
definition of AS in MUSIC (as defined by participating
urologists and provided to the data abstractors) is, “Active
surveillance is a slightly more structured and aggressive
form of watchful waiting. It is recommended that a pa-
tient undergo a DRE and a PSA test every 3 or 6 months,
depending on the patient’s precise history and clinical
condition and to re-biopsy the patient yearly or every two
years. The physician monitors the patient aggressively
and will regularly discuss disease status with the
patient so that joint decisions are made about the need
for actual treatment.” As described by Womble et al,
treatment assignment in MUSIC has been externally
validated with claims data with excellent concordance.5

Active Surveillance Selection Criteria. For this analysis
we identified several of the most prominent guidelines for
selecting patients for initial AS, including those from
certain institutions and organizations (JH,6NCCN lowand
very low risk,7 Memorial Sloan Kettering Cancer Center,8

University of California-San Francisco9,10 and University
of Toronto11,12). Selection criteria for each of these
guidelines are based on routinely available clinical data
but vary according to specific elements and definitions.

Statistical Analyses
We first compared clinical and pathological characteristics
of patients who entered AS and those who received other
initial treatment. We next calculated the proportion of all
men meeting each set of selection criteria who entered
AS as well as the associated standard Wald asymptotic
95% CIs. We refer to this proportion throughout the study
as the sensitivity of real world practice patterns for each
guideline. The numerator comprises men who met each
selection criterion and chose AS. The denominator com-
prises all men who met the selection criteria.

After identifying the guideline with the most sensitive
selection criteria for the entire study population (ie for the
collaborative as a whole), we examined variation in the
sensitivity of this guideline at the practice level for sites
with greater than 10 patients who met these criteria. We
chose to examine the most sensitive guideline to identify
the cohort of patients that the greatest number of urolo-
gists would likely agree were candidates for surveillance.
We then used the chi-square test to examine differences in
the sensitivity of this guideline across MUSIC practices.

Finally for men meeting selection criteria for the most
sensitive guideline we examined differences between pa-
tients who entered AS and those who received definitive
therapy. Because we were only interested in men
considered eligible to receive local therapy, we excluded
from this analysis 47 treated with watchful waiting and
4 treated with androgen deprivation therapy. We
analyzed differences in variables that are not included
explicitly in the guideline selection criteria (eg age, race,
comorbidity and practice size) as well as those that are
included in the criteria but still maintained a range of
clinically meaningful values after selection, such as PSA
level, PSA density, number of positive biopsy cores and
GPC. Using the same variables we also compared men
who met the most sensitive AS guidelines and received
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radiation vs those who underwent surgery. For each
comparison we used the 2-sided t-test, the Wilcoxon rank
sum test or the chi-square test as appropriate. All statis-
tical testing was performed at the 5% significance level
using SAS�, version 9.3.
RESULTS
Table 1 lists the clinical characteristics of the 4,883
men with newly diagnosed prostate cancer. Among
this group 18% of men (901) entered initial AS,
42% (2,052) underwent surgery, 21% (1,033) received
radiation therapy, 5% (241) were treated with
androgen deprivation therapy, 4% (188) elected
watchful waiting and 1% (46) received other treat-
ments (eg cryosurgical ablation). Initial therapy was
unknown in 9% of these men (425). The 9% of men
with missing data on treatment were younger (mean
age 63 vs 65 years, p <0.001) and more likely to be
black (22% vs 15%, p <0.001), have lower clinical
stage tumors (T1 and T2 78% and 20% vs 72% and
26%, respectively, p ¼ 0.03) and be from a practice
with greater than 10 urologists (51% vs 39%,
p<0.001). They were otherwise similar to those with
treatment documented in the MUSIC registry.

Overall men entering initial AS were older and
more likely to have clinical stage T1 tumors (vs T2
or T3/4), lower median PSA, a lower biopsy Gleason
score, fewer positive biopsy cores on biopsy and
lower GPC (table 1).

AS selection criteria examined in this analysis
comprised specific combinations of routinely avail-
able clinical data, including Gleason score, PSA,
PSA density, clinical T stage, number of positive
biopsy cores and GPC. Table 2 presents a summary
Table 1. Characteristics of patients undergoing initial AS vs
other treatment strategies

Initial AS Other Treatments p Value

Mean age/median (range) 65/66 (39e87) 65/65 (38e95) 0.02
No. race (%):
White 670 (84) 2,589 (82)
Black 98 (12) 460 (15) 0.1
Other 29 (4) 88 (3)

No. CCI (%):
0 595 (68) 2,282 (65)
1 145 (16) 697 (20) 0.05
2 or Greater 145 (16) 526 (15)

No. clinical stage (%):
T1 791 (88) 2,404 (68) <0.001
T2 104 (12) 1,050 (30)
T3/4 0 (0) 88 (2)

Median PSA (ng/ml) 5.3 5.9 <0.001
No. biopsy Gleason score

sum (%):
6 or Less 724 (81) 796 (23) <0.001
3 þ 4 135 (15) 1,375 (39)
4 þ 3 21 (2) 585 (17)
8e10 10 (1) 732 (21)

Mean No. pos cores/
median (range)

1.9/1 (0e11) 4.6/4 (1e24) <0.001

Mean GPC/median (range) 17.3/10 (0e100) 48.1/46 (0e100) <0.001
of selection criteria for several published guidelines
as well as the sensitivity of each set of criteria for
identifying men entering AS when applied to the
entire cohort. Across all patients the sensitivity
of these criteria for identifying patients who ac-
tually entered AS ranged from a low of 48.9%
(95% CI 46.2e51.6) for University of Toronto
criteria to a high of 62.4% (95% CI 58.0e66.7) for
JH criteria. University of Toronto criteria identified
the greatest absolute number of men entering initial
AS (647) and comparatively the NCCN very low risk
criteria identified the fewest (290). A total of 14
MUSIC practices had at least 10 patients meeting
JH selection criteria. Across these sites the sensi-
tivity of the JH guideline to identify patients who
actually received surveillance ranged from 27% to
84% (p <0.001, see figure). Of men missing treat-
ment data only 10% (44) met JH selection criteria.

For the cohort of men meeting JH selection
criteria for initial AS and who were eligible for
treatment (ie those not undergoing watchful wait-
ing or receiving primary androgen deprivation
therapy) we compared demographics and cancer
characteristics between those who actually entered
AS and those who received definitive therapy
(table 3). Compared with men undergoing initial
AS those receiving initial local therapy were
younger (p <0.001), had lower PSA (p <0.001) and
were more likely to have a positive family history
(p ¼ 0.003). Treated men also had evidence of
greater tumor volume, as indicated by 2 (vs 1) pos-
itive cores on biopsy (p <0.001) and higher GPC
(median 10% vs 7%, p ¼ 0.003). There were no sta-
tistically significant differences between these
2 groups for any other variables analyzed, including
race and comorbidity.

Among the patients undergoing definitive therapy
despite meeting the JH guideline 68% and 32%
underwent surgery and radiation, respectively.
Those treated with radiation rather than surgery
were older (mean age 66 vs 59 years, p <0.001),
had more comorbid conditions (CCI 1 and 2 or
greater in 33% and 17% vs 11% and 12%, respec-
tively, p¼ 0.004) andwere less likely to have a family
history of prostate cancer (26% vs 52%, p ¼ 0.006).
DISCUSSION
We examined data from a large number of commu-
nity and academic urology practices to understand
the degree to which various published AS selection
criteria actually identify men who enter surveil-
lance in real world practice. Not unexpectedly the
sensitivity of these guidelines is variable with those
containing more stringent criteria generally
capturing a greater proportion of all men meeting
the criteria who actually entered AS. Conversely



Table 2. Sensitivity of published AS selection criteria among men in Michigan with newly diagnosed prostate cancer

Guideline

Selection Criteria*

No. Pts Meeting
Selection Criteria % Sensitivity (95% CI)PSA (ng/ml)

PSA Density
(ng/ml/ml) T Stage No. Pos Cores % GPC

JH e Less than 0.15 cT1c 2 or Less 50 or Less 486 62.4 (58.0e66.7)
NCCN:

Very low risk Less than 10 Less than 0.15 cT1c 2 or Less 50 or Less 466 62.2 (57.8e66.6)
Low risk Less than 10 e cT2a or less e e 1,271 49.7 (46.9e52.4)

Memorial Sloan Kettering Cancer Center Less than 10 e cT2a or Less 3 or Less Less than 50 984 56.3 (53.2e59.4)
University of California-San Francisco 10 or Less e cT2 or Less 33% or Less 50 or Less 1,083 54.3 (51.3e57.3)
University of Toronto Less than 10 e e e e 1,323 48.9 (46.2e51.6)

*Gleason score 6 or less at each site.
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more liberal criteria identified a greater absolute
number of men entering AS. The most sensitive
guideline overall (JH) still showed significant vari-
ation in performance at the practice level. Among
the cohort of patients who met JH criteria and were
considered eligible for local therapy those who
received definitive treatment had a higher tumor
volume on biopsy as well as other characteristics
favoring treatment (eg they were younger and had
a positive family history) that are not explicit
components of current AS selection criteria.

In addition, our findings suggest that when
urologists counsel men about AS vs definitive
treatment, they consider age and family history,
which are 2 relevant factors not routinely captured
by AS guidelines, as well as small differences in the
volume of cancer. Previous work exploring the im-
plications of such differences in tumor volume has
been mixed with others reporting that GPC greater
than 10% but not 1 vs 2 positive cores at biopsy
increased the risk of adverse surgical pathology for
patients with Gleason 6 prostate cancer.17 While
our findings certainly seem reassuring with respect
Sensitivity variation of JH guideline to identify men on AS

across MUSIC practices with greater than 10 patients meeting

selection criteria. Overall sensitivity was 62.4%. Variability

among practices was statistically significant (p <0.001).
to current practice patterns, the clinical significance
of these differences in tumor volume is admittedly
debatable.

Our overall findings are consistent with previous
investigations showing that AS guidelines vary in
the number of men with newly diagnosed prostate
cancer who meet such selection criteria.13 Moreover,
the observed practice level variation in the sensi-
tivity of AS guidelines is consistent with our prior
reports of AS among patients with low risk cancers5

as well as prior studies demonstrating variation in
primary treatment of localized prostate cancer by
practice site and provider.3,18 While our study
identified statistically significant differences in
measures of cancer risk between patients who met
JH criteria and entered surveillance vs those who
received initial local therapy, the clinical signifi-
cance of these differences is modest at best. As such,
it seems likely that variation in AS among men who
meet the stringent JH selection criteria may reflect
primarily differences in patient preferences or pro-
vider perceptions and beliefs about AS that were not
measured in this analysis.

The optimal selection criteria for AS remain un-
certain. Using more stringent criteria would likely
identify patients at lower risk for disease progres-
sion but it may also exclude some men who are good
candidates for surveillance. Our findings also indi-
cate that urologists in Michigan have not coalesced
around a single set of selection criteria for this
important initial treatment decision.

Our analysis has several limitations. 1) Our
cohort included only patients and practices in
Table 3. Patients meeting JH criteria who received initial AS vs
definitive local therapy

Entered AS Local Therapy p Value

No. pts 303 132
Mean age/median (range) 64/65 (41e83) 61/62 (41e77) <0.001
Median PSA (ng/ml) 5 4.5 <0.001
No. pos cores (%):
1 226 (75) 76 (58) <0.001
2 77 (25) 56 (42)

Median GPC (range) 7 (1e50) 10 (1e50) 0.002
No. pos family history (%) 82 (28) 53 (44) 0.003
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Michigan and, therefore, our findings may not be
generalizable to a broader population. 2) Treatment
data are missing on a small number of men in the
cohort. Although such missing data raises concerns
about selection bias, even if all 44 men with missing
treatment data did not receive AS, this would only
decrease the sensitivity of the JH criteria to 57%.
Conversely if all of these men entered initial AS, the
sensitivity of the JH criteria would increase to 65%.
3) We measured neither patient preferences nor
physician beliefs and perceptions about the risks of
prostate cancer, treatment side effects and comor-
bidities. These unmeasured factors undoubtedly
have a role in treatment decisions, including the
selection of patients for AS. 4) Although our study
examined initial entry into AS, the effectiveness of
AS ultimately depends on long-term use with select
intervention for men with disease progression.
Therefore, further study is needed to better define
the outcomes of AS in this cohort.

Despite these limitations our findings have
important implications for patients and providers.
For patients our findings suggest opportunities to
expand the use of AS, particularly among men who
meet selection criteria and who prioritize preserva-
tion of urinary and/or sexual function. For providers
these data suggest that even in a single state there
appear to be substantial differences in beliefs and
perceptions around prostate cancer risk (among other
factors) that affect treatment recommendations for
patientswith low risk tumors. As suggested by others,
differing interpretations of the evidence base sup-
porting the safety ofASmay explain the disconnection
between providers who routinely put patients on AS
and those who do not.19 It is also possible that differ-
ences in other unmeasured factors impact treatment
decisions, such as financial considerations, practice
setting (eg urban vs rural) and/or the presence and
strength of any academic affiliation.
CONCLUSIONS
Moving forward, a better understanding of the
entire decision making process is needed. This in-
cludes characterization of provider perceptions of
risk and thresholds for treatment, how cancer risk is
communicated with patients, shared decision mak-
ing between patients and providers, and the degree
to which differences in patient preferences drive the
variation observed in this analysis. Once available,
such data will provide an essential context for un-
derstanding the implications of existing variation in
the use of AS for men with low risk prostate cancer.
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