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Active surveillance (AS) is an alternative to immediate intervention in patients with
very low- and low-risk prostate cancer. Ongoing reports from multiple AS programs
have consistently demonstrated a very low rate of metastasis and prostate cancer-
specific mortality in appropriately selected patients. Accordingly, AS has been
adopted by major clinical organizations as a safe and effective management strat-
egy. Clinical focus has now shifted to identifying the optimal approach to selecting
and monitoring patients. Multiparametric magnetic resonance imaging (mpMRI) has
emerged as one potentially helpful tool in the AS setting. The utility of mpMRI has
been well demonstrated in the setting of screening and diagnosis, but its role in AS
remains unclear. We summarize the published experience with AS and review perti-
nent, contemporary data on the use of mpMRI in the setting of AS.
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AS of Prostate Cancer: Current Practice and Utility of mpMRI continued

ctive surveillance (AS) is
Aa management strategy in

which men with favorable-
risk prostate cancer avoid or delay
immediate intervention in favor
of close monitoring. The concept
was first proposed in the 1990s as a
means to reduce the overtreatment
of clinically insignificant cancers
detected by widespread prostate-
specific ~ antigen  (PSA)-based
screening.!? Although debate over
the utility of PSA-based screening
continues,>> several large stud-
ies have demonstrated that early
detection and effective treatment of
higher-risk cancers are associated
with reduced prostate cancer mor-
tality.>% As opposed to discarding
screening altogether, AS presents
an option to avoid overtreatment
of screen-detected cancers unlikely
to cause harm. Still, AS remains a
work in progress, particularly as
new tools such as multiparamet-
ric magnetic resonance imaging
(mpMRI) are actively incorporated
into previously reported protocols.
We describe the current practice of
AS and review initial data exploring
mpMRI in the AS setting.

Current State of Active

Surveillance

AS was vastly underutilized in
the United States until the turn of
the current decade. Data from the
Cancer of the Prostate Strategic
Urologic  Research ~ Endeavor
(CaPSURE) registry have revealed
an increase in utilization of AS
for low-risk cancers in the United
States from 6% in 2000 to over 40%
by 2013.911 The utilization of AS is
even higher worldwide. In Sweden,
91% of very low-risk patients and
74% of low-risk patients utilized
AS in 2014.2 Today, the National
Comprehensive Cancer Network
(NCCN), American Urological
Association, and European
Association of Urology all consider

ASaprimarymanagementoptionin
appropriately selected patients.!3-15
These organizations, and others,
seek to expand the population con-
sidered eligible for AS.'® As such,

Traditionally, monitoring on AS
has consisted of frequent digital rec-
tal examination, serum PSA testing,
and transrectal ultrasound (TRUS)-
guided biopsy.2# Program-specific

it is important to maintain a con-
temporary understanding of the
protocols utilized and outcomes
obtained with AS today.

Criteria for Selection,
Monitoring, and Intervention
Previously reported AS enrollment
criteria are outlined in Table 1.17-25
Selection criteria are most com-
monly derived from NCCN defini-
tions of very low-risk (clinical stage
Tlc, PSA density < 0.15 ng/mL/cc,
Gleason score [GS] = 6, =2 posi-
tive biopsy cores, and < 50% cancer
involvement of any positive biopsy
core) and low-risk (clinical stage
=T2a, PSA<10 ng/mL, and
GS = 6) cancer, which are modi-
fied Epstein and D’Amico criteria,
respectively.132627 The lack of a
universal protocol, however, allows
for substantial variation in AS
populations. The Johns Hopkins
University (Baltimore, MD) pro-
gram has traditionally emphasized
the use of AS in very low-risk can-
cers, while recommending AS more
selectively in low-risk men. As a
result, 71% of the Johns Hopkins
cohort harbors very low-risk dis-
ease, and 29% have low-risk dis-
ease.l” At the other extreme, some
programs have allowed for inclu-
sion of patients with GS = 3+4=7
tumors who are otherwise can-
didates for curative interven-
tion.!8-20.22 Still, other programs
have conditionally permitted AS
of higher-grade tumors in the con-
text of factors such as patient age
and comorbidity status.21:23.24
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monitoring protocols are summa-
rized in Table 2.725 The majority
of protocols require a confirmatory
biopsy within 1 year of enrollment.
Subsequent monitoring includes
frequent examination and PSA
testing, and abnormal findings uni-
formly trigger repeat “for-cause”
biopsies. There is considerable
variation, however, with respect to
the frequency of scheduled biop-
sies. Johns Hopkins University
has traditionally performed yearly
biopsy in most men, but biopsy
intervals have been increased with
the advent of risk prediction tools.28
The frequency of scheduled biop-
sies in other programs ranges from
yearly to every 5 years. Accordingly,
the threshold for conversion to
treatment varies by program. For
men with very low-risk disease,
treatment is often recommended
when the extent of cancer on biopsy
exceeds entry criteria (> 2 positive
cores or > 50% involvement of any
positive core) and almost invari-
ably performed when GS = 3+4=7
cancer is detected. Although some
programs previously recommended
intervention based on adverse PSA
kinetics, treatment is rarely initi-
ated today in the absence of histo-
logic changes. Instead, tools such
as PSA kinetics are used to prompt
repeat biopsy.

Patient Outcomes

Table 3 lists cohort characteristics
and outcomes from the two pro-
spective AS cohorts reporting long-
term (10- and 15-y) outcomes.!”?



AS of Prostate Cancer: Current Practice and Utility of mpMRI

TABLE 1

Study (Program)

Tosoian JJ et al (Johns Hopkins
University, Baltimore, MD)!7

Eligibility Criteria for Active Surveillance Programs

Klotz L et al (Sunnybrook Health

Sciences Centre, Toronto,
Canada)'8

Godtman RA et al (Goteborg
Randomized, Population-Based
Prostate Cancer Screening Trial,
Goteborg, Sweden)'®

Bokhorst LP et al (PRIAS,
multinational)20

Welty CJ et al (UCSF,
San Francisco, CA)?!

Selvadurai ED et al (Royal
Marsden Hospital, London, UK)22

Thompson JE et al (St. Vincent's
Prostate Cancer Centre, Sydney,
Australia)?3

Thomsen FB et al (University
of Copenhagen, Copenhagen,
Denmark)24

Soloway MS et al (University of
Miami, Miami, FL)%

Clinical Gleason

Stage PSA, ng/mL Score Other Parameters

Tc — =6 PSA density < 0.15 ng/mL/cc, = 2
positive biopsy cores, = 50% cancer
involvement of any core

=T2a =10 =6

— =10 =6

— 10-20 =3+4=7 Life expectancy < 10y

— — — Men diagnosed in the Goteborg
screening trial who did not un-
dergo treatment within 6 mo of
diagnosis were classified to active
surveillance

=T2 =10 =6 PSA density < 0.20 ng/mL/cc,
= 2 positive biopsy cores

— — 3+4=7 = 2 positive biopsy cores, = 10%
cancer involvement of any core,
age=70y

=T2 =10 =6 = 33% positive biopsy cores,
= 50% cancer involvement
of any core

=T2 <15 =6 = 50% positive biopsy cores,
age 50-80y

=712 <15 =3+4=7 = 50% positive biopsy cores,
age > 65y

=T2a <10 =6 < 20% positive biopsy cores,
< 30% cancer involvement
of any core

=T2a =10 =6 = 3 positive biopsy cores,
< 50% cancer involvement
of any core

=T2 =10 =6 = 2 positive biopsy cores,

= 20% cancer involvement of
any core

PRIAS, Prostate Cancer Research International: Active Surveillance; PSA, prostate-specific antigen; UCSF, University of California, San Francisco.

As noted, the Johns Hopkins
cohort included only individu-
als with “favorable-risk” cancer,
defined as NCCN very low- or low-
risk cancer.’” As such, no patients
were enrolled with GS = 3+4=7

disease. Subsequent monitoring
was intensive, including annual
prostate biopsy in most cases. The
rates of treatment, metastasis, and
prostate cancer-specific mortal-
ity (PCSM) at 10 years were 50%,

0.6%, and 0.1%, respectively. A
similar pattern was observed at
15 years, with rates of 57%, 0.6%,
and 0.1%, respectively.

By comparison, the Sunnybrook
(Sunnybrook  Health  Sciences
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TABLE 2

~\
Monitoring Protocols for Active Surveillance Programs
Surveillance Intervals
Confirmatory Biopsy, Repeat Biopsy,
Digital Rectal y from diagnostic y from previous
Study (Program) Examination, mo PSA Testing, mo biopsy biopsy
Tosoian JJ et al (Johns Hopkins 6 6 1 19
University, Baltimore, MD)!7
Klotz L et al (Sunnybrook
Health Sciences Centre, Toronto, — 3-6 1 3-4
Canada)'8
Godtmar_1 RA et al (G(_)teborg Performed if < 2 mm
Randomized, Population-Based
. . 3-6 3-6 of cancer present at 2-3
Prostate Cancer Screening Trial, diaanostic bioos
Goteborg, Sweden)?? g Psy
Bokhorst LP et al (PRIAS, — 3-6 1 3 for the first
multinational)20 10y then every
5y thereafter
Welty CJ et al (UCSF, 6 3 1 1-2
San Francisco, CA)?!
Selvadurai ED et al (Royal 36 36 152 2
Marsden Hospital, London, UK)?2
Thompson JE et al (St.Vincent's  6-12 3-6 1 1-2 for the first
Prostate Cancer Centre, Sydney, postconfirma-
Australia)? tory biopsy
then every 3-5y
thereafter
Thomsen FB et al (University 3 3 1 Variable
of Copenhagen, Copenhagen,
Denmark)24
Soloway MS et al (University of  3-6 3-6 <1 1
Miami, Miami, FL)25

PRIAS, Prostate Cancer Research International: Active Surveillance; PSA, prostate-specific antigen; UCSF, University of California, San Francisco.

Centre, Toronto, Ontario, Canada)
cohort included 213 men with inter-
mediate-risk cancers and 732 with
favorable-risk disease.?? The favor-
able-risk cohort was found to have
lower treatment rates (36% and 42%
at 10 and 15 years, respectively) com-
pared with Johns Hopkins, reflect-
ing the program’s less intensive
monitoring schedule. The cumula-
tive incidence of adverse oncologic
outcomes was relatively higher at

10 and 15 years, with metastasis rates
of 4% and 5%, respectively,and PCSM
rates of 2% and 3%, respectively.

The 213 intermediate-risk patients
from Sunnybrook included 128 men
(60%) with GS = 3+4=7 disease at
enrollment.? When compared with
the program’s favorable-risk men,
intermediate-risk men demonstrated
higher rates of adverse oncologic
outcomes at 10 years (metastasis 9%,
PCSM 3%), with a notable increase
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at 15 years (metastasis 18%, PCSM
11%). These results, logically, sug-
gest that intermediate-risk men
under less intensive monitoring
are at higher risk of adverse long-
term outcomes. The findings from
Sunnybrook are comparable with the
observational cohort in the Prostate
Testing for Cancer and Treatment
(ProtecT) trial that included men
with GS = 3+4=7 and in which
monitoring was not intensive.30
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TABLE 3
- . : : R
Cohort Characteristics and Long-term Outcomes From Two Large, Prospective Active Surveillance
Programs
Death From
Median GS = 3+4=7 Treatment Metastatic Disease  Prostate Cancer

Study Cancer Follow- Median at Enrollment
(Program)  Risk Cohort Size up, y Age,y (%) 10-y, % 15-y, % 10-y,% 15y, % 10-y,% 15-y, %
Tosoian JJ
et al (Johns
Hopkins Favor- 1298 5.0 66 0(0) 50 57 0.6 0.6 0.1 0.1
University, able risk
Baltimore,
MD)?7
KlotzLetal  Favor-
(Sunnybrook  able risk 732 6.5 67 0(0) 36 42 4 5 2 3
Health Sci-
ences Centre, Inter-
Toronto, mediate 213 6.7 72 128 (60) 39 52 9 18 3 1
Canada)'® risk

GS, Gleason score.

Utility of mpMRI in Active

Surveillance

Advancements in mpMRI allow
for high-quality visualization of
the prostate for cancer detection,
especially in the anterior gland.?!:32
Several studies have demonstrated
improved diagnosticaccuracy using
MRI/TRUS fusion biopsy (targeted
biopsy [TB] with systematic biopsy
[SB]) as compared with standard SB
alone 313334 Still, the role of mpMRI
in AS remains unclear.

cancer were defined. In light of
limited data, the authors were ulti-
mately unable to comment on the
use of mpMRI in place of prostate
biopsy. As such, several groups
have continued to assess the utility
of mpMRI in patient selection and
monitoring for AS.

Patient Selection With mpMRI
A prevailing concern in AS is the
possibility that an individual’s true
volume or grade of cancer is not ade-
quately sampled on biopsy, resulting

Advancements in mpMRI allow for high-quality visualization of thew
prostate for cancer detection, especially in the anterior gland.

To this end, a systematic review
in 2015 aimed to summarize the
use of mpMRI in AS.3> Among AS
candidates, a positive finding on
imaging increased the likelihood
of detecting clinically significant
disease at repeat biopsy. Notably,
studies varied considerably in how
positive imaging and significant

in disease misclassification.’¢” To
this end, a number of studies have
examined the ability of mpMRI to
identify suspicious lesions and facil-
itate sampling prior to AS.

One study from the University
College London Hospital (London,
United Kingdom) assessed the util-
ity of mpMRI in detecting higher-
risk cancers in 194 men initially
diagnosed with prostate cancer
on TRUS-guided biopsy (median
12 cores, range 8-20).% At a median
of 4 months (range 1.4-16) after
diagnostic TRUS biopsy, patients
underwent prostate mpMRI and
subsequent transperineal template-
guided prostate mapping (TPM)
biopsy. TPM biopsies included at
least 20 SB cores and a median of
48 cores (range 20-118), and some
men (n = 23) underwent additional
TB by cognitive registration.

The authors considered four dif-
ferent definitions of low-risk can-
cer: (1) GS 6 disease (regardless of
core length); (2) maximum cancer
core length (MCCL) <50% on
biopsy (regardless of GS); (3) GS 6

( a number of studies have examined the ability of mpMRI to
identify suspicious lesions and facilitate sampling prior to AS.
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disease and MCCL < 50%; and (4)
GS 6 disease, MCCL < 50%, PSA
<10 ng/mL, and < 50% biopsy
cores positive. For each definition
of low-risk cancer, reclassification
was defined as a transition from
low-risk cancer on TRUS-guided
biopsy to higher-risk cancer on
TPM biopsy. Notably, mpMRI was
considered negative for Prostate
Imaging Reporting and Data
System (PI-RADS) scores of 1-2 and
positive for scores of 4-5.3 The neg-
ative predictive values (NPVs) and
positive predictive values (PPVs)
of these scores for reclassification
were determined; scores of 3 were
considered equivocal and excluded.
There were 137 men with low-
risk cancer on TRUS-guided biopsy
using definition 1 (GS 6 disease).
Among 81 men who had a posi-
tive mpMRI, reclassification was
detected on TPM biopsy in 48
(59%). On the other hand, a nega-
tive mpMRI result was associated
with reclassification in 4 of 16 men,
conferring a NPV of 75%. Forty of
the 137 subjects (29%) had a score of
3 and were therefore not considered
in these calculations. Definition 2
(MCCL < 50%) was initially met
by 62 men. The PPV of a positive
mpMRI was 67% (reclassification
in 24 of 36 men), and the NPV
was 100% (reclassification in 0 of
6 men). The positive and negative
predictive values of mpMRI based
on all four definitions of low-risk
cancer are listed in Table 4.3840:41
Importantly, mpMRI scores of 1-2
appeared to accurately predict the
absence of reclassification on TPM
biopsy, with negative predictive
values ranging from 75% to 100%.
Previous studies demonstrated
that lower apparent diffusion coef-
ficients (ADCs) obtained from dif-
fusion-weighted MRI (DW-MRI)
are associated with more aggressive
prostate cancers.*>*> Henderson
and colleagues,** from Royal
Marsden Hospital (London, United

Kingdom), sought to determine if
patient selection methods could be
refined by using DW-MRI results
obtained prior to enrollment in AS.
The authors identified 86 men who
met the Royal Marsden Hospital
AS criteria (clinical stage = T2a,
PSA <15 ng/mL, GS = 3+4=7,
and = 50% positive biopsy cores)
and underwent DW-MRI prior
to enrollment. Patients were fol-
lowed prospectively with serial SB
every 24 months, regardless of pre-
enrollment imaging findings. At a
median follow-up of 9.5 years, the
authors assessed pre-enrollment
DW-MRI in patients who did and
did not progress (defined by biopsy
findings violating enrollment cri-
teria and/or undergoing radical
treatment).

Overall, the median tumor ADC
at enrollment was 972 mm?/s. On
multivariable analysis, including
initial PSA, clinical stage, and per-
centage of positive biopsy cores,
a lower ADC was associated with
a shorter time to adverse histol-
ogy (hazard ratio [HR] 1.23, 95%
confidence interval [CI], 1.06-1.44;
P = .002) and a shorter time to
radical treatment (HR 1.33, 95%
CI, 1.14-1.54; P = .001). Notably,
the median time to radical treat-
ment was 9.3 years for patients with
ADCs above the median compared
with only 2.4 years for those with
ADCs below the median. Although
ADC was significantly associated
with adverse histology, this report
did not include more clinically use-
ful measures such as NPVs or PPVs.

Jeong and colleagues*® explored
the utility of DW-MRI in excluding
men who would otherwise qualify
for AS. The authors retrospectively
reviewed 117 patients who under-
went radical prostatectomy (RP)
between 2008 and 2013. All men met
AS criteria as defined by the 2013
European Association of Urology
guidelines (clinical stage = T2a, PSA
=10 ng/mL, GS =6, =2 positive
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biopsy cores, and =50% cancer
involvement of any core). All patients
underwent DW-MRI prior to RP,
and ADC values were graded on a
5-point scale for suspicion of clini-
cally significant disease. An unfavor-
able image was defined as an ADC
suspicion score of 4-5. The outcome
of interest was unfavorable pathol-
ogy at RP (non-organ-confined dis-
ease or GS = 4+3=7).

Of 117 patients, 12 (10%) demon-
strated unfavorable pathology, of
whom 9 (75%) also demonstrated
unfavorable imaging. Using only
ADC suspicion scores of4-5to predict
the presence of unfavorable pathol-
ogy, the PPV, NPV, sensitivity, and
specificity were 28%, 97%, 75%, and
78%, respectively. The resultant area
under the receiver operating char-
acteristic curve (AUROC) was 80%.
When biopsy core data were added
to this model, the AUROC increased
to 86%. The authors also showed
that 71 of 117 patients (61%) demon-
strated GS = 3+4=7 at RP; among
them, only 23 (32%) had unfavorable
imaging. Although the performance
metrics for GS = 3+4=7 were not
provided, it is apparent that scoring
based on ADC is more predictive for
the more extreme outcome.

Finally, Porpiglia and col-
leagues*! reviewed 126 patients who
were treated with robot-assisted
RP between 2012 and 2015. All
patients were eligible for AS based
on the Prostate Cancer Research
International: Active Surveillance
(PRIAS) criteria (clinical stage = T2,
PSA = 10 ng/mL, GS = 6, PSA den-
sity < 0.20 ng/mL/cc, and = 2 posi-
tive biopsy cores) and underwent
mpMRI prior to RP. Images were
graded using the PI-RADS scor-
ing system, and a score of 4-5 was
considered positive. The outcome
of interest was pathologically insig-
nificant prostate cancer, defined as
organ-confined GS 6 disease with an
index tumor volume = 1.3 cm? and
total tumor volume = 2.5 cm?.
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TABLE 4
Performance Characteristics of Multiparametric Magnetic Resonance Imaging for Higher-risk Cancer in )
Men Diagnosed With Low-risk Cancer on Standard Biopsy
Definition  Definition
Definition of of Positive  of Negative Definition of
Low-risk Cancer Image Image Pathologic
Study n (Eligibility Criteria) Finding Finding Upgrading PPV, % NPV, %
137 GS=6 GS = 3+4=7 59 75
62 MCCL < 50% MCCL = 50% 67 100
Abd- 57  GS=6and MCCL < 50% G5=3+4=7 s 83
Alazeez " PI-RADS4-5 PI-RADS 1-2 _OrMCCL =50%
M et aP® GS = 6, MCCL < 50%,
PSA < 10 ng/mL, GS = 3+4=7
28 and < 50% positive or MCCL = 50% 60 100
biopsy cores
Clinical stage = T2a,
Jeong PSA = 10 ng/ml, ADCsuspi-  ADCsuspi-  GS = 3+4=7
GS = 6, = 2 positive . .
cw 17 bionsy cores. and < 500  Con score cion score or non—organ- 28 97
etal® psy cores, and = >8% 4.5 =3 confined disease
cancer involvement
of any core
Clinical stage = T2, GS = 3+4=7,
Poroidli PSA = 10 ng/mlL, index tumor
Foran 126 GS =6 PSAdensity PI-RADS 4-5  PI-RADS =3 volume >13cm?, 61 74
< 0.20 ng/mL/cc, and or total tumor
= 2 positive biopsy cores volume > 2.5 cm3

ADC, apparent diffusion coefficient; GS, Gleason score; MCCL, maximum core cancer length; NPV, negative predictive value; PI-RADS, Prostate Imaging Reporting and
Data System; PPV, positive predictive value; PSA, prostate-specific antigen.

Preoperative  mpMRI results
were positive in 69 of 126 men
(55%); 57 patients had significant
prostate cancer at RP, including 37
(65%) with GS = 7 disease. mpMRI
demonstrated a PPV, NPV, sensi-
tivity, and specificity of 61%, 74%,
74%, and 61%, respectively, for
pathologically significant cancer.
When mpMRI results were added
to PRIAS criteria, the AUROC for
predicting pathologically insignifi-
cant disease improved by 5% (72%
vs 77%; P < .01). They also consid-
ered the more restrictive Epstein
criteria (NCCN very low-risk dis-
ease). Among the 63 men who met
Epstein criteria at enrollment, the
addition of mpMRI led to a 7%

improvement in AUROC for pre-
dicting insignificant cancer (71% vs
78%; P < .01).

primary objective of imaging patients
already on AS is to detect progression
of disease. Table 5 summarizes a list

:

Patient Monitoring

With mpMRI

Several programs have begun to uti-
lize mpMRI for patient monitoring
using various approaches. For exam-
ple, all men enrolled in AS at Royal
Marsden Hospital now undergo
baseline and surveillance mpMRI.22
At Sunnybrook, conversely, mpMRI
is performed more selectively in men
with an indication for closer scrutiny
such as adverse PSA kinetics.!® The

of studies comparing the detection
rate of TB versus SB on MRI/TRUS
fusion biopsy.4>-50

Frye and associates®> retrospec-
tively identified 166 patients present-
ing from 2007 to 2015 with a visible
lesion on initial mpMRI. All patients
demonstrated prostate cancer on
diagnostic MRI/TRUS fusion biopsy
and met the National Institutes of
Health criteria for low-risk (clini-
cal stage = T2a, PSA = 20 ng/mlL,
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TABLE 5
. . - . )
Detection Rate of Targeted Biopsy Versus Systematic Biopsy on MRI/TRUS Fusion Biopsy
Blopsy . B;opp?;l Dlete.ct:;)n Ra;fe
Setting (% of Pathologic Upgrading)
(Median Number of Targeted
Number of Cores on Pathologic  Targeted Systematic and
Criteria for  Previous Criteria for Systematic Upgrading  Biopsy Biopsy Systematic
Study n Population  Biopsies) Targeted Biopsy Biopsy (% of n) Alone Alone Biopsy
Increase in mpMRI
Frye TP ici ,
Me " 166 NIHLRorIR Confirmatory (1) — P cion score 12 49295 205 15361 1204
et al% lesion diameter, or
number of lesions
L. Clinical
Nassir stage T1c UCLA and/or
N 259 NR 12 33(13)a 21 (64 12 (36 0(0
ot alés and GS 6 or PI-RADS = 3 (13) (64) (36) ©
3+4=7
No ori
73 P piagnostic (0) S5(75r 12220 14(5)  29(53)
biopsies
MaT™M NCCN VLR
a 54 Confirmatory (1) PI-RADS = 3 12 12 (22) 3 (25) 6 (50) 3(25)
et al¥’ orLR
NCCN VLR
103 or LR Surveillance (3) 25 (24) 4(16) 18(72) 3(12)
Tran
NCCN LR .
GN 207 or IR Surveillance (2)  mpMRI score = 3 14 83 (40) 49 (59) 30 (36) 4(5)
et al%8
Reca-
bal P 206c GS6 Surveillance (2)  mpMRI score = 3 14 72 (35) NR 25 (35) NR
etal®
Increase in suspi-
cion score, dou-
Felker .
bling of volume, or
ER 49 GS6 NR . 19 (39) 9(47) 7(37) 3(16)
ot al50 decrease in ADC of
150 mm?/s in the
index lesion

aPathologic upgrading was defined as GS = 4+3=7.

bDiagnostic biopsy detected GS = 3+4=7 cancer in 55 patients; the remaining 18 were diagnosed with GS 6 cancer.

<Only patients with a region of interest on mpMRI (n = 135) underwent MRI/TRUS fusion biopsy; all others received 14-core systematic biopsy.

ADC, apparent diffusion coefficient; GS, Gleason score; IR, intermediate risk; LR, low risk; NCCN, National Comprehensive Cancer Network; mpMRI, multiparametric
magnetic resonance imaging; MRI, magnetic resonance imaging; NIH, National Institutes of Health; NR, not reported; TRUS, transrectal ultrasound; UCLA, University

of California — Los Angeles; VLR, very low risk.

and GS =6) or intermediate-risk
(clinical stage = T2a, PSA = 20 ng/
mL, GS = 3+4=7, and = 33% posi-
tive biopsy cores) disease. Patients
underwent confirmatory fusion
biopsy within 12 to 24 months of
enrollment and mpMRI annu-
ally. A positive mpMRI result was
defined as an increase in suspicion

score, lesion diameter, or number of
lesions. Progression of disease was
considered an increase in pathologic
grade group.5!

During mean follow-up of 25.5
months (range 3-96), 107 men
(64%) had a positive mpMRI and
49 men (29.5%) had disease pro-
gression. The PPV, NPV, sensitivity,
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and specificity of mpMRI for pro-
gression were 35%, 81%, 78%,
and 41%, respectively. On fusion
biopsy, TB alone identified 22 of 49
(45%) progression events, whereas
12-core SB alone identified 15 of
49 (31%; P = .03). The remaining
12 progressions (24%) were detected
on both TB and SB. Furthermore,
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the number of patients needed
to biopsy to detect a progression
event was 8.0 for TB and 3.1 for SB
(P <.001).

Nassiri and associates*¢ initiated a
prospective AS registry in men who
underwent TB and SB at diagnos-
tic and confirmatory biopsy. The
authors identified 259 men with
clinical stage T1c disease and GS 6
(n = 196) or GS 3+4=7 (n = 63) can-
cer confirmed prior to enrollment.
In addition to TB and SB, surveil-
lance biopsies included resampling
of previously positive biopsy sites
that were tracked using the Artemis™
device (Epica Medical Innovations,
San Clemente, CA). The outcome of
interest was GS = 4+3=7 or second-
ary Gleason pattern 5 disease (eg,
GS 3+5=38).

During follow-up, the majority of
men underwent one or two surveil-
lance biopsies (mean 1.48 biopsies
in the GS 6 cohort and 1.42 in the
GS 3+4=7 cohort). Upgrading was
detected in 17 men (9%) with GS 6
and 16 men (25%) with GS 3+4= 7
(P < .01). Interestingly, of the 33
upgrades, 21 (64%) were detected in
targeted mpMRI regions of inter-
est, 11 (33%) in tracked sites of pre-
vious positive biopsies, and 1 (3%)
on systematic template biopsy. In a
multivariable model, predictors of
upgrading were GS 3+4=7 disease
at baseline (HR 4.58, 95% CI, 2.14-
9.80), mpMRI grade 5 lesions (HR
5.06, 95% CI, 1.65-15.52), and PSA
density = 0.15 (HR 2.38, 95% CI,
1.01-5.60).

Ma and coworkers?” retrospec-
tively identified men who under-
went simultaneous 12-core SB and
TB across three clinical settings.
The study included 103 men actively
enrolled in AS (median 5 years
on AS; median 3 previous biop-
sies), 54 men with favorable-risk
disease undergoing confirmatory
biopsy, and a comparison group
of 73 biopsy-naive men undergo-
ing diagnostic biopsy (median PSA

7.3 ng/mL). The authors compared
detection of GS =7 cancer using
MRI/TRUS fusion biopsy (TB +
12-core SB) versus 12-core SB alone.
Lesions were targeted on MRI/
TRUS fusion biopsy if the PI-RADS
score was = 3, and 127 AS patients
with negative mpMRI underwent
systematic biopsy.

In the AS cohort, the addition
of TB to SB did not significantly
improve detection of upgrad-
ing (SB alone 20.4% vs SB + TB
24.3%; P = .13). Similarly, TB did
not significantly increase detection
of upgrading in men undergoing
confirmatory biopsy (16.7% SB vs
22.2% SB + TB; P = .25). On the
other hand, TB detected upgrading
in an additional 16.4% of the diag-
nostic biopsy cohort (SB 58.9% vs
SB + TB 75.3%; P = .002). Finally,
upgrading was detected on SB in
only 13 men (10%) who had a nega-
tive mpMRI result, demonstrating
an NPV of 90% in the AS cohort.

Tran and colleagues*® performed
a similar study in 207 AS patients
with NCCN low- and intermedi-
ate-risk disease who underwent
fusion biopsy. The median number
of previous biopsies for the cohort
was 2 (interquartile range 1-3). The
fusion biopsy included targeting of
mpMRI-defined regions of inter-
est and systematic sampling using
an extended-sextant template. The
median time between mpMRI and
biopsy was 2.2 months. Of the 207
patients, 83 (40%) had upgrading.
Of these, 49 (59%) were detected on
TB alone, 30 (36%) were detected
on SB alone, and four (5%) were
detected on both TB and SB.

A subsequent analysis by Recabal
and coworkers#® sought to deter-
mine if TB alone could replace SB
and if biopsy could be deferred alto-
gether in cases of negative mpMRI
results. The authors identified 206
men on AS with GS 6 disease who
underwent mpMRI between 2014
and 2015. Notably, the median

number of previous surveillance
biopsies was 2. There were 71 men
who did not have a region of inter-
est detected on imaging (mpMRI
score 1-2) and therefore underwent
14-core SB. Higher-grade cancer
was detected in eight (11%) of these
men. Men with atleast one region of
interest (mpMRI score 3-5) under-
went TB in addition to the 14-core
SB. Among 135 such patients,
higher-grade cancer was detected
on TB+SB in 64 men (47%). Use
of TB alone would have missed
higher-grade cancers in 17 of the
64 men (27%). Combining these
findings, the authors concluded
that an approach in which biopsy
was deferred for negative mpMRI
results and limited to TB in cases of
positive mpMRI results would have
failed to detect higher-grade cancer
in 25 of the 206 subjects (12%).

Nomograms Including mpMRI
Felker and colleagues® retrospec-
tively reviewed 49 men with GS 6
prostate cancer enrolled in AS. All
subjects underwent two or more
mpMRIs separated by at least
6 months, followed by fusion
biopsy (TB + 12-core SB) using
the Artemis™ device after each
image. Progression on mpMRI
was defined as an increase in index
lesion suspicion score (5-point
scale), a doubling of index lesion
volume, or a decrease in index
lesion ADC of 150 mm?/s based
on results from logistic regression.
Pathologic upgrading was defined
as the detection of GS = 3+4=7.
During follow-up, 19 men
(39%) had upgrading detected on
TB+SB. Of these, upgrading was
detected by TB alonein 9 (47%), SB
alone in 7 (37%), and both TB and
SB in 3 (16%); 10 of the 49 patients
(20%) had mpMRI progression,
of whom 7 (70%) had upgrading
to GS = 3+4=7. Progression
on mpMRI was associated with
a PPV of 69% for pathologic
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upgrading, whereas the absence
of progression on mpMRI yielded
an NPV of 70%. The associated
sensitivity and specificity were
37% and 90%, respectively. The
AUROC of mpMRI for discrimi-
nating pathologic upgrading was
63%. Conversely, a model using
MCCL =3 mm or PSA den-
sity = 0.15 ng/mL/cc to predict
upgrading yielded an AUROC of
87%. When mpMRI was added to
this model, the AUROC improved
to 91% (P = .044). Although sig-
nificant, the authors deemed this
an incremental improvement
to the clinicopathologic vari-
ables in predicting upgrading to
GS = 3+4=7 on biopsy.

Lai and associates®? developed
a nomogram integrating clini-
cal and imaging data to predict
the probability of upgrading to
GS = 3+4=7inthe AS population.
The authors identified 76 patients
who were diagnosed with NCCN
low-risk prostate cancer on prere-
ferral TRUS biopsy between 2014
and 2016. All patients then under-
went their first mpMRI followed by
MRI/TRUS fusion biopsy (TB +
extended-sextant SB). The mean
duration between prereferral TRUS
biopsy and confirmatory MRI/
TRUS fusion biopsy was 625 days
(range 38-2048).

In total, 20 men (26%) had
upgrading on fusion biopsy.
Upgrading was associated with a
higher mean PI-RADS score (4.24 vs
3.49; P = .002), higher lesion density
(6.1% vs 3.6%; P = .01), higher PSA
(7.85ng/mLvs5.65ng/mL; P = .047),
higher PSA density (0.258 ng/mL/cc
vs 0.136 ng/mL/cc; P = .008), and
increased duration between diag-
nostic and confirmatory biopsies
(846 d vs 540 d; P = .026). Cutoffs
for the nomogram were set at the
most optimal points based on
logistic regression, which included
PI-RADS 5, lesion density = 5%,
PSA density = 0.18 ng/mL/cc,

and duration between Dbiop-
sies = 446 days. This model dem-
onstrated a PPV, NPV, sensitivity,
and specificity of 57%, 93%, 80%,
and 81%, respectively, in predict-
ing upgrading on confirmatory
MRI/TRUS fusion biopsy. The
resultant AUROC for this nomo-
gram, designed to predict upgrad-
ing to GS = 3+4=7, was 84%.

Conclusions

Longitudinal data from multiple
institutions have demonstrated the
safety and effectiveness of AS in
patients with very low- and low-
risk prostate cancer. Published data
indicate that men with favorable-
risk cancer have a 36% to 50% like-
lihood of undergoing treatment in
the first 10 years after enrollment
in AS, and the 10-year cumula-
tive incidence of metastatic disease

which men with intermediate-
risk disease can potentially be
monitored safely on AS.
Meanwhile, there are substantial
limitations to our understanding of
mpMRI in the AS setting, as the
majority of data have been obtained
from retrospective experiences in
which mpMRI was not uniformly
applied. To better address this mov-
ing forward, the European School
of Oncology Task Force developed
a standardized protocol for report-
ing outcomes using mpMRI in AS,
entitled the Prostate Cancer
Radiological Estimation of Change
in Sequential Evaluation (PRECISE)
checklist.>®> Nonetheless, current
data suggest that mpMRI may be
most useful in ruling out the pres-
ence of occult higher-grade can-
cers, with an NPV ranging from
74% to 100%, depending on upgrad-
ing criteria. Although targeted

and prostate cancer death range
from 0.6% to 4% and 0.1% to 2%,
respectively. AS protocols vary
both within and between institu-
tions, and the long-term risks of
treatment, metastasis, and cancer
death appear to differ based on
the specific approach taken. This
is not to imply that a more or less
intensive approach to AS is supe-
rior, but rather that these estimates
can be used to counsel individual
patients and potentially identify
an approach to AS most consistent
with each patient’s preferences. As
currently available data have not
identified a particularly favorable
subset of men with GS = 3+4=7
disease, intermediate- and higher-
risk patients should be fully
informed of the potential risks asso-
ciated with AS. An important goal
moving forward is to better identify
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biopsies appear to improve the
detection of occult higher-grade
lesions, most studies indicate that a
sizable proportion of high-grade
cancers are detected by systematic
biopsy alone. Therefore, systematic
biopsy should continue to be per-
formed at the time of targeted
biopsy in most settings. With
greater understanding of the
strengths and applications of
mpMRY], there is hope that the need
for repeat biopsies during AS can
be reduced. [ ]
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