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Purpose: The underlying premise of prostate cancer active surveillance (AS) is that cancers
likely to metastasize will be recognized and eliminated before cancer-related disease can ensue.
Our study was designed to determine the prostate cancer upgrading rate when biopsy guided by
magnetic resonance imaging (MRGBX) is used before entry and during AS.

Materials and Methods: The cohort included 519 men with low- or intermediate-risk prostate
cancer who enrolled in prospective studies (NCT00949819 and NCT00102544) between February
2008 and February 2020. Subjects were preliminarily diagnosed with Gleason Grade Group (GG)
1 cancer; AS began when subsequent MRGBXx confirmed GG1 or GG2. Participants underwent
confirmatory MRGBX (targeted and systematic) followed by surveillance MRGBXx approximately
every 12 to 24 months. The primary outcome was tumor upgrading to >GG3.

Results: Upgrading to >GG3 was found in 92 men after a median followup of 4.8 years (IQR
3.1-6.5) after confirmatory MRGBX. Upgrade-free probability after 5 years was 0.85 (95% CI
0.81-0.88). Cancer detected in a magnetic resonance imaging lesion at confirmatory MRGBX
increased risk of subsequent upgrading during AS (HR 2.8; 95% CI 1.3-6.0), as did presence

of GG2 (HR 2.9; 95% CI 1.1e8.2) In men who upgraded =GG3 during AS, upgrading was
detected by targeted cores only in 27%, systematic cores only in 25% and both in 47%. In 63 men
undergoing prostatectomy, upgrading from MRGBx was found in only 5 (8%).

Conclusions: When AS begins and follows with MRGBX (targeted and systematic), upgrading
rate (=GG3) is greater when tumor is initially present within a magnetic resonance imaging lesion
or when pathology is GG2 than when these features are absent.

Abstract

Study Need and Importance: Active surveillance (AS) has become a preferred strategy for
managing men with low-risk prostate cancer (PCa). Improved entry and followup criteria could
help eliminate men up front who are destined to require active treatment and, during surveillance,
identify those remaining men who progress. In most AS programs, men have entered based on an
ultrasoundguided biopsy (USGBX) revealing Grade Group (GG) 1 PCa. However, in part because
of the limitations of USGBx many men thus biopsied will ultimately exhibit PCa of increased
risk and require active treatment. Biopsies employing guidance by magnetic resonance imaging
(MRGBX) provide characterization of prostate pathology which is more accurate than USGBX.
Thus, use of MRGBX is of increasing interest for men before entry and during AS.

What We Found: We studied a cohort of 519 men on AS with low- or intermediate-risk

PCa who enrolled in prospective studies between February 2008 and February 2020. All men
underwent confirmatory MRGBX (targeted and systematic), followed by surveillance MRGBx
approximately every 24 months. We found that cancer detected in a magnetic resonance imaging
(MRI)-visible lesion at confirmatory MRGBX increased risk of subsequent upgrading during AS,
as did presence of GG2 (see figure). In men undergoing prostatectomy after AS, upgrading from
the most recent MRGBx was found in only 8%.

Limitations: Limitations include lack of a comparator arm of men confirmed and followed with
USGBX, and the results are from 2 centers with in-depth experience with MRGBX, potentially
limiting generalizability.
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Interpretation for Patient Care: When AS begins and follows with MRGBX (targeted and
systematic), upgrading rate (=GG3) is greater when tumor is initially present within an MRI-
visible lesion or when pathology is GG2 than when these features are absent.

Graphical Abstract
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Figure. Probability of freedom from upgrading to >GG3 during AS of PCa after an MRI-guided
confirmatory biopsy that showed no cancer (blue), GG1 (red) or GG2 (green).
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Active surveillance (AS) has become the preferred strategy for managing men with low-
risk prostate cancer (PCa).12 The proportion of men with low-risk PCa managed by AS
increased from 15% in 2010 to 42% in 2015.3 When patients are selected and followed
carefully, nearly all will avoid PCa-related disease in the near and intermediate term.*> In
one study of 1,818 men with low-risk PCa who were followed in AS for many years, only 4
men died from PCa.6 However, the rate of definitive treatment in these men was 48% at 10
years.

Improved entry and followup criteria could help eliminate men up front who are destined
to require active treatment and, during surveillance, identify those remaining men who
progress. In most AS programs, men have entered on the basis of an ultrasound-guided
biopsy (USGBX) revealing a cancer with Gleason Score of 6 (Gleason grade group [GG]
1), ie low risk, with periodic biopsies to confirm that low risk is maintained. However,
because of the limitations of USGBx, many men thus biopsied will ultimately exhibit PCa
of increased risk and require active treatment.6.” Biopsies employing guidance by magnetic
resonance imaging (MRGBX) provide characterization of prostate pathology which is more
accurate than USGBx.8-10 Thus, use of MRGBX is of increasing interest for use in men
before entry and during AS.11-15

J Urol. Author manuscript; available in PMC 2023 September 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kinnaird et al.

METHODS

Page 4

The 2 centers reporting here initiated AS programs at approximately the same period when
their work with MRGBXx began.816 During that interval, prospectively acquired databases
structured around MRGBXx have been maintained at each site. In contrast to other studies, all
patients in this large, combined series began AS with a confirmatory MRGBYX; all patients
had MRGBX at scheduled intervals per protocol during years of AS; at each biopsy session
both targeted and systematic biopsies were obtained; and followup is among the longest yet
reported using serial MRGBX to detect upgrading.

Study Design

Patients

This cohort study used prospectively collected data from 2 institutions (University of
California, Los Angeles [UCLA; NCT00949819] and National Cancer Institute [NCI;
NCT00102544]) between February 2008 and February 2020. Both studies were approved
by the respective institutional review boards to evaluate the use of image fusion devices
for targeted biopsies (IRB No. 11-002281). The electromagnetic tracking device used

at NCI is now commercially available as the UroNav® platform (Philips Healthcare,
Eindhoven, Noord-Brabant, Netherlands) and the mechanical tracking image-fusion device
used at UCLA is commercially available as the Artemis platform (Eigen, Grass Valley,
California). Investigator experience with the MRI-ultrasound fusion systems has been
described previously.17:18

All patients in this study had an initial diagnostic biopsy of GG1 PCa, obtained by

various methods in community settings. Within 12 months of initial diagnostic biopsy
subjects underwent confirmatory MRGBX. Patients were included in the analytical cohort if
confirmatory biopsy revealed <GG2 cancer and at least 1 followup surveillance biopsy was
obtained. Patients were excluded if they received immediate PCa treatment, were followed
up elsewhere, withdrew consent or died from a cause unrelated to PCa. A flow diagram of
participants is shown in figure 1.

Imaging and Biopsy Methods

All patients underwent 3.0 Tesla multiparametric magnetic resonance imaging (MRI) as
previously described.8:15

All biopsies were performed using MRI-ultrasound fusion technology (Artemis at UCLA
and UroNav or a pre-UroNav prototype at NCI). Each biopsy procedure combined
conventional 12-core systematic sampling in addition to targeted biopsy directed to MRI
visible lesions (at least 2 cores per Prostate Imaging—Reporting and Data System [PI-
RADS®] 3-5 lesion).1? Targeted and systematic cores were obtained at each biopsy session
per the protocol of each institution. MRI and pathology interpretations were performed by
expert genitourinary radiologists and pathologists. Prior to the adoption of the PI-RADS
scoring system, Likert scoring systems were used.20:21
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After confirmatory biopsy, patients were monitored with digital rectal examination and
prostate specific antigen (PSA) testing approximately every 12 to 24 months. Patients also
underwent multiparametric MRI and MRI-guided surveillance biopsies approximately every
12 to 24 months.

The main outcome of interest was pathological upgrading of PCa to >GG3, a point at
which AS is generally considered inappropriate. The secondary outcome was pathological
upgrading to =GG2. Whole mount pathology was used to determine the pathological GG in
men undergoing radical prostatectomy after AS.

Statistical Analyses

RESULTS

We conducted survival analyses for upgrading to >GG3 as well as >GG2 and present
upgrade-free probabilities and Kaplan-Meier curves. Log-rank test was used to test strata.
We calculated upgrade-free probabilities and 95% Wald confidence intervals in SAS® (SAS,
Cary, North Carolina). Continuous variables that were not normally distributed were tested
between groups using the Wilcoxon rank-sum or median test as appropriate. We conducted
Cox proportional hazard regression to calculate the hazard ratios of upgrading, controlling
for patient, biopsy and MRI characteristics from the confirmatory biopsy. We a priori chose
the following variables to include in the regression: age, ethnicity (nonHispanic White vs
African American vs Asian vs other/unknown), family history of PCa, PSA, PSA density
(=0.15 vs <0.15 ng/ml/cc), maximum cancer core length, number of positive systematic
cores (0 vs 1 vs =2), number of positive targeted cores (0 vs 1 vs =2) and GG.

Characteristics of Patients

Patient characteristics at time of MRI-guided confirmatory biopsy are shown in table 1.
From February 2008 to January 2019, a total of 519 patients (UCLA, 330; National
Institutes of Health [NIH], 189) met inclusion criteria, signed consent forms and were
enrolled in the study.

MRI-Guided Confirmatory Biopsy

Of the 519 men enrolled, confirmatory biopsy revealed PCa <GG2 in 444 and GG2 in

75 (fig. 1). A median of 5 (IQR 4-6) targeted cores were obtained from subjects with
MRI-visible lesions (362) and a median of 12 (IQR 12-13) systematic cores were taken
from all men (table 1). Targeted and systematic cores were both required to detect highest
GG (supplementary table 2, https://www.jurology.com).

Followup During Surveillance

Followup data were available for outcomes through February 2020. The median followup
period was 4.8 years (IQR 3.1-6.5) after MRI-guided confirmatory biopsy (table 2). Patients
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underwent a median of 1 (range 0-6) followup surveillance MRI study and a median of 2
(range 0-5) followup surveillance biopsy sessions within 5 years after confirmatory biopsy.

Risk of Upgrading to 2GG3

Upgrading to =GG3 occurred in 92 men (table 2). The median followup time for men who
did not upgrade GG3 was 5.1 years (IQR 3.5-6.7). Upgrade-free probability at 2, 5 and 7
years after confirmatory biopsy were 0.95 (95% CI 0.93-0.96), 0.85 (95% CI 0.81-0.88) and
0.77 (95% CI 0.72-0.82), respectively (fig. 2, upper panel). The upgrade-free probability

at 5 years for men who had cancer detected in targeted cores or combined biopsy was

0.75 (95% CI 0.59-0.86) and 0.69 (95% CI 0.56-0.79), respectively (fig. 2, middle panel).
For men with cancer detected on systematic cores only, or when no cancer was detected,

the upgrade-free probability at 5 years was 0.89 (95% CI 0.79-0.94) and 0.93 (95% ClI
0.87-0.97), respectively.

At confirmatory MRGBX cancer found in targeted but not systematic cores was associated
with tumor upgrading to =GG3 during AS (table 3). If tumor was identified in 1 targeted
core (HR 2.75; 95% CI 1.25-6.03) or more than 1 targeted core (HR 3.38; 95% ClI
1.65-6.91), men were more likely to upgrade during AS than if all targeted cores were
cancer-free. Presence of cancer in systematic cores was not independently associated with
tumor upgrading. Family history of PCa (HR 1.58; 95% CI 1.02-2.44) and GG2 identified at
any confirmatory biopsy (HR 2.93; 95% CI 1.05-8.19) were independently associated with
upgrading to >GG3. At followup surveillance biopsies upgrading to >GG3 was detected by
only targeted cores in 27%, only systematic cores in 25% and both in 47% (table 2).

Risk of Upgrading to >GG2

Upgrading to =GG2 occurred in 164 men. The median followup time for men who did

not upgrade >GG2 was 4.7 years (IQR 3.3-6.3). Upgrade-free probability at 2, 5 and 7
years after confirmatory biopsy was 0.83 (95% CI 0.80-0.87), 0.62 (95% CI 0.56-0.67) and
0.55 (95% CI 0.49-0.61), respectively (see supplementary figure, https://www.jurology.com,
upper panel).

At confirmatory MRGBXx cancer found in targeted but not systematic cores was

associated with tumor upgrading to =2GG2 during AS (supplementary table 1, https://
www.jurology.com). If tumor was identified in 1 targeted core (HR 2.07; 95% CI 1.17-3.65)
or more than 1 targeted core (HR 1.90; 95% CI 1.10-3.29), men were more likely to upgrade
during AS than if all targeted cores were cancer-free. Presence of cancer in systematic cores
was not independently associated with tumor upgrading.

Radical Prostatectomy after AS

Of the 519 men entering AS after confirmatory MRGBX, 116 subsequently underwent
active treatment. Sixty-seven men underwent radical prostatectomy a median interval of 30.5
months (IQR 17.9, 51.6) after confirmatory MRGBXx. Study of excised prostates via whole
mount pathology was available in 63 men (94%; table 4). In 58 men (92%), final GG was
the same or lower than that found at the preceding MRGBX. Upgrading at surgery (=GG3)
was not associated with duration of AS (p=0.17). The time to surgery was not related to
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Grade Group (GG1 or GG2) at confirmatory MRGBX (p=0.11). At final pathology, 11 men
(15%) had GG4-5 cancer and 2 (3%) had positive lymph nodes.

DISCUSSION

The present work supports and expands that of other AS investigators.1:6:11-14 First,

AS proved to be generally safe and effective throughout years of followup. The 5-year
upgrading-free probability (=GG3) was 85%. Second, the value of confirmatory MRGBX

as a starting point for AS is established, since some 10% of men who were thought to be
candidates for AS on the basis of conventional USGBx were found on MRGBX to have

PCa >GG3. Third, tumor detected within an MRI lesion deserves special attention during
AS, since the chances of tumor upgrading were increased threefold over others. Fourth, the
role of both targeted and systematic biopsies during surveillance is reinforced, since 25% of
>GG3 cancers seen during followup were diagnosed only by systematic biopsy. Fifth, with
only an 8% upgrading rate at prostatectomy, MRGBX reliably characterizes the tumor. And
sixth, we confirm the need for vigilance when GG2 lesions are surveilled because of a nearly
threefold increase in upgrade rate compared to men entering with GG1.

The primary outcome was upgrading to =GG3. Men with GG1 or GG2 tumors are
considered eligible for AS, but the presence of GG3 excludes AS from consideration.215
Men with >GG3 disease have significantly greater rates of biochemical recurrence and
overall mortality compared to men with <GG2.22.23 Thus, MRGBx was used here to
exclude men with >GG3 at the start of AS and to discontinue AS when >GG3 was found
during surveillance. Since accurate characterization of prostate pathology is critical for men
undergoing AS, and since MRGBX is more sensitive for cancer detection than USGBx,?
these data support the use of MRGBX for selection and followup of men undergoing AS.

The date of confirmatory biopsy was used as the start of AS, differentiating the present study
from others which have used initial diagnostic biopsy (any method) as the starting point.
When entry biopsies are performed via ultrasound guidance alone, later upgrading during
AS may be as high as 30%.5 In the present study only 18% of men with GG1 pathology

at confirmatory MRGBX experienced upgrading to =GG3 lesions. The results of the present
study support the importance of MRGBX to confirm findings of conventional biopsy before
entry into AS, and further suggest that such a confirmatory biopsy may be the appropriate
starting point for AS.

A cancer-containing targeted core from an MRI lesion at confirmatory biopsy (GG1 or GG2)
nearly tripled the risk of tumor upgrading compared to finding no tumor or tumor only in

a systematic core. The overall risk of tumor upgrading to >GG3 after 7 years of AS was
~40% if cancer was found in a targeted core compared to only ~10% if cancer was found in
a systematic core or no cancer was identified (fig. 2).

For men in AS, systematic biopsies provide important information beyond that obtained
from targeted biopsy, as suggested by Klotz and colleagues and confirmed herein.2 In the
present report, systematic cores detected upgrading missed by targeted biopsy in 25% of
men. Tumor present outside MRI lesions may be the result of misregistration on fusion
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biopsy, segmentation error, operator or technical inaccuracies, MRI failing to identify cancer
or any combination thereof.25 Further, combination of targeted and systematic cores most
accurately predicted final tumor grade found at radical prostatectomy.8 In the present cohort,
63 men underwent radical prostatectomy (and had available whole mount slides for analysis)
after elimination from AS; the upgrading rate in this group from prior MRGBX to final
pathology was only 8% (vs 56% by systematic cores only, supplementary table 3, https://
www.jurology.com) compared to historical rates of 20%-30% seen with USGBx.26

While an adverse MRI change during AS (increased PI-RADS or PRECISE scoring) has
been associated with tumor upgrading,2” omission of surveillance biopsy based on a stable
MRI may leave high-grade tumors undetected. In previous work, AS by serial MRI alone
(without biopsy) failed to detect 17%-22% of tumor upgrades.11.13 These data are in
keeping with the present study in which 14% of men with negative MRIs upgraded during
AS. These findings may be due to the failure of MRI to visualize clinically significant
cancers in as many as 15%—-25% of cases.28-30 The possibility of a falsely negative MRI
adds to the importance of combining systematic and targeted biopsy.

The present study, because it included men with GG2, adds information about upgrading for
men entering AS with intermediate-risk pathology. Here the finding of GG2 at confirmatory
biopsy was independently associated with increased risk of upgrading to 2GG3. Thus is
confirmed an earlier report showing that men with GG2 upgrade to =GG3 more often

than men with GG1 by severalfold.1> Others have reported increased PCa progression and
even metastasis during AS in men with GG2 initially diagnosed by USGBx.1# These data
indicate that even with the accuracy of MRGBYX, increased vigilance during surveillance of
men with GG2 is warranted.

Since results were similar at the 2 sites despite use of different biopsy platforms, the
findings appear to be unrelated to type of fusion device employed and may apply to other
MRI-targeted methods, as well.

Limitations of this study include lack of a comparator arm of men confirmed and followed
with USGBx. Relatively few men with GG2 were included (75); 80% of subjects were
Caucasian. No attempt was made to stratify GG2 tumors, (eg percent pattern 4). Genomics
were not studied. Men were able to choose definitive treatment at any time. And because the
2 centers have longstanding, in-depth experience with MRGBYX, the results may not yet be
generalizable. Despite the limitations, the prospective data herein provide evidence that for
men in AS MRGBX can provide a degree of accuracy about prostate pathology that has not
been available with USGBXx.

CONCLUSIONS

When AS begins and follows with MRGBX (targeted and systematic), upgrading rate
(=GG3) is greater when tumor is initially present within an MRI lesion or when pathology is
GG2 than when these features are absent.
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Abbreviations and Acronyms

AS active surveillance

GG Gleason grade group

MRGBx magnetic resonance imaging-guided biopsy

MRI magnetic resonance imaging

NCI National Cancer Institute

NIH National Institutes of Health

PCa prostate cancer

PI-RADS® Prostate Imaging eReporting and Data System

PSA prostate specific antigen

UCLA University of California, Los Angeles

USGBx ultrasound-guided biopsy
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[ 1146 Patients with diagnostic biopsy finding of GG1 disease ]

—> [ 144 Excluded (no confirmatory biopsy) ]

v

[ 1002 Patients with confirmatory MRI-guided biopsy ]

— [ 101 Excluded (upgraded to 2GG3 disease) ]

v

[ 901 Patients with confirmatory biopsy finding <GG2 disease ]

381 Excluded:

166 Awaiting follow-up biopsy

104 Received immediate treatment
— 102 Follow-up elsewhere
5 Withdrew consent
4 Deaths unrelated to prostate cancer
1 Missing data

v

[ 519 Patients with > 1 follow-up surveillance MRI-guided biopsy ]

(n=444 GG1, 75 GG2)

Figure 1.
Flow diagram of participants.
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Probability of upgrading-free survival to =>GG3 during AS of PCa after an MRI-guided
confirmatory biopsy. Upper panel, overall probability of upgrading-free survival. Middle

panel, probability

of upgrading-free survival stratified by cancer-containing core type at

confirmatory biopsy (b/ack, negative systematic and negative targeted cores; b/ue, positive
systematic and negative targeted cores; yellow, negative systematic and positive targeted
cores; green, positive systematic and positive targeted cores). Lower panel, probability of
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upgrading-free survival stratified by GG at confirmatory biopsy (b/ue, no cancer; red, GG1;
green, GG2). Sys, systematic biopsy.
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Table 3.
Risk factors of upgrading to =GG3 after MRI-guided confirmatory biopsy in 506 cases

HR (95% CI)

Family history of PCa 1.58 (1.02-2.44)
No. pos systematic cores (reference, 0):
1 0.95 (0.45-2.00)
>2 1.27 (0.65-2.50)

No. pos targeted cores (reference, 0):

Neg MRI (no targeted cores)  1.46 (0.79-2.70)

1 2.75 (1.25-6.03)

22 3.38 (1.65-6.91)
GG (reference, no cancer):

1 1.40 (0.57-3.44)

2 2.93 (1.05-8.19)

Values in bold are statistically significant.
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Table 4.

Radical prostatectomy outcomes after MRI-guided confirmatory biopsy

Total

Total No. pts
No. final pathology after prostatectomy (%):
No Ca
GG1
GG2
GG3
GG4
GG5
No. change in final pathology from most recent MRI-guided biopsy (%):
Upgrade
Downgrade
No change
Median mos time to surgery after
a confirmatory biopsy that diagnosed (IQR) *
Any GG
No Ca
GG1
GG2

Median mos time to surgery for final pathology (IQR)*:
<GG3
2GG3

No. pathological pos lymph nodes at surgery (%) *

63

12
3(5)
41 (65)
7(11)
8 (13)
3(5)

5(8)
23 (37)
35 (56)

305 (17.9, 51.6)
42.9(22.6, 65.0)
33.0 (19.1, 54.6)
22.6 (16.0, 30.8)

28.2 (16.6, 49.4)
35.4 (30.0, 54.8)

203

*
Of 61 patients.
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