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Abstract

Background: The ability of serial magnetic resonance imaging (MRI) to capture pathologic
progression during active surveillance (AS) remains in question.

Objective: To determine whether changes in MRI are associated with pathologic progression for
patients on AS.

Design, setting, and participants: From July 2007 through January 2020, we identified all
patients evaluated for AS at our institution. Following confirmatory biopsy, a total of 391 patients
who underwent surveillance MRI and biopsy at least once were identified (median follow-up of
35.6 mo, interquartile range 19.7-60.6).

Outcome measurements and statistical analysis: All MRI intervals were scored using
the “Prostate Cancer Radiologic Estimation of Change in Sequential Evaluation” (PRECISE)
criteria, with PRECISE scores =4 considered a positive change in MRI. A generalized estimating
equation—based logistic regression analysis was conducted for all intervals with a PRECISE score
of <4 to determine the predictors of Gleason grade group (GG) progression despite stable MRI.

Results and limitations: A total of 621 MRI intervals were scored by PRECISE and validated
by biopsy. The negative predictive value of stable MRI (PRECISE score <4) was greatest for
detecting GG1 to = GG3 disease (0.94 [0.91-0.97]). If 2-yr surveillance biopsy were performed
exclusively for a positive change in MRI, 3.7% (4/109) of avoided biopsies would have resulted
in missed progression from GGL1 to = GG3 disease. Prostate-specific antigen (PSA) density (odds
ratio 1.95 [1.17-3.25], p=0.01) was a risk factor for progression from GG1 to >GG3 disease
despite stable MRI.

Conclusions: In patients with GG1 disease and stable MRI (PRECISE score <4) on
surveillance, grade progression to = GG3 disease is not common. In patients with grade
progression detected on biopsy despite stable MRI, elevated PSA density appeared to be a risk
factor for progression to = GG3 disease.

Patient summary: For patients with low-risk prostate cancer on active surveillance, the risk of
progressing to grade group 3 disease is low with a stable magnetic resonance image (MRI) after 2
yr. Having higher prostate-specific antigen density increases the risk of progression, despite having
a stable MRI.

Keywords

Active surveillance Fusion; biopsy Multiparametric; magnetic resonance; imaging Prostate
Cancer; Radiologic Estimation of; Change in Sequential; Evaluation Prostate cancer
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1 Introduction

As systematic biopsy alone has been shown to underdiagnose clinically significant

disease and overdiagnose indolent disease [1], multiparametric magnetic resonance imaging
(mpMRI) and MRI-targeted biopsies are used to improve the accuracy of the prostate cancer
diagnostic pathway [1,2]. While MRI-targeted biopsies have been shown to improve risk
stratification for patients electing active surveillance (AS) [3-5], the appropriate application
of mpMRI in surveillance protocols remains unknown. A recent study by Chesnut et al [6]
found that monitoring patients without MRI or clinical changes can avoid many surveillance
biopsies, but does so at the expense of missing a significant amount of disease progression.
This study, similar to others [7,8], sought to determine the ability of MRI to stratify

patients prior to biopsy; however, each study used their own definitions of MRI changes,
limiting the generalizability of their results. To address the inconsistencies of MRI reporting
among different institutions, the European School of Oncology released the “Prostate Cancer
Radiologic Estimation of Change in Sequential Evaluation” (PRECISE) criteria for reporting
mpMRI findings of patients on AS [9]. Since this scoring system was made available in
2017, there have been very limited reports to date on the application of the PRECISE criteria
to an AS cohort [10,11].

In this study, patients with multiple MRI examinations and combined MRI-targeted plus
systematic biopsies were identified, and changes in each MRI interval were scored according
to the PRECISE criteria. We aimed to determine whether changes in MRI (PRECISE score
>4) were associated with pathologic cancer progression in our AS cohort.

2. Patients and methods

2.1. Patient population

Patients were enrolled in a prospective clinical study with institutional review board
approval as part of an ongoing study on the use of electromagnetic tracking devices to locate
disease during multimodality-navigated procedures (NCT00102544). Enrollment occurred
between July 2007 and January 2020 with written informed consent. For our study, patients
with a diagnosis of grade group (GG) 1 or GG2 prostate cancer on our AS protocol were
identified. Patients were eligible for AS at our institution if diagnosed with GG1 disease
without any threshold for prostate-specific antigen (PSA). In addition, patients with GG2
disease were eligible if they did not elect for definite therapy and MRI had no aggressive
features on evaluation (ie, extraprostatic extension, seminal vesicle invasion, or invasion of
adjacent anatomic structures). Only patients who received follow-up biopsy and were on
surveillance for =1 yr were included in this study. Patients were excluded from AS analysis
if confirmatory biopsy revealed = GG3 disease, chose definitive treatment, or decided to
follow up with an outside urologist. Surveillance MRI and biopsy was encouraged at 1-2-yr
intervals based on clinical suspicion, PSA, changes in physical examination, or worsening
changes in prostate MRI. In total, 391 patients were included in this study, all of whom
were classified to have National Comprehensive Cancer Network very low risk, low risk, or
favorable intermediate risk [12].

Eur Urol Oncol. Author manuscript; available in PMC 2022 July 25.
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2.2. Imaging protocol

All patients initially underwent mpMRI of the prostate, including triplanar T2-weighted,
dynamic contrast-enhanced, and diffusion-weighted imaging sequences performed on a

3 T MRI scanner (Achieva; Philips Healthcare, Andover, MA, USA) with a 16-channel
cardiac surface coil (SENSE; Philips) positioned over the pelvis and an endorectal coil
(BPX-30; Medrad Inc., Pittsburgh, PA, USA; Supplementary Table 1) [13]. These diagnostic
mpMRI studies underwent blinded, centralized radiologic evaluation to identify lesions

if present and to prospectively assign in-house suspicion scores according to previously
described methods [14], as well as Prostate Imaging Reporting and Data System (PI-RADS)
classifications starting in 2015. One of two genitourinary radiologists with a minimum of 13
yr of experience interpreting prostate MRI performed an independent review of all mpMRI
findings in this series. All MRI intervals were retrospectively scored using the PRECISE
criteria as listed in Table 1 [9]. A positive change in MRI was defined as a 1 mm increase

in the greatest diameter of index lesion, an increase in overall number of lesions, an increase
in suspicion score or PI-RADS score of index lesion, and a change of index lesion to new
lesion with the same or a higher suspicion/PI-RADS score (Fig. 1).

2.3. Biopsy protocol

Prior to biopsy, magnetic resonance images were reviewed, segmented, and lesion locations
were recorded by a single experienced radiologist using a commercial biopsy software
(DynaCAD; Philips). Patients with lesions identified on MRI underwent a targeted biopsy
followed by a systematic biopsy. Using the UroNav MRI/ultrasound fusion device (Philips),
or research iterations of the same device predating the commercially available device, the
targeted biopsy was performed with the previously identified MRI lesions superimposed on
the real-time transrectal ultrasound (TRUS) images. All MRI-visible lesions were sampled
both in axial and in sagittal planes by an end-fire TRUS probe (Philips). The systematic
biopsy was typically 12 cores collected in an extended sextant template from the lateral

and medial aspects of the base, mid, and apical prostate on the left and right sides. More
biopsy cores were obtained as part of the systematic biopsy if any abnormality was noted
on ultrasound. All pathology specimens were reviewed by a single genitourinary pathologist
with decades of experience.

2.4. Statistical analysis

For MRI interval-based analysis, sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) with respect to pathologic progression were calculated
at a PRECISE score threshold of 24. Pathologic progression was defined as upgrading

in GG on biopsy. Statistical inference for these estimates was obtained by the bootstrap
resampling procedure with 2000 bootstrap samples drawn at the patient level. The 95%
confidence limits were the 2.5% and 97.5% percentiles of the bootstrap samples. Difference
in progression detection between PRECISE scores >4 and <4 was tested by a modified
chi-square test [15]. A generalized estimating equation (GEE) analysis with logic link and
exchangeable correlation was applied to MRI intervals with PRECISE score <4 to identify
predictors for progression. Robust variance estimates were used to calculate the standard
errors of the regression coefficients. Variables that were significant at the univariate analysis
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were considered for inclusion for the multivariable GEE analysis. Backward variable
selection based on the quasi-likelihood under the independence model criterion (QICu) was
used to select the best fitting multivariable model [16]. Effects of predictors on progression
were measured by odds ratios and average marginal effects [17]. Per-patient detection of
progression between PRECISE scores =4 and <4 was compared by Fisher’s exact test.
Two-sided p < 0.05 was considered statistically significant for all analyses. Holm’s adjusted
pvalues (paqj) were used for tests on per-interval and per-patient progression detection with
respect to the PRECISE score. All analyses were conducted using R 3.6.1 (R Foundation for
Statistical Computing, Vienna, Austria).

3. Results

A total of 391 patients met the inclusion criteria of having at least one surveillance MRI scan
with combined MRI-targeted plus systematic biopsy. At AS initiation, 73.4% of patients
(287/391) had a diagnosis of GG1 and 26.6% (104/391) a diagnosis of GG2 disease.
Complete baseline characteristics for included patients can be found in Table 2.

The median follow-up in our cohort was 35.6 mo (interquartile range [IQR] 19.7-60.6).

In total, 621 MRI intervals (time between consecutive surveillance MRI + biopsy) were
evaluated for change using the PRECISE criteria. The median time between surveillance
MRI intervals was 22 mo (IQR 13-31). The median time from MRI to surveillance biopsy
was 1 mo (IQR 0-3). The majority of MRI intervals (353/621, 56.8%) did not demonstrate a
change in MRI and were considered stable (PRECISE score <4; Table 1). Overall, 163/391
(41.7%) patients demonstrated pathologic progression during the time on surveillance.

On a per—-MRI interval analysis, progression was detected in 170/621 (27.3%) intervals.
Among the 170 intervals with biopsy-confirmed pathologic progression, 122 demonstrated
upgrading from GG1 to = GG2, 48 from GG2 to = GG3, and 40 from GG1 to = GG3. When
comparing progression rates based on GG, a positive change in MRI (PRECISE score =4)
was associated with progression compared with stable MRI (PRECISE score <4) for GG1
to > GG2 (37.9% vs 24.0%, pagj = 0.004), GG2 to > GG3 (32.3% vs 14.4%, pagj = 0.027),
and GG1 to = GG3 (15.4% Vs 5.8%, p,gj = 0.013). Overall, the NPV of MRI was highest
for GG1 to = GG3 progression (0.94 [CI 0.91-0.97]). The PPV, sensitivity, and specificity of
MRI to predict any level of progression is presented in Table 3.

On a per-patient analysis, 194/272 (71.3%) patients started with GG1 disease and 78/272
(28.7%) with GG2 who had a follow-up biopsy at 2 yr. In total, 28.4% (55/194) and 8.25%
(16/194) of patients starting with GG1 progressed to GG2 and = GG3 disease, respectively,
while 33.3% (26/78) of patients starting from GG2 progressed to = GG3. In total, 12/85
patients who had a detected change in MRI had GG1 to = GG3 disease progression on
biopsy, while 4/109 patients with stable MRI were found to have GG1 to = GG3 progression
(14.1% vs 3.67%, pagj = 0.047). A change in MRI was not associated with progression from
GG1 to > GG2 (36.5% vs 22.0%, paqj = 0.073) or from GG2 to > GG3 (44.7% vs 22.5%,
Pagj = 0.073). Table 4 summarizes the number of biopsies avoided if biopsy was performed
only for a positive change in MRI (PRECISE score 24).
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For intervals with stable MRI, we found the combined effect of change in PSA with PSA
density (PSAD) and the size of index lesion to be risk factors for progression from GG1

to = GG2 on logistic regression. For progression from GG1 to = GG3, PSAD was the only
risk factor for progression. These results are summarized in Table 5. A similar table with
marginal and incremental effects for these variables can be found in Supplementary Table 2.
No clinically significant risk factors were identified for detecting progression from GG2 to =
GG3.

4. Discussion

In this report, we investigated how changes in MRI, scored by PRECISE, were related

to pathologic progression during AS. While there have been studies evaluating the
interobserver reproducibility of PRECISE [18,19], there have been limited reports on the
efficacy of this scoring system despite its release in 2017 [9-11,20]. Our study not only
provides the largest AS cohort ever to be assessed with the PRECISE criteria, but also
provides a comprehensive analysis on the efficacy of MRI to capture pathologic progression.

Our unique per-interval study design enabled us to analyze MRI data from each patient’s
entire duration on AS and did not restrict us to a single time point. A PRECISE score of

4 represents a logical biopsy threshold as it not only has been used in previous studies

[20], but, by definition, also describes MRI intervals with evidence of progression (Table 1)
[9]. We found a stable MRI interval to have an overall NPV of 0.94 for progression from
GG1 to = GG3, suggesting that patients with stable surveillance MRI intervals (PRECISE
scores <4) have low rates of progression when biopsied. When we analyzed our cohort on a
per-patient basis at 2-yr follow-up, we were able to calculate the number of biopsies avoided
if performing biopsy only for a positive change in MRI (PRECISE score >4; Table 4). Of
the 109 avoided biopsies for patients with GG1 disease, only 3.7% (4/109) would have
resulted in a missed progression to = GG3 disease. This is a notable finding as urologists can
have greater confidence that stable MRI at 2-yr follow-up for patients with GG1 disease is
unlikely to result in upgrading to = GG3.

As more than one in five stable MRI intervals (21.0%, 74/353) resulted in GG upgrading,
we performed a logistic regression to identify clinical characteristics predictive of pathologic
progression in the setting of stable MRI (PRECISE score <4). Most notably, PSAD was an
important factor for progression from GG1 to both = GG2 and = GG3 disease (Table 5).

There is high-level evidence that supports the use of MRI for the selection of patients

for AS [21]. In the 2-yr follow-up data from the ASIST trial, Klotz et al [21] reported

that MRI and MRI-targeted biopsy at enrollment resulted in 50% reduction in AS failures
compared with systematic biopsy. However, evidence is still developing on the ability of
serial MRI examinations to capture pathologic progression and replace surveillance biopsy.
The results from our study are in line with other studies that support the ability of negative
MRI to rule out progression [7,10,22,23]. When specifically looking at 2-yr follow up, we
found the NPV of negative MRI to be very high for detecting progression from GG1 to =
GG3 (0.96). This finding is very similar to the results from a recent study by Osses et al
[20], which reported that only 4% (4/94) of patients with stable MRI (PRECISE score <4)

Eur Urol Oncol. Author manuscript; available in PMC 2022 July 25.
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progressed from GG1 to = GG3 at 1-yr follow-up biopsy. While these data are encouraging,
it is important to note that, in our study, avoiding biopsy for patients with stable MRI
would have resulted in missing 25% (4/16) of progressions from GG1 to = GG3 (Table

4). As this was a low-risk AS cohort, the overall prevalence of GG progression events in
our study was low, which inherently drives the high NPV of stable MRI (PRECISE score
<4). In addition, positive changes in MRI demonstrated moderate sensitivity for capturing
pathologic progression, especially for GG1 to = GG2 (0.53). A study by Chesnut et al

[6] found that omitting biopsy for patients with no MRI change would have resulted in
missing 53% of cancer progression from GG1 to = GG2. However, as recent studies have
shown that select patients with GG2 disease can safely be monitored on AS [24], we chose
to also investigate progression to = GG3 as an endpoint for our study. As the number of
progressions from GG1 to = GG3 missed by MRI cannot be ignored, other clinical factors
can be used in conjunction with stable MRI to rule of pathologic progression. There have
been several studies demonstrating that increased PSAD is more likely to result in the
detection of clinically significant disease [25,26]. The results from our logistic regression
support these findings and suggest that patients with elevated PSAD should have more
regularly scheduled surveillance biopsies, regardless of MRI findings on AS.

Our study has some limitations. All MRI images were reviewed by one of two genitourinary
radiologists in a dedicated MR facility with a minimum of 13 yr of experience in prostate
mpMRI interpretation. Our definition of a change in MRI included a 1 mm change in

tumor size, which may be an issue due to inter-reader variability in size measurements.

All combined biopsies were performed by a single urologic oncologist with decades of
experience in MRI-targeted biopsies. Thus, this single-institution study at an academic
medical center may not be generalizable to the community setting, as there is a well-
documented learning curve for both MRI-targeted biopsies and mpMRI interpretation [27].
While most patients received regular biopsies, some patients with negative MRI did not
receive biopsy, which could be a potential confounder in our study results. Lastly, our
definition of pathologic progression was strictly progression in GG without consideration of
the percentage of Gleason pattern 4. We acknowledge that this may limit the generalizability
of our results as many urologists use this to determine AS eligibility. While the results from
our study suggest that stable MRI (PRECISE score <4) can be used to rule out pathologic
progression, these findings need to be validated in a larger, multi-institutional cohort.

5. Conclusions

In this study, we report on the ability of changes in MRI, scored with PRECISE, to
capture pathologic progression. Patients with stable MRI (PRECISE scores <4) have a
low probability of detecting progression from GG1 to = GG3 on biopsy. Elevated PSAD
increases the risk of cancer progression despite stable MRI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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T2W ADC map pwi*® DCE
1B
PRECISE /
-
Score =3 2F ¢
PRECISE
Score =4
Fig. 1 -

Three sets of intervals demonstrating how the PRECISE criteria are applied based on
changing MRI features. Top row of each set (A-D) is at the beginning of the interval,
bottom row (E-H) is corresponding to same pulse sequences at the end of the interval.

(1) PI-RADS 3 lesion in right apical peripheral zone which was subsequently downgraded
to PI-RADS 2 on follow-up MRI, as lesion is no longer visible on ADC map (PRECISE
score = 2). PSA change (ng/mL): 5.23 — 9.00; PSAD change (ng/mL?2): 0.11 — 0.15;
MRI-targeted biopsy result: benign — benign. (2) PI-RADS 4 lesion in the left midbase

Eur Urol Oncol. Author manuscript; available in PMC 2022 July 25.
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peripheral zone remained stable on follow-up imaging (PRECISE score = 3). PSA change
(ng/mL): 8.46 — 8.42; PSAD change (ng/mL2): 0.08 — 0.07; MRI-targeted biopsy result:
benign — benign. (3) PI-RADS 4 lesion increased in size on T2W and became more
prominent on DWI on follow-up MRI (PRECISE score = 4). PSA change (ng/mL): 5.16
— 5.81; PSAD change (ng/mL2): 0.15 — 0.14; MRI-targeted biopsy result: not targeted
— GG1. ADC = apparent diffusion coefficient; DCE = dynamic contrast enhanced; DWI

= diffusion-weighted imaging; GG = Gleason grade group; MRI = magnetic resonance
imaging; PI-RADS = Prostate Imaging Reporting and Data System; PRECISE = Prostate
Cancer Radiologic Estimation of Change in Sequential Evaluation; PSA = prostate-specific
antigen; PSAD = prostate-specific antigen density; T2W = T2 weighted. @ = 1500s/mmZ.
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Table 2 —

Baseline clinical characteristics at the time of first mpMRI.

Clinical characteristics, median (IQR)

Age (yr)

PSA (ng/mL)

Prostate volume (mL)
PSAD (ng/mL?)

No. of lesions

Index lesion diameter (mm)
NIH suspicion score, N (%)
No lesion

Low

Low-moderate

Moderate

Moderate-high

High

NA

63 (58-68)

5.38 (3.95-7.87)
51 (38-72)

0.10 (0.07-0.14)
2 (1-3)

10 (7-14)

19 (4.9)
53 (13.5)
22 (5.6)
244 (62.4)
22 (5.6)
19 (4.9)
12 (3.1)

PI1-RADS classification, N/ (%)

ga A W N

NA

Gleason grade group, N (%)
1

2

9(2.3)
13(33)
25 (6.4)
74(18.9)
21(5.4)
249 (63.7)

287 (73.4)
104 (26.6)

Page 13

IQR = interquartile range; mpMRI = multiparametric magnetic resonance imaging; NA = not applicable; PI-RADS = Prostate Imaging Reporting
and Data System; PSA = prostate-specific antigen; PSAD = prostate-specific antigen density.

Eur Urol Oncol. Author manuscript; available in PMC 2022 July 25.
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