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REVIEW

Magnetic resonance imaging on disease reclassification among

active surveillance candidates with low-risk prostate cancer:
a diagnostic meta-analysis

R Guo', L Cai', Y Fan, J Jin, L Zhou and K Zhang

BACKGROUND: Active surveillance (AS) is an increasingly important attempt to avoid overtreatment of patients who harbor
clinically insignificant disease while offering curative treatment to those in whom disease is reclassified as higher risk after an
observation period and repeat biopsy. We aim to evaluate the diagnostic performance of magnetic resonance imaging (MRI) in
predicting upgrading on confirmatory biopsy in men with low-risk prostate cancer (PCa) on AS.

METHODS: We searched the PubMed for pertinent studies up to November 2014. We used standard methods recommended for
meta-analyses of diagnostic test evaluations. The analysis was based on a summary receiver operating characteristic (SROC) curve.
Meta-regression analysis was used to assess the effects of some confounding factors on the results of the meta-analysis. The
potential presence of publication bias was tested using the Deeks’ funnel plots.

RESULTS: Seven studies provided the diagnostic data on MRI and AS of PCa, comprising 1028 patients. The pooled estimates of MRI
on disease reclassification among AS candidates were as follows: sensitivity, 0.69 (95% confidence interval (Cl), 0.44-0.86);
specificity, 0.78 (95% Cl, 0.53-0.91); positive likelihood ratio, 3.1 (95% Cl, 1.6-6.0); negative likelihood ratio, 0.40 (95% Cl, 0.23-0.70);
and diagnostic odds ratio, 8 (95% Cl, 4-16). The P-value for heterogeneity was < 0.001. We found that the SROC curve is positioned
toward the desirable upper left corner of the curve, and the area under the curve was 0.79 (95% Cl, 0.76-0.83). For a pretest
probability of 0.20, the corresponding positive predictive value (PPV) was 0.44 and the negative predictive value (NPV) was 0.91.
MRI may reveal an unrecognized significant lesion in 33.27% of patients, and biopsy of these areas reclassified 14.59% of cases as
no longer fulfilling the criteria for AS. In addition, when no suspicious disease progression (66.34%) was identified on MRI, the
chance of reclassification on repeat biopsy was extremely low at 6.13%.

CONCLUSIONS: MRI, especially multiparametric (MP)-MRI, has a moderate diagnostic accuracy as a significant predictor of
disease reclassification among AS candidates. The high NPV and specificity for the prediction of biopsy reclassification upon clinical
follow-up suggest that negative prostate MRI findings may support a patient remaining under AS. Although the PPV and sensitivity
for the prediction were relatively low, the presence of a suspicious lesion > 10 mm lesion may suggest an increased risk for disease

progression.

Prostate Cancer and Prostatic Disease (2015) 18, 221-228; doi:10.1038/pcan.2015.20; published online 19 May 2015

INTRODUCTION
The incidence and prevalence of prostate cancer (PCa) have both
increased significantly over the past two decades, and PCa has
surpassed lung cancer as the most common cancer in men. It is
generally accepted that these changes resulted from PSA screening.
At the same time, PCa-specific mortality has decreased, which is
related to early detection and treatment. Nevertheless, treatment of
low-risk PCa results in unnecessary side effects, which impair the
quality of life of patients and their families, and healthcare
expenses. Active surveillance (AS) is an increasingly important
attempt to avoid overtreatment of patients who harbor clinically
insignificant disease while offering curative treatment to those in
whom disease is reclassified as higher risk after an observation
period and repeat biopsy.>™®

Up to 35% of patients in AS will experience biopsy reclassifica-
tion at a median follow-up of 2.9 years.”™ Unfortunately,

noninvasive methods of cancer surveillance, including PSA
doubling time (area under the curve (AUC) 0.59) and PSA velocity
(AUC 0.61), are not associated with prostate biopsy reclassification,
and annual prostate biopsy is currently recommended by some
for monitoring men undergoing AS.° Nevertheless, serial prostate
biopsies are associated with potentially serious infectious and
quality-of-life sequelae.’®"" Improved patient selection and less
invasive methods of cancer surveillance are needed to improve
the safety of AS in the management of low-risk PCa.

Magnetic resonance imaging (MRI) can provide additional high-
resolution information on tissue properties, such as diffusion and
enhancement. MRI enables soft tissue contrast and characteriza-
tion, and advanced computational methods are available to assess
function. Thus, MRI alone or combined with clinical parameters
may be useful in the prediction of insignificant PCa, particularly
in the context of clinically nonpalpable tumors.'>™'* Previously,
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studies have shown that MRI may be a promising imaging
technique in identifying men entering AS and monitoring these
men in the AS cohort. This study is a diagnostic meta-analysis that
aims to summarize the diagnostic performance of MRI on PCa
reclassification among AS candidates.

MATERIALS AND METHODS
Selection of studies

All authors participated in the selection of eligible studies for
inclusion. We reviewed PubMed for citations published before
November 2014, describing MRI used in AS for PCa. The search
strategy included the terms prostate neoplasms (MeSH) or PCa,
watchful waiting (MeSH) or AS or expectant management,
reclassification or histologic progression, and MRI. Article titles and
abstracts were reviewed independently for eligibility by two authors,
and discrepancies were resolved by consensus. Studies were
included if they met all the following criteria: (1) the study
population consisted of PCa patients for AS; (2) the study assessed
diagnostic performance of MRI for histologic progression; (3) cc
analysis was used as the reference standard test; and (4) if at least
one pair of the absolute numbers of true-positive results and false-
negative results or true-negative results and false-positive results
were available or could be derived adequately. To include true-
positive results, false-positive results, true-negative results and false-
negative results in a meta-analysis, all four should be available.
Studies were excluded if they met one of the following criteria: (1)
the article was a review or meta-analysis and (2) (potentially) over-
lapping study populations were reported for the same outcome.

Data extraction

Two reviewers independently screened all titles identified in the
database searches. The full text of all articles included by either
reviewer on the basis of the abstract was obtained. To determine
eligibility for inclusion, one author reviewed all full-text articles. A
second author repeated this assessment independently for a
random selection of 10% of full-text articles, and there was
complete agreement regarding the excluded articles. Two reviewers
independently extracted data from all of the included studies. One
author extracted all data from all studies, and the other author
independently re-extracted data from all of the included studies
between them. Discrepancies were resolved by consensus. Full-text
copies of potentially relevant studies were obtained and their
eligibility for inclusion was independently assessed. Studies that do
not fulfill all of the inclusion criteria were excluded.

Quality assessment

We used the revised Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2) checklist to assess the study quality in terms
of the risk of bias and the applicability of included studies.'*'®
Each study was independently assessed by two reviewers. Any
discrepancies were resolved by discussion or, if agreement could
not be reached, by arbitration by a third reviewer.

Data analysis and synthesis

We used standard methods recommended for meta-analyses of
diagnostic test evaluations. The following measures of test
accuracy were computed for each study: sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio (NLR),
diagnostic odds ratio (DOR), and their 95% confidence interval (Cl).
The advantage of DOR is its independence from disease
prevalence and the approximately normal distribution of the
natural logarithm of DOR.'” As a general rule, diagnostic tests with
a DOR > 25 are considered moderately accurate, and tests with a
DOR > 100 are considered highly accurate.'®"®
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If the 2x2 data were not available, attempts were made to
derive them from reported summary statistics, such as the
sensitivity, specificity and/or likelihood ratios.

Preliminary exploratory analyses were conducted for each test
by plotting estimates of the sensitivity and specificity from each
study on forest plots and in the receiver operating characteristic
(ROQ) space. The AUC, the corresponding 95% Cl and the P-value
were calculated.

The sensitivity and specificity for the single test threshold was
used to plot a summary receiver operating characteristic (SROC)
curve®

We adopted the following overall approach for the evaluation
of heterogeneity in the results expected between studies
of diagnostic tests. We assessed the heterogeneity using forest
plots and then statistically tested for significance using the
Chi-squared test and the /° statistic (/*>50% indicates significant
heterogeneity).?' Consequently, we calculated pooled estimates
using bivariate mixed-effects binary regression modeling, which
provides more conservative estimates than fixed-effects modeling
when heterogeneity was present.?> Spearman’s correlation
analysis was used to check the threshold effect, which is conduc-
tive to heterogeneity. In addition, meta-regression was analyzed
to identify possible sources of heterogeneity. Subgroup analyses
and sensitivity analysis were also performed if necessary.

Publication bias is considered as a concern for meta-analyses of
diagnostic studies. In our study, publication bias was assessed by
the regression of the natural logarithm of DOR against the square
root of the effective sample size; P < 0.05 for the slope coefficient
is suggestive of significant publication bias.?*> The MIDAS module
of STATA commands was used for the meta-analysis of the
diagnostic data.>*?> STATA version 12 (StataCorp, College Station,
TX, USA) and Meta-DiSc software (version 1.4; Xl Cochrane
Colloquium, Barcelona, Spain) were used for data analysis.
Significance level was set to 0.05.

RESULTS

A total of 47 articles from PubMed were initially retrieved. The last
update was on November 2014 (Figure 1). After reading the title
and the abstract, 12 articles were found to be suitable for further
evaluation. Of the 12 articles reviewed in detail, 5 were excluded
(2 were reviews, 2 presented nonextractable data and 1 focused
on expanding AS criteria), leaving 7 studies to be included in the
final analysis (Table 1).26732

Study characteristics and quality assessment

After reading the full text, seven selected articles included 1028
patients. The samples were ranged from 50 to 388 patients. All of
the seven included essays reported the mean age, which ranged

Literature search, November 2014:
potentially relevant articles identified and
screened for retrieval: n=47

Exclusion based on title
and/or abstract:
n=35

Articles to be included in the meta-analysis:
n=12

Full-text articles excluded,
with reasons:
n=3

Studies included in the meta-analysis:
n=7

Figure 1. Flowchart of study selection.
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Abbreviations: AS, active surveillance; ADC, apparent diffusion coefficient; DCE, dynamic contrast enhanced; DW, diffusion-weighted; MP, multiparametric; MRI, magnetic resonance imaging; MRSI, magnetic

resonance spectroscopic imaging; NA, not applicable; T2W, T2-weighted.
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A subgroup analysis was carried out using the following
criteria—(1) AS candidates were divided into two groups
according to AS protocols: three studies included very low-risk
PCa patients and four studies included low-risk PCa; (2) studies
included were divided into two groups according to year: three
studies before 2012 or in 2012 and four studies after 2012; (3)
patients were divided into two groups according to country: five
studies from the USA and two studies outside the USA; (4) studies
included were divided into two groups according to MRI
technique: four in multiparametric (MP)-MRI group and three in
non MP-MRI group, and six in the group with ERCs and one in the
group without ERCs; (5) studies included were divided into two
groups according to biopsy strategy: four studies with targeted
biopsy and three studies without targeted biopsy. Only in studies
with targeted biopsy and those without targeted biopsy there was
significant difference in the sensitivity (0.80 vs 0.31, P < 0.01) and
specificity (0.63 vs 0.95, P=0.02).

Publication bias

The Deeks’ funnel plots for publication bias?® also showed no
asymmetry (Figure 6). The evaluation of publication bias showed
that the bias coefficient was — 11.66 and that it was not significant
(P=0.30). There was no evidence that publication bias existed.
However, because of the limited number of the articles,
concluding whether the publication bias existed in this meta-
analysis is difficult.

Clinical utility of index test

From the Fagan’s nomogram, we found that when 20% was
selected as the pretest probability the post-test probability would
raise to 43% with a PLR of 3.1, and the probability would decrease
to 9%, whereas the NLR was 0.40.

DISCUSSION

We have performed a meta-analysis of diagnostic accuracy of
MRI on disease reclassification among AS candidates. Although
meta-analysis is not yet a widely approved method to summarize
evidence from diagnostic studies, we believe that pooling the
diagnostic accuracy from eligible studies provides valuable
information for urologists and researchers until larger studies are
available.

We presented the PLR, NLR and DOR as our measures of
diagnostic accuracy. PLR>10 or NLR<O0.1 indicated high
accuracy. DOR>25 was considered moderately accurate, and
DOR>100 was considered highly accurate. A PLR value of 3.1
suggests that AS candidates with MRI suspicious disease progres-
sion have an approximately 3.1-fold higher chance of being MRI
negative. In addition, the NLR was found to be 0.4; therefore, if the
MRI result was negative, the probability that this AS candidate has
disease progression that needs reclassification was ~40%. A DOR
of 8, although > 1, indicates relatively poor performance in PCa
reclassification.

Our relatively low PLR (3.1) and high NLR (0.4), combined with
poor sensitivity (0.69) and specificity (0.78), do not give a sustained
evidence of diagnostic accuracy of MRI on disease reclassification.
These results suggest that the accuracy of MRI in the PCa
reclassification may not be as high as previously described in
some studies. In the study by Vargas et al.”® the sensitivity and
specificity were 0.89 and 0.70, respectively. However, AUC value in
our SROC curve was 0.79, indicating a moderate accuracy of the
value of MRI in disease reclassification among AS candidates, as it
is >0.7.3* The relatively high specificity and AUC value demon-
strated that a very low-risk or low-risk PCa with the negative MRI
result supports no disease reclassification and continued AS.

Important statistical heterogeneity (*>50%) was found in the
analysis, which might be a confounding factor for the results. In

© 2015 Macmillan Publishers Limited
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Table 3. Summary of included studies (confirmatory biopsy and disease progression)
Author Year  Confirmatory biopsy Disease progression
Fradet et al.?’ 2010 At least 14-core TRUS-guided prostate biopsy and targeted Gleason score > 6, PSA velocity>0.75 (mgL™")
TRUS-guided biopsies year™! or initiation of treatment >6 months after
diagnosis
Margel et al.>° 2012  12-core TRUS-guided systematic extended prostate biopsy  Gleason score>6, > 2 positive cores, >50% tumor in
and targeted TRUS-guided biopsies any core
Vargas et al.*® 2012  Standard 12-core TRUS-guided biopsy, two biopsy samples Gleason score>6
obtained from the transition zone for a total of 14 cores,
targeted biopsy at discretion
Stamatakis et al?® 2013 12-core TRUS-guided systematic extended prostate biopsy ~ Gleason score>6, > 2 positive cores, >50% tumor in
and targeted MRI-US fusion-guided biopsies any core
Vasarainen et al.?° 2013 12-core TRUS-guided systematic extended prostate biopsy, Gleason score>6, >2 positive cores, T stage>2,
targeted biopsy at discretion PSA-DT < 3 years
Mullins et al3' 2013  12-core systematic biopsies with or without two additional ~Any individual biopsy Gleason pattern>3 or sum>6,
cores taken from the transition zone > 2 positive cores, >50% tumor in any core
Bonekamp et al3> 2013  12- to 14-core systemic biopsy including transition zone Gleason score> 6, > 2 positive cores, >50% tumor in
biopsies any core
Abbreviations: MRI-US, magnetic resonance imaging-ultrasound; PSA-DT, PSA doubling time; TRUS, transrectal ultrasound.
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Figure 3. Chart summarizing the risk of bias and applicability concerns:
review of authors’ judgements about each domain for each included
study. —, high concern; ?, unclear concern; +, low concern.

addition, the threshold effect must be considered first in test
accuracy studies, which arises when differences exist in sensitivity
and specificity owing to the threshold used in different studies to
define a positive or negative test result.>**> We use Spearman

© 2015 Macmillan Publishers Limited

Graph showing the risk of bias and applicability concerns: review of authors’ judgements about each domain, presented as

correlation coefficient to analyze the threshold effect, and its value
is 0.679 (P=0.094), which indicates that there is no heterogeneity
from threshold effects. To further evaluate the sources of
heterogeneity, meta-regression analysis is conducted in terms of
quality of the studies, AS protocols, year, country, MRI technique
and biopsy strategy. This analysis indicates that the results may
be influenced by Hanna’s study.?® However, after this study is
removed, the data analysis results do not change obviously.

In the subgroup analysis, only after dividing the seven included
studies into two categories according to biopsy strategy, the
sensitivity in the targeted biopsy category is significantly better
than non-targeted biopsy category, with the exception of
specificity, indicating that the value of MRI on PCa reclassification
among AS candidates may be different whether it is targeted
biopsy or not. Theoretically targeted biopsies from lesions based
on clinical or imaging findings could have improved tumor burden
detection on confirmatory biopsies. Moreover, MRI-ultrasound
fusion biopsy detected clinical significant cancer in AS patients
with far fewer cores while rarely missing Gleason 7 cancer.>**” In
the included studies, only Stamatakis et al. used MRI-ultrasound-
guided targeted biopsy. The AS protocols and nationality of
included population had no significance on the results of
subgroup evaluation. It should also be noted that the sensitivity
in the year after 2012 category and the specificity in the MP-MRI
category is better than the opposite category, with P=0.06 and
P=0.07, respectively, which were approaching 0.05. As 1.5T MRI
examinations were performed before or in 2012, and 3T MRI was
almost used after 2012 in the included studies, we found no
differences in the diagnostic performance between 1.5 and 3T
MRI studies, and that between MP-MRI and non MP-MRI studies.
This suggests that technological improvements in the past decade

Prostate Cancer and Prostatic Disease (2015), 221-228
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Figure 5. Summary receiver operating characteristic (SROC) curve

for assessment of the diagnostic accuracy of magnetic resonance
imaging in the diagnosis of prostate cancer reclassification among
active surveillance candidates.
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may not have significantly affected MRI sequences. 3T MRI
provides prostate images that are natural in shape and that have
comparable image quality to those obtained at 1.5 T with an ERC,
but not superior diagnostic performance, which suggests that an
opportunity exists for improving technical aspects of the 3-T
prostate MRI.*® Although there is currently great interest in the use
of MP-MRI sequences such as T2-weighted, echo planar, diffusion-
weighted imaging and dynamic contrast-enhanced MR, diffusion-
weighted imaging and dynamic contrast-enhanced-MRI have only
been clinically available for a few years. Any single technique
would lack the sensitivity to detect PCa before AS, since most
patients harbor low-volume cancer. Further studies are needed to
assess the incremental value of MP-MRI.

The most important finding of our study is that MRl may reveal
an unrecognized significant lesion in 33.27% of patients, and
biopsy of these areas reclassified 14.59% of cases as no longer
fulfilling the criteria for AS. In addition, when no suspicious disease
progression (66.34%) was identified on MRI, the chance of
reclassification on repeat biopsy was extremely low at 6.13%.

Several earlier studies examined MRI in AS candidates with
low-risk PCa. Cabrera et al.> found no association among clinical
stage, Gleason, PSA and apparent tumor on endorectal MRI.
In another retrospective analysis, van As et al.*° pointed out that
low apparent diffusion coefficient was associated with adverse
histology on repeat biopsy. Tumor apparent diffusion coefficient

© 2015 Macmillan Publishers Limited



MRI on disease reclassification among AS candidates

R Guo et al

Table 4. Meta-regression analysis of diagnostic accuracy and summary of diagnostic estimates of subgroup analysis

Subgroup/co-variant Coefficient s.e. P-value RDOR Sensitivity, 95% CI Specificity, 95% Cl
Quality 0.605 0.9813 0.5709 1.83

AS protocols -0.192 1.0757 0.8667 0.82

Very low-risk PCa 0.54 (0.17-0.91) 0.86 (0.66-1.00)
Not very low-risk PCa 0.77 (0.56-0.99) 0.69 (0.39-0.99)
P-value 0.28 0.28

Year - 1.696 0.6862 0.0689 0.18

<2012 0.51 (0.23-0.79) 0.79 (0.54-1.00)
>2012 0.84 (0.67-1.00) 0.77 (0.45-1.00)
P-value 0.06 0.74

Country 1.009 0.9404 0.3438 2.74

USA 0.75 (0.52-0.97) 0.77 (0.54-1.00)
Not USA 0.53 (0.07-0.99) 0.77 (0.40-1.00)
P-value 0.32 0.79

MP-MRI 0.466 1.1892 0.7151 1.59

MP-MRI 0.55 (0.25-0.85) 0.88 (0.76-1.00)
Not MP-MRI 0.83 (0.63-1.00) 0.55 (0.21-0.89)
P-value 0.14 0.07

Endorectal coils 2334 0.6055 0.0182 10.32

With ERCs 0.74 (0.52-0.97) 0.81 (0.64-0.99)
Without ERCs 0.52 (—0.18-1.00) 0.51 (-0.18-1.00)
P-value 0.32 0.15

Biopsy 0.063 1.6952 0.9722 1.06

Targeted biopsy 0.80 (0.66-0.94) 0.63 (0.42-0.83)
Not targeted biopsy 0.31 (0.01-0.61) 0.95 (0.89-1.00)
P-value 0.02 < 0.01
Abbreviations: AS, active surveillance; Cl, confidence interval; ERC, endorectal coil; MP-MRI, multiparametric magnetic resonance imaging; PCa, prostate
cancer; RDOR, relative diagnostic odds ratio.
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Figure 6. Deeks’ funnel plots for publication bias.

correlated with maximum core involvement, the percent of
positive cores, initial PSA and the free-to-total PSA ratio.
Limitation should also be considered when we draw conclusion.

First, as we have only searched the studies on PubMed, studies on
other databases and unpublished data may not be included in our
meta-analysis. Second, the sample sizes of some selected studies
are small, which can involve overestimating the diagnostic
accuracy, and thus subgroup analysis is limited by the restricted
original data. Third, variability in imaging techniques, MRI criterion,

© 2015 Macmillan Publishers Limited

reader experience and biopsy techniques are possible confoun-
ders. For this reason, the bivariate mixed-effects binary regression
modeling was used, as it provides more conservative estimates.
Last but not the least, although the funnel plot does not show this
meta-analysis as having publication bias, and the number of the
studies is small, the influence of publication bias could not be
completely excluded.

In summary, this study presents a cumulative analysis of almost
1028 patients from seven studies and demonstrated the value of
MRI as a predictor of PCa reclassification among AS candidates.
MRI shows a very high NPV for the intermediate end point of
disease upstaging. Therefore, favorable MRI findings on high-
quality MRI, that is, MP-MRI, may be used for selection and follow-
up of AS candidates and might refrain the need for repeat
biopsies. However, the PPV of MRI for higher-risk disease seems to
be considerably lower in the low-risk PCa patients under AS and
may be caused by reporter bias with more false positives in AS
cohorts who are known to have PCa. The reported range of
percentages of disease progression identified in AS candidates is
very wide (19-93%). All these indicate both that a negative MRl in
an AS candidate is supportive of keeping him in AS status and that
the finding of an MR index lesion, especially that greater than
10 mm, has a potential to become a marker for patients who
require increased attention to allow targeted biopsies of index
lesions.

CONCLUSION

MRI, especially MP-MRI, has a moderate diagnostic accuracy as a
significant predictor of disease reclassification among AS candi-
dates. MRI of the prostate was found to have a high NPV and
specificity for the prediction of biopsy reclassification upon clinical
follow-up, which suggests that negative prostate MRI findings may
support a patient remaining under AS. Although the PPV and
sensitivity for the prediction were relatively low, the presence of a
suspicious lesion >10mm lesion may suggest an increased risk
for disease progression.
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