Reviewer #4: The authors are still failing to take the problem of heterogeneity seriously. The
latest response was "well, yes, the results are all over the place, but most results are pretty
good". First off, it is not at all clear to this reviewer that a negative predictive value of 85%,
the threshold used by the authors, is acceptable. Would most patients be happy to be told
that they only have a 15% risk of high-grade cancer, so not to worry about it? That is
approximately the risk for a PSA of 10. How many urologists would argue against giving a
biopsy to a man with a PSA of 10?

Second, the point about heterogeneity is absolutely not to find out where the majority of
results lie. For instance, if this was a meta-analysis of complication risk after abortion, and
there was gross heterogeneity, with most clinics having very low rates and a few having very
high rates, I'm pretty sure the conclusion wouldn't be only that "abortion is a safe
procedure". More likely, there would be something about there being some unsafe clinics,
and then an analysis to determine the characteristics of those clinics (e.g. solo practice) or a
call for further research to determine why some clinics have poor outcomes. The current
paper reads as if the authors came up with the conclusion first and then went through the
motions of reporting forest plots and 12 statistics and so on. The conclusion that "Multi-
parametric MRI of the prostate is an accurate test for ruling-out clinically significant
prostate cancer" is simply not an appropriate reflection of the data presented by

the authors.

Thank you to the reviewer for these further helpful comments, particularly regarding
heterogeneity. We do want to make clear that the purpose of this paper has never been
to prove that MRl is good. The purpose instead has been to provide a pooled statistic
which can be used by clinicians in this counselling discussion with patients which you so
helpfully refer to above in your first paragraph above. Indeed, in order to do this, we have
intentionally included ‘real-world data’ here which is necessarily more varied.
Furthermore, we provide no steer as to whether 9.2% (the key percentage chance that we
“have missed clinically significant disease” according to most commonly accepted
definitions) means “not to worry about it”. Some surgeons will argue to proceed to biopsy
even with a ‘negative’ MRI on this basis — as do several of my colleagues. Others will argue
that it is an acceptable risk and biopsy is not needed. The key is that we help the patient
make an informed decision based on intelligent discussion using real-world data.

We have addressed each of your comments and made some further detailed changes to
the manuscript. __—{ Pormatted: Font: Bold ]

| would recommend the following to the authors

1. Include reference to the heterogeneity in the abstract.

We thank the reviewer for this comment and this has already-been
the conclusion part of the abstract: “However, we observed heterogeneity in the NPV
estimates and local institutional data should form the basis of decision-making if
available.”

Commented [AL1]: | know we’d already done it but we
don’t need to point that out to AV. Hopefully he’ll think
we’ve now spotted the wisdom of his words and made the
change requested. Don’t want to give him any reason to dig
his heals in.

2. Change "MRl is an accurate test" to something like "MRI can be an accurate test when

implemented in at least some centers" (I'm not hoystickind here, the authors should choose /{Commented [AL2]: Never heard this term used before...any
ideas?




their own words to make reference to the results, which is that it clearly works in some
settings, but has insufficient properties in others).

We thank the reviewer for their comment and have adjusted both the conclusion in the
abstract and text accordingly.

Abstract: “mpMRI of the prostate is generally an accurate test for ruling-out clinically
significant prostate cancer. However, we observed heterogeneity in the NPV estimates
and local institutional data should form the basis of decision-making if available.”

Text: “Multi-parametric MRI of the prostate can be an accurate test for ruling-out
clinically significant prostate cancer when implemented in at least some centers”
HowevertoWe do wish to emphasiseelarify that; we have always stated that the pooled
statistic is no substitute for local level data and this was stated in the Discussion: “This
highlights the importance of each institution auditing their own performance so that
patients can be counselled reliably and to improve clinical practice.” However in
recognition of the reviewer’s repeated highlighting of this point, Fe-we have further
reiterate theis point, we-have-included-includingthis as part of the Take Home Message
for readers: “Given the institutional variation in results, it is of upmost importance to base
decision-making on local data if available.” We thank the reviewer for prompting what is,

no doubt, an essential take home message for the review.

- /[ Formatted: Font: Not Italic

2. Explainin the discussion how "heterogeneity should be considered" when implementing
the results of the study.
We thank the reviewer for this comment and contend that this has been addressed in the
second paragraph of the Discussion section in some detail “Furthermore, institutional and
individual differences in technique, skill and experience also have an impact on the
diagnostic performance of mpMRI. Sonn et al highlighted the difference in the
interpretation of mpMRI with individual radiologists being a significant factor on
multivariable analysis for cancer detection[55]. Furthermore, amongst different
radiologists, the prevalence of clinically significant cancer varied from 13% to 60% in men
with PIRADS 1-2.”. We have also acknowledged the heterogeneity in the last paragraph of
our Discussion: “First, there is substantial variation between each of the studies, especially
regarding population, protocols, technique and experience of clinicians, which we were
unable to explain through our subgroup analyses.”

4. Add something to the conclusions in the text and in the abstract about the research that
should be done next.

We thanks the reviewer for this_helpful comment and have added the following into the
conclusion: “Further research needs to be conducted to identify the reasons behind the
heterogeneity observed se-that-they-can-be-addressed-andin order for consistent quality-is
consistent between centres.” Unfortunately, due to word constraints we have not been
able to make such a comment in the abstract.

With respect to publication bias, asymmetry of the funnel plot etc., as | said in my first
review, the funnel plot and associated test is not valid under the conditions, observed here,
that there is heterogeneity and the direction of results is likely correlated with the size of
the study. If high volume centers do good MRIs and have a lot of patients and do big studies,
and low volume centers do bad MRIs and do small studies, hlou would see the funnel plot in
supplementary figure 1.\

Commented [AL3]: Does he mean that we would see this in
the funnel plot if it were true? Or is he saying that this is true
and that’s what we see? What do you understand by his
meaning?




We thank the reviewer for their comment and have removed the statement about the
trim and fill method and instead stated that publication bias is likely to be present.
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Context: Pre-biopsy multi-parametric MRI (mpMRI) is increasingly used in prostate cancer
diagnosis. The reported negative predictive value (NPV) of mpMRI is used by some clinicians to aid

decision making about whether or not to proceed to biopsy.

Objective: We aim to perform a contemporary systematic review that reflects the latest literature on
optimal mpMRI techniques and scoring systems to update the NPV of mpMRI for clinically

significant prostate cancer (csPCa).

Evidence acquisition: We conducted a systematic literature search and included studies from 2016-
4th September 2019 which assessed the NPV of mpMRI for csPCa, using biopsy or clinical follow-up
as the reference standard. To ensure that studies included in this analysis reflect contemporary
practice, we only included studies in which mpMRIs were interpreted according to the PIRADS or
similar Likert grading system. We define a negative mpMRI as either (1) PIRADS/Likert 1-2 or (2)
PIRADS/Likert 1-3. csPCa was defined as either (1) Gleason grade group >2 or (2) Gleason grade

group >3. We calculated NPV separately for each combination of negative mpMRI and csPCa.

Evidence synthesis: A total of 42 studies with 7,321 patients met our inclusion criteria and were
included for analysis. Using definition (1) for a negative mpMRI and csPCa, the NPV for biopsy-
naive men pooled NPV was 90.8% [95%CI 88.1-93.1%]. When defining csPCa using definition (2),
the NPV for csPCa 97.1% [95%CI 94.9-98.7%]. Calculation of the pooled NPV using definition (2)
for negative mpMRI and definition (1) for csPCa: 86.8% [95%CI 80.1-92.4%]. Using definition (2)
for both negative mpMRI and csPCa, the pooled NPV from two studies was 96.1% [95%CI 93.4-

98.2%].

Conclusion: Multi-parametriemp-MRI of the prostate is_generally an accurate test for ruling-out

clinically significant prostate cancer. However, we observed heterogeneity in the NPV estimates that

must-be-constdered-in-interpreting-the-applicability-ef these-dataand local institutional data should

form the basis of decision-making if available.-




Patient summary: These NPV figures should assist decision making for clinicians considering not
proceeding to biopsy in men with an elevated age-specific PSA and an mpMRI reported as negative

(or equivocal) on PIRADS/Likert scoring. Some 7-10% of men, depending on setting, will miss a

diagnosis of clinically significant cancer if they do not proceed to biopsy. Given the institutional

variation in results, it is of upmost importance to base decision-making on local data if available.




Introduction

Multiparametric magnetic resonance imaging (mpMRI) is increasingly employed as a diagnostic tool
following multiple studies demonstrating the accuracy in prostate cancer detection in men with an
elevated prostate specific antigen (PSA) level or other clinical suspicion such as an abnormal digital
rectal examination (DRE) [1]. Prior to the mpMRI era, serum PSA testing and DRE alone were used
to inform decision-making about proceeding to prostate biopsy using transrectal ultrasound (TRUS),
an imaging modality that is targeted to the prostate alone, rather than suspicious lesions, and does not
provide adequate visualisation of intra-prostatic lesions. mpMRI brings another tool to this decision-
making process improving both the performance of biopsy by permitting targeting of visualised lesion
and raises the possibility of not proceeding to biopsy in the context of a non-suspicious mpMRI . The
PROMIS study was pivotal in establishing the clinical validity of mpMRI as it demonstrated that use
of mpMRI prior to biopsy resulted in 18% more cases of clinically significant prostate cancer (csPCa)
being detected, compared to TRUS biopsy alone [2]. This study used a transperineal mapping biopsy
(saturation sampling of the prostate at Smm increments) as a reference point. Furthermore, it also
showed that 27% of men could potentially avoid biopsy in cases where mpMRI did not display a
suspicious lesion and thus prevent the diagnosis of low risk prostate cancer in 5%. This was a
practice-changing study that provided justification for the use of mpMRI as a triage tool for biopsy,
especially in the biopsy-naive setting. Subsequent studies, summarised in a recent Cochrane review
on the subject, have demonstrated the clinical utility of mpMRI pre-biopsy to triage men to biopsy or
as an adjunct to systematic biopsies using MRI-targeted sampling in addition|3]. Along these lines, a
recent systematic review demonstrated that sampling of MRI suspicious areas improved the diagnosis
of significant cancer and reduced the diagnosis of indolent disease[4]. Whereas the review by
Kasivisvanathan et al measures the accuracy of a positive mpMRI, our paper is the complementary
analysis and assesses the reliability of a negative mpMRI - the key question if men are to be

discharged without biopsy.



For mpMRI to be used in the decision whether or not to biopsy, it is important that both clinicians and
patients are aware of the potential risk of missing clinically significant disease, that is, the negative
predictive value (NPV), as well as the potential for over-diagnosis. In addition, the burden of active
surveillance for men and the healthcare system should not be underestimated. Although patients are
often counselled using data from large, prominent trials and centres, such high levels of diagnostic
performance may not reflect true practice in the wider urological community. There are a multitude of
factors that impact the sensitivity and specificity of mpMRI and the marked variation between centres
is highlighted by the disparity in diagnostic accuracy that has been reported in the past [3]. Hence, in
the absence of the ideal scenario whereby data from each centre is available, an alternative is to
counsel patients using pooled data from the entirety of the literature using a systematic approach.
Such an approach by Moldovan and colleagues in 2016 identified 48 published studies that had
reported the NPV of mpMRI but only eight could form the basis of a subsequent meta-analysis.
Indeed, only one actually informed the NPV for clinically significant cancer [5]. Additionally, the
majority of the included studies were from the early mpMRI era, published before PI-RADS v1; there
have been considerable advances in image-acquisition protocols and reporting standardisation since
which may impact on diagnostic performance. We therefore performed an updated systematic review
and meta-analysis to include recently published studies in order to determine the NPV of mpMRI for
csPCA and therefore whether it is safe to omit biopsy in men with a negative mpMRI in the primary

diagnostic setting.

Evidence acquisition

The review was conducted in accordance to PRISMA guidelines (Supplementary Table 1). A protocol
was registered in PROSPERO [CRD42018111619] on 18™ October 2018. We searched six databases
for relevant studies published between 2016 to the search date (4th September 2019): Ovid Medline;
Ovid EMBASE; The Cochrane Library; Scopus; the Web of Science Core Collection; and the Centre
for Reviews and Dissemination HTA database. The search strategies used text words, phrases, and
relevant index terms to combine the concepts for “prostate cancer” or “prostate neoplasms”,

“magnetic resonance imaging”, biopsy or pre-biopsy, and a search filter for diagnostic studies, using



an adapted version of the search strategy used by Moldovan et al[5]. We did not make any restrictions
on study design nor the language of publication. The full search strategies are shown in

Supplementary Table 2.

We included patients with no previous diagnosis of prostate cancer, i.e. primary biopsy or previously
negative biopsy. We had initially specified that all indications for prostate biopsy would be included
but recognised the variability and likely bias by including patients on active surveillance which would
compromise the applicability of our results to patients not diagnosed with prostate cancer and decided

to exclude this population. We will investigate this population in a separate study.

Studies evaluating the prevalence of clinically significant prostate cancers defined as the presence of
any Gleason Grade Group 2 (Gleason Score 3+4=7) cancer or above in negative mpMRI scans were
included. We defined an mpMRI as being negative when PIRADS or equivalent scoring system were
1 or 2. We included studies that verified mpMRI results using any form of biopsy and/or clinical
follow-up. Biopsy approaches could include systematic biopsy methods, including transrectal (TR) or
transperineal (TP) or mapping biopsy, or clinical follow-up with subsequent diagnosis using any of
the above. When clinical follow-up was used to verify negative mpMRI results, we defined true
negatives as participants with a negative mpMRI that did not present with clinically significant
prostate cancer during the period of follow up of the study, accepting that this may vary. We included
all mpMRI phases and techniques used to detect cancer (e.g. T2W, DWI, DCE or spectroscopy) and

all mpMRI systems.

The results of the search were screened initially by title and abstract for relevance. Articles that were
determined to be of interest were reviewed based on full text to determine relevance and whether they
satisfied the inclusion/exclusion criteria. If more than one report of the same trial was found, only the
most up-to-date publication was included in the analysis. This process was performed by two

independent authors (NS and AO) with a third author (AL) consulted to resolve any disagreements.



We collected data on cohort characteristics, mpMRI protocol, biopsy protocol and outcomes of
interest. The primary outcome of interest was the presence of clinically significant prostate cancer
defined as the presence of any Gleason 3+4 (Gleason Grade Group 2) cancer or above in negative

MP-MRI scans defined as PIRADS 1 or 2.

We intended to perform subgroup analyses based on the following factors if the data was available:
- Strength of MRI magnet: 3 Tesla versus 1.5 Tesla

- Clinical setting: university hospitals versus district or non-academic institutions

We performed sensitivity analysis on the primary outcome based on the definition of a negative
mpMRI where the PIRADS score threshold was changed to incorporate a score 3 as negative or non-
suspicious. We also performed sensitivity analysis on the definition of ‘clinically significant prostate
cancer’ by evaluating any Gleason 4+3 or higher as a histological threshold for significance. Finally,
we performed post-hoc testing to characterise the prevalence of Gleason Grade Group 1 (Gleason

score 3+3=6) cancer in men with a negative mpMRI according to our primary definition.

Risk of bias

Studies were assessed for quality using the Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) tool[6] by two independent authors, with consultation with a senior author to resolve
any disagreements. Publication bias was assessed visually by examining funnel plots for asymmetry

and statistically using Egger’s test.

Statistical analysis

Proportions were extracted from the publications and transformed with the Freeman-Tukey double
inverse sine transformation; the Wilson Score method was used to calculate confidence intervals. We
pooled the effect estimates using a DerSimonian and Laird inverse of variance random effects model
and the results are presented in forest plots. Heterogeneity was determined using the 1"2 statistic

which was interpreted in the following way: 0-40% low, 30-60% moderate, 50-90% substantial and



75-100% considerable heterogeneity based on GRADE guidance. We conducted subgroup analyses
and tested for interaction using the Borenstein method. We also conducted a sensitivity analysis based
on risk of bias (excluding studies with high or unclear risk). We used funnel plots to examine the
extent of publication bias. This review was reported in accordance with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines (Supplementary Table 1). Extracted data was
collated in Excel (Microsoft Corporation, Redmond, CA, USA) and analysis performed using R

Statistical Software (Foundation for Statistical Computing, Vienna, Austria).

Evidence synthesis

Our initial search returned 3,763 records of which 487 were included for full-text review. Of these, 42
met the eligibility criteria and were included for analysis (Figure 1). We include the key
characteristics for each trial (Figure 1, Table 1[2, 7-52]), and the risk of bias assessment for each
(Supplementary Table 3). PIRADS was used to interpret mpMRIs in 74% (n=31). Histopathological
verification was performed using transperineal mapping biopsy in 12% (n=5), the majority utilising

TRUS 12 core biopsy (62%, n=26).

Primary definition: MRI negative = PIRADS 1-2. csPCa = Gleason Grade Group >2 (Gleason score

>3+4=T)

A total of 42 studies, including 7,321 men, reported sufficient data which could be pooled and
analysed for the NPV of mpMRI using our primary definition of negative MRI (PIRADS 1-2) and
csPCa (Gleason score >3+4=7, GGG 2). The summary NPV for all patients with no previous

diagnosis of prostate cancer was 91.3% [95%CI 89.3-93.2%, 1>=86%] (Figure 2).

Of the above studies, 36 published findings for patients who were undergoing primary biopsy and for
whom the pooled NPV of mpMRI was 90.8% [95%CI 88.1-93.1%, 1>=88%]. For the men in the 16

studies who had undergone a previous negative prostate biopsy, the pooled NPV was 92.7% [95%CI



89.8-95.2%, 1’=73%]. Statistically, there was no robust evidence of a difference in NPV between
these populations (p=0.4). There was significant asymmetry observed in the funnel plot (p=0.01)

(Supplementary Figure 1).

Sensitivity analysis

We performed a sensitivity analysis only including the ten studies that were considered to be ‘low’
risk of bias (Supplementary Table 3). The pooled NPV based on the primary definition used above for
all men undergoing primary biopsy or those with a previous negative biopsy was 93.4% [95%CI 90.8-
95.7%, 1>=73%] (Supplementary Figure 2). Of these low risk of bias studies, nine provided data for
men undergoing primary biopsy only and the summary NPV for this group was 92.7% [95%CI 88.7-
95.7%, 1>=80%]. Whereas, five studies reported on men with a previous negative biopsy for whom the
summary NPV was 94.5% [95%CI 90.1-97.8%, 1>=66%). There was no difference between the NPV

of these groups (p=0.5).

Subgroup analysis

Magnet strength: 1.5T vs 3T

Of the studies included in the primary analysis, 22 studies of biopsy naive men only used a single
magnet strength. Interestingly, there was no difference (p=0.45) in the NPV between the studies using
1.5T [90.2%, 95%CI 81.3-96.5%, studies=6, ’=93%] or 3T [93.2%, 95%CI 90.4-95.5%, studies=16,
1>=77%]. There was no difference in the previous negative biopsy subpopulation, (86.0% [95%CI

67.9-97.7%, studies=2, ’=76%] vs 93.9% [95%CI 87.0-98.6%, studies=6, ’=72%], p=0.4).

Clinical setting: university hospitals versus district or non-academic institutions

There was insufficient data from non-academic institutions to perform this subgroup analysis.



Secondary definitions

MRI negative = PIRADS 1-3, csPCa = Gleason score 23+4=7 (GGG 2)

We found eleven studies that were able to be pooled for a NPV of 87.0% [95%CI 81.8-91.5%,
1’=93%] for when a ‘negative’ MRI includes PIRADS 1-3 and csPCa as any Gleason score >3+4=7
(Figure 3A). There was no difference in NPV between the biopsy naive [86.8%, 95%CI 80.1-92.4%,
studies=9, ’=95%] and previous negative biopsy [87.4%, 95%CI 78.9-94.1%, studies=4, ’=83%]

subpopulations (p=0.9).

MRI negative = PIRADS -2, csPCa = Gleason score >4+3=7 (GGG 3)

Seventeen studies reported sufficient data to calculate NPV based on the above secondary definition
of negative MRI and csPCa which was 97.4% [95%CI 95.8-98.7%, 1>=75%] (Figure 3B). Of these
studies, 13 included patients who were undergoing their first biopsy and had a summary NPV in the
subgroup of 97.1% [95%CI 94.9-98.7%, 1>=79%]. Eight studies included men with previous negative
biopsies and had a pooled NPV of 97.9% [95%CI 95.2-99.7%, 1>=66%. There was no difference in

NPV between these subgroups (p=0.6).

MRI negative = PIRADS 1-3, csPCa = Gleason score >4+3=7 (GGG 3)

We calculated a pooled NPV of 94.7% [95%CI 92.0-96.9%, 1>=78%] from seven studies for the
above secondary definition (Figure 3C). There was no difference (p=0.24) in NPV between the biopsy
naive [96.1%, 95%CI 93.4-98.2%, studies=4, ’=70%] and previous negative biopsy [93.3%, 95%CI

87.9-97.2%, studies=5, I’=82%].

Prevalence of Gleason score 3+3=6 (GGG 1) in negative mpMRI (PIRADS 1-2)

Thirty two studies reported sufficient data to estimate the prevalence of Gleason score 3+3=6 (GGG
1) in men with an mpMRI score of 1 or 2 (Figure 2, Supplementary Figure 3). Including both men
undergoing primary biopsy and those who had a history of a negative prostate biopsy, we estimated

the prevalence of GGG 1 prostate cancer in negative mpMRI as 17% [95%CI 14-20%]. There was
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significant heterogeneity in the pooled studies [1°=91%]. There was no difference in the prevalence of
GGG 1 in negative mpMRI between men undergoing primary biopsy and those who had a previous

negative biopsy (p=0.5).

Discussion

In summary, based on our primary definition of negative mpMRI being PIRADS 1-2 and csPCa being
Gleason score >3+4=7, men who have a negative or non-suspicious mpMRI have an approximate 1 in
10 probability of harbouring csPCa. This is consistent with a recent Cochrane review which estimated
from twelve studies that the NPV of MRI for >3+4=7 ranges between 86-97%][3]. Our systematic
review was unable to determine summary statistics for the exact burden in terms of length of cancer
or amount of pattern 4 involvement. For cspCa defined as any Gleason 4+3 or higher, men have a 1 in
20 chance of harbouring such disease despite a negative mpMRI. The findings from our study
represent an average NPV taking into account the multiple factors impacting this, and these results are
therefore likely to broadly represent clinical practice across many similar institutions. These estimates
can be used by clinicians who do not have access to their own data to counsel patients rather than
relying on performance data from single institutional studies from centres of excellence, which may
be unattainable in the district or non-academic setting. When contexualised with the findings from
previous systematic reviews assessing the PPV[4], it stronghy-suggests that mpMRI should be
routinely incorporated in the diagnostic pathway of prostate cancer as it can both reduce the number
of biopsies in men with clinically insignificant disease and also improves diagnosis in those with
significant cancer. This concept has been supported by the 2019 European Association of Urology

and NICE guidelines[53, 54].

It should however be noted that there was considerable heterogeneity between the NPV between
studies which is likely a reflection of difference in population characteristics such as cancer
prevalence which inherently influences the NPV. Examining the range of point estimates of the

individual studies, the lowest NPV for our primary definition was 63% based on a small study of 24
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patients_but this was one of two outliers. Fhisstudy-was-one-of two-outliers-as-the-majority-had-an

NPV-abeve-85%—Furthermore, institutional and individual differences in technique, skill and
experience also have an impact on the diagnostic performance of mpMRI. Sonn et al highlighted the
difference in the interpretation of mpMRI with individual radiologists being a significant factor on
multivariable analysis for cancer detection[55]. Furthermore, amongst different radiologists, the
prevalence of clinically significant cancer varied from 13% to 60% in men with PIRADS 1-2. On the
contrary, a separate institution demonstrated equivalence amongst both urologists and radiologists in
the detection of significant disease[56]. This highlights the importance of each institution auditing

their own performance so that patients can be counselled reliably and to improve clinical practice.

Although demonstrating that mpMRI has a high NPV, the risk of missing significant cancer by
omitting biopsy is not insignificant and each individual patient and their physician will need to make
an informed choice about whether such a risk for the definition of csPCa we have used warrants a
systematic biopsy, and if so, what type of biopsy. Nonetheless, there is a need for research to evaluate
risk stratification tools that might further improve the NPV. One such variable that is emerging as an
important stratification tool is PSA density[14, 57-59]. Venderink et al showed in a study of 1057
men, that for PI-RADS 3 lesions (156/1057), where the PSA density is <0.15 ng/ml/cc, the false
negative rate was only 6% (NPV 94%) for csPCa determined as Gleason Grade Group >2[60].
Bryant and colleagues suggested that a PSA density above 0.15 ng/ml/cc only acts a predictor of an
increased likelihood of underlying csPCa in men with negative mpMRI when csPCa is defined as
Gleason Grade Group 3-5 disease and/or tumour length >6 mm[28, 57, 58]. A prior negative biopsy
may also a reassuring feature although we did not find a statistically significant difference in the
summary NPVs between the primary biopsy (89%) and prior negative biopsy groups (93%) [61]. The
concept of omitting biopsy in patients with a negative mpMRI while taking into account clinical risk
has been supported by the PIRADS Steering committee and the ESUR Prostate MRI Working
Group[62, 63]. The incorporation of mpMRI findings into current risk calculators, such as the

Rotterdam European Randomized Study of Screening for Prostate Cancer risk calculators, has been
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shown to improve accuracy of risk stratification (AUC 0.84 vs 0.76), and facilitates its use in daily

practice[64].

This meta-analysis does have some limitations. First, there is substantial variation between each of the
studies, especially regarding population, protocols, technique and experience of clinicians, which we
were unable to explain through our subgroup analyses. Second, it is important to note that the
reference test used to determine ‘true negative’ rates was, in many studies, 12-core transrectal
ultrasound-guided biopsy which has been shown to miss significant disease and therefore our results
may overestimate NPV. Nevertheless, given that this method of primary sampling is still employed by
the vast majority of urology units world-wide, these results represent an important a clinically

meaningful endpoint for patients.

Conclusion

Multi-parametric MRI of the prostate is-can be an accurate test for ruling-out clinically significant

prostate cancer when implemented in at least some centers. Our systematic review demonstrated that

approximately 1 in 10 men who have a non-suspicious MRI can still harbour clinically significant
prostate cancer, although the actual probability depends on the clinical setting, threshold used for
defining a non-suspicious mpMRI, definition of significant prostate cancer and the diagnostic
performance of each local institution. For our primary definition, the NPV ranged from 63-100% for

individual studies;—w

signifieant-disease.- Improved risk stratification using clinical factors, and possibly in future other

biomarkers, may provide further improvements to reassure men and physicians contemplating

avoiding a biopsy. Further research needs to be conducted to identify the reasons behind the

heterogeneity observed so that they can be addressed and quality is consistent between centres.
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Table 1. Characteristics of included studies

Academic MR Total
. Magnet Magnet . . Total Negative
Study Year Setting Brand Strength bp/mpMRI vs Scoring Type biopsy Age PSA Patients MRI (1-2)
Community System %)
0
Biopsy naive ls\gfg‘;)“ 64 (IQR Z’Ij_dgaln) S8QR | 5rg 56 (17)
Filson[7] 2016 Drevions mesative Siemens 3 mpMRI Academic PIRADS TRUS 12 core Median 65.7 (IQR_| Median 7.6 (IQR 24 15)
& 59.3-70.2) 5.0-11.5)
Biopsy naive I;’é‘f%a)n 64 (IQR ?ﬁ%‘{?‘éf‘z QR 107 22 (21)
Hansen[8] 2016 GE Both mpMRI Academic Likert TP 24 core - ——
Previous negative Median 65 IQR Median 7.8 IQR 295 91 (31)
69-69 6.0-12
Kam[9] 2016 | Biopsy naive NR NR mpMRI NR PIRADS TRUS 12 core Mean 63 Mean 9.17 187 94 (50)
Biopsy naive NR NR 395 124 (31)
Mahon[10] 2016 NR NR mpMRI NR PIRADS TRUS 12 core
Previous negative NR NR 395 45 (11)
Renard-Penna[11] | 2016 | Biopsy naive NR 1.5 mpMRI Academic Likert TRUS 12 core NR NR NR 78 (NA)
Schouten[12] 2016 | Biopsy naive Siemens 3 mpMRI NR PIRADS TRUS 12 core NR NR 223 81 (36)
Thompson[13] 2016 | Biopsy naive NR Both mpMRI Academic PIRADS TPM NR NR 344 79 (23)
Washino[14] 2016 | Biopsy naive NR Both mpMRI NR PIRADS TRUS 14 core NR NR 288 131 (406)
Biopsy naive Mean 62 Mean 6.33 206 47 (23)
Adamcova[l5] 2017 NR NR mpMRI NR PIRADS TRUS 12 core
Previous negative Mean 63.9 Mean 10.8 372 27 (7)
Ahmed[2] 2017 | Biopsy naive NR 15 mpMRI Multi Likert TPM Mean 63 (SD 8) g’lgan 7.1(SD 576 158 27)
Boesen[16] 2017 | Previous negative 3 mpMRI Academic PIRADS TRUS 10 core NR NR 289 194 (67)
or follow-up
Biopsy naive NR NR 231 45 (20)
Gaunay[17] 2017 NR 3 mpMRI NR PIRADS TRUS 12 core
Previous negative NR NR 282 68 (24)
Hansen[19] 2017 | Previous negative E}l:mens/ Both mpMRI Multi PIRADS TTPB 24 core 16\/(1)6_(7111? 66 (IQR 11\/§c;d1an 9 (IQR 7- 487 144 (30)
Hoffman[18] 2017 | Previous negative | GE 3 mpMRI Academic PIRADS TTPB 24 core %?23)66‘5 (range NR 99 6 (6)
Jambor[20] 2017 | Biopsy naive NR 3 mpMRI NR Likert TRUS 12 core NR NR 166 38 (6)
Karman[21] 2017 | Previous negative | NR 1.5 mpMRI Academic PIRADS TRUS 24 core Median 66 Median 7.1 252 161 (63)
Lu[22] 2017 | Biopsy naive Siemens 3 mpMRI Academic Mixed TRUS 12 core NR NR 670 38 (6)
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Previous negative NR NR 670 33(5)
Porpiglia[23] 2017 | Biopsy naive NR 1.5 mpMRI Academic | PIRADS TRUS 12 core 15\/;‘71})3)“ 64 (IQR Z’Igfi;asn) SOUQR 26 (24)
Rhudd[24] 2017 | Biopsy naive NR NR mpMRI NR PIRADS NR NR NR 181 24 (13)
Simmons[25] 2017 | Previous negative | NR 3 mpMRI Academic Likert TTPM Mean 63 (SD 7) NR 249 35(14)

Biopsy naive Mean 61.9 (SD7) | Mean 5.9 (SD 6.3) | 1072 39 (4)
Wang[26] 2017 Siemens 3 mpMRI Academic PIRADS TRUS 12 core

Previous negative Mean 64 (SD 7) Mean 9.4 (SD 6.9) | 1072 30 (3)
Boesen[27] 2018 | Biopsy naive NR NR BP NR NR NR NR NR 1020 305 (30)
Bryant[28] 2018 | Biopsy naive NR Both mpMRI Academic PIRADS TRUS 12 core NR NR 792 278 (35)
Hansen[29] 2018 | Biopsy naive GE NR mpMRI Academic PIRADS TP 24 core NR NR 807 236 (29)
Hwang[30] 2018 | Previous negative | NR 3 mpMRI PIRADS TRUS 12 core NR NR 39 15(39)
Karman([31] 2018 | Previous negative | NR NR mpMRI NR PIRADS TRUS 24 core NR NR 714 318 (45)

Biopsy naive 13\/(1)3.3116)6 3 (Range 345229%371 )(Range NR 324 (NA)
Kim[32] 2018 Philips 3 mpMRI NR Mixed TRUS y -

Previous negative Mean 62 (Range Mean 7.89 (Range NR 161 (NA)

40-78) 0.6-66.35)

Lobo[33] 2018 | Biopsy naive NR Both mpMRI Academic PIRADS TRUS 12 core NR NR 900 404 (45)
Mannaerts[34] 2018 | Biopsy naive NR Both mpMRI Academic | PIRADS | TRUS I;ge_‘élg;’ 64 (IQR g’lff;a?f'“ QR 1 500 96 (48)
Meng[35] 2018 | Biopsy naive Siemens | NR mpMRI NR PIRADS TRUS 12 core 17\/[;)an 61.87.8D | \r NR 52 (NA)

Biopsy naive : : 549 141 (26)
Morote[36] 2018 Siemens 3 mpMRI NR PIRADS TRUS 12 core lg/iegl;n 68 (IQR 2/[; d;ga? >-8 (IQR

Previous negative -73) 3-8.7) 219 45 (21)

Biopsy naive gﬁgg‘)" 63 (IQR Z’Ifgzn) SBAQR 45 49 30)
Mortezavi[37] 2018 Mixed 3 mpMRI Academic PIRADS TPM 24 core p —

Previ i Median 64 (IQR Median 8.6 (IQR 36 36 (412)

revious negative 60-69) 57-13)

Biopsy naive NR NR 1149 48 (2)
Oishi[38] 2018 NR 3 mpMRI Academic PIRADS TRUS 12 core

Previous negative NR NR 1149 60 (5)
Otti[39] 2018 | Biopsy naive 1.5 mpMRI Academic PIRADS Mixed NR NR NR 348 (NA)
Pal[40] 2018 | Biopsy naive NR 1.5 mpMRI Academic | PIRADS TPM 2’{":?‘72‘)“ 64IQR |\ NR 208 (NA)

. . .. . SB or Median 66 (IQR Median 5.9 (IQR

Panebianco[41] 2018 | Biopsy naive NR 3 mpMRI Academic PIRADS Saturation 62-69) 3.9-7.6) 659 NR (NA)
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Median 68 (IQR

Median 5.6 (IQR

Previous negative 60-72) 3.2-78) 596 NR (NA)
Simmons[42] 2018 | Previous negative | NR 3 mpMRI Academic Likert TPM NR NR 249 49 (20)
Zhou[43] 2018 | Biopsy naive NR 3 mpMRI NR PIRADS TP saturation NR NR 219 66 (30)
. .. . TPM 24 core or . .
Barrett[44] 2019 | Biopsy naive GE Both mpMRI Academic | prpAps | TRUS 12 core 15\/;?2‘73)“ 63 IQR Z’Igfigzn) 6(QR | ¢33 484 (58)
Elkhoury[45] 2019 | Biopsy naive Siemens | 3 mpMRI Academic | PIRADS TRUS 12 core 15\4;;‘“ 636 (SD Z/Ile_d&n) S2UQR 300 52(17)
Kruger- . .
Stokke[6] 2019 | Biopsy naive NR NR mpMRI NR PIRADS TRUS NR NR 201 101 (50)
Biopsy naive . : NR 93
Regis[47] 2019 Siemens | 3 mpMRI NR PIRADS TRUS 12 core I;’{e‘;‘fn 66 (IQR 11\/[8@‘15“06'1 (IQR
Previous negative -81) $-67.0) NR 129
Rouviere[48] 2019 | Biopsy naive NR Both mpMRI Multi PIRADS TRUS 12 core I;g‘fgg‘)n 64 (IQR 1;/15_‘1;"6“) 6.5 (QR 1 566 45 (17)
Rozas[49] 2019 | Biopsy naive Siemens 3 mpMRI NR PIRADS TRUS 18 core NR NR 342 201 (59)
van der Leest[50] | 2019 | Biopsy naive Siemens | 3 mpMRI Multi PIRADS TRUS 12 core gﬁ%‘g’ 65 (IQR 15\/1311?2)6.4 (IQR | 476 309 (50)
Biopsy naive 15\?2‘73)“ 62 (IQR Z’Ifd;?) SAUQR | 5o3 53 (24)
Zalesky[51] 2019 P GE 1.5 mpMRI Academic PIRADS TRUS 12 core Median 65 IOR Median 8.3 (IOR o s
evious negative (60-69) 6.1-13.5)
Zhang[52] 2019 | Biopsy naive NR 3 mpMRI NR PIRADS TRUS 24 core NR NR NR 273
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Figure Legends:

Figure 1. Study selection flow chart

Figure 2. Forest plot of NPV using primary definition (MRI negative = PIRADS 1-2, csPCa =
Gleason score >3+4=7 (GGG 2))

Figure 3. Secondary definition forest plots of NPV: (A) MRI negative = PIRADS 1-3, csPCa =
Gleason Grade Group >2 (Gleason Score 3+4=7), (B) MRI negative = PIRADS 1-2, csPCa = Gleason
Grade Group >3 (Gleason Score >4+3=7), (C) MRI negative = PIRADS 1-3, csPCa = (Gleason Grade
Group >3 (Gleason Score >4+3=7)

Figure 4. Proportion of Gleason Grade Group 1 (Gleason Score 3+3=6) negative MRI (PI-RADS 1
and 2). This represents avoided diagnoses of non-clinically significant prostate cancer.
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1.00 [0.87; 1.00]
0.62 [0.43; 0.79]
0.90 [0.76; 0.96]
0.85 [0.80; 0.89]
0.85 [0.81; 0.89]
0.88 [0.80; 0.93]
0.88 [0.77; 0.95]
0.99 [0.95; 1.00]
0.80 [0.66; 0.89]
0.79 [0.66; 0.88]
0.85 [0.81; 0.88]
0.80 [0.74; 0.85]
0.95 [0.93; 0.96]
0.97 [0.90; 0.99]
0.98 [0.96; 0.99]
0.85 [0.72; 0.92]
0.95 [0.89; 0.98]
0.84 [0.80; 0.87]
0.91 [0.84; 0.96]
0.89 [0.77; 0.95]
0.99 [0.96; 1.00]
0.97 [0.94; 0.98]
0.89 [0.77; 0.95]
0.94 [0.90; 0.96]

0.92 [0.82; 0.96]
0.91 [0.84; 0.95]
0.67 [0.48; 0.81]
0.95 [0.91; 0.98]
0.96 [0.88; 0.98]
0.93 [0.88; 0.96]
0.83 [0.44; 0.97]
0.91 [0.86; 0.95]
1.00 [0.90; 1.00]
0.83 [0.66; 0.93]
1.00 [0.80; 1.00]
0.97 [0.94; 0.98]
0.91 [0.79; 0.96]
0.86 [0.71; 0.94]
0.92 [0.82; 0.96]
0.96 [0.94; 0.97]
0.78 [0.64; 0.87]
0.97 [0.92; 0.99]
0.76 [0.57; 0.89]

0.91 [0.89; 0.93]

0.8 0.9

(95% Cl)



(A)

Source

Hansen, 2016
Thompson, 2016
Adamcova, 2017
Jambor, 2017
Hansen, 2018
Pal, 2018
Barrett, 2019

van der Leest, 2019

Zhang, 2019

Hansen, 2016
Adamcova, 2017
Hansen, 2017
Hoffman, 2017

Total

Heterogeneity: sz =166.82 (P < .01), ?=93% |

Proportion (95% CI)

0.88 [0.76; 0.95]
0.78 [0.68; 0.86]
0.84 [0.76; 0.89]
0.92[0.82; 0.97]
0.76 [0.71; 0.80]
0.75 [0.70; 0.80]
0.96 [0.94; 0.97]
0.94[0.91; 0.96]
0.90 [0.88; 0.93]

0.90 [0.84; 0.94]
0.73[0.63; 0.81]
0.92 [0.88; 0.94]
0.93[0.77; 0.98]

0.87 [0.82; 0.91]
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Residual heterogeneity: 5%, = 166.82 (P <.01), :693®.7 0.75 0.8 0.85 0.9 0.95

(95% ClI)
(B)

Source Proportion (95% Cl)
Filson, 2016 0.95[0.85; 0.98] ——
Filson, 2016 0.95 [0.86; 0.98] ——-
Hansen, 2016 0.81 [0.57; 0.93] =
Hansen, 2016 0.93[0.86; 0.97] ——
Mahon, 2016 0.94 [0.89; 0.97] —il—
Mahon, 2016 1.00 [0.92; 1.00] —a
Ahmed, 2017 0.89[0.83; 0.93] —|—
Boesen, 2017 0.99 [0.96; 1.00] -l
Hansen, 2017 1.00 [0.97; 1.00] —
Hoffman, 2017 0.96 [0.82; 0.99] — &
Lu, 2017 0.98 [0.93; 0.99] —i
Lu, 2017 0.98 [0.93; 0.99] —
Porpiglia, 2017 1.00 [0.87; 1.00] —a
Simmons, 2017 0.91[0.78; 0.97] i :
Boesen, 2018 0.97 [0.95; 0.99] B
Bryant, 2018 0.98 [0.95; 0.99] . |
Mortezavi, 2018 0.92[0.81; 0.97] L
Pal, 2018 0.97 [0.94; 0.99] —
Barrett, 2019 0.99 [0.98; 1.00] g |
Rouviere, 2019 0.98 [0.87; 1.00] 4}
van der Leest, 2019 1.00 [0.98; 1.00] .
Total 0.97 [0.96; 0.99] <
Heterogeneity: x5, = 79.35 (P <.01), #=75% ! ' ' ' !

0.6 0.7 0.8 0.9 1

(95% Cl)
(C)
Source Proportion (95% Cl)
Hansen, 2016 0.91 [0.78; 0.96] L
Kim, 2018 0.96 [0.93; 0.98] B
Pal, 2018 0.95[0.91; 0.97] —il—
van der Leest, 2019 0.98 [0.96; 0.99] - 1
Hansen, 2016 0.95 [0.90; 0.97] ——
Hansen, 2017 0.97 [0.94; 0.98] —-
Hoffman, 2017 0.89 [0.72; 0.96] &
Simmons, 2017 0.83[0.76; 0.89] L
Kim, 2018 0.96 [0.92; 0.98] ——
—_

Total 0.95 [0.92; 0.97] _
Heterogeneity: x5 = 36.50 (P < .01), I = 78% ' ' ' ' '
Residual heterogeneity: X§ =31.60 (P <.01), I* = 08P5 0.8 0.85 0.9 0.95

(95% Cl)



vvasliino, £U1o
Adamcova, 2017
Jambor, 2017

Lu, 2017

Porpiglia, 2017
Rhudd, 2017
Hansen, 2018

Kim, 2018

Meng, 2018
Mortezavi, 2018
Oishi, 2018

Otti, 2018

Pal, 2018
Panebianco, 2018
Zhou, 2018

Barrett, 2019
Zhang, 2019
Zalesky, 2019
Kruger—Stokke, 2019
Lobo, 2018

Rozas, 2019

van der Leest, 2019
Regis, 2019
Rouviere, 2019
Mannaerts, 2018

Filson, 2016
Hansen, 2016
Adamcova, 2017
Hansen, 2017
Hoffman, 2017
Karman, 2017
Simmons, 2017
Hwang, 2018
Karman, 2018
Kim, 2018
Mortezavi, 2018
Panebianco, 2018

Simmons, 2018
ZZalaclkyy 2010

U.UZ [U.UL, UU/]
0.11 [0.05; 0.23]
0.11 [0.04; 0.24]
0.63[0.47; 0.77]
0.15 [0.06; 0.34]
0.25 [0.12; 0.45]
0.19 [0.15; 0.25]
0.10 [0.07; 0.14]
0.13 [0.07; 0.25]
0.37 [0.25; 0.51]
0.56 [0.42; 0.69]
0.20 [0.16; 0.25]
0.40 [0.34; 0.47]
0.07 [0.06; 0.10]
0.06 [0.02; 0.15]
0.04 [0.03; 0.07]
0.15 [0.12; 0.20]
0.11 [0.05; 0.23]
0.11 [0.06; 0.18]
0.19 [0.15; 0.23]
0.08 [0.05; 0.13]
0.20 [0.16; 0.25]
0.06 [0.03; 0.13]
0.18 [0.09; 0.31]
0.26 [0.18; 0.36]

0.12 [0.06; 0.23]
0.15 [0.09; 0.24]
0.11 [0.04; 0.28]
0.20 [0.14; 0.27]
0.00 [0.00; 0.39]
0.18 [0.13; 0.25]
0.49 [0.33; 0.64]
0.20 [0.07; 0.45]
0.19 [0.15; 0.23]
0.06 [0.03; 0.10]
0.22 [0.12; 0.38]
0.09 [0.07; 0.12]

0.33[0.21; 0.47]
NNOLQRATIN N2 N 2K]
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