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Abstract

The steadily increasing demand for diagnostic prostate MRI has led to concerns regarding the lack of access

to, and the availability of qualified MRI scanners, and sufficiently experienced radiologists and radiographers/
technologists to meet the demand. Solutions must enhance operational benefits without compromising diag-
nostic performance, quality and delivery of service. Solutions should also mitigate risks, such as decreased reader
confidence and referrer engagement. One approach may be the implementation of MRI without the use gado-
linium-based contrast medium (also referred to as “biparametric MRI”), but only if certain prerequisites such as
high-quality imaging, expert interpretation quality, and availability of patient recall or on-table monitoring are
mandated. Alternatively, or in combination, a clinical risk-based approach could be used to decide on protocol
selection, specifically which biopsy naive man needs MRI with contrast (multiparametric MRI). There is a need

for prospective studies where biopsy decisions are based upon MRI without contrast. Such studies must define
clinical and operational benefits and identify which patient groups can be scanned successfully without contrast.
These higher quality data are needed before the PI-RADS Committee can make evidence-based recommenda-
tions about MRI without contrast as an initial diagnostic approach for prostate cancer work-up.
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1. Introduction

In prostate cancer diagnosis, it is important to distinguish men with clinically significant disease
from those with insignificant disease. Men with significant disease are more likely to benefit from
treatment, while those with insignificant disease will most likely suffer no harm from their disease
[1]. Clinical benefit derives from either a timely diagnosis and appropriate treatment of
prognostically significant disease, or the avoidance of clinical harms including over-diagnosis,
over-treatment, and unnecessary biopsies and their associated risks of complications. The MRI
approach in biopsy naive men can deliver both benefits: from early diagnosis in the case of MRI-
positive results of significant cancers, to potential biopsy avoidance resulting from MRI-negative
results, leading to decreased rates of indolent cancer detection [2].

The demand for prostate MRI and associated waiting times are increasing in many
countries [3-5]. This mandates expanding diagnostic capacity and increasing patient throughput.
Concerns have been raised about the lack of access to PI-RADS compliant MRI scanners, as well
as of enough experienced radiologists and radiographers or technologists to meet this growing
demand. Other impediments include inconsistencies of image quality, lack of objective diagnostic
guality metrics and the challenges of managing the higher demand and volume of examinations
[6]. Solutions must mitigate the resulting risks which include decreased reading confidence of
radiologists, and diminished diagnostic performance [7], while enhancing operational benefits
and enabling costs savings if possible.

In this paper, we focus on the potential role of MRI without the use of gadolinium-based
contrast medium (non-contrast MRI) as one solution to meet the increased demands in biopsy
naive men with suspicion of prostate cancer. We compare the non-contrast MRI (also referred to
as “biparametric MRI” or “bpMRI” in other publications) with the approaches of standard
multiparametric MRI (MRI with dynamic contrast-enhancement (DCE) as described in PI-RADS
v2.1 [8]), and discuss operational aspects and impacts on radiological image assessments and
diagnostic performance. Clinical risk groups are commonly used to decide on the need for
prostate biopsy in the setting of opportunistic screening. We therefore put forward the concept

of risk grouping for directing the need to administer contrast medium in biopsy naive men.
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Therein, the potential added value of the dynamic contrast-enhanced MRI (DCE-MRI) sequence

in different risk scenarios in biopsy naive men is discussed in detail.

2. Impacts of non-contrast MRI on clinical practice

2.1. Impacts on operations

Non-contrast MRI can shorten examination times and pre-MRI preparations, with no contrast-
medium related precautions, potentially enabling increased patient throughput (Table 1).
Moreover, MRI protocols without contrast injections may be preferred by patients, reducing
patient discomfort, adverse effects and ‘in-the-scanner’ time [9]. Excluding the DCE-MRI
sequence from MRI examinations substantially decreases the overall costs because contrast
medium is not used, radiologist’s presence is not required, injection apparatuses and accessories
are not needed, and shorter scanner times are enabled [10]. These operational benefits need to
be carefully weighed against the impacts on radiological image assessments and diagnostic
performance [7].

2.2. Impacts on radiological image assessments

Negative MRI cases can be identified by using T2-weighted (T2W) and diffusion-weighted imaging
(DWI1) criteria alone according to PI-RADS v2.1, and DCE-MRI is not routinely needed to call an
MRI examination negative (PI-RADS scores 1 and 2). Negative contrast MRI scans are estimated
to account for up to 30-40% of all intermediate- to high-risk biopsy naive men coming to MRI
examinations [11, 12]. This proportion is even higher in lower-risk men [13]. Broadly, the
proportion of negative non-contrast MRI [14-17] is of similar magnitude to contrast MRI studies
[18-20] when adjusted for disease prevalence.

Most MRI positive cases can also be identified by using T2W and DWI criteria alone,
especially for larger tumors assigned to the PI-RADS 5 category and a substantial proportion of
PI-RADS 4 lesions also (Figure 1). There is a role for DCE-MRI for detecting small cancers which
are less obvious or occult on T2W and DWI [8, 21] or when DWI images are degraded by hip
prostheses. The presence of focal contrast enhancement can increase reader confidence, helping

less experienced readers call MRI scans positive [22-24]. Limited literature indicates that contrast
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medium upgraded lesions are likely to be cancers, although the proportion of ISUP grade >3 is
not well documented. [21, 24].

The formal codified role of DCE-MRI within PI-RADS v2.1 is limited to, (1) the
characterization of category 3 lesions in the peripheral zone of the prostate gland, where DCE-
MRI features affect the final PI-RADS category assignments, and (2) the characterization of PI-
RADS 3 lesions in the transition zone when there are artefacts on DWI [8]. When a peripheral
zone category 3 lesion shows focal enhancement, it is upgraded to a PI-RADS 4 category lesion
(Figure 2). Readers should note that upgraded PI-RADS 3 lesions (PI-RADS 3+1) are distinct from
native PI-RADS 4 category lesions in terms of the prevalence of clinically significant prostate
cancer (csPCa) [25-27]. Unfortunately, there is no clear documentation on the frequency of
upgrading of PI-RADS 3 lesions by DCE-MRI. Zawaideh et al noted increases in the number of
positive MRI assessments when using the contrast MRl approach (non-contrast MRI: n=132 cases,
contrast MRI: n=143 cases; ratio 1.08) suggesting an 8% increase for their Likert system (Table 2)
[24]. It is estimated that up to 80% of the administered contrast medium has no effect on the final
PI-RADS category assignments, and therefore may not have major impacts on the clinical decision
regarding the need for biopsies [24, 28].

The absence of the DCE-MRI sequence can have an impact on reading performance
(identification and demarcation) in all zones of the prostate gland, especially for less experienced
readers (Figure 3) [22-24, 27]. In a reading performance study, inexperienced readers performed
significantly worse with non-contrast MRl compared to contrast MRI for the same fixed number
of cases [22]. For readers who had cumulatively interpreted 300 cases, the contrast vs. non-
contrast MRl sensitivities were 0.91 vs. 0.58 (p < 0.01) and AUC were 0.86 vs. 0.73 (p=0.01), while
readers who had read 1000 cases, had comparable sensitivities of 0.91 vs. 0.96, and AUC 0.86 vs.
0.93 (p=0.10). Although education, training and histological feedback are critical for performance
improvements, these data suggest that the use of non-contrast MRI may be most suited for expert
readers, and that less experienced readers may need and rely upon DCE-MRI to boost their
diagnostic confidence and performance [24].

The absence of DCE-MRI sequence may also lead to greater uncertainty with increases in

the proportion of indeterminate cases going for biopsies, even for expert readers, regardless of
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the reading system used. In an in-depth analysis of diagnostic performance studies, with direct
head-to-head comparisons between non-contrast and contrast MRI for cancer detection, we
found only 6 studies [24, 29-32] in the clinical diagnosis setting (referenced to biopsies) and 3
studies [26, 33, 34] referenced to radical prostatectomy specimens (Table 2). In the diagnostic
setting, the prospective, multicenter 4M study [30] noted more indeterminate PI-RADS 3 category
cases for non-contrast MRI approaches (11% (n=70) for uniplanar and 8% (n=49) for multiplanar
non-contrast MRI) than for contrast MRI (6% (n=40)) for two highly expert readers. This effect
was also noted for the Likert systems (alternatives to PI-RADS assessment, which are more
subjective, based on reporter experience, also incorporating clinical parameters) used in the
secondary analysis of the prospective multicenter PROMIS study [29], where the number of
equivocal Likert 3 scores increased from 27% (n=136) of patients using contrast MRI, to 32%
(n=158) using non-contrast MRI (p =0.031). In a prospective single-center multi-reader study [24],
the number of equivocal Likert 3 scores increased from 8% (n=22) using contrast MRI to 17%
(n=45) using non-contrast MRI. Although contrast MRI was found to be helpful for 28% of score
determinations, readers would only have recalled one out of 10 patients (11%) for DCE-MRI
sequence, mainly to assess indeterminate lesions in the peripheral zone. Only one retrospective
single-center, single reader study [31] has noted that Likert 3 category cases decreased when
using the non-contrast MRI approach (from 29% (n=69) with contrast to 20% (n=48) without
contrast). The retrospective study design and high non-contrast MRI experience of the reader are
biases.

More indeterminate cases could have the effect of undermining the confidence of MRI
utility amongst referring physicians deciding on who, and which lesions, to biopsy. Referring
physicians often prefer binary ‘yes/no’ answers. Therefore, the proportion of PI-RADS 3 cases
should be low. It should be noted, however, that the proportion of PI-RADS 3 lesions is dependent
on disease prevalence, and the composition of the patient population. For a disease prevalence
of csPCa of 40% (range 4 to 65%), the average literature PI-RADS 3 proportion is approximately
17% (range 6 to 46%) [28] within some expert centers achieving lower (<10%) PI-RADS 3
proportions [20, 35, 36].

2.3. Impacts on diagnostic performance
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Multiple systematic reviews and meta-analyses have been conducted in mixed populations
comparing the diagnostic performance of non-contrast and contrast MRI [37-41]. Four analyses
[37-40] showed that the detection rates for all cancers are marginally increased with the use of
DCE-MRI, whereas another did not [41] (Table 3). The meta-analysis of Niu et al [40], comparing
head-to-head studies for the detection of all prostate cancers, showed that contrast MRI had a
modestly higher pooled sensitivity (0.85 (95% Cl: 0.78—0.93)) than non-contrast MRI (0.80 (0.71-
0.90); P=0.01) due to trends observed in 7 of the 11 studies included. However, the pooled
specificity values were not different (contrast MRI, 0.77 (0.58-0.95), non-contrast MRI, 0.80
(0.64-0.96); P=0.82).

It seems as though contrast enhancement has no or only marginal effects on the diagnostic
performance for the detection of clinically significant cancers [38, 39]. In a sub-analysis of direct
head-to-head comparison studies of non-contrast and contrast MRI focusing on csPCa only,
Alabousi et al [38] showed pooled summary statistics of 6 studies without significant difference
for sensitivity (non-contrast MRI: 0.91 (0.82—-0.96); contrast MRI: 0.92 (0.91-0.94)) or specificity
(non-contrast MRI: 0.73 (0.37-0.92); contrast MRI: 0.65 (0.33-0.87)) (Table 3). Woo et al. showed
similar results [37]. In the Cochrane sub-analysis [12], the detection of ISUP grade group 22
cancers for contrast MRI (16 studies; 1.18 (1.05-1.33)) was higher than for non-contrast MRI (6
studies; 1.03 (0.91-1.17)), when related to systematic biopsies, however, without significant
difference (P=0.23).

We advise caution on taking pooled test accuracies at face value because of the
considerable heterogeneity amongst the studies evaluated (Table 3). The mixing of reference
standards for determining diagnostic metrics is a serious hazard for adoption into clinical
diagnostic practice. Similarly, MRI data obtained after the cancer diagnosis for treatment
guidance, will differ from MRI data in the diagnostic work-up of patients. Differences in review
designs are also impactful; some reviews have included studies with either non-contrast MRI or
contrast MRI results, others including only studies on head-to-head comparisons of non-contrast
MRI and contrast MRI results. The mixing of populations amongst the included studies is of
particular concern when recommendations are being made about the diagnostic use of non-

contrast MRI for biopsy naive men. We have only seen this evaluated specifically in the head-to-
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head comparison review of Woo et al [37]: a sub-analysis in biopsy naive men revealed only 3
studies, showing pooled summary statistics without significant difference (p=0.36) for sensitivity
(non-contrast MRI: 0.63 (0.51-0.75); contrast MRI: 0.69 (0.58—-0.81) or specificity (non-contrast
MRI: 0.94 (0.90-0.97); contrast MRI: 0.89 (0.85—-0.94).

Systematic analyses have also noted that the definition of clinically significant cancer vary
widely between studies, as do the methods used for image evaluations (e.g. clinical Likert and PI-
RADS systems). Other sources of heterogeneity also significantly affect disease detection
sensitivity including the type of coils used, magnetic field strength, use of ADC (apparent diffusion
coefficient)-maps and ultra-high b-values, patient enrollment, and reader blinding [12, 39].
Importantly, in all direct comparison studies, biopsy decisions are based on contrast MRI results,
and we cannot know the relative diagnostic performance of non-contrast MRI in comparison to
contrast MRI. Taken together, the pooled data showing statistical non-inferiority can only be
considered being as broadly supportive of the non-contrast MRl approach, but the heterogeneity
undermines the scientific strength of the non-contrast MRI observations, and its applicability for
biopsy-naive men. Better designed, randomized prospective trials are needed where biopsy
decisions are made using non-contrast MRI separate from using contrast MRI, within uniform
populations at usual risk of prostate cancer, to increase confidence in the non-contrast MRI-
directed biopsy approach for biopsy naive men suspected to have prostate cancer.

Having noted the serious study limitations above, support for the non-contrast MRI
approach comes from the PROMIS study where all men underwent 5 mm transperineal template
mapping biopsies [29]. In a paired validation analysis, equivalent diagnostic metrics were realized
for ISUP grade >2 cancers for non-contrast and contrast MRI readings. For non-contrast MRI and
contrast MRI respectively, the sensitivity (89% and 88%), specificity (44% and 44%), positive
predictive value (69% and 69%), and negative predictive value (74% and 72%) were similar. The
same was noted for alternative histopathology definitions of significant disease (Gleason score
>4 + 3 or any cancer core length =6 mm).

Of note, diagnostic performance is a balance between sensitivity (low false negatives) and
specificity (low false positives). The reported data by Tamada et al regarding inter-reader

diagnostic performances in a lesion-based analysis showed increased sensitivity at the expense
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of decreased specificity for MRI with contrast, contrasting increased specificity at the expense of
decreased sensitivity for MRI without contrast [27].

These data lead us to conclude that only a minority of men who are upgraded from the PI-
RADS 3 to PI-RADS 4 category by contrast MRI have cancers that need to be detected
immediately. That is, the majority of the additional cancers detected are often ISUP grade 1 and
microfocal ISUP grade 2 tumors, corresponding to their respective population prevalences [31,
42, 43]. The presence of focal enhancement does not consistently differ between tumor grades
in peripheral zone cancers [44]. So, while DCE-MRI helps detect more lesions, the impact on the
detection of aggressive high-grade cancers with primary Gleason pattern 4 (ISUP grade > 3) is not

well documented.

3. Using non-contrast MRI as the default approach
As the diagnostic performance of non-contrast MRI does not appear to be inferior to contrast MRl
(with caveats), and the radiological image assessments and biopsy decisions are not hampered
for the majority of biopsy-naive men (Table 2 and 3), a shift towards non-contrast MRI as the
default initial approach in biopsy naive men may be adopted. However, we need to attach some
important prerequisites where we to adopt this approach (Table 4).
3.1. High-quality imaging (1)
While within PI-RADS, the DCE-MRI sequence is only needed to classify an indeterminate lesion
in the peripheral zone (PI-RADS 3), it can also be used informally to exclude and to detect lesions
as alluded above. These diagnostic “safety-net” or “back-up sequence” uses can improve reader
confidence and might allow otherwise missed lesions to be detected when there is insufficient
image quality due to artifacts or inadequate signal-to-noise ratio on DWI (Figure 4) [8]. MR image
guality is therefore of paramount importance and should always be assessed as part of routine
non-contrast MRI reporting, with statements indicating whether the image quality is sufficient for
‘ruling-in” and ‘ruling-out’ clinically significant cancers, as recently suggested by de Rooij et al [6]
and Giganti et al [45].

Given the documented impacts of technical factors on the sensitivity of non-contrast MRl

for ISUP grade group 22 cancers described in all systematic analyses, the minimal requirements
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for data acquisitions in the PI-RADS v2.1 guidelines need adjusting for non-contrast and contrast
MRI examinations [8]. That is, we will need to set higher technical standards, to obtain impeccable
T2W/DWI quality [46, 47]. While these requirements apply to both non-contrast and contrast
MRI, optimal image-acquisitions and pre-MRI preparations, are necessary on the premise that
there is likely to be a degradation of non-contrast MRI test performance in clinical practice,
compared to its use at expert centers. Initiatives to improve image quality must be undertaken
by all stakeholders, from MRI manufacturers, physicists, radiologists and organizations such as
European Imaging Biomarkers Alliance (EIBALL) and Quantitative Imaging Biomarker Alliance
(QIBA).

3.2. High reader expertise (2)

Accurate detection and characterization of cancer suspicious foci has a learning curve that can be
shortened with education, training and practice expertise. The suggested threshold of cases for
reliable non-contrast MRI interpretation previously discussed [22, 23] set a high-bar for its
successful use, which may require the division of radiologists who can and who should not
interpret non-contrast MRl examinations, according to agreed local practice. Less experienced
readers will negatively impact the diagnostic performance of MRI, affect the confidence and
adoption of non-contrast MRI by urologists, and on influence biopsy decisions. Therefore, centers
utilizing non-contrast MRI may consider concentrating the MRI-directed diagnostic work-up
around dedicated expert prostate cancer physicians, working in multidisciplinary teams [48, 49].
3.3. Adjustments of biopsy decision thresholds according to clinical risk (3)

The non-contrast MRI approach may require a higher PI-RADS threshold for defining test
positivity, to minimize over-diagnosis in low disease prevalence settings [1]. When there is low
disease prevalence, the non-contrast PI-RADS 4-5 cut-off appears better correlated to ISUP grade
group 22 disease detection, achieving a better balance between sensitivity and specificity with
less false positive cases [50]. However, the non-contrast PI-RADS threshold for biopsy in men with
elevated PSA or in those with abnormal digital rectal examinations is likely to be the same as
when using contrast MRI (that is, PI-RADS 3-5). Refinements of the threshold for biopsy in non-
contrast MRI examinations using PSA-density, for men with elevated PSA values are also emerging

[16, 20, 51, 52]. Changing biopsy thresholds in the way described will have impacts on reader and
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diagnostic performance of non-contrast MRI. These will require redocumentation for
benchmarking purposes.

3.4. Reader performance assessments and benchmarking (4)

Reader performance assessments in MRI-directed diagnostic work-ups are essential regardless of
the MRI technique used. Where non-contrast MRI is the default strategy, the need for regular
peer review is even more pressing, with checking of inter- and intra-observer variability and/or
within multidisciplinary meetings, where consistency and discrepancy between non-contrast MRI,
biopsy, and histological outcomes can be monitored.

In the absence of any biopsy for PI-RADS 1-2 categories, the negative predictive value
cannot serve as a suitable metric for assessing reader performance for daily practice, as ‘false-
negative results’ will not be determined on an ongoing and timely basis. Comparative diagnostic
center cancer detection rates in MRI-positive men are also problematic because of the impact of
disease prevalence on MRI-positivity between centers [53]. Inter-reader PI-RADS proportions and
cancer detection rates within a given center maybe used to monitor performance against peers
[54, 55]. Interobserver agreement estimates are available for non-contrast and contrast MRI [30,
32, 56]. However, currently, we cannot determine whether non-contrast or contrast MRI has
better interobserver agreement.

In order to undertake new benchmarking, re-documentation on PI-RADS proportions and
likely diagnostic yields will be needed for non-contrast MRI, where biopsy decision making is
based upon non-contrast MRI. These are needed for different image defined biopsy thresholds
and for different disease prevalences [17, 57]. Cancer detection rate benchmarking against
literature values may not be appropriate due to differences in disease prevalence and patient
characteristics, unless appropriate adjustments are made [17]. Higher cancer detection rates can
be expected when disease prevalence is high [58], with corresponding alterations in the
proportion of negative, equivocal and positive MRI results.

3.5. Diagnostic safety-net: patient recalls or on-table monitoring (5)
Formally instituting patient recalls to imaging centers for DCE-MRI sequences will become
necessary as non-contrast MRI examinations are increasingly applied, as part of the delayed

‘diagnostic safety-net’ recall of patients. This should be done when there is insufficient quality of
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T2W or DWI images (Figure 4), and in indeterminate cases (Figure 2) [59]. Alternatively, direct
monitoring when the patient is on the scanner could minimize these recalls. However, this would
be logistically challenging and probably not cost-efficient from a scheduling perspective. This may
in the future be addressed by artificial intelligence algorithms that will ensure high quality
acquisitions. It should be borne in mind that the ‘diagnostic safety-net’ use of DCE-MRI may yield
enhancing lesions that are imperceptible on T2W or DWI (Figure 5) but as already noted, the
lesions revealed may not represent clinically significant cancers, thus adversely impacting on false
positivity rates.

3.6. Monitoring or follow-up safety-net (6)

As with contrast MRI, the ‘monitoring or follow-up safety-net’ after low likelihood findings on
non-contrast MRI in intermediate- and high-risk biopsy-naive men should also be undertaken, in
men avoiding immediate systematic biopsies. The ‘follow-up safety-net’ includes clinical and
laboratory assays and repeated imaging as per local clinical practice and consistent with clinical

goals for individual patients as discussed in more detail below (section 4.2).

4. Pre-MRI risk grouping for deciding on the use of DCE-MRI

In the hypothesized clinical scenario of non-contrast MRI adoption as the default diagnostic
strategy, DCE-MRI would be primarily abandoned for all referred patients. Contrast medium use
would be reserved for PI-RADS 3-4 cases where there is potential added diagnostic value including
biopsy guidance (Figure 6a). To overcome the challenges and bothersome recalls needed to do
this successfully, an alternative scenario of pre-MRI risk assessments could be envisioned (Figure
6b). Grouping men into low-, intermediate-, and high-risk categories, using the proven clinical risk
assessment calculators/nomograms already in use for biopsy decisions by urologists, can enable
the selection of men in whom DCE-MRI may or may not be contributory for MRI assessments, and
for deciding on biopsy strategies (Figure 7).

4.1.  Men at low-risk

In men with a low-risk of csPCa (e.g. in general population screening), the aim of MRl is (a) to rule-
out clinically significant disease (tumors that should not be missed; ISUP grade group 3-5 disease),

and (b) importantly to minimize over-diagnoses in the setting of a high background prevalence of
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ISUP grade 1 cancers in older men [1]. Reduction of over-diagnosis remains a major clinical priority
for biopsy-naive men as indicated by the US Preventive Services Task Force 2017 [60].

A substantial proportion of low-risk men will have a negative MRI (PI-RADS 1-2) [11, 12]
which can be defined using non-contrast MRI alone. Non-contrast MRl is, therefore, a reasonable
option in biopsy naive men who are at low-risk and are concerned about over-diagnoses. In these
men, non-contrast MRl may be adequate to exclude clinically significant disease using a higher
threshold for biopsy (PI-RADS 4-5) as shown recently by the PROSTAGRAM screening study where
the disease prevalence was 4% [50].

4.2. Men at intermediate- and high-risk

Men at intermediate-risk may undergo contrast MRI as the default approach (Figure 7). As
previously mentioned, DCE-MRI has the potential for additional value in the peripheral zone to
improve the risk stratification of indeterminate lesions (PI-RADS 3) and for biopsy planning for
smaller (PI-RADS 4) lesions. Radiologists benefit from DCE-MRI use because of improved reading
confidence and because of fewer indeterminate cases, rather than for the reasons of improved
diagnostic performance (Table 2). In these men, DCE-MRI may guide tumor biopsy approaches.
For discrete focal lesions, targeted biopsies may be sufficient, but for lesions with peri-tumoral
penumbral enhancement, a focal saturation approach (MRI-directed biopsies of the lesion and
peri-lesional region) may enable improved pathological risk stratification [20].

Biopsy-naive men with strong family history, known genetic predisposition, elevated
serum and urinary genomic scores, and men with higher than average risk calculator scores for
significant cancer, may benefit from contrast MRI as the default option. For these men, biopsy
avoidance is not a clinical priority, but the detection and volumetric estimates of clinically
significant disease are important to effect timely curative therapies. For these men, a pre-MRI
risk assessment mandates the use of contrast MRI.

In men at persistent (higher) risk, such as those with prior negative biopsies with
unexplained persistent elevated PSA levels, suspicious prior histology (e.g. high-grade prostate
intraepithelial neoplasia or atypical ductal hyperplasia), and in active surveillance patients being
evaluated for fast PSA doubling times or changing clinical or pathologic status, contrast MRI is

also preferred. For men who have previously undergone a non-contrast MRI examination that did
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not show suspicious findings, and who remain at persistent suspicion of harboring csPCa, the
clinical priority for subsequent MRI scans is to not miss csPCa; thus, the preferred option is
histological evaluations with or without re-imaging, using contrast MRI.

To reduce the need for all men with intermediate- and high-risk requiring DCE-MRI, on-
table MRI monitoring (by trained technologists, radiologists, machine learning software) of
images may allow contrast medium to be omitted when larger volume tumors are present, and
when there is already sufficient information for biopsy planning and staging. Some investigators
are now using other biomarkers such as PSA-density in men with elevated PSA levels, to identify
men at higher risk after a negative or indeterminate MRI [51]. Prostate volume assessments and
PSA-density calculations are easily done after the T2W images are acquired, enabling the
personalized use of contrast medium for men with higher PSA-densities.

4.3.  Men with clinical locally advanced disease

Men who are highly likely to have significant prostate cancer based on very elevated serum PSA
levels accompanied by abnormal digital rectal examinations suggesting locally advanced disease
(high-risk, locally advanced prostate cancer), are unlikely to derive clinical benefits from contrast
MRI use for diagnosis [61]. Most of these men have larger tumors that are easily staged, and
biopsy planned by using non-contrast MRI. Contrast enhancement can be helpful for some men
for staging (bladder neck invasion, seminal vesicle invasion) and sometimes for differential

diagnosis of PI-RADS 4 and 5 lesions (e.g. high-grade PIN, prostatitis).

5. Consensus statements

(1) Non-contrast MRI represents a potential solution for meeting the increasing demand for MRI
in the prostate cancer diagnostic workup. The advantages and disadvantages for operational
workflows, radiological assessments, and diagnostic performance must be weighed carefully,
taking into account the likelihood of clinically significant disease being present and the clinical
priorities of patients and their referrers.

(2) Optimal image acquisition and data interpretations are mandatory on the premise that there

is likely to be a degradation of non-contrast MRI performance in clinical practice. When non-
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contrast MRl examinations are undertaken, the proportion of men in the indeterminate category
will likely increase.

(3) Instituting patient recalls should be pursued in cases when there is insufficient image quality
and in indeterminate cases, where contrast enhancement may add value to mitigate the risks of
decreased MRI reading confidence or inaccurate diagnoses. As an alternative, on-table
monitoring of image quality and/or tailoring the need for contrast enhancement according to
patient risk can be explored.

(4) Higher quality data are needed before the PI-RADS Committee can make evidence-based
recommendations about MRI without contrast as an initial diagnostic approach for prostate
cancer work-up. Specifically, there is a need for prospective, comparative studies where biopsy
decisions are based upon MRI with and without contrast in different patients. Such studies must
define both clinical and operational benefits and identify which patient groups can be scanned
successfully without contrast.

(5) The current analysis indicates the need to have both non-contrast MRI and contrast MRI
approaches available for prostate cancer diagnosis. Greater evidence is needed to precisely

define which patient groups benefit from contrast enhancement and who can safely avoid it.
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Figure 1. DCE-MRI does not add value in larger lesions with PI-RADS 4 or 5 scores
in non-contrast MRI. 72 year-old man, cT1, PSA 8.1 ng/ml, PVmri 36 ml, PSAD 0.23
ng/ml2, primary diagnosis. Suspected lesion of 16 mm right peripheral zone with
PI-RADS score 5 (T2W:5, DWI/ADC:5, DCE:+). DCE did not add value in this large
PI-RADS 5 lesion. Three MRI-directed fusion biopsies revealed Gleason score
3+4=7 (ISUP grade 2) without cribriform / intraductal growth.

cT: clinical T-stage; PSA: prostate specific antigen; PVmri: MRI prostate volume;
PSAD: PSA-density; T2W: T2 weighted imaging; DWI: diffusion weighted imaging;
b: b-value of DWI; DCE: dynamic contrast enhanced imaging.
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Figure 2. DCE-MRI adds value in indeterminate lesions with PI-RADS 3 scores in
non-contrast MRI. 65 year-old man, cT1, PSA 3.5 ng/ml, PVmri 45 ml, PSAD 0.08
ng/ml2, primary diagnosis. Suspected lesion of 6 mm right peripheral zone with
PI-RADS score 4 (upgraded 3+1) (T2W:3, DWI/ADC:3, DCE:+). This wedge-shaped
lesion on T2W showed hardly any suspicious diffusion restriction on b-2000
(equivocal score 3), and a small focus with moderately decreased signal intensity
on ADC. DCE showed a larger region of focal enhancement (+), and supported
the equivocal score 3 of DWI/ADC, upgrading to a final PI-RADS score 4, indicat-
ing targeted biopsy. Three MRI-directed fusion biopsies revealed Gleason score
3+3=6 (ISUP grade 1) without cribriform / intraductal growth, in all three biop-
sies.
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Figure 3. DCE-MRI adds value in smaller lesions with PI-RADS 4 scores in
non-contrast MRI. 68 year-old man, cT1, PSA 8.6 ng/ml, PVmri 34 ml, PSAD 0.25
ng/ml2, primary diagnosis. Suspected lesion of 6 mm right peripheral zone
with PI-RADS score 4 (T2W:4, DWI/ADC:4, DCE:+). This wedge-shaped lesion on
T2W showed microfocal marked diffusion restriction b-2000 and ADC. Despite
wedge-shaped characteristics, as a benign feature, lesional focal enhancement
(DCE+) supported the DWI/ADC suspicion, and increased reader confidence.
Five MRI-directed fusion biopsies (including penumbra) revealed Gleason score
3+4=7 (ISUP grade 2) with cribriform / intraductal growth (reduced prognostic
prostate cancer), in all three biopsies.
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Figure 4. DCE-MRI adds value in non-contrast MRI with insufficient quality. 73 year-old man, cT1, PSA 9.4 ng/ml, PVmri 56
ml, PSAD 0.18 ng/ml2, primary diagnosis. (a) In the right peripheral zone a lesion of 12 mm showed little focal enhance-
ment on DCE, however, not discriminative on T2W, as a result of diffuse low signal of the whole peripheral zone. Owing to
air in the rectum, DWI/ADC show artefacts, disrupting the K-space of the peripheral zone. DWI/ADC were not diagnostic for
the peripheral zone. (b) Following patient recall, MRI showed a thin subcapsular 12 mm lesion in the right peripheral zone,
best identifiable on b-2000/ADC, with focal enhancement. Final score was PI-RADS score 4 (T2W:3, DWI/ADC:4, DCE:+),
indicating targeted biopsy. DCE of the first contrast MRI already indicated a suspected lesion in the right peripheral zone.
Three MRI-directed fusion biopsies revealed Gleason score 3+4=7 (ISUP grade 2) without cribriform / intraductal growth, in
all three biopsies.
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Figure 5. DCE-MRI adds value in some PI-RADS 2 scores in non-contrast MRI.

71 year-old man, cT1, PSA 8.2 ng/ml, PVmri 72 ml, PSAD 0.12 ng/ml2, primary
diagnosis. In the right peripheral zone a lesion of 13-20 mm with heterogeneous
but focal enhancement on DCE, barely identifiable on T2W or DWI/ADC. Final
score was PI-RADS score 4 (upgraded 3+1) (T2W:3, DWI/ADC:3, DCE:+), indicating
targeted biopsy. Without DCE this lesion would not have been identified. Two
MRI-directed fusion biopsies revealed Gleason score 3+4=7 (ISUP grade 2) with
cribriform / intraductal growth in both biopsies.
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Figure 6. From a non-contrast MRI approach to a risk-based approach for non-contrast or contrast MRI decision, to simplify
and improve efficiency of MRI-directed prostate cancer diagnosis.

a) (left) Suspected men of having clinically significant prostate cancer (csPCa) initially undergo non-contrast MRI, sub-
sequently subcategorizing men into bpPI-RADS 1-5 groups. DCE-MRI is indicated in bpPI-RADS 3 and 4 cases, as it has
potential additional value in the peripheral zone to improve the risk stratification of indeterminate lesions (PI-RADS 3) and
for biopsy planning for smaller (PI-RADS 4) lesions. DCE-MRI could also be considered in some bpPI-RADS 5 cases, as part
of improved T-staging (seminal vesicle invasion (SVI), neurovascular bundle (NVB) invasion, or bladder neck invasion (BNI)),
and M1a-staging (bone and nodal (B&N) evaluations). On-table MRl monitoring would minimize the recall of patients

with indeterminate results or with insufficient image quality of T2W and DWI (left), although this would be logistically
challenging and difficult to realize in daily clinical working. Improved risk stratification based on mpPI-RADS scoring does
not impact on biopsy decision for the majority, however, biopsy may be obviated in men with PI-RADS 3 scores with low
PSA-density after multidisciplinary team (MDT) discussions.

b) (right) Pre-MRI risk assessments overcome the need for on-table MRl monitoring for contrast administration. Pre-MRl
risk grouping of suspected men of having csPCa pre-sorts patients for non-contrast MRI (low-risk, and locally advanced
disease) or to contrast MRI (intermediate- to high-risk men) examination strategies. Consequently, risk stratification of the
PI-RADS categories 3 and 4 is preplanned, and staging is also enacted for higher clinical risk categories. DCE-MRI is omitted
in the relatively large low-risk group, benefitting the operational diagnostic processes.
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Figure 7. Risk-based approach for contrast MRI decisions for MRI-directed prostate cancer diagno-

sis.

Pre-MRl risk grouping of suspected men of having clinically significant prostate cancer (csPCa)
into low-risk, intermediate-risk and high-risk, or even very high-risk (clinically advanced prostate
cancer) allows the need for contrast MRI to be decided in advance.

In men at low-risk, MRI has a dual purpose: (1) to avoid over-diagnoses in the setting of a high
background prevalence of ISUP=1 cancer in older men, and (2) to rule-out clinically significant
disease with low false results because of the need to exclude disease that is likely to be harmfully
in the short-intermediate term. This is a major clinical priority for biopsy naive men. The balance
between these competing clinical priorities is decided by the clinical priorities of men in shared
decision making where MRI information can be helpful. A substantial proportion will most likely
have a negative MRI. Non-contrast MRI (obviating DCE-MRI) may therefore be adequate in ex-
cluding disease (MRI-negative) and setting a high threshold for biopsy (PI-RADS 4-5) will balance
over-diagnoses with under-diagnosis.

Men with intermediate- to high-risk should all undergo contrast MRI as a default. In high-risk

men more than intermediate-risk men, MRl is performed to rule-in (i.e. to confirm) the presence
and location of clinically significant disease. Dynamic contrast enhancement (DCE)-MRI has the
potential for additional value to improve the risk stratification of indeterminate lesions (PI-RADS 3)
and for biopsy planning for smaller (PI-RADS 4) lesions. Maximizing diagnostic yields and accurate
histological assessments are clinical priorities in this group of men.

Men who are highly likely to have prostate cancer (very high-risk) based on very elevated serum
PSA levels accompanied by abnormal digital rectal examinations, are unlikely to derive clinical
benefits from DCE-MRI, and are better served with a non-contrast MRI done for local T-staging

and to detect locoregional (pelvic) metastases. In these patients DCE-MRI may be omitted as large
tumors are easily classified. There may be roles for contrast enhancement in selected patients for
differential diagnosis or staging.
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