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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 naïve 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 naïve 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 

quality 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 

naïve 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 naïve 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 naïve 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 

(DWI) 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 naïve 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 MRI 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 MRI 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 MRI 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 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 

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% CI: 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 ≥2 

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 naïve 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 naïve 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 MRI approach, but the heterogeneity 

undermines the scientific strength of the non-contrast MRI observations, and its applicability for 

biopsy-naïve 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 naïve 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 MRI 

(with caveats), and the radiological image assessments and biopsy decisions are not hampered 

for the majority of biopsy-naïve men (Table 2 and 3), a shift towards non-contrast MRI as the 

default initial approach in biopsy naïve 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 

quality 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 MRI 

for ISUP grade group ≥2 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 MRI 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 ≥2 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-naïve 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 MRI 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 MRI 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 MRI 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 MRI 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.  

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 

References 

 

1. Welch HG, Albertsen PC. Reconsidering Prostate Cancer Mortality - The Future of PSA 
Screening. The New England journal of medicine 2020; 382:1557-1563 

2. Padhani AR, Weinreb J, Rosenkrantz AB, Villeirs G, Turkbey B, Barentsz J. Prostate 
Imaging-Reporting and Data System Steering Committee: PI-RADS v2 Status Update and 
Future Directions. European urology 2019; 75:385-396 

3. Rosenkrantz AB, Hemingway J, Hughes DR, Duszak R, Jr., Allen B, Jr., Weinreb JC. 
Evolving Use of Prebiopsy Prostate Magnetic Resonance Imaging in the Medicare 
Population. The Journal of urology 2018; 200:89-94 

4. Oberlin DT, Casalino DD, Miller FH, Meeks JJ. Dramatic increase in the utilization of 
multiparametric magnetic resonance imaging for detection and management of prostate 
cancer. Abdominal radiology (New York) 2017; 42:1255-1258 

5. Renard-Penna R, Rouviere O, Puech P, et al. Current practice and access to prostate MR 
imaging in France. Diagnostic and interventional imaging 2016; 97:1125-1129 

6. de Rooij M, Israel B, Tummers M, et al. ESUR/ESUI consensus statements on multi-
parametric MRI for the detection of clinically significant prostate cancer: quality 
requirements for image acquisition, interpretation and radiologists' training. European 
radiology 2020;  

7. Padhani AR, Schoots I, Villeirs G. Contrast Medium or No Contrast Medium for Prostate 
Cancer Diagnosis. That Is the Question. Journal of magnetic resonance imaging : JMRI 
2020;  

8. Turkbey B, Rosenkrantz AB, Haider MA, et al. Prostate Imaging Reporting and Data 
System Version 2.1: 2019 Update of Prostate Imaging Reporting and Data System 
Version 2. European urology 2019; 76:340-351 

9. Fox-Rawlings S, Zuckerman D. NCHR Report: The Health Risks of MRIs with Gadolinium-
Based Contrast Agents. In: http://wwwcenter4researchorg/health-risks-of-gbcas/: 
National Center for Health Research, 2019 

10. Mowatt G, Scotland G, Boachie C, et al. The diagnostic accuracy and cost-effectiveness of 
magnetic resonance spectroscopy and enhanced magnetic resonance imaging 
techniques in aiding the localisation of prostate abnormalities for biopsy: a systematic 
review and economic evaluation. Health technology assessment (Winchester, England) 
2013; 17:vii-xix, 1-281 

11. Kasivisvanathan V, Stabile A, Neves JB, et al. Magnetic Resonance Imaging-targeted 
Biopsy Versus Systematic Biopsy in the Detection of Prostate Cancer: A Systematic 
Review and Meta-analysis. European urology 2019; 76:284-303 

12. Drost FH, Osses DF, Nieboer D, et al. Prostate MRI, with or without MRI-targeted biopsy, 
and systematic biopsy for detecting prostate cancer. The Cochrane database of 
systematic reviews 2019; 4:CD012663 

13. Schoots I, Padhani A. Risk-adapted biopsy decision making based on prostate MRI and 
PSA-density, for enhanced avoidance of biopsies in biopsy-naïve men for prostate cancer 
diagnosis. European urology 2020; (in submission) 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 

14. Jambor I, Verho J, Ettala O, et al. Validation of IMPROD biparametric MRI in men with 
clinically suspected prostate cancer: A prospective multi-institutional trial. PLoS medicine 
2019; 16:e1002813 

15. Boesen L, Norgaard N, Logager V, et al. Assessment of the Diagnostic Accuracy of 
Biparametric Magnetic Resonance Imaging for Prostate Cancer in Biopsy-Naive Men: The 
Biparametric MRI for Detection of Prostate Cancer (BIDOC) Study. JAMA Netw Open 
2018; 1:e180219 

16. Hansen NL, Barrett T, Kesch C, et al. Multicentre evaluation of magnetic resonance 
imaging supported transperineal prostate biopsy in biopsy-naive men with suspicion of 
prostate cancer. BJU international 2018; 122:40-49 

17. Knaapila J, Jambor I, Ettala O, et al. Negative Predictive Value of Biparametric Prostate 
Magnetic Resonance Imaging in Excluding Significant Prostate Cancer: A Pooled Data 
Analysis Based on Clinical Data from Four Prospective, Registered Studies. Eur Urol Focus 
2020; 14:30106-30101 

18. Kasivisvanathan V, Rannikko AS, Borghi M, et al. MRI-Targeted or Standard Biopsy for 
Prostate-Cancer Diagnosis. New England Journal of Medicine 2018; 378:1767-1777 

19. Rouviere O, Puech P, Renard-Penna R, et al. Use of prostate systematic and targeted 
biopsy on the basis of multiparametric MRI in biopsy-naive patients (MRI-FIRST): a 
prospective, multicentre, paired diagnostic study. The lancet oncology 2019; 20:100-109 

20. van der Leest M, Cornel E, Israel B, et al. Head-to-head Comparison of Transrectal 
Ultrasound-guided Prostate Biopsy Versus Multiparametric Prostate Resonance Imaging 
with Subsequent Magnetic Resonance-guided Biopsy in Biopsy-naive Men with Elevated 
Prostate-specific Antigen: A Large Prospective Multicenter Clinical Study. European 
urology 2019; 75:570-578 

21. Chatterjee A, Tokdemir S, Gallan AJ, et al. Multiparametric MRI Features and Pathologic 
Outcome of Wedge-Shaped Lesions in the Peripheral Zone on T2-Weighted Images of 
the Prostate. AJR Am J Roentgenol 2019; 212:124-129. doi: 110.2214/AJR.2218.19742. 
Epub 12018 Nov 19747. 

22. Gatti M, Faletti R, Calleris G, et al. Prostate cancer detection with biparametric magnetic 
resonance imaging (bpMRI) by readers with different experience: performance and 
comparison with multiparametric (mpMRI). Abdominal radiology (New York) 2019; 
44:1883-1893 

23. Di Campli E, Delli Pizzi A, Seccia B, et al. Diagnostic accuracy of biparametric vs 
multiparametric MRI in clinically significant prostate cancer: Comparison between 
readers with different experience. European journal of radiology 2018; 101:17-23 

24. Zawaideh JP, Sala E, Shaida N, et al. Diagnostic accuracy of biparametric versus 
multiparametric prostate MRI: assessment of contrast benefit in clinical practice. 
European radiology 2020;  

25. Roh AT, Fan RE, Sonn GA, Vasanawala SS, Ghanouni P, Loening AM. How Often is the 
Dynamic Contrast Enhanced Score Needed in PI-RADS Version 2? Curr Probl Diagn Radiol 
2020; 49:173-176 

26. Choi MH, Kim CK, Lee YJ, Jung SE. Prebiopsy Biparametric MRI for Clinically Significant 
Prostate Cancer Detection With PI-RADS Version 2: A Multicenter Study. AJR American 
journal of roentgenology 2019; 212:839-846 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 

27. Tamada T, Kido A, Yamamoto A, et al. Comparison of Biparametric and Multiparametric 
MRI for Clinically Significant Prostate Cancer Detection With PI-RADS Version 2.1. Journal 
of magnetic resonance imaging : JMRI 2020:e27283 

28. Maggi M, Panebianco V, Mosca A, et al. Prostate Imaging Reporting and Data System 3 
Category Cases at Multiparametric Magnetic Resonance for Prostate Cancer: A 
Systematic Review and Meta-analysis. Eur Urol Focus 2019;  

29. Bosaily AE, Frangou E, Ahmed HU, et al. Additional Value of Dynamic Contrast-enhanced 
Sequences in Multiparametric Prostate Magnetic Resonance Imaging: Data from the 
PROMIS Study. European urology 2020;  

30. van der Leest M, Israel B, Cornel EB, et al. High Diagnostic Performance of Short 
Magnetic Resonance Imaging Protocols for Prostate Cancer Detection in Biopsy-naive 
Men: The Next Step in Magnetic Resonance Imaging Accessibility. European urology 
2019;  

31. Junker D, Steinkohl F, Fritz V, et al. Comparison of multiparametric and biparametric MRI 
of the prostate: are gadolinium-based contrast agents needed for routine examinations? 
World journal of urology 2019; 37:691-699 

32. Kuhl CK, Bruhn R, Kramer N, Nebelung S, Heidenreich A, Schrading S. Abbreviated 
Biparametric Prostate MR Imaging in Men with Elevated Prostate-specific Antigen. 
Radiology 2017; 285:493-505 

33. Thestrup KC, Logager V, Baslev I, Moller JM, Hansen RH, Thomsen HS. Biparametric 
versus multiparametric MRI in the diagnosis of prostate cancer. Acta Radiol Open 2016; 
5:2058460116663046 

34. Franiel T, Hamm B, Hricak H. Dynamic contrast-enhanced magnetic resonance imaging 
and pharmacokinetic models in prostate cancer. European radiology 2011; 21:616-626 

35. Rastinehad AR, Waingankar N, Turkbey B, et al. Comparison of Multiparametric MRI 
Scoring Systems and the Impact on Cancer Detection in Patients Undergoing MR US 
Fusion Guided Prostate Biopsies. PLoS One 2015; 10:e0143404. doi: 
0143410.0141371/journal.pone.0143404. eCollection 0142015. 

36. Zhao C, Gao G, Fang D, et al. The efficiency of multiparametric magnetic resonance 
imaging (mpMRI) using PI-RADS Version 2 in the diagnosis of clinically significant 
prostate cancer. Clin Imaging 2016; 40:885-888. doi: 
810.1016/j.clinimag.2016.1004.1010. Epub 2016 Apr 1026. 

37. Woo S, Suh CH, Kim SY, Cho JY, Kim SH, Moon MH. Head-to-Head Comparison Between 
Biparametric and Multiparametric MRI for the Diagnosis of Prostate Cancer: A 
Systematic Review and Meta-Analysis. AJR Am J Roentgenol 2018; 211:W226-W241. doi: 
210.2214/AJR.2218.19880. Epub 12018 Sep 19821. 

38. Alabousi M, Salameh JP, Gusenbauer K, et al. Biparametric vs multiparametric prostate 
magnetic resonance imaging for the detection of prostate cancer in treatment-naive 
patients: a diagnostic test accuracy systematic review and meta-analysis. BJU 
international 2019; 124:209-220 

39. Liang Z, Hu R, Yang Y, et al. Is dynamic contrast enhancement still necessary in 
multiparametric magnetic resonance for diagnosis of prostate cancer: a systematic 
review and meta-analysis. Transl Androl Urol 2020; 9:553-573. doi: 
510.21037/tau.22020.21002.21003. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 

40. Niu XK, Chen XH, Chen ZF, Chen L, Li J, Peng T. Diagnostic Performance of Biparametric 
MRI for Detection of Prostate Cancer: A Systematic Review and Meta-Analysis. AJR 
American journal of roentgenology 2018; 211:369-378 

41. Kang Z, Min X, Weinreb J, Li Q, Feng Z, Wang L. Abbreviated Biparametric Versus 
Standard Multiparametric MRI for Diagnosis of Prostate Cancer: A Systematic Review 
and Meta-Analysis. AJR American journal of roentgenology 2019; 212:357-365 

42. Greer MD, Shih JH, Lay N, et al. Validation of the Dominant Sequence Paradigm and Role 
of Dynamic Contrast-enhanced Imaging in PI-RADS Version 2. Radiology 2017; 285:859-
869 

43. Lu YF, Zhang Q, Yao WG, et al. Optimizing prostate cancer accumulating model: 
Combined PI-RADS v2 with prostate specific antigen and its derivative data. Cancer 
Imaging 2019; 19:26 

44. Vos EK, Litjens GJ, Kobus T, et al. Assessment of Prostate Cancer Aggressiveness Using 
Dynamic Contrast-enhanced Magnetic Resonance Imaging at 3 T. European urology 
2013;  

45. Giganti F, Allen C, Emberton M, Moore CM, Kasivisvanathan V, group Ps. Prostate 
Imaging Quality (PI-QUAL): A New Quality Control Scoring System for Multiparametric 
Magnetic Resonance Imaging of the Prostate from the PRECISION trial. Eur Urol Oncol 
2020;  

46. Engels RRM, Israel B, Padhani AR, Barentsz JO. Multiparametric Magnetic Resonance 
Imaging for the Detection of Clinically Significant Prostate Cancer: What Urologists Need 
to Know. Part 1: Acquisition. European urology 2020; 77:457-468 

47. Sackett J, Shih JH, Reese SE, et al. Quality of Prostate MRI: Is the PI-RADS Standard 
Sufficient? Academic radiology 2020;  

48. Mottet N, Bellmunt J, Bolla M, et al. EAU-ESTRO-ESUR-SIOG Guidelines on Prostate 
Cancer. In. Arnhem, The Netherlands, 2020 

49. Wirth M, Fossati N, Albers P, et al. The European Prostate Cancer Centres of Excellence: 
A Novel Proposal from the European Association of Urology Prostate Cancer Centre 
Consensus Meeting. European urology 2019; 76:179-186 

50. Eldred-Evans D, .., Ahmed H. PROSTAGRAM study: MRI Screening May Help Diagnose 
Clinically Significant Prostate Cancer Better Than PSA Alone. JAMA oncology 2020;  

51. Boesen L, Norgaard N, Logager V, et al. Prebiopsy Biparametric Magnetic Resonance 
Imaging Combined with Prostate-specific Antigen Density in Detecting and Ruling out 
Gleason 7-10 Prostate Cancer in Biopsy-naive Men. Eur Urol Oncol 2019; 2:311-319 

52. Knaapila J, Jambor I, Perez IM, et al. Prebiopsy IMPROD Biparametric Magnetic 
Resonance Imaging Combined with Prostate-Specific Antigen Density in the Diagnosis of 
Prostate Cancer: An External Validation Study. Eur Urol Oncol 2019;  

53. Padhani A, Barentsz J, Weinreb J, Schoots I, Tempany C. Lessons learned for the prostate 
cancer MRI-directed diagnostic pathway from the Positive Predictive Value: the need for 
end-to-end quality European urology 2020;  

54. Sonn GA, Fan RE, Ghanouni P, et al. Prostate Magnetic Resonance Imaging Interpretation 
Varies Substantially Across Radiologists. Eur Urol Focus 2017;  

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 

55. Westphalen AC, McCulloch CE, Anaokar JM, et al. Variability of the Positive Predictive 
Value of PI-RADS for Prostate MRI across 26 Centers: Experience of the Society of 
Abdominal Radiology Prostate Cancer Disease-focused Panel. Radiology 2020:190646 

56. Rosenkrantz AB, Ginocchio LA, Cornfeld D, et al. Interobserver Reproducibility of the PI-
RADS Version 2 Lexicon: A Multicenter Study of Six Experienced Prostate Radiologists. 
Radiology 2016; 280:793-804 

57. Park KJ, Choi SH, Lee JS, Kim JK, Kim MH. Inter-reader Agreement in Prostate Imaging 
Reporting and Data System Version 2 for Prostate Cancer: A Systematic Review and 
Meta-Analysis. The Journal of urology 2020:101097JU0000000000001200 

58. Elkhoury FF, Felker ER, Kwan L, et al. Comparison of Targeted vs Systematic Prostate 
Biopsy in Men Who Are Biopsy Naive: The Prospective Assessment of Image Registration 
in the Diagnosis of Prostate Cancer (PAIREDCAP) Study. JAMA Surg 2019;  

59. Padhani AR, Barentsz J, Villeirs G, et al. PI-RADS Steering Committee: The PI-RADS 
Multiparametric MRI and MRI-directed Biopsy Pathway. Radiology 2019:182946 

60. Force USPST, Grossman DC, Curry SJ, et al. Screening for Prostate Cancer: US Preventive 
Services Task Force Recommendation Statement. JAMA : the journal of the American 
Medical Association 2018; 319:1901-1913 

61. Morote J, Celma A, Roche S, et al. Who Benefits from Multiparametric Magnetic 
Resonance Imaging After Suspicion of Prostate Cancer? Eur Urol Oncol 2018;  

  

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

  Ta
bl

e 
1.

 B
al

an
ci

ng
 t

he
 im

pa
ct

s 
of

 o
m

it
ti

ng
 c

on
tr

as
t 

m
ed

iu
m

 in
 M

R
I-

di
re

ct
ed

 p
ro

st
at

e 
ca

nc
er

 d
ia

gn
os

is
 

  
 

 
Im

pa
ct

s o
n 

Po
sit

iv
e 

im
pa

ct
s 

N
eg

at
iv

e 
im

pa
ct

s 
 

 
 

O
pe

ra
tio

ns
 

(s
ec

tio
n 

2.
1)

 
• 

Sh
or

te
ne

d 
ex

am
in

at
io

n 
tim

es
  

• 
In

cr
ea

se
d 

pa
tie

nt
 th

ro
ug

hp
ut

 
• 

Re
du

ce
d 

co
nt

ra
st

-m
ed

iu
m

 re
la

te
d 

op
er

at
io

na
l i

ss
ue

s 
- 

le
ss

 p
re

-M
RI

 p
at

ie
nt

 p
ap

er
w

or
k,

 d
oc

um
en

ta
tio

n,
 

pa
tie

nt
 q

ue
st

io
nn

ai
re

s,
 p

re
-M

RI
 b

lo
od

 w
or

ku
p 

an
d 

sa
fe

ty
 c

he
ck

s (
e.

g.
, r

en
al

 fu
nc

tio
n 

as
se

ss
m

en
ts

, 
al

le
rg

ie
s)

 
- 

no
 c

on
ce

rn
s r

eg
ar

di
ng

 p
ot

en
tia

l c
on

tr
as

t-
re

la
te

d 
sid

e-
ef

fe
ct

s 
- 

no
 p

re
ve

nt
io

n 
ac

tio
ns

 to
 p

ot
en

tia
l c

on
tr

as
t-

re
la

te
d 

sid
e-

ef
fe

ct
s (

e.
g.

 a
nt

ih
ist

am
in

es
, s

te
ro

id
s)

 
- 

no
 c

on
tr

as
t-

re
la

te
d 

in
fr

as
tr

uc
tu

re
 (e

.g
. i

ns
er

tin
g 

an
d 

re
m

ov
in

g 
ca

nn
ul

as
, p

re
pa

rin
g 

in
je

ct
or

 a
pp

ar
at

us
, 

ga
do

lin
iu

m
-b

as
ed

 c
on

tr
as

t m
ed

iu
m

, s
ta

ff)
 

- 
no

 p
os

t-
M

RI
 c

on
ce

rn
s r

eg
ar

di
ng

 c
on

tr
as

t-
re

la
te

d 
sid

e-
ef

fe
ct

s 
• 

Re
du

ce
d 

ne
ed

 fo
r '

in
-r

oo
m

' m
on

ito
rin

g 
an

d 
‘in

-h
ou

se
’ 

pr
es

en
ce

 o
f m

ed
ic

al
 b

ac
k-

up
 

• 
(n

on
e)

 

 
No

te
s: 

im
pa

ct
s o

n 
re

ad
in

g 
tim

es
 o

f e
xa

m
in

at
io

ns
 is

 n
ot

 k
no

w
n 

Pa
tie

nt
 p

re
fe

re
nc

e 
(s

ec
tio

n 
2.

1)
 

• 
Re

du
ce

d 
pa

tie
nt

 d
isc

om
fo

rt
 

- 
sh

or
te

r o
n-

ta
bl

e 
m

ag
ne

t t
im

e 
- 

no
 d

isc
om

fo
rt

 fr
om

 i.
v.

 c
an

nu
la

 p
la

ce
m

en
t 

• 
N

o 
po

te
nt

ia
l f

or
 c

on
tr

as
t m

ed
ia

 re
la

te
d 

sid
e-

ef
fe

ct
s  

• 
Po

te
nt

ia
l f

or
 d

el
ay

ed
 d

ia
gn

os
es

  

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 

- 
he

m
at

om
a,

 c
on

tr
as

t e
xt

ra
va

sa
tio

n,
 ra

re
 a

lle
rg

ic
 

re
ac

tio
ns

, p
ot

en
tia

l f
or

 n
ep

hr
og

en
ic

 sy
st

em
ic

 
fib

ro
sis

 in
 p

at
ie

nt
s w

ith
 im

pa
ire

d 
re

na
l f

un
ct

io
n,

 
po

te
nt

ia
l f

or
 in

tr
ac

ra
ni

al
 g

ad
ol

in
iu

m
 d

ep
os

iti
on

 
 

No
te

s: 
Fo

r p
at

ie
nt

s t
he

 b
es

t d
ia

gn
os

tic
 te

st
 is

 p
re

fe
rr

ed
 

Im
ag

e 
as

se
ss

m
en

ts
 

(s
ec

tio
n 

2.
2)

 
• 

N
o 

im
pa

ct
 o

n 
re

ad
in

g 
ju

dg
m

en
ts

 in
 M

RI
 n

eg
at

iv
e 

ca
se

s 
(c

an
 b

e 
id

en
tif

ie
d 

by
 u

sin
g 

T2
W

 a
nd

 D
W

I c
rit

er
ia

 a
lo

ne
) 

• 
N

o 
im

pa
ct

 o
n 

re
ad

in
g 

ju
dg

m
en

ts
 in

 M
RI

 p
os

iti
ve

 c
as

es
, 

i.e
. l

ar
ge

r t
um

or
s,

 a
ss

ig
ne

d 
as

 P
I-R

AD
S 

5 
an

d 
a 

su
bs

ta
nt

ia
l p

ro
po

rt
io

n 
of

 P
I-R

AD
S 

4 
le

sio
ns

  
• 

N
o 

m
aj

or
 im

pa
ct

 o
n 

cl
in

ic
al

 d
ec

isi
on

s r
eg

ar
di

ng
 th

e 
ne

ed
 

fo
r b

io
ps

ie
s b

ec
au

se
 in

 u
p 

to
 8

0%
 o

f m
en

, D
CE

-M
RI

 h
as

 
no

 e
ffe

ct
 o

n 
th

e 
fin

al
 P

I-R
AD

S 
as

sig
nm

en
ts

 
 

• 
Im

pa
ct

 o
n 

th
e 

re
ad

in
g 

pe
rf

or
m

an
ce

 o
f l

es
s 

ex
pe

rie
nc

ed
 re

ad
er

s  
• 

Im
pa

ct
 o

n 
le

sio
n 

PI
-R

AD
S 

as
se

ss
m

en
ts

 
- i

nc
re

as
ed

 p
ro

po
rt

io
n 

of
 in

de
te

rm
in

at
e 

PI
-R

AD
S 

3 
ca

se
s,

 w
ith

 g
re

at
er

 u
nc

er
ta

in
ty

 fo
r r

ea
de

rs
 

an
d 

de
ci

sio
n 

m
ak

er
s 

- u
na

bl
e 

to
 d

ist
in

gu
ish

 P
I-R

AD
S 

3 
ca

se
s f

ro
m

 
up

gr
ad

ed
 3

 to
 4

 (3
+1

) a
nd

 fr
om

 in
tr

in
sic

 P
I-

RA
DS

 3
 c

as
es

; a
ll 

th
re

e 
di

st
in

ct
 fr

om
 in

tr
in

sic
 P

I-
RA

DS
 4

 c
as

es
 m

ay
 n

ec
es

sit
at

e 
di

ffe
re

nt
 b

io
ps

y 
pl

an
s 

• 
Im

pa
ct

 o
n 

a 
ke

y 
qu

al
ity

 m
et

ric
 o

f p
ro

st
at

e 
M

RI
 

w
hi

ch
 is

 to
 m

ai
nt

ai
n 

lo
w

 ra
te

s o
f P

I-R
AD

S 
3 

re
ad

in
gs

 in
 b

io
ps

y 
na

ïv
e 

m
en

  
• 

Im
pa

ct
 o

n 
co

nf
id

en
ce

 a
nd

 g
en

er
al

 a
do

pt
io

n 
of

 
no

n-
co

nt
ra

st
 M

RI
 a

pp
ro

ac
he

s b
y 

he
al

th
ca

re
 

sy
st

em
s a

nd
 re

fe
rr

er
s  

• 
Pa

tie
nt

 re
ca

lls
 o

r o
n-

ta
bl

e 
m

on
ito

rin
g 

w
ou

ld
 b

e 
ne

ed
ed

 a
s a

 d
ia

gn
os

tic
 sa

fe
ty

-n
et

, i
n 

ca
se

 o
f 

in
de

te
rm

in
at

e 
re

su
lts

 o
r i

ns
uf

fic
ie

nt
 im

ag
e 

qu
al

ity
 

 
No

te
s: 

 

Di
ag

no
st

ic
 p

er
fo

rm
an

ce
 

(s
ec

tio
n 

2.
3)

 
• 

Po
te

nt
ia

l t
o 

re
du

ce
 c

on
tr

as
t r

el
at

ed
 fa

lse
 p

os
iti

ve
 re

su
lts

 
an

d 
su

bs
eq

ue
nt

 n
eg

at
iv

e 
ta

rg
et

ed
 b

io
ps

ie
s 

• 
U

nc
er

ta
in

ty
 in

 sc
ie

nt
ifi

c 
st

re
ng

th
 o

f t
he

 n
on

-
co

nt
ra

st
 M

RI
 o

bs
er

va
tio

ns
 in

 sy
st

em
at

ic
 a

na
ly

se
s  

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 

• 
O

ve
ra

ll 
di

ag
no

st
ic

 te
st

 a
cc

ur
ac

ie
s i

n 
m

et
a-

an
al

ys
es

 sh
ow

 
no

 st
at

ist
ic

al
 d

iff
er

en
ce

, w
he

n 
co

m
pa

rin
g 

no
n-

co
nt

ra
st

 
M

RI
 a

nd
 c

on
tr

as
t M

RI
 fo

r a
ll 

ca
nc

er
 d

et
ec

tio
n 

- 
th

e 
pr

op
or

tio
n 

of
 n

eg
at

iv
e 

no
n-

co
nt

ra
st

 M
RI

 is
 o

f 
sim

ila
r m

ag
ni

tu
de

 to
 c

on
tr

as
t M

RI
   

- 
th

e 
pr

op
or

tio
n 

of
 IS

U
P 

2-
5 

or
 IS

U
P 

3-
5 

ca
nc

er
s i

n 
ne

ga
tiv

e 
no

n-
co

nt
ra

st
 M

RI
 a

re
 o

f s
im

ila
r m

ag
ni

tu
de

 to
 

co
nt

ra
st

 M
RI

 
- 

in
 th

e 
m

in
or

ity
 o

f m
en

 w
ith

 c
at

eg
or

y 
3 

le
sio

ns
 o

n 
no

n-
co

nt
ra

st
 M

RI
 w

ho
 a

re
 u

pg
ra

de
d 

to
 P

I-R
AD

S 
4 

ca
te

go
rie

s 
af

te
r D

CE
-M

RI
 (3

+1
), 

th
e 

ad
di

tio
na

l c
an

ce
rs

 d
et

ec
te

d 
ar

e 
of

te
n 

IS
U

P=
1 

an
d 

m
ic

ro
fo

ca
l I

SU
P=

2 
ca

nc
er

s 

• 
Re

vi
ew

s o
n 

po
ol

ed
 d

at
a 

ca
n 

on
ly

 b
e 

co
ns

id
er

ed
 

be
in

g 
as

 b
ro

ad
ly

 su
pp

or
tiv

e 
of

 th
e 

no
n-

in
fe

rio
r 

no
n-

co
nt

ra
st

 M
RI

 a
pp

ro
ac

h 
du

e 
to

 h
et

er
og

en
ei

ty
 

 

 
No

te
s: 

• 
Sy

st
em

at
ic 

re
vi

ew
s a

dv
ise

 ca
ut

io
n 

on
 ta

ki
ng

 n
on

-c
on

tr
as

t M
RI

 te
st

 a
cc

ur
ac

ie
s a

t f
ac

e 
va

lu
e 

da
ta

 p
oi

nt
in

g 
to

 co
ns

id
er

ab
le

 h
et

er
og

en
ei

ty
 

am
on

gs
t t

he
 in

clu
de

d 
st

ud
ie

s. 
- 

th
e 

de
fin

iti
on

 o
f c

sP
Ca

 a
nd

 th
e 

m
et

ho
ds

 u
se

d 
fo

r i
m

ag
e 

ev
al

ua
tio

ns
 v

ar
y 

w
id

el
y.

  
 

- 
in

 m
os

t s
tu

di
es

, c
on

tr
as

t M
RI

 w
as

 u
se

d 
fo

r d
ec

id
in

g 
th

e 
ne

ed
 fo

r b
io

ps
y 

an
d 

th
e 

ch
oi

ce
 o

f b
io

ps
y 

m
et

ho
ds

; t
ha

t i
s, 

no
n-

co
nt

ra
st

 M
RI

 
ad

op
tio

n 
co

nc
lu

sio
ns

 a
re

 b
as

ed
 o

n 
hi

st
ol

og
ic 

ve
rif

ica
tio

ns
 o

f c
on

tr
as

t M
RI

 d
ec

isi
on

s t
o 

bi
op

sy
. 

 
• 

Th
er

e 
ar

e 
fe

w
 a

pp
ro

pr
ia

te
ly

 p
ow

er
ed

, p
ro

sp
ec

tiv
e,

 m
ul

tic
en

te
r, 

qu
al

ity
 co

nt
ro

lle
d 

st
ud

ie
s c

om
pa

rin
g 

no
n-

co
nt

ra
st

 /c
on

tr
as

t M
RI

 d
ire

ct
ed

 
bi

op
sie

s a
ga

in
st

 sy
st

em
at

ic 
bi

op
sie

s, 
m

ea
su

re
d 

fo
r m

ea
ni

ng
fu

l e
nd

-p
oi

nt
s r

el
at

ed
 to

 cl
in

ica
l b

en
ef

its
 (t

he
 co

rr
ec

t d
ia

gn
os

es
 o

f c
sP

Ca
, 

bi
op

sy
 a

vo
id

an
ce

, p
re

cis
io

n 
in

 tu
m

or
 g

ra
de

 o
r v

ol
um

e 
ev

al
ua

tio
ns

) a
nd

 h
ar

m
s o

f t
es

tin
g 

(u
nn

ec
es

sa
ry

 te
st

in
g,

 b
io

ps
y-

re
la

te
d 

sid
e-

ef
fe

ct
s, 

ov
er

-d
ia

gn
os

is)
. 

 
Co

st
-s

av
in

gs
 

(s
ec

tio
n 

2.
1)

 
• 

In
cr

ea
se

d 
op

er
at

io
na

l /
 p

ro
ce

du
ra

l e
ffi

ca
cy

 
• 

De
cr

ea
se

d 
m

at
er

ia
l /

 in
fr

as
tr

uc
tu

ra
l u

se
 

• 
Re

du
ce

d 
pr

os
ta

te
 M

RI
 re

la
te

d 
sid

e-
ef

fe
ct

s 

• 
Po

te
nt

ia
l f

or
 in

fe
rio

r p
er

fo
rm

an
ce

 - 
de

la
yi

ng
 

di
ag

no
sis

 a
nd

 tr
ea

tm
en

t 
 

 
No

te
s: 

 
 

Ge
ne

ra
l c

om
m

en
ts

 
(s

ec
tio

n 
2)

 
• 

O
ne

 o
f t

he
 m

aj
or

 b
en

ef
its

 o
f t

he
 M

RI
 a

pp
ro

ac
h 

ar
ise

s f
ro

m
 b

io
ps

y 
av

oi
da

nc
e 

re
su

lti
ng

 fr
om

 n
eg

at
iv

e 
M

RI
 re

su
lts

, 
le

ad
in

g 
di

re
ct

ly
 to

 re
du

ce
 n

um
be

rs
 o

f m
en

 u
nd

er
go

in
g 

in
va

siv
e 

bi
op

sy
 p

ro
ce

du
re

s,
 a

nd
 to

 d
ec

re
as

ed
 ra

te
s o

f 
in

do
le

nt
 c

an
ce

r d
et

ec
tio

n.
 N

eg
at

iv
e 

ca
se

s d
o 

no
t n

ee
d 

dy
na

m
ic

 c
on

tr
as

t e
nh

an
ce

m
en

t. 
 

 
• 

By
 n

ec
es

sit
y,

 a
ny

 b
en

ef
it 

of
 c

on
tr

as
t m

ed
iu

m
 a

dm
in

ist
ra

tio
n 

(i.
e.

 d
ia

gn
os

tic
 p

er
fo

rm
an

ce
) n

ee
ds

 to
 b

e 
ca

re
fu

lly
 

ba
la

nc
ed

 a
ga

in
st

 a
ct

ua
l a

nd
 p

er
ce

iv
ed

 p
ot

en
tia

l h
ar

m
s 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 

• 
Th

e 
ne

ga
tiv

e 
im

pa
ct

s o
f i

nc
re

as
ed

 in
de

te
rm

in
at

e 
ca

se
s a

nd
 re

ad
er

 u
nc

er
ta

in
ty

 m
ay

 b
e 

m
iti

ga
te

d 
by

 in
st

itu
tin

g 
pa

tie
nt

 re
ca

lls
 w

he
n 

ne
ed

ed
, t

he
 so

-c
al

le
d 

‘d
ia

gn
os

tic
 sa

fe
ty

-n
et

’  
• 

Th
e 

di
ag

no
st

ic
 sa

fe
ty

-n
et

 u
se

 o
f D

CE
-M

RI
 m

ay
 w

el
l y

ie
ld

 e
nh

an
ci

ng
 le

sio
ns

 th
at

 a
re

 im
pe

rc
ep

tib
le

 o
n 

T2
W

 o
r 

DW
I, 

bu
t l

es
io

ns
 re

ve
al

ed
 m

ay
 n

ot
 re

pr
es

en
t a

gg
re

ss
iv

e 
ca

nc
er

s t
ha

t r
eq

ui
re

 im
m

ed
ia

te
 d

et
ec

tio
n 

an
d 

tr
ea

tm
en

t, 
w

ith
 th

e 
po

te
nt

ia
l t

o 
ad

ve
rs

el
y 

im
pa

ct
 o

n 
fa

lse
 p

os
iti

vi
ty

 a
nd

 ta
rg

et
ed

 b
io

ps
y 

ra
te

s a
lso

. 
• 

Ad
di

tio
na

l c
os

ts
 fo

r c
on

tr
as

t u
se

 a
lso

 n
ee

d 
to

 b
e 

ju
st

ifi
ed

 in
 te

rm
s o

f t
he

 d
el

iv
er

y 
of

 b
en

ef
its

 in
 ra

di
ol

og
ic

al
 

as
se

ss
m

en
ts

, d
ia

gn
os

tic
 p

er
fo

rm
an

ce
 a

nd
 c

lin
ic

al
 o

ut
co

m
es

. 
• 

Po
te

nt
ia

l f
or

 ‘d
ee

p-
le

ar
ni

ng
’ b

as
ed

 a
rt

ifi
ci

al
 in

te
lli

ge
nc

e 
or

 c
om

pu
te

r-
ai

de
d 

de
te

ct
io

n 
di

ag
no

st
ic

 su
pp

or
t t

oo
ls 

fo
r i

m
ag

e 
an

al
ys

is 
 

 
 

 
 

 
 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 Ta
bl

e 
2:

 h
ea

d-
to

-h
ea

d 
st

ud
ie

s 
co

m
pa

ri
ng

 n
on

-c
on

tr
as

t 
an

d 
co

nt
ra

st
 M

R
I o

n 
re

ad
er

 p
er

fo
rm

an
ce

 a
nd

 c
an

ce
r 

de
te

ct
io

n 
ra

te
s 

 

 Ta
bl

e 
2 

(l
eg

en
d)

: f
ro

m
 a

n 
in

-d
ep

th
 a

na
ly

si
s 

of
 s

tu
di

es
 in

cl
ud

ed
 in

 s
ys

te
m

at
ic

 re
vi

ew
s 

an
d 

ad
di

tio
na

l r
ec

en
t d

at
a,

 fo
cu

si
ng

 o
nl

y 
on

 d
ire

ct
 

he
ad

-t
o-

he
ad

 c
om

pa
ris

on
s 

be
tw

ee
n 

no
n-

co
nt

ra
st

 M
RI

 a
nd

 c
on

tr
as

t M
RI

 fo
r c

an
ce

r d
et

ec
tio

n 
on

 a
 p

at
ie

nt
-le

ve
l, 

re
ve

al
ed

 5
 d

ia
gn

os
tic

 

st
ud

ie
s 

[2
4,

 2
9-

32
] a

nd
 3

 o
pe

ra
tiv

e 
st

ud
ie

s 
[2

6,
 3

3,
 3

4]
. I

n 
th

e 
cl

in
ic

al
 d

ia
gn

os
tic

 s
et

tin
g,

 n
on

-c
on

tr
as

t M
RI

 e
na

bl
es

 e
qu

al
 d

et
ec

tio
n 

of
 

ne
ga

ti
ve

an
y 

PC
a

cs
PC

a
ne

ga
ti

ve
an

y 
PC

a
cs

PC
a

1-
2

3-
5

3
4-

5
1-

2
3-

5
3

4-
5

n
ra

ti
o

n
ra

ti
o

n
ra

ti
o

n
ra

ti
o

Da
ta

 fr
om

 d
ia

gn
os

tic
 se

tti
ng

 =
 re

fe
re

nc
e 

to
 b

io
ps

ie
s

El
-S

ha
te

r 
B

os
ai

ly
(2

02
0)

 [
29

]
bx

 n
ai

ve
Li

ke
rt

 
(3

-5
)

TM
 b

x
IS

U
P 

2-
5

49
7

12
1

(2
4)

37
6

(7
6)

15
8

(3
2)

21
8

(4
4)

n.
a.

24
5

(4
9)

12
3

(2
5)

37
4

(7
5)

13
6

(2
7)

23
8

(4
8)

n.
a.

24
5

(4
9)

-2
1.

01
22

1.
16

_
_

0
1.

00

Za
w

ai
de

h 
(2

02
0)

 [
24

]
m

ix
ed

Li
ke

rt
 

(3
-5

)
T-

bx
, S

-b
x

IS
U

P 
2-

5
26

4
12

1
(4

6)
14

3
(5

4)
45 (1

7)
98 (3

7)
11

6
(4

4)
87 (3

3)
13

2
(5

0)
13

2
(5

0)
22 (8

)
11

0
(4

2)
11

7
(4

4)
88 (3

3)
-1

1
1.

08
23

2.
05

1
0.

99
1

0.
99

V
an

 d
er

 L
ee

st
(2

01
9)

 [
30

]
bx

 n
ai

ve
PI

-R
A

D
S 

v2
(3

-5
)

T-
bx

, S
-b

x
IS

U
P 

2-
5

62
6

30
9

(4
9)

31
7

(5
1)

49 (8
)

26
8

(4
3)

26
1

(4
2)

18
0

(2
9)

30
9

(4
9)

31
7

(5
1)

40 (6
)

27
7

(4
4)

26
1

(4
2)

18
0

(2
9)

0
1.

00
9

1.
23

0
1.

00
0

1.
00

Ju
nk

er
(2

01
9)

 [
31

]
n.

a.
PI

-R
A

D
S 

v2
(3

-5
)

T-
bx

, S
-b

x
IS

U
P 

2-
5

23
6

47 (2
0)

19
3

(8
2)

48 (2
0)

14
1

(6
0)

13
3

(5
6)

46 (1
9)

41 (1
7)

19
5

(8
3)

69 (2
9)

12
6

(5
3)

13
3

(5
6)

46 (1
9)

6
0.

99
-2

1
0.

70
0

1.
00

0
1.

00

K
uh

l
(2

01
7)

 [
32

]
pr

io
r 

ne
g.

 b
x

PI
-R

A
D

S 
v2

(3
-5

)
T-

bx
in

te
rm

ed
ia

te
/h

ig
h 

ri
sk

54
2

34
3

(6
3)

19
9

(3
7)

n.
a.

n.
a.

15
4

(2
8)

13
8

(2
5)

34
3

(6
3)

19
9

(3
7)

n.
a.

n.
a.

15
6

(2
9)

13
9

(2
6)

0
1.

00
_

_
2

0.
99

1
0.

99

Da
ta

 fr
om

 o
pe

ra
tiv

e 
se

tti
ng

 =
 re

fe
re

nc
e 

to
 ra

di
ca

l p
ro

st
at

ec
to

m
y 

sp
ec

im
en

Ch
oi

(2
01

9)
 [

26
]

n.
a.

PI
-R

A
D

S 
v2

 
(3

-5
)

T-
bx

, S
-b

x,
 

R
P

n.
a.

11
3

R
1

17 (1
5)

96 (8
5)

35 (3
1)

61 (5
4)

n.
a.

74 (6
5)

17 (1
5)

96 (8
5)

13 (1
2)

83 (7
3)

n.
a.

74 (6
5)

0
1.

01
22

2.
69

_
_

0
1.

00

R
2

4 (4
)

10
9

(9
6)

23 (2
0)

86 (7
6)

n.
a.

83 (7
3)

4 (4
)

10
9

(9
6)

10 (9
)

99 (8
8)

n.
a.

83 (7
3)

0
1.

08
13

2.
30

_
_

0
1.

00

Th
es

tr
up

(2
01

6)
 [

33
]

n.
a.

su
bj

ec
ti

ve
 

sc
or

e
T-

bx
, S

-b
x,

 
R

P
IS

U
P 

2-
5

20
4

R
1

24 (1
2)

18
0

(8
8)

n.
a.

n.
a.

n.
a.

64 (3
1)

5 (2
)

19
9

(9
8)

n.
a.

n.
a.

n.
a.

68 (3
3)

19
1.

00
_

_
_

_
4

0.
94

R
2

23 (1
1)

18
1

(8
9)

n.
a.

n.
a.

n.
a.

65 (3
2)

27 (1
3)

17
7

(8
7)

n.
a.

n.
a.

n.
a.

63 (3
1)

-4
0.

99
_

_
_

_
-2

1.
03

Fr
an

ie
l

(2
01

1)
 [

34
]

pr
io

r 
ne

g.
 b

x

us
in

g 
pu

bl
is

he
d 

cr
it

er
ia

 

T-
bx

, S
-b

x,
 

R
P

n.
a.

54
0 (0

)
54

(1
00

)
n.
a.

n.
a.

21 (3
9)

n.
a.

0 (0
)

54
(1

00
)

n.
a.

n.
a.

21 (3
9)

n.
a.

0
1.

00
_

_
0

1.
00

_
_

Sh
if

t 
fr

om
 c

on
tr

as
t 

M
R

I t
o 

no
n-

co
nt

ra
st

 M
R

I:

PC
a

PC
a

A
ut

ho
r 

(y
ea

r)
[r

ef
#]

po
si

ti
ve

M
R

I

M
R

I 
sc

or
in

g
(p

os
it

iv
e 

= 
bx

)

R
ef

er
en

ce
 

te
st

D
ef

in
ti

on
 

cs
PC

a
Po

pu
al

ti
on

In
cl

ud
ed

 
pa

ti
e

nt
s

po
si

ti
ve

no
n-

co
nt

ra
st

 M
R

I
co

nt
ra

st
 M

R
I

M
R

I
∆

 p
os

it
iv

e 
M

R
I

∆
 M

R
I-

sc
or

e 
3

∆
 a

ny
 P

Ca
∆

 c
sP

Ca

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 an
y 

PC
a 

(r
at

io
 0

.9
9-

1.
00

) 
an

d 
cs

PC
a 

(r
at

io
 r

an
ge

 0
.9

9-
1.

00
), 

be
ca

us
e 

th
e 

th
re

sh
ol

d 
fo

r 
bi

op
sy

 (
lik

el
ih

oo
d 

sc
or

es
 3

-5
) 

ar
e 

id
en

tic
al

. 

H
ow

ev
er

, 
no

n-
co

nt
ra

st
 M

RI
 l

ea
ds

 t
o 

gr
ea

te
r 

un
ce

rt
ai

nt
y 

in
 r

ea
di

ng
 p

er
fo

rm
an

ce
 i

n 
th

e 
di

ag
no

st
ic

 s
et

tin
g 

w
ith

 i
nc

re
as

es
 i

n 
th

e 

pr
op

or
tio

n 
of

 (1
) o

ve
ra

ll 
po

si
tiv

e 
as

se
ss

m
en

ts
 o

f M
RI

 s
ca

ns
 (r

at
io

 >
 1

.0
0)

 [2
4,

 2
6,

 2
9]

, a
nd

 o
f (

2)
 in

de
te

rm
in

at
e 

sc
or

e 
3 

ca
se

s 
(r

at
io

 >
 

1.
00

)  
[2

4,
 2

9-
31

]. 
 

 n.
a.

: n
ot

 a
va

ila
bl

e;
 _

: c
an

no
t b

e 
ca

lcu
la

te
d;

 b
x:

 b
io

ps
y;

 T
M

: t
em

pl
at

e 
m

ap
pi

ng
; T

: t
ar

ge
te

d;
 S

: s
ys

te
m

at
ic;

 R
P:

 ra
di

ca
l p

ro
st

at
ec

to
m

y;
 R

: r
ea

de
r; 

PC
a:

 p
ro

st
at

e 

ca
nc

er
; c

sP
Ca

: c
lin

ica
lly

 si
gn

ifi
ca

nt
 P

Ca
; M

RI
: m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g;

 n
: n

um
be

r; 
∆:

 d
el

ta
, d

iff
er

en
ce

.  
 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 Ta
bl

e 
3.

 D
ia

gn
os

ti
c 

m
et

ri
cs

 o
f 

no
n-

co
nt

ra
st

 M
R

I 
an

d 
co

nt
ra

st
 M

R
I 

fo
r 

de
te

ct
io

n 
of

 a
ny

 p
ro

st
at

e 
ca

nc
er

 a
nd

 c
lin

ic
al

ly
 s

ig
ni

fi
ca

nt
 

pr
os

ta
te

 c
an

ce
r,

 fr
om

 p
ub

lis
he

d 
sy

st
em

at
ic

 r
ev

ie
w

s 
an

d 
m

et
a-

an
al

ys
es

. 

 

n
se
ns
iti
vi
ty

(9
5%

CI
)

sp
ec
ifi
cit
y

(9
5%

CI
)

n
se
ns
iti
vi
ty

(9
5%

CI
)

sp
ec
ifi
cit
y

(9
5%

CI
)

n
se
ns
iti
vi
ty

(9
5%

CI
)

sp
ec
ifi
cit
y

(9
5%

CI
)

n
se
ns
iti
vi
ty

(9
5%

CI
)

sp
ec
ifi
cit
y

(9
5%

CI
)

n
CD

R
(9

5%
CI

)
n

CD
R

(9
5%

CI
)

No
 d

ire
ct

 h
ea

d-
to

-h
ea

d 
co

m
pa

ris
on

 (n
on

-c
on

tra
st

 M
RI

 v
s c

on
tra

st
 M

RI
)

Li
an

g
(2

02
0)

 [3
9]

bx
 n

ai
ve

 +
 

pr
io

r b
x 

ne
g 

+ 
bx

 p
os

no
n-

co
nt

ra
st

 
M

RI
 o

r 
co

nt
ra

st
 M

RI

pr
os

ta
te

ct
om

y 
or

 
bi

op
sy

 (s
ys

te
m

at
ic

 
an

d/
or

 ta
rg

et
ed

)

ei
th

er
 

pa
tie

nt
 o

r 
le

si
on

 le
ve

l

ei
th

er
 w

ho
le

 
pr

os
ta

te
 o

r 
zo

na
l l

oc
at

io
n

40
0.

77
(0

.7
3-

0.
81

)
0.

81
(0

.7
6-

0.
85

)
8

0.
84

(0
.7

8-
0.

89
)

0.
82

(0
.7

2-
0.

88
)

12
0.

78
(0

.6
6-

0.
87

)
0.

77
(0

.6
6-

0.
85

)
22

0.
81

(0
.6

6-
0.

90
)

0.
70

(0
.5

0-
0.

84
)

_
_

_
_

_

Al
ab

ou
si

(2
01

9)
 [3

8]

bx
 n

ai
ve

 +
 

pr
io

r b
x 

ne
g 

+ 
bx

 p
os

no
n-

co
nt

ra
st

 
M

RI
 o

r 
co

nt
ra

st
 M

RI

pr
os

ta
te

ct
om

y 
or

 
bi

op
sy

 (s
ys

te
m

at
ic

 
an

d/
or

 ta
rg

et
ed

)
pa

tie
nt

 le
ve

l
w

ho
le

 
pr

os
ta

te
6

0.
89

 (0
.7

9–
0.

94
) 

0.
76

(0
.5

4–
0.

89
) 

9
0.

91
(0

.8
6–

0.
95

) 
0.

73
(0

.5
6–

0.
85

) 
6

0.
91

(0
.7

9–
0.

96
) 

0.
62

(0
.3

4–
0.

84
) 

16
0.

83
(0

.7
4–

0.
89

)
0.

74
(0

.6
2–

0.
83

) 
_

_
_

_
_

N
iu

(2
01

8)
 [4

0]

bx
 n

ai
ve

 +
 

pr
io

r b
x 

ne
g 

+ 
bx

 p
os

no
n-

co
nt

ra
st

 
M

RI
 o

r 
co

nt
ra

st
 M

RI

pr
os

ta
te

ct
om

y 
or

 
bi

op
sy

 (s
ys

te
m

at
ic

 
an

d/
or

 ta
rg

et
ed

)

ei
th

er
 

pa
tie

nt
 o

r 
le

si
on

 le
ve

l

ei
th

er
 w

ho
le

 
pr

os
ta

te
 o

r 
zo

na
l l

oc
at

io
n

33
0.

81
(0

.7
6–

0.
85

)
0.

77
(0

.6
9–

0.
84

)
_

_
_

10
0.

81
(0

.6
9–

0.
89

) 
0.

74
(0

.5
4–

0.
80

) 
_

_
_

_
_

_
_

_

D
ro

st
(2

01
9)

 [1
2]

bx
 n

ai
ve

 +
 

pr
io

r b
x 

ne
g

no
n-

co
nt

ra
st

 
M

RI
 o

r 
co

nt
ra

st
 M

RI

sy
st

em
at

ic
 a

nd
 

ta
rg

et
ed

 b
io

ps
y

pa
tie

nt
 le

ve
l

w
ho

le
 

pr
os

ta
te

_
_

_
_

_
_

_
_

_
_

_
_

6
1.

03
(0

.9
1-

1.
17

)
16

1.
18

 (1
.0

5 
-1

.3
3)

 

Di
re

ct
 h

ea
d-

to
-h

ea
d 

co
m

pa
ris

on
 (n

on
-c

on
tra

st
 M

RI
 v

s c
on

tra
st

 M
RI

)

Al
ab

ou
si

(2
01

9)
 [3

8]

bx
 n

ai
ve

 +
 

pr
io

r b
x 

ne
g 

+ 
bx

 p
os

no
n-

co
nt

ra
st

 
M

RI
 a

nd
 

co
nt

ra
st

 M
RI

pr
os

ta
te

ct
om

y 
or

 
bi

op
sy

 (s
ys

te
m

at
ic

 
an

d/
or

 ta
rg

et
ed

)
pa

tie
nt

 le
ve

l
w

ho
le

 
pr

os
ta

te
_

_
_

_
_

_
6

0.
91

(0
.8

2-
0.

96
) 

0.
73

 (0
.3

7-
0.

92
)

6
0.

92
(0

.9
1–

0.
94

)
0.

65
 (0

.3
3–

0.
87

)
_

_
_

_
_

Ka
ng

(2
01

9)
 [4

1]
bx

 n
ai

ve
 +

 
pr

io
r b

x 
ne

g

no
n-

co
nt

ra
st

 
M

RI
 a

nd
 

co
nt

ra
st

 M
RI

pr
os

ta
te

ct
om

y 
or

 
bi

op
sy

 (s
ys

te
m

at
ic

 
an

d/
or

 ta
rg

et
ed

) o
r 

cl
in

ic
al

 fo
llo

w
-u

p

ei
th

er
 

pa
tie

nt
 o

r 
le

si
on

 le
ve

l

w
ho

le
 

pr
os

ta
te

10
0.

79
(0

.6
9-

0.
87

)
0.

88
(0

.7
3-

0.
95

)
10

0.
79

(0
.6

9-
0.

87
)

0.
89

(0
.7

0-
0.

96
)

_
_

_
_

_
_

_
_

_
_

_

N
iu

(2
01

8)
 [4

0]

bx
 n

ai
ve

 +
 

pr
io

r b
x 

ne
g 

+ 
bx

 p
os

no
n-

co
nt

ra
st

 
M

RI
 a

nd
 

co
nt

ra
st

 M
RI

pr
os

ta
te

ct
om

y 
or

 
bi

op
sy

 (s
ys

te
m

at
ic

 
an

d/
or

 ta
rg

et
ed

)

ei
th

er
 

pa
tie

nt
 o

r 
le

si
on

 le
ve

l

ei
th

er
 w

ho
le

 
pr

os
ta

te
 o

r 
zo

na
l l

oc
at

io
n

11
0.

80
(0

.7
1-

0.
90

) 
0.

80
(0

.6
4–

0.
96

)
11

0.
85

*
(0

.7
8–

0.
93

) 
0.

77
(0

.5
8–

0.
95

) 
_

_
_

_
_

_
_

_
_

_
_

W
oo

(2
01

8)
 [3

7]
bx

 n
ai

ve
no

n-
co

nt
ra

st
 

M
RI

 a
nd

 
co

nt
ra

st
 M

RI

pr
os

ta
te

ct
om

y 
or

 
bi

op
sy

 (s
ys

te
m

at
ic

 
an

d/
or

 ta
rg

et
ed

)

ei
th

er
 

pa
tie

nt
 o

r 
le

si
on

 le
ve

l

ei
th

er
 w

ho
le

 
pr

os
ta

te
 o

r 
zo

na
l l

oc
at

io
n

16
0.

68
(0

.6
2–

0.
75

) 
0.

92
(0

.9
0–

0.
95

)
16

0.
72

(0
.6

6–
0.

79
)

0.
91

(0
.8

8–
0.

94
) 

7
0.

86
(0

.7
6–

0.
96

) 
0.

82
(0

.7
5–

0.
89

) 
7

0.
87

(0
.7

8–
0.

97
) 

0.
83

(0
.7

6–
0.

89
) 

_
_

_
_

_

co
nt

ra
st

 M
RI

 

Au
th

or
 

(y
ea

r)
[r

ef
#]

Ch
ar

ac
te

ris
tic

s 
of

 in
cl

ud
ed

 s
tu

di
es

Re
su

lts

An
y 

pr
os

ta
te

 c
an

ce
rt

 (P
Ca

)
Cl

in
ic

al
ly

 s
ig

ni
fic

an
t p

ro
st

at
e 

ca
nc

er
 (c

sP
Ca

)

no
n-

co
nt

ra
st

 M
RI

 
co

nt
ra

st
 M

RI
 

no
n-

co
nt

ra
st

 M
RI

 
co

nt
ra

st
 M

RI
 

no
n-

co
nt

ra
st

 
M

RI
 

St
ud

y 
po

pu
la

tio
n

St
ud

ie
s 

on
 

no
n-

co
nt

ra
st

 
an

d/
or

 
co

nt
ra

st
 M

RI

Re
fe

re
nc

e 
st

an
da

rd
 /

 
Co

m
pa

ra
to

r t
es

t

Fo
cu

s 
on

 
ei

th
er

 
pa

tie
nt

 le
ve

l 
or

 le
si

on
 

le
ve

l

Fo
cu

s 
on

 
ei

th
er

 w
ho

le
 

pr
os

ta
te

 o
r 

zo
na

l l
oc

at
io

n

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 Ta
bl

e 
3 

(l
eg

en
d)

: 
M

an
y 

st
ud

ie
s 

in
cl

ud
e 

st
ud

ie
s 

do
ne

 b
ef

or
e 

20
10

, w
he

n 
ex

am
in

at
io

ns
 w

ou
ld

 n
ot

 h
av

e 
m

et
 t

he
 P

I-R
AD

S 
st

an
da

rd
. 

D
iff

er
en

ce
s 

in
 r

ev
ie

w
 d

es
ig

ns
 a

cc
ou

nt
 f

or
 d

iff
er

en
ce

s 
be

tw
ee

n 
di

ag
no

st
ic

 p
er

fo
rm

an
ce

s;
 s

om
e 

re
vi

ew
s 

ha
ve

 in
cl

ud
ed

 s
tu

di
es

 w
ith

 

ei
th

er
 n

on
-c

on
tr

as
t 

M
RI

 o
r 

co
nt

ra
st

 M
RI

 r
es

ul
ts

, o
th

er
s 

in
cl

ud
ed

 o
nl

y 
st

ud
ie

s 
on

 h
ea

d-
to

-h
ea

d 
co

m
pa

ris
on

s 
of

 n
on

-c
on

tr
as

t 
M

RI
 a

nd
 

co
nt

ra
st

 M
RI

 re
su

lts
. T

he
 m

ix
in

g 
of

 p
op

ul
at

io
ns

 (c
om

bi
ni

ng
 d

at
a 

ob
ta

in
ed

 a
ft

er
 th

e 
ca

nc
er

 d
ia

gn
os

is
 fo

r t
re

at
m

en
t g

ui
da

nc
e 

w
ith

 M
RI

 

da
ta

 in
 t

he
 d

ia
gn

os
tic

 w
or

k-
up

 o
f 

pa
tie

nt
s)

 a
nd

 t
he

 m
ix

in
g 

of
 r

ef
er

en
ce

 s
ta

nd
ar

ds
 o

r 
co

m
pa

ra
to

r 
te

st
s 

(i.
e.

 r
ad

ic
al

 p
ro

st
at

ec
to

m
y 

sp
ec

im
en

s,
 t

em
pl

at
e 

m
ap

pi
ng

 s
at

ur
at

io
n 

bi
op

si
es

, s
ys

te
m

at
ic

 b
io

ps
ie

s,
 o

r 
ta

rg
et

ed
 b

io
ps

ie
s 

on
ly

) f
or

 d
et

er
m

in
in

g 
di

ag
no

st
ic

 m
et

ric
s 

ar
e 

se
rio

us
 h

az
ar

ds
. S

tu
di

es
 h

av
e 

al
so

 n
ot

ed
 t

ha
t 

th
e 

de
fin

iti
on

 o
f 

cs
PC

a 
an

d 
th

e 
m

et
ho

ds
 u

se
d 

fo
r 

im
ag

e 
ev

al
ua

tio
ns

 (
e.

g.
 c

lin
ic

al
 

Li
ke

rt
 a

nd
 P

I-R
AD

S 
sy

st
em

s 
fo

r b
ot

h 
no

n-
co

nt
ra

st
 a

nd
 c

on
tr

as
t M

RI
) v

ar
y 

w
id

el
y 

be
tw

ee
n 

st
ud

ie
s.

 O
th

er
 s

ou
rc

es
 o

f h
et

er
og

en
ei

ty
 a

ls
o 

si
gn

ifi
ca

nt
ly

 a
ff

ec
t 

di
se

as
e 

de
te

ct
io

n 
se

ns
iti

vi
ty

 in
cl

ud
in

g 
th

e 
ty

pe
 o

f c
oi

ls
 u

se
d,

 m
ag

ne
tic

 fi
el

d 
st

re
ng

th
, u

se
 o

f A
D

C 
m

ap
s 

an
d 

ul
tr

a-

hi
gh

 b
-v

al
ue

s,
 p

at
ie

nt
 e

nr
ol

lm
en

t,
 a

nd
 r

ea
de

r 
bl

in
di

ng
. B

ec
au

se
 o

f 
th

e 
co

ns
id

er
ab

le
 h

et
er

og
en

ei
ty

 a
m

on
gs

t 
th

e 
st

ud
ie

s 
ev

al
ua

te
d,

 

ca
ut

io
n 

is
 a

dv
is

ed
 o

n 
ta

ki
ng

 t
he

se
 p

oo
le

d 
te

st
 a

cc
ur

ac
ie

s 
at

 fa
ce

 v
al

ue
 w

he
n 

re
co

m
m

en
da

tio
ns

 a
re

 b
ei

ng
 m

ad
e 

ab
ou

t 
th

e 
di

ag
no

st
ic

 

us
e 

of
 n

on
-c

on
tr

as
t M

RI
 fo

r b
io

ps
y 

na
ïv

e 
m

en
. 

 CI
.: 

co
nf

id
en

ce
 in

te
rv

al
s; 

_:
 ca

nn
ot

 b
e 

ca
lcu

la
te

d;
 b

x:
 b

io
ps

y;
 P

Ca
: p

ro
st

at
e 

ca
nc

er
; c

sP
Ca

: c
lin

ica
lly

 si
gn

ifi
ca

nt
 P

Ca
; M

RI
: m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g;

 n
: 

nu
m

be
r; 

∆:
 d

el
ta

, d
iff

er
en

ce
.  

 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

   Ta
bl

e 
4.

 P
re

re
qu

is
it

es
 fo

r 
us

in
g 

no
n-

co
nt

ra
st

 M
R

I i
n 

M
R

I-
di

re
ct

ed
 p

ro
st

at
e 

ca
nc

er
 d

ia
gn

os
is

 
  

Pr
er

eq
ui

sit
es

 
Ke

y-
fin

di
ng

s a
nd

 re
co

m
m

en
da

tio
ns

 
1.

 
Hi

gh
 q

ua
lit

y 
im

ag
in

g 
 

(s
ec

tio
n 

3.
1)

 

• 
an

y 
ne

ga
tiv

e 
im

pa
ct

 re
su

lti
ng

 fr
om

 in
su

ffi
ci

en
t q

ua
lit

y 
w

ill
 h

av
e 

ad
ve

rs
e,

 co
m

po
un

di
ng

 co
ns

eq
ue

nc
es

 o
n 

th
e 

w
ho

le
 o

f t
he

 
M

RI
-d

ire
ct

ed
 d

ia
gn

os
tic

 p
at

hw
ay

 
• 

op
tim

al
 im

ag
e-

ac
qu

isi
tio

ns
 a

re
 n

ec
es

sa
ry

 o
n 

th
e 

pr
em

ise
 th

at
 th

er
e 

is 
lik

el
y 

to
 b

e 
a 

de
gr

ad
at

io
n 

of
 n

on
-c

on
tr

as
t M

RI
 te

st
 

pe
rf

or
m

an
ce

 in
 c

lin
ic

al
 p

ra
ct

ic
e,

 c
om

pa
re

d 
to

 it
s u

se
 a

t h
ig

hl
y 

ex
pe

rt
 c

en
te

rs
 

• 
to

 o
bt

ai
n 

im
pe

cc
ab

le
 T

2W
/D

W
I q

ua
lit

y,
 h

ig
he

r t
ec

hn
ic

al
 sc

an
ne

r s
ta

nd
ar

ds
 fo

r d
at

a 
ac

qu
isi

tio
ns

 n
ee

d 
m

an
da

tin
g 

by
 u

sin
g 

 
o 

op
tim

ize
d 

co
il 

se
ts

, w
ith

 a
pp

ro
pr

ia
te

 a
cq

ui
sit

io
n 

m
at

ric
es

, f
ie

ld
-o

f-v
ie

w
s,

 T
R/

TE
 a

nd
 re

ce
iv

er
 b

an
dw

id
th

 se
tt

in
gs

  
o 

op
tim

ize
d 

b-
va

lu
es

 fo
r A

DC
 m

ap
pi

ng
 a

nd
 a

rt
ifa

ct
-fr

ee
 h

ig
h 

b-
va

lu
e 

DW
I  

o 
de

di
ca

te
d 

M
RI

 ra
di

og
ra

ph
er

s/
te

ch
no

lo
gi

st
s/

ph
ys

ic
ist

s,
 w

ith
 c

on
tin

uo
us

 m
on

ito
rin

g 
fo

r q
ua

lit
y 

• 
im

ag
e 

qu
al

ity
 sh

ou
ld

 b
e 

as
se

ss
ed

 a
s p

ar
t o

f r
ou

tin
e 

no
n-

co
nt

ra
st

 M
RI

 re
po

rt
in

g,
 w

ith
 st

at
em

en
ts

 in
di

ca
tin

g 
w

he
th

er
 th

e 
im

ag
e 

qu
al

ity
 is

 su
ffi

ci
en

t f
or

 ‘r
ul

in
g-

in
’ a

nd
 ‘r

ul
in

g-
ou

t’ 
cs

PC
a 

• 
an

 a
ud

ita
bl

e,
 e

nd
-t

o-
en

d 
qu

al
ity

 a
pp

ro
ac

h 
is 

ad
vi

sa
bl

e 
in

 t
he

 e
nt

ire
 n

on
-c

on
tr

as
t 

M
RI

- d
ire

ct
ed

 d
ia

gn
os

tic
 c

ha
in

 (f
ro

m
 

pa
tie

nt
-s

el
ec

tio
n 

to
 n

on
-c

on
tr

as
t M

RI
 to

 b
io

ps
y-

re
su

lts
)  

• 
gr

ea
te

r e
ng

ag
em

en
t b

y 
M

RI
 m

ac
hi

ne
 m

an
uf

ac
tu

re
rs

, w
ill

in
g 

an
d 

ab
le

 to
 m

ee
t t

he
 re

qu
ire

m
en

ts
 fo

r n
on

-c
on

tr
as

t M
RI

 u
se

 
 

2.
 

Hi
gh

 re
ad

er
 

ex
pe

rt
ise

  
(s

ec
tio

n 
3.

2)
 

• 
th

e 
ab

se
nc

e 
of

 co
nt

ra
st

 m
ed

iu
m

 h
as

 a
n 

im
pa

ct
 o

n 
th

e 
re

ad
in

g 
pe

rf
or

m
an

ce
 o

f l
es

s e
xp

er
ie

nc
ed

 re
ad

er
s i

n 
al

l z
on

es
 o

f t
he

 
pr

os
ta

te
 g

la
nd

 
• 

hi
gh

 re
ad

er
 e

xp
er

tis
e 

in
 n

on
-c

on
tr

as
t M

RI
 w

ill
 p

os
iti

ve
ly

 im
pa

ct
 o

n 
 

o 
th

e 
di

ag
no

st
ic

 p
er

fo
rm

an
ce

 o
f M

RI
 

o 
th

e 
co

nf
id

en
ce

 a
nd

 a
do

pt
io

n 
by

 u
ro

lo
gi

st
s 

o 
th

e 
ab

ili
ty

 to
 in

flu
en

ce
 b

io
ps

y 
de

ci
sio

ns
 

• 
ce

nt
er

s 
ut

ili
zin

g 
no

n-
co

nt
ra

st
 M

RI
 m

ay
 c

on
sid

er
 c

on
ce

nt
ra

tin
g 

th
e 

M
RI

-d
ire

ct
ed

 d
ia

gn
os

tic
 w

or
k-

up
 a

ro
un

d 
de

di
ca

te
d 

ra
di

ol
og

ist
s a

nd
 u

ro
lo

gi
st

s,
 p

ar
tic

ip
at

in
g 

in
 m

ul
tid

isc
ip

lin
ar

y 
te

am
 m

ee
tin

gs
 

• 
ac

cu
ra

te
 d

et
ec

tio
n 

an
d 

ch
ar

ac
te

riz
at

io
n 

of
 su

sp
ic

io
us

 fo
ci

 o
f c

sP
Ca

 re
qu

ire
s k

no
w

le
dg

e 
of

 a
ge

 re
la

te
d 

gl
an

d 
an

at
om

y,
 o

f 
be

ni
gn

 f
in

di
ng

s,
 p

itf
al

ls 
an

d 
pr

os
ta

te
 c

an
ce

r’s
 n

at
ur

al
 s

tr
uc

tu
re

 a
nd

 b
eh

av
io

r, 
an

d 
ho

w
 t

he
se

 r
el

at
e 

to
 t

he
 o

bs
er

ve
d 

ra
di

ol
og

ic
al

 M
RI

 p
he

no
ty

pe
 

 
3.

 
Ad

ju
st

m
en

ts
 o

f 
bi

op
sy

 d
ec

isi
on

 
th

re
sh

ol
ds

 

• 
in

 lo
w

 d
ise

as
e 

pr
ev

al
en

ce
 s

et
tin

gs
, a

 n
on

-c
on

tr
as

t M
RI

 a
pp

ro
ac

h 
w

ith
 a

 P
I-R

AD
S 

4-
5 

cu
t-

of
f s

ee
m

s 
ju

st
ifi

ed
 to

 m
in

im
ize

 
ov

er
-d

ia
gn

os
is 

ac
hi

ev
in

g 
a 

be
tt

er
 b

al
an

ce
 b

et
w

ee
n 

se
ns

iti
vi

ty
 a

nd
 sp

ec
ifi

ci
ty

 w
ith

 fe
w

er
 fa

lse
 p

os
iti

ve
 c

as
es

 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

 

ac
co

rd
in

g 
to

 
cl

in
ic

al
 ri

sk
s 

(s
ec

tio
n 

3.
3)

 

• 
in

 h
ig

he
r d

ise
as

e 
pr

ev
al

en
ce

 s
et

tin
gs

, a
 n

on
-c

on
tr

as
t M

RI
 a

pp
ro

ac
h 

w
ith

 a
 P

I-R
AD

S 
3-

5 
cu

t-
of

f f
or

 b
io

ps
y,

 is
 th

e 
de

fa
ul

t 
an

d 
lik

el
y 

to
 b

e 
th

e 
sa

m
e 

as
 w

he
n 

us
in

g 
co

nt
ra

st
 M

RI
 

• 
ad

ju
st

m
en

ts
 o

f 
no

n-
co

nt
ra

st
 M

RI
 b

io
ps

y 
th

re
sh

ol
ds

 w
ill

 h
av

e 
im

pa
ct

s 
on

 r
ea

de
r 

pe
rf

or
m

an
ce

 a
nd

 o
n 

th
e 

di
ag

no
st

ic
 

pe
rf

or
m

an
ce

 o
f M

RI
, a

nd
 w

ill
 re

qu
ire

 re
do

cu
m

en
ta

tio
n 

fo
r b

en
ch

m
ar

ki
ng

 p
ur

po
se

s 
 

4.
 

Re
ad

er
 

pe
rf

or
m

an
ce

 
as

se
ss

m
en

ts
 a

nd
 

be
nc

hm
ar

ki
ng

 
(s

ec
tio

n 
3.

4)
 

• 
in

 n
on

-c
on

tr
as

t M
RI

, t
he

re
 is

 a
 m

or
e 

pr
es

sin
g 

ne
ed

 fo
r p

ee
r r

ev
ie

w
, a

t l
ea

st
 in

fo
rm

al
ly

  
o 

w
ith

in
 m

ul
tid

isc
ip

lin
ar

y 
m

ee
tin

gs
, w

he
re

 c
on

sis
te

nc
y 

an
d 

di
sc

re
pa

nc
y 

be
tw

ee
n 

no
n-

co
nt

ra
st

 M
RI

, b
io

ps
y 

an
d 

hi
st

ol
og

ic
al

 o
ut

co
m

es
 c

an
 b

e 
m

on
ito

re
d 

o 
be

tw
ee

n 
re

ad
er

s a
nd

/o
r c

en
te

rs
, w

ith
 c

he
ck

in
g 

of
 in

te
r-

 a
nd

 in
tr

a-
ob

se
rv

er
 v

ar
ia

bi
lit

y 
 

 
5.

 
Di

ag
no

st
ic

 sa
fe

ty
-

ne
t: 

pa
tie

nt
 

re
ca

lls
 o

r o
n-

ta
bl

e 
m

on
ito

rin
g 

(s
ec

tio
n 

3.
5)

 

• 
in

st
itu

tin
g 

pa
tie

nt
 re

ca
lls

 w
ill

 b
ec

om
e 

ne
ce

ss
ar

y 
in

 n
on

-c
on

tr
as

t M
RI

, a
s p

ar
t o

f t
he

 d
el

ay
ed

 ‘d
ia

gn
os

tic
 sa

fe
ty

-n
et

’ u
se

 o
f 

DC
E-

M
RI

: 
o 

w
he

n 
th

er
e 

is 
in

su
ffi

ci
en

t q
ua

lit
y 

of
 T

2W
 o

r D
W

I i
m

ag
es

 
o 

in
 in

de
te

rm
in

at
e 

ca
se

s 
o 

di
sa

dv
an

ta
ge

s:
 d

el
ay

s i
n 

di
ag

no
sis

, p
at

ie
nt

s l
os

t t
o 

fo
llo

w
-u

p,
 a

nd
 lo

ss
 o

f u
ro

lo
gi

c 
co

nf
id

en
ce

 in
 th

e 
te

ch
ni

qu
e 

• 
di

re
ct

 m
on

ito
rin

g 
w

he
n 

th
e 

pa
tie

nt
 is

 o
n 

th
e 

sc
an

ne
r c

ou
ld

 m
in

im
ize

 p
at

ie
nt

 re
ca

lls
 

o 
di

sa
dv

an
ta

ge
s:

 lo
gi

st
ic

al
ly

 c
ha

lle
ng

in
g 

(t
ra

in
ed

 r
ad

io
gr

ap
he

rs
/t

ec
hn

ol
og

ist
s)

, p
ro

ba
bl

y 
no

t c
os

t-
ef

fic
ie

nt
 fr

om
 a

 
sc

he
du

lin
g 

pe
rs

pe
ct

iv
e.

 
 

6.
 

M
on

ito
rin

g 
sa

fe
ty

-n
et

  
(s

ec
tio

n 
3.

6)
 

• 
in

 m
en

 a
vo

id
in

g 
im

m
ed

ia
te

 b
io

ps
ie

s 
af

te
r 

a 
ne

ga
tiv

e 
sc

an
 r

es
ul

t, 
th

e 
‘m

on
ito

rin
g 

or
 f

ol
lo

w
-u

p 
sa

fe
ty

-n
et

’ 
af

te
r 

lo
w

 
lik

el
ih

oo
d 

no
n-

co
nt

ra
st

 M
RI

 fi
nd

in
gs

 in
 in

te
rm

ed
ia

te
 a

nd
 h

ig
h-

ris
k 

bi
op

sy
-n

aï
ve

 m
en

 sh
ou

ld
 b

e 
un

de
rt

ak
en

:  
o 

cl
in

ic
al

 e
xa

m
in

at
io

n 
an

d 
la

bo
ra

to
ry

 a
ss

ay
s  

re
pe

at
ed

 im
ag

in
g 

w
ith

 D
CE

-M
RI

 a
s 

pe
r 

lo
ca

l c
lin

ic
al

 p
ra

ct
ic

e 
an

d 
co

ns
ist

en
t 

w
ith

 c
lin

ic
al

 g
oa

ls 
fo

r 
in

di
vi

du
al

 
pa

tie
nt

s  
 

 
 

 

 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 R

ad
bo

ud
 U

ni
ve

rs
ite

it 
N

ijm
eg

en
 o

n 
08

/2
5/

20
 f

ro
m

 I
P 

ad
dr

es
s 

13
1.

17
4.

24
4.

74
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AC
CE
PT
ED

MA
NU
SC
RI
PT

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 MRI 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 MRI monitoring for contrast administration. Pre-MRI 
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-MRI 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 naïve 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, MRI 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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