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INTRODUCTION

Prostate cancer (PCa) is the most common malignancy among men in developed countries, 

and has a large societal burden.1 PCa affects 1 out of 7 men, and results in death in 1 out 

of 39 men.2 Approximately 50-70 % of the detected PCa is a low-risk type that will never 

cause symptoms during a lifetime.3,4 An often-heard expression about this type of PCa is: 

“you will die with PCa rather than of PCa.” However, in the other 30-50% of the men, an 

intermediate- or high-risk type is diagnosed, which needs to be treated. In the beginning, 

these more aggressive tumour types often cause no symptoms either, but can eventually 

lead to PCa progression, with severe symptoms and subsequent early death. The challenge 

is to identify the aggressive tumours early and to treat these accordingly, while leaving 

alone low-risk PCa. 

Systematic transrectal ultrasound guided prostate biopsy (TRUS-GB) is the current standard 

of care after an elevated serum prostate specific antigen (PSA). It comprises an invasive 

procedure, and it is known that important tumours are being missed or misclassified with 

this method, whereas insignificant tumours which do not require treatment may be found 

(see Figure 1). Magnetic resonance imaging (MRI), used as an imaging technique before 

biopsy, shows promising results in improving PCa diagnosis.5,6 Because of these promising 

results, the Dutch Prostate Cancer Foundation hopes that prostate MRI will be included in 

the standard diagnostic pathway for men with a suspicion on PCa. However, he evidence 

regarding the effectiveness of prostate MRI on quality of life and its related cost-effectiveness 

is lacking. Another reason is the current lack of evidence of superiority of an MRI guided 

diagnostic pathway over a TRUS-GB pathway in terms of patient outcome. Furthermore, 

MRI might not be available in all hospitals. These factors may be a possible explanation for 

the fact that many health insurance companies still withhold reimbursement for prostate 

MRI as the (first) diagnostic step after an elevated PSA, and that an MRI before biopsy is still 

not recommended in the Dutch PCa guidelines.7
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Figure 1 Disadvantages of transrectal ultrasound guided biopsies. Low-risk tumours are detected 
by chance (A), the most aggressive part of intermediate- and high-risk cancer is not detected (B), 
and intermediate- and high-risk tumours are missed due to under-sampling of apex, base, and the 
anterior part of the prostate (C). 

CURRENT DIAGNOSTIC TOOLS

As mentioned above, systematic TRUS-GB is the standard diagnostic tool to detect tumours 

in men with an elevated PSA or abnormal digital rectal examination (DRE).8 The urologists 

that perform TRUS-GB take 10 to 12 prostate biopsies under ultrasound  guidance in the 

areas that are most common for PCa. This is the diagnostic standard for many years and 

gives an excellent guidance of the prostate size and boundaries, but provides limited 

information on areas suspicious for PCa. 

Recent statements from the European Association of Urology (EAU), the U.S. Preventive 

Screening Task Force (USPSTF), and the American Urologic Association (AUA) critically 

question the current diagnostic pathway and recommend against the use of widespread 

PSA testing.9,10 In this so-called ‘PSA dilemma’, the harms in the diagnostic pathway outweigh 

the benefits for most men due to several reasons. First, the PSA test can lead to unnecessary 

TRUS-GB because 2 out of 3 men with an elevated PSA will have a non-malignant condition 

like benign prostate enlargement or inflammation of the prostate.11 Normal PSA levels, on 

the other hand, do not exclude the presence of PCa.12 Second, with DRE many tumours are 

being missed, and the same prostate will often be interpreted differently among different 

urologists.13 Figure 1 shows the main disadvantages of TRUS-GB. Because TRUS-GB provides 

no detailed images of the prostate, low-risk tumours are detected by chance (Figure 1A), 

and the aggressiveness of intermediate- or high-risk cancers cannot be accurately assessed 

(Figure 1B).11,14,15 Furthermore, important tumours are being missed, because harder to 

reach parts of the prostate are under-sampled, as shown in Figure 1C.16 The limitations of 

the current diagnostic pathway lead to inadequate assessment of the tumour type. This 
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can lead to unnecessary diagnosis of low-risk tumours with subsequent invasive treatment 

and misdiagnosis and under-treatment of intermediate- to high-risk PCa.17 

MRI AND MR GUIDED BIOPSY 

In the last decades, technology has drastically evolved. New imaging techniques, like 

advanced ultrasound, 11C-Choline PET/CT, 68Gallium-PSMA PET/CT, whole body MRI, 

Combidex-MRI, and multiparametric MRI (mp-MRI) have been developed and tested. New 

tests for molecular biomarkers in urine (PCa antigen 3 (PCA3)) and epigenetic assays (such 

as ConfirmMDx) also show interesting results.18,19 To improve the detection of PCa, mp-

MRI is currently the best studied imaging technique. Many studies have demonstrated the 

potential of mp-MRI to solve the aforementioned PSA dilemma. When performed before 

biopsy, mp-MRI could reduce the detection of insignificant cancer, improve the detection 

of intermediate- to high-risk PCa without biopsy, and enable targeted biopsy and focal 

therapy. 6,20,21

The state-of-the-art prostate mp-MRI combines ordinary anatomic imaging (T2-weighted 

imaging; T2WI) with more advanced functional imaging techniques.22 The additional 

functional techniques show microscopic motion of water (diffusion weighted imaging; 

DWI), handling of intravenous contrast media (dynamic contrast-enhanced MRI; DCE-MRI), 

and estimates for metabolism in prostate tissue (proton MR spectroscopic imaging; MRSI). 

The techniques are used to differentiate normal from malignant prostate tissue and to 

estimate the aggressiveness of the tumor.23-25

The European Society of Urogenital Radiology (ESUR) and the American College of 

Radiology (ACR) recommend the use of anatomic T2WI combined with two additional 

functional techniques (DWI and DCE-MRI) for the detection of prostate cancer, with MRSI 

as optional functional technique.22,26 The ESUR guideline also describes criteria to report 

the suspicion of PCa on mp-MRI. These criteria, called Prostate Imaging Reporting and Data 

System (PI-RADS), are used to generate scores between 1 and 5 for each imaging technique, 

where 1 = tumour highly unlikely, and 5 = tumour highly likely. The goal of PI-RADS is to 

provide a standardized ‘language’ and to allow for risk-stratification between men with 

benign lesions which do not require biopsy, and men that need further diagnostic workup. 

In figure 2, an example of mp-MRI of the prostate is shown using T2WI, DWI, and DCE-MRI. 
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Figure 2 An example of a multiparametric MRI of the prostate of a 66-years old man with an elevated 
PSA and 2 previous negative TRUS-GB sessions. The images show a suspicious area in the left anterior 
part of the prostate (red circle). The upper left image shows an anatomical image of the prostate (T2-
weighted imaging; T2WI). In the upper right corner, a colour map is shown of the wash-out of contrast 
medium (dynamic contrast enhanced imaging; DCE-MRI). In the lower left a diffusion weighted image 
of the prostate is shown (DWI). The black area represents an area with less microscopic motion of 
water molecules, which is suspicious for malignant tissue. MR guided biopsy of this area (lower right) 
proved a high risk tumour, which needs active treatment.

Where TRUS-GB is normally performed in a standard set of 10-12 areas of the prostate, 

mp-MRI enables targeted biopsy in only those areas considered to be suspicious for PCa. 

Targeted biopsy techniques can, therefore, use fewer biopsies in fewer men to obtain 

the same rate of intermediate- or high-risk PCa, and can potentially reduce the diagnosis 

of low-risk PCa.20 Three types of targeted biopsy techniques are currently being used; 

(1) cognitive fusion biopsy, (2) MR/US fusion biopsy, and (3) in-bore MR-guided biopsy 

(MRGB). Cognitive fusion biopsy is a technique in which the urologist performs TRUS-GB 

in areas with a suspicion of PCa on prior mp-MRI, without visual feedback on the correct 

biopsy location. MR/US fusion is a biopsy technique that is used by the urologist to fuse 

the prior images from mp-MRI with real-time ultrasound images to enable targeted biopsy. 

The in-bore MRGB technique, which is shown in Figure 2, is performed by a radiologist 

or urologist in the MR device with real-time MR image feedback. This technique is more 
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time consuming and requires radiologic expertise, but can potentially provide the most 

accurate results.

EVALUATION OF NEW DIAGNOSTIC TECHNIQUES

For the evaluation of new diagnostic technologies, like mp-MRI and MRGB (‘MRI pathway’), 

it is important to acknowledge the six hierarchical levels of evidence that are stated in the 

model of Fryback and Thornbury.27 The first four levels comprise technical performance (1), 

diagnostic accuracy (2), and impact of the new technology on diagnosis (3) and treatment 

planning (4). The last two levels focus on patient health outcomes (5) and economic 

modelling to assess the societal value (6) of the new diagnostic test. Many studies on mp-

MRI and MRGB provided evidence on the first four levels. In current literature, however, 

there is a lack of studies that provide an overview of the evidence on the diagnostic 

accuracy (level 2). For urologists and radiologists, this overview is essential, because the 

MRI techniques evolve fast and many different protocols are being used, with a wide variety 

of reported outcomes. Also, there is a lack of studies that provide evidence on the last two 

levels, which focus on patient health outcomes (level 5) and on an economic model to 

assess the societal value of the MRI pathway (level 6). An economic model integrates data 

from the first 5 levels of evidence and is increasingly important to inform policy makers on 

new diagnostic techniques, especially in the current trend towards more sustainably and 

(cost-)effective health care. If new techniques, like the MRI pathway, perform better than 

the standard of care in clinical outcomes, studies that provide evidence on level 5 and 6 

are essential before urologists will use the MRI pathway or other novel techniques as new 

standard of care. 

AIM OF THIS THESIS 

The overall aim of this thesis is to evaluate the diagnostic MRI pathway in men with a 

suspicion of PCa. More specifically this thesis aims:

1. to assess the diagnostic accuracy of mp-MRI for the detection and local staging of 

PCa. 

2. to assess the clinical effectiveness of the MRI pathway in patients with a suspicion of 

PCa. 

3. to assess the cost-effectiveness of the MRI pathway in patients with a suspicion of 

PCa. 
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OUTLINE OF THIS THESIS

Part 1 (Chapter 2-4) provides an overview of the current evidence regarding the accuracy 

of MRI. We studied the role of mp-MRI for the detection of PCa in two separate diagnostic 

meta-analyses; the first on the accuracy of MRI for the detection of all types of PCa 

(Chapter 2), the second specified on clinically significant PCa and the role of standardized 

reporting systems (Chapter 3). In Chapter 4, we systematically reviewed the evidence on 

the accuracy of MRI for local staging of PCa. 

In Part 2 (Chapter 5 and 6), we studied the costs and cost-effectiveness of the current 

diagnostic pathway and the new MRI pathway. The diagnostic meta-analysis of Chapter 2 

has been used as input for a decision analytic model (Chapter 5) that compares the MRI 

pathway with the current standard of care for men with a suspicion of PCa. In Chapter 6, 

we provide insight in the health care costs of PCa treatment related urinary incontinence 

costs using a health insurance database.

To further improve the evidence on the role of MRI in the diagnostic pathway, we 

performed a prospective study, which is described in Part 3 (Chapter 7). We studied the 

clinical outcomes, that is, the detection of low-, intermediate-, and high-risk PCa of both 

the current standard of care and the new MRI pathway. 

In Part 4 (Chapter 8 and 9), the main findings of this thesis are discussed and we will 

give an overview of the most important challenges for the different stakeholders that 

are involved in the PCa diagnostic pathway. Furthermore, we give recommendations and 

future directions regarding the possible implementation of the new MRI pathway.
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ABSTRACT

Objective

The purpose of this diagnostic meta-analysis was to determine the diagnostic accuracy of 

multiparametric magnetic resonance imaging (mp-MRI) for prostate cancer (PCa) detection 

using anatomical T2-weighted imaging (T2WI) combined with two functional techniques: 

diffusion weighted imaging (DWI) and dynamic contrast-enhanced MRI (DCE-MRI).

Materials and Methods

We searched electronic databases, including MEDLINE (PubMed), Embase, and the 

Cochrane Central Register of Controlled Trials (CENTRAL) up to February 3, 2012. We 

included diagnostic accuracy studies using a combination of T2WI, DWI and DCE-MRI 

to detect PCa with histopathologic data from prostatectomy or biopsy as the reference 

standard. The methodologic quality was assessed with version 2 of the Quality Assessment 

of Diagnostic Accuracy Studies (QUADAS-2) tool by two independent reviewers. Sensitivity 

and specificity of all studies were calculated from 2x2 tables, and the results were plotted 

in a hierarchical summary receiver operating characteristic plot.

Results

Seven studies that met the inclusion criteria (526 patients) could be analyzed. The pooled 

data showed a specificity of 0.88 (95% confidence interval (CI) 0.82-0.92) and sensitivity of 

0.74 (95% CI 0.66-0.81) for PCa detection, with negative predictive values (NPVs) ranging 

from 0.65 to 0.94. Subgroup analysis showed no significant difference between the 

subgroups.

Conclusion

The high specificity with variable but high NPVs and sensitivites imply a potential role for 

mp-MRI in detecting PCa.
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INTRODUCTION

Prostate cancer (PCa) is the most common noncutaneous cancer in men.1 Although 

most types of PCa grow slowly and may need minimal or no treatment, other types are 

aggressive and can spread quickly. PCa that is detected early has a better chance of 

successful treatment. Therefore, detection of PCa in an early stage is important but remains 

challenging.

The currently used diagnostic tools are digital rectal examination (DRE), serum prostate 

specific antigen (PSA) – a non-specific blood test – and transrectal ultrasound guided 

biopsy (TRUS-GB) – a standardized but untargeted method.2 Because of the limitations of 

these available diagnostic tools, much effort is being put into improving the accuracy of 

PCa detection.

Advances in magnetic resonance imaging (MRI) techniques show potential for improving 

the diagnostic accuracy of MRI for PCa detection. A recently developed multi-parametric 

MRI (mp-MRI) approach that combines anatomic T2-weighted imaging (T2WI) with 

functional data appears to be one of the most promising techniques for PCa detection.3-9 The 

addition of functional MRI techniques can provide metabolic information, display altered 

cellularity, and aid in non-invasive characterization of tissue and tumour vascularity.10 

Although these techniques have not been implemented broadly in daily clinical practice 

yet, they are increasingly mentioned in PCa guidelines.11 The latest diagnostic consensus 

statement by the European Society of Urogenital Radiology (ESUR) recommends anatomic 

T2WI combined with at least two functional techniques: diffusion weighted imaging 

(DWI), dynamic contrast-enhanced MRI (DCE-MRI), and optionally magnetic resonance 

spectroscopy imaging (MRSI).2 However, he accuracy of this method has not been studied 

systematically. We therefore performed a systematic review and meta-analysis to determine 

the diagnostic accuracy of the ESUR recommendation, that is,  combining T2WI with DWI 

and DCE-MRI for the detection of PCa.

MATERIALS AND METHODS

Data sources and searches

We systematically searched the electronic databases MEDLINE (U.S. National Library of 

Medicine) (PubMed), Embase (Elsevier) and the Cochrane Central Register of Controlled 
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Trials (CENTRAL) (The Cochrane Collaboration) to identify all relevant studies. The search 

strategy involved a filter combining imaging modality keywords with PCa keywords in the 

titles and abstracts as follows: (prostate OR PCa OR PSA OR prostatic) AND (MR OR NMR 

OR NMRI OR MRI OR magnetic resonance OR ADC OR DWI OR DCE OR diffusion weighted 

OR dynamic contrast OR multiparametric). To retrieve additional publications, we manually 

searched reference lists from the included articles and relevant systematic and narrative 

reviews on the topic. No restrictions on language or date were used in this comprehensive 

search. The last search was performed on February 3, 2012. We imported all citations 

identified by the MEDLINE and Embase search strategies into a bibliographic database of 

EndNote, version X5 (Thomas Reuters, New York City, NY).

Study selection

We screened all retrieved articles and included studies when they compared T2WI and the 

functional MR techniques DWI and DCE-MRI with histologic results from prostate biopsies 

or prostatectomy specimens as the reference standard in patients with suspected or 

previously diagnosed PCa. One reviewer (MdR) performed the first screening of titles and 

abstracts to select eligible studies. Subsequently, two reviewers (MdR, EH) independently 

assessed the eligibility by reading the articles.

Data extraction and quality assessment

To obtain 2 x 2 contingency tables from the included studies, we extracted or calculated 

true-negative (TN), false-negative (FN), true-positive (TP), and false-positive (FP) results 

of mp-MRI for the detection of PCa. A standardized form was used to extract additional 

data on patient characteristics, imaging protocols, and methodological characteristics. 

The authors of the studies that did not report all sufficient data were asked to provide 

additional information.

We extracted the following data: patient age, PSA level, Gleason score, previous prostate 

biopsies, cancer status (suspected or detected), MR imager model and manufacturer, 

magnetic field strength (in Teslas), use of an endorectal coil, use of other coils, T2WI 

sequences, DWI acquisition parameters, DCE-MRI acquisition parameters, use of additional 

techniques, year of publication, study population, reference standard (prostate biopsy 

or prostatectomy specimens), patient enrolment, study design, blinding, number of 

readers, region of interest, and scoring system of each modality and of the combination 

of modalities.
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Quality assessment of the included studies was performed by two independent reviewers 

using the recently developed version 2 of the Quality Assessment of Diagnostic Accuracy 

Studies (QUADAS-2) tool for diagnostic accuracy studies.12 Any disagreements were 

discussed and resolved by consensus.

Data synthesis and analysis

We constructed 2×2 contingency tables and calculated sensitivity and specificity with 

95% confidence intervals (CI) for each study individually. We drew forest plots to show 

variation and to explore heterogeneity for sensitivity and specificity and plotted their 

results on a receiver operating characteristic (ROC) plot. We used the Metadas tool within 

the statistical software package SAS to carry out the meta-analyses.13 The analyses were 

imported to RevMan5 (The Nordic Cochrane Center, Copenhagen, Denmark) and used 

to fit the hierarchical summary receiver operating characteristic (HSROC) plot. Because 

of the substantial heterogeneity of the included studies, we analyzed subgroups of three 

clinically relevant covariates; reference test (prostatectomy and biopsy), method of analysis 

(region-based and patient-based), and localization of the tumour (peripheral zone and 

whole gland).

RESULTS

Literature search

The systematic literature search identified 10,166 records. Screening the titles and abstracts 

and removing duplicates yielded 367 potentially eligible studies using mp-MRI techniques. 

Another 241 studies were excluded because they did not determine diagnostic accuracy, 

leaving 126 studies for formal evaluation (see also Figure 1). Seven studies used T2WI, 

DWI, and DCE-MRI for the detection of PCa and were included in the meta-analysis.14-20 

Other studies were not included because they did not use T2WI, DWI, and DCE-MRI as a 

combination of mp-MRI techniques (n=103) or did not report a combined analysis of these 

techniques or available data were insufficient to construct a 2 x 2 contingency table (n=16). 

Manual searching reference lists of narrative and systematic reviews, position papers, and 

editorials did not yield any additional results.
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10166 studies identified from database search 
- 4300 studies from MEDLINE 
- 5772 studies from Embase  
- 94 studies from CENTRAL  

6078 studies excluded after screening titles/abstract 
- Case reports 
- Narrative or systematic reviews 
- Comments, letters, and editorials 
- Duplicate publications 
- Conference abstracts and protocols  
- In vitro studies and animal studies  
 
 

2 studies with cases 
of PCa detected 

6445 studies after removal of duplicates 

367 potentially eligible studies that used 
multiparametric MRI techniques 

126 full-text diagnostic accuracy studies evaluated 

7 diagnostic accuracy studies using mp-MRI with  
T2WI, DCE-MRI, and DWI 

241 studies excluded  
- Diagnostic accuracy was not determined 
 

119 studies excluded  
- 103 studies did not use T2WI, DCE-MRI, and DWI  
- 14 studies did not use multiparametric analysis  
- 2 studies did not provide the data necessary for 2x2 table 

5 studies with cases 
of suspected PCa 

Figure 1 Flow of studies through the selection process.

Study description

Patient characteristics, technical parameters, and study design of the seven included 

studies are presented in Table 1. In total, 526 patients were evaluated, with a median age 

ranging from 63 to 69 years, a median serum PSA level varying from 7 to 11.1 ng/mL, and a 

Gleason score ranging from 4 to 10. 

Assessment of study quality

All studies were evaluated on their methodologic quality by two independent reviewers 

using the QUADAS-2 tool (see also Figure 2, 3 and Supplemental Figure 1).12 The quality of 

the seven studies varied. Risk of bias regarding patient selection was low in three of the seven 

studies,16,17,20 whereas four studies had a high risk of bias for patient selection.14,15,18,19 The 

high risk was caused by the unavailability of data on patient enrolment and inappropriate 

exclusion. The risk of bias regarding the index test was low in five studies14-18 and high in 

one study.19 For the remaining study, the risk of bias was unclear because information 
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about blinding was not sufficient.20 The risk of bias regarding the reference standard was 

low in two studies14,20 and high in five studies15-19 because these latter studies used TRUS-

GB or transperineal biopsy as the reference standard instead of a prostatectomy specimen. 

Furthermore, two of the five studies using TRUS-GB did not report sufficient information 

about the protocols and number of cores taken.15,20 The five studies using biopsy as the 

reference standard comprise studies with targeted biopsies, which have a lower risk of bias 

than random biopsies. This factor is taken into account in assessing concerns regarding 

applicability, where these studies are assigned as having a low risk of bias (see also Figure 

3). Risk of bias regarding flow and timing was low in four studies16,17,19,20 and high in three 

studies14,15,18 because these studies did not include all patients in the final analysis.

Diagnostic accuracy of a combined analysis of T2WI/DWI/DCE-MRI

In total, seven studies including 526 patients were considered in the final analysis. For each 

study, the number of TPs, FPs, FNs, and TNs are shown in Figure 5. Pooled sensitivity and 

specificity values for all studies were 0.74 (95% CI 0.66-0.81) and 0.88 (95% CI 0.82-0.92), 

respectively. Negative predictive values (NPVs) were high, varying from 0.65 to 0.94, and 

positive predictive values (PPVs) – with larger variability – ranged from 0.31 to 0.95 (see also 

Table 2). Figure 4 shows the HSROC plot with 95% CI area and summary point.

Clinically relevant subgroups

Regarding the reference standard, there was no significant difference in pooled sensitivity 

and specificity between studies using prostatectomy and studies using biopsy. The two 

prostatectomy studies showed a pooled sensitivity and specificity of 0.69 (95% CI 0.52-0.82) 

and 0.93 (95% CI 0.81-0.97), respectively. The five studies using biopsy as the reference test 

(TRUS-GB or transperineal biopsy) showed a pooled sensitivity and specificity of 0.76 (95% 

CI 0.66-0.84) and 0.86 (95% CI 0.79-0.91), respectively. In addition, Figure 6 shows forest 

plots of the pooled estimates overall and for different subgroups.
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Figure 2 and 3 Methodological quality summary of risk of bias (upper) and applicability (lower) on 
each of the four QUADAS-2 domains. 

The four studies that assessed accuracy based on classification of region level of the 

prostate showed a pooled sensitivity and specificity of 0.71 (95% CI 0.63-0.78) and 0.89 

(95% CI 0.83-0.94), respectively. The studies reporting on a patient or tumour level could 

not be pooled because available data were not sufficient.

When subgroup comparisons based on the localization of the analysed tumours were 

made, the pooled sensitivity values were comparable in the studies analysing peripheral 

zone tumours and studies analysing the whole prostate gland. The pooled sensitivity and 

specificity of the studies analysing peripheral zone tumours were 0.81 (95% CI 0.75-0.85) 

and 0.91 (95% CI 0.67 0.98), respectively. The studies analysing the whole prostate showed 
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a pooled sensitivity of 0.78 (95% CI 0.65-0.87) and a pooled specificity of 0.88 (95% CI 0.80-

0.94). We were not able to pool calculated estimates of the transition zone.

Figure 4 Hierarchical summary receiver operating characteristic (HSROC) plot with summary point 
and 95% confidence region.
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Table 2 Prevalence of prostate cancer and predictive values.

Study Year Prevalence (absolute) Analysis PPV NPV

Delongchamps PZ 2010 91 Region 0.95 0.88

Yoshizako 2008 26 Tumour 0.95 0.65

Delongchamps TZ 2010 29 Region 0.31 0.92

Iwazawa PZ 2010 184 Region 0.56 0.92

Iwazawa TZ 2010 134 Region 0.45 0.90

Tanimoto 2007 44 Patient 0.81 0.94

Tamada patient based 2011 35 Patient 0.91 0.67

Vilanova 2011 51 Region 0.82 0.85

Kitajima 2010 99 Region 0.85 0.94

Iwazawa whole gland 2010 318 Region 0.51 0.91

Tamada region based 2011 103 Region 0.73 0.85

Abbreviations: NPV = negative predictive value; PPV = positive predictive value; PZ = peripheral 
zone; TZ = transition zone.

DISCUSSION

The results of this diagnostic meta-analysis on the accuracy of mp-MRI for PCa detection 

using the combination of T2WI, DWI, and DCE-MRI revealed a high overall sensitivity and 

specificity. The overall methodologic quality of the included studies was fair, but large 

heterogeneity was reported. Nevertheless, subgroup analyses did not show considerable 

differences among various subgroups.

To date, most studies have reported various sensitivity and specificity values for the 

accuracy of anatomic T2WI with or without one or more additional functional techniques 

for the detection of PCa. Recently, a systematic review and meta-analysis was published 

on the diagnostic accuracy of T2WI combined with DWI compared with T2WI alone.21 The 

meta-analysis of the 10 included studies showed a higher diagnostic accuracy for T2WI 

combined with DWI (sensitivity and specificity of 0.72 and 0.81, respectively) than for T2WI 

alone (0.62 and 0.77). 

The major strength of this diagnostic meta-analysis is that this is the first meta-analysis 

to investigate the accuracy of the combination of anatomic T2WI and two functional 

techniques; DWI and DCE-MRI, as recommended by the ESUR guidelines.2 Furthermore, we 
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are one of the first groups to undertake a meta-analysis of MRI using HSROC methods that 

are available using the Metadas macro for SAS.13

This diagnostic meta-analysis showed that the accuracy of mp-MRI shows potential for 

the detection of PCa. Although the FN rate of 26% still might be too high, TRUS-GB tends 

to miss tumours as well, with detection rates of 10-19% on repeat TRUS-GB22,23 and up to 

59% on MRGB after two negative TRUS-GB sessions.24 However, whether those FNs are 

clinically significant or insignificant tumours is still open to debate. A future randomized 

multi-centre diagnostic trial comparing TRUS-GB with mp-MRI is needed to study potential 

benefits, harms, and cost-effectiveness in more detail.

The recommendation of the ESUR of using T2WI, DWI, and DCE-MRI for PCa detection is 

based on expert opinion, and the question remains about whether this strategy is the best 

multiparametric combination because prospective validation studies have not yet been 

performed. Of the seven included studies, four studies16-19 recommend using both DWI 

and DCE-MRI as additional techniques and show significant differences in performance 

compared with the use of DWI or DCE-MRI alone. The other three studies14,15,20 show no 

change in performance or worse results when comparing the combination of T2WI, DWI, 

and DCE-MRI with T2WI and DWI.

Some potential limitations should be mentioned. First, considerable heterogeneity was 

identified among the included studies, with differences in reference tests, prostate regions, 

patient characteristics, and method of analysis. Four of seven studies used TRUS-GB, as 

the reference standard for the primary diagnosis of PCa. However, this technique mainly 

randomly samples the posterior part of the gland, tends to miss tumours on first systematic 

biopsy22, and has been reported to underestimate Gleason grade in 43% of the cases.25 The 

studies also analysed different regions of the prostate and patients with other baseline 

characteristics, such as PSA level. Two studies included patients with mean PSA values of 

20.51 and 19.4 ng/mL; these mean PSA values are considerably higher than levels observed 

in cases of early phase PCa.17,20 In these studies a large tumour burden can be expected, 

with subsequently a possible higher accuracy of mp-MRI. The method of analysis varied 

among the different studies, with studies using a per-patient or region-based approach. For 

the studies that used a region-based approach, the prostate was subdivided in a varying 

number of regions, ranging from two to eight, which can artificially increase the specificity 

by generating more TN regions. Despite this heterogeneity, the pooled estimates of the 

different subgroups were comparable with the overall summary values.
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Second, despite the small number and heterogeneity of the studies, we decided to 

pool the results because sensitivity and subgroup analyses showed no significant 

differences. We believe that there are many good examples of reviews, such as Cochrane 

reviews, performing a meta-analysis of only a few studies that have been proven useful. 

Furthermore, this review can be considered as a starting point and can be updated as soon 

as new evidence becomes available.

Third, the overall estimated sensitivity and specificity values were based on all included 

studies. Although some studies reported data on peripheral zone, transition zone, and 

whole gland separately and some reported the results of patient- and region-based 

analysis, these studies were not equally represented in this analysis.

Fourth, the technical parameters, such as the use of an endorectal coil, field strength, and 

b-values, were not similar among the included studies. Furthermore, the analysis of DCE-

MRI could be profoundly influenced by the difference in spatial resolution and temporal 

resolution and the pharmacokinetic model that is used. The recently developed ESUR 

guidelines can be used to fulfil the minimal technical and image acquisition parameter 

requirements for an MRI protocol to detect PCa.2

Finally, scoring systems for reporting the prostate images were not similar in all studies. 

Several studies used dichotomized scoring to distinguish between normal and abnormal 

appearance, whereas other studies used 3- or 5-point Likert scales for the overall or 

separate imaging techniques. ESUR experts developed a structured reporting system (the 

Prostate Imaging Reporting and Data System, or PI-RADS) with a standardized subscore for 

each sequence (T2WI, DWI, and DCE-MRI), the subscores were summarized in a final score 

that could range between 1 and 5,2 similar to the standardized score used for breast MRI 

(BI-RADS). Although this scoring system has not yet been validated, the ESUR classification, 

which was recently adopted by the American College of Radiology, is the best available 

guideline for using mp-MRI in the diagnosis of PCa.

CONCLUSIONS

The high specificity with variable but high NPVs and sensitivities imply a possible role for 

mp-MRI before biopsy in detecting PCa. 
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ABSTRACT

Context
In 2012, an expert panel of the European Society of Urogenital Radiology (ESUR) published 
the Prostate Imaging Reporting and Data System (PI-RADS) for prostate cancer (PCa) 
detection with multiparametric magnetic resonance imaging (mp-MRI). Since then, many 
centres have reported their experiences. 

Purpose 
To review the diagnostic accuracy of PI-RADS for PCa detection with mp-MRI. 

Evidence acquisition
We searched Medline and Embase up to March 20, 2014. We included diagnostic accuracy 
studies since 2012 that used PI-RADS with mp-MRI for PCa detection in men, using 
prostatectomy or biopsy as the reference standard. The methodologic quality was assessed 
using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool by two 
independent reviewers. Data necessary to complete 2x2 contingency tables were obtained 
from the included studies, and test characteristics including sensitivity and specificity were 
calculated. Results were pooled and plotted in a summary receiver operating characteristics 
plot.

Evidence synthesis
Fourteen studies (1785 patients) could be analysed. The pooled data showed sensitivity of 
0.78 (95% confidence interval (CI) 0.70–0.84) and specificity of 0.79 (95% CI 0.68–0.86) for 
PCa detection, with negative predictive values ranging from 0.58 to 0.95. Sensitivity analysis 
revealed pooled sensitivity of 0.82 (95% CI 0.72–0.89) and specificity of 0.82 (95% CI 0.67–
0.92) in studies with correct use of PI-RADS (ie, clear description in the methodology and 
no adjustment of criteria). Studies with a less strict or adjusted use of PI-RADS criteria, or 
unclear description of the methodology, had pooled sensitivity of 0.73 (95% CI 0.62–0.82) 
and specificity of 0.75 (95% CI 0.61–0.84). 

Conclusions
In patients for whom PCa is suspected, PI-RADS appears to have good diagnostic accuracy 
in PCa detection, but no recommendation regarding the best threshold can be provided 
because of heterogeneity. 

Patient summary
Pooling of results from all previous studies that used a relatively new 5-point scoring system 
for prostate-MRI showed that this scoring system appears to be able to detect prostate 
cancer accurately.
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INTRODUCTION

Prostate cancer (PCa) is the most common noncutaneous malignancy in men in Western 

countries; in 2011, 903,500 new cases and 258,400 deaths were recorded worldwide.1 

Multiparametric magnetic resonance imaging (mp-MRI) is increasingly being used for 

PCa diagnosis because of its growing availability, advances that combine anatomic and 

functional data, and the increasing number of studies confirming its diagnostic reliability 

for PCa detection.2-7 However, mp-MRI is not utilized in daily clinical practice everywhere. 

Widespread acceptance of mp-MRI of the prostate was hampered by a lack of standard 

diagnostic criteria for reporting of results. This lack of a standardized reporting method led 

to substantial variability in interpretation. Radiologists used different types of Likert scales 

to characterize their level of suspicion of the presence of PCa, which was generally based 

on the overall impression of the radiologist.8 To standardize the evaluation and reporting 

of prostate MRI, the European Society of Urogenital Radiology (ESUR) published guidelines 

based on expert consensus in 2012, termed the Prostate Imaging Reporting and Data 

System (PI-RADS).9 These guidelines provide explicit criteria for the single-modality scores 

(Supplemental Table 1) and are the first attempt to standardize prostate MRI. Since then, 

several studies using PI-RADS with mp-MRI have been published. However, the accuracy of 

this scoring system has not been studied systematically. Our aim was therefore to assess 

the diagnostic accuracy of mp-MRI using PI-RADS as a reporting system for PCa detection  

in men, using prostatectomy or biopsy as the reference standard. 

EVIDENCE ACQUISITION 

Literature search

We systematically searched MEDLINE, Embase, and the Cochrane Central Register of 

Controlled Trials from inception up to March 20, 2014 for studies evaluating the diagnostic 

value of PI-RADS in diagnosing PCa. The search query combined synonyms for prostate 

cancer with synonyms for magnetic resonance imaging and synonyms for PI-RADS or 

scoring system (see Appendix I for the complete search strategy). We also performed a 

reference and related article search. Duplicate articles were manually filtered using the 

bibliographic EndNote database, version X5 (Thomas Reuters, New York City, NY). Searches 

were restricted to publications in English.



42  |  Chapter 3

Study selection

We included studies since 2012 if (1) the PI-RADS classification in reporting prostate MRI 

was used, (2) reconstruction of 2×2 tables were possible for the PI-RADS score at specified 

cut-off points, and (3) mp-MRI, consisting of at least T2 weighted imaging (T2WI) and two 

functional MR techniques, was used. Studies that focused on staging PCa patients or that 

used another scoring system were excluded.

Two reviewers (EH and MdR) independently assessed the eligibility of the identified papers. 

Any disagreements were resolved by discussion with a third reviewer (MMR).

Data extraction and quality assessment

We reviewed the included studies in duplicate and extracted the study population, number 

of patients included, study design, year of publication, patient age, PSA level and Gleason 

score for patients included, previous prostate biopsies, cancer status, and inclusion and 

exclusion criteria. The number of observers evaluating the images or histopathology and 

their experience were documented, and whether there was a form of consensus reading. 

Moreover, the time between MRI and pathology, the type of reference standard, and the 

presence of malignancy and Gleason score at pathology were extracted. Similarly, we 

extracted basic technical characteristics for MRI, including MRI manufacturer and model, 

magnetic field strength in Tesla, characteristics of sequences used (T2-weighted sequences 

(T2WI), diffusion weighted imaging (DWI), dynamic contrast-enhanced MRI (DCE-MRI), or 

magnetic resonance spectroscopy (MRS)), and type of coil used.

We assessed the risk of bias and the applicability at study cohort level using the validated 

Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) scoring system.10 This is 

a validated tool for assessment of methodologic quality and applicability of diagnostic 

accuracy studies. Four domains are scored: (1) patient selection, which describes the 

method for patient selection and the patients included; (2) index test, which describes 

the test being studied and how it was conducted and interpreted; (3) reference standard, 

which describes the reference standard used and how it was conducted and interpreted; 

and (4) flow and timing, which describes the flow of patient inclusion and exclusion and 

the interval between the index test and the reference standard. The quality assessment was 

performed by two independent reviewers (EH and MdR) using a data extraction form to 

collect details from selected studies. Any disagreements were resolved by discussion with 

a third reviewer (MMR). 
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Data synthesis and analysis

Data from each study was summarized in 2x2 tables of true positive, false positive, true 

negative, and false negative values to calculate sensitivity and specificity values. Authors of 

studies that did not report all sufficient data were asked to provide additional information. 

To graphically display the sensitivity and specificity measurements at study level, we used 

Review Manager 5 software from the Cochrane collaboration. We drew forest plots to show 

variation and to explore heterogeneity for sensitivity and specificity, and plotted their 

results on a receiver operating characteristic (ROC) curve. Primary outcomes are pooled 

estimates of sensitivity and specificity with 95% confidence intervals (CI). We used the 

Metadas tool within the statistical software package SAS (version 9.2, SAS Institute) to carry 

out the meta-analyses. The analyses were imported to RevMan5 (The Nordic Cochrane 

Center, Copenhagen, Denmark) and used to fit the hierarchic summary ROC plot. 

Publication bias was studied using Deeks funnel plots.11 This analysis was performed using 

the R statistical package system (R Foundation for Statistical Computing, Vienna, Austria) 

with a significance level set at p<0.05.

To study the heterogeneity in more detail, we performed sensitivity analyses of several 

clinically relevant covariates: analysis method (region-based versus patient-based), lesion 

localization (peripheral zone, transition zone, and whole gland), outcome measure (any 

cancer versus significant cancer), and previous biopsies (patients with versus patients 

without prior biopsies versus a mixed population). The definition used to determine 

clinically significant disease was the one used by individual studies included in the review. 

Furthermore, we performed a sensitivity analysis comparing studies with a reference 

standard with a high risk of bias versus a low risk of bias. We considered studies that used 

either a combination of systematic and targeted biopsies or radical prostatectomy as likely 

to identify PCa. Such studies were therefore considered as having a low risk of bias. Finally, 

we compared studies with high concerns regarding application of PI-RADS versus studies 

with low applicability concerns. High concerns were present when PI-RADS criteria were 

adjusted, or if the application of PI-RADS was unclear or not exactly specified.
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EVIDENCE SYNTHESIS

Literature search and study selection

Our search yielded 1498 unique publications (see also Figure 1). Of these publications, 192 

full-text articles were reviewed for eligibility, of which 178 were excluded. Studies were 

excluded because they did only report on PCa staging (n=52), were review articles (n=7), 

or were irrelevant to the review question (n=4). In addition, 109 articles on PCa detection 

did not use the PI-RADS classification, and six studies using PI-RADS did not report on 

diagnostic accuracy or provided insufficient data for 2x2 tables. Finally, 14 publications 

were included, covering a total of 1785 patients.12-25 

Study characteristics

Table 1 summarizes the characteristics of the patients included in the different studies. The 

median age in the studies ranged from 62 to 65 years, median PSA from 5.3-10 ng/mL, and 

the Gleason score from 6 to 10. Patients were included consecutively in ten studies,13-16,18-22,24; 

in the other four studies this detail was not explicitly mentioned.12,17,23,25 The percentage of 

patients included with PCa varied from 33% to 100%. For 394 of the 1785 patients, no data 

regarding previous biopsies were reported; 84 had previous positive biopsies, 690 had no 

previous biopsies, and 617 had at least one negative biopsy. 

 

893 records excluded after screening of titles 
 
 

1925 records 
identified through 
database searching 

1498 records after removal of duplicates 

192 full-text articles assessed for eligibility 

404 records excluded 
- Irrelevant (n=207) 
- No original data (n=71) 
- Conference abstract (n=118) 
- No English version (n=8) 
 

178 articles excluded  
- Staging (n=52) 
- Review articles (n=7) 
- Other scoring system (n=109) 
- Irrelevant (n=4) 
- No diagnostic accuracy or insufficient data (n=6) 
 

3 additional records 
identified through 

other sources 

596 abstracts screened 

14 studies included in qualitative synthesis 

Figure 1 Flow diagram of study inclusion.
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The technical characteristics of the studies included are shown in Supplemental Table 

2. There were eight studies in which MRI examinations were carried out with a 3.0 Tesla 

scanner,14-16,19-22,24 three studies that used a 1.5 Tesla device,17,18,25 and three studies that 

alternately used 1.5 and 3.0 Tesla instruments.12,13,23 All studies used mp-MRI consisting of 

T2WI, DWI, and DCE-MRI. One study reported that DCE-MRI was not used in a subset of 

patients.17 MRS was used in only one study.20 Furthermore, an endorectal coil was used in 

two studies.18,25

Table 2 describes the characteristics of the studies. All specimens were histopathologically 

examined; only one study specified that histopathology was interpreted without knowledge 

of the MRI images.24 Most used was a combination of random biopsies and targeted cores 

based on MRI and ultrasound fusion (n=9).12-18,23,24 Three studies performed only MR-guided 

biopsies (MRGB),19,22,25 one study performed targeted MR-transrectal ultrasound fusion 

biopsies only,20 and one used radical prostatectomy as reference standard.21 The number of 

readers who evaluated prostate MRI varied from one to 13. Readers were mostly blinded, 

but one study did not report on blinding of the radiologists18 and in one study readers 

knew that patients had undergone radical prostatectomy but were unaware of other 

histopathologic details.21 Consensus reading was performed in five studies.16,19,20,24,25 Six 

studies used an overall PI-RADS classification of 1-512,13,15,17,23,24 and the other eight studies 

used a sum score.14,16,18-22,25 

The interval between MRI and histopathology was not specified in eight of the 

studies.12,18-20,22-24 In most of the other studies, histopathology was obtained within 3 

months after MRI.14-17 However, one paper reported a range up to 155 days without further 

explanation.21

Only three studies reported the location of the tumours found. Rosenkrantz et al. reported 

223/279 (80%) positive regions in the peripheral zone, 56/279 (20%) in the transition 

zone.21 Baur et al. found PCa in 30 lesions, of which 14 (47%) were in the peripheral zone 

and 16 (53%) in the central gland.25 In the study of Junker et al., PCa was present in 39 cases. 

Of these 39 cases, of which 22 tumours (56%) were anterior and 17 were posterior (44%). 

Otherwise, 17 were present in the transition zone (44%), and 22 in the peripheral zone 

(56%).16
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Quality assessment

Overall, the quality of the included studies was moderate (see also Figure 2 and 3). For the 

patient selection domain, five studies12,13,15,17,19 had a high risk of bias because of inappropriate 

inclusion or exclusion criteria. Four studies15,17,21,25 were assigned high concerns regarding 

applicability. One study included a mix of patients with previous positive and negative 

biopsies, but the results for the two categories were not separated.15 Two studies had a 

retrospective study design21,25 and one study had unclear inclusion criteria that changed 

during the study, excluding patients relevant to our research question.17 For the index test’ 

domain, five studies14,18,20,21,25 had a high risk of bias. Four of the five studies14,18,20,25 did not 

specify the threshold used, and in one study radiologists were aware that patients had 

undergone radical prostatectomy.21 For seven studies there were high concerns regarding 

the applicability of PI-RADS12-15,23-25 because the overall or single-modality PI-RADS score 

synthesis was not specified or adjusted PI-RADS criteria were used. For the reference 

standard domain four studies19,20,22,25 had a high risk of bias. We considered a combination 

of systematic and targeted biopsies, or radical prostatectomy, as likely to identify PCa, 

so studies using such a combination were considered as having a low risk of bias. Four 

studies12,13,23,24 had high concerns regarding applicability because detection of significant 

PCa alone was the outcome measure. For the flow and timing domain, three studies had 

a high risk of bias12,13,23 because the same reference standard was not applied for all the 

patients,12 there was a long interval between the index test and the reference standard,13 or 

not all patients were included in the analysis.23 

Figure 2 Risk of bias and applicability concerns graph: review authors’ judgements about each 
domain presented as percentages across included studies.
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Figure 3 Summary of the risk of bias and applicability concerns. Judgments of the review authors for 
each domain for each study included as listed in Table 1.

Diagnostic accuracy of the PI-RADS 

The pooled sensitivity and specificity of all studies combined was 0.78 (95% CI 0.70–0.84) 

and 0.79 (95% CI 0.68–0.86), respectively. Figure 4 shows the hierarchic summary ROC plot 

with 95% CI area and summary point. The negative predictive values ranged from 0.58 to 

0.96, and positive predictive values from 0.50 to 0.83. 
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Figure 4 Hierarchic summary receiver operating characteristic (HSROC) (solid line) plot with summary 
point (●) with 95%CI area (circled area). Dashed line = no discrimination line (AUC of 0.5, meaning a 
worthless test), □ =data from individual studies included in meta-analysis (size of square indicates 
relative size of study population).

Sensitivity analyses

Results of several sensitivity analyses are presented in Figure 5. We were not able to calculate 

pooled performance values for studies that reported data by region, by lesion, or by zone. 

Studies with low concerns regarding PI-RADS applicability showed higher sensitivity and 

specificity (0.82 (95% CI 0.72–0.92) and 0.82 (95% CI 0.67–0.92)) when compared to studies 

with high concerns for PI-RADS applicability (sensitivity 0.73, 95% CI 0.62–0.82; specificity 

0.75, 95% CI 0.61–0.84). 

Furthermore, studies with a proper reference standard showed lower sensitivity and 

specificity (0.76 (95% CI 0.71–0.89) and 0.77 (95% CI 0.64–0.87)) when compared to those 
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with an inferior reference standard (sensitivity 0.82, 95% CI 0.71–0.89; specificity 0.82, 95% 

CI 0.64–0.92). 

Studies including only patients without previous biopsies had sensitivity of 0.71 (95% CI 

0.48–0.86) and specificity of 0.77 (95% CI 0.70–0.83), compared to 0.80 (95% CI 0.65–0.90) 

and 0.78 (95% CI 0.63–0.89), respectively, in studies including only patients with at least 

one previous biopsy, and 0.81 (95% CI 0.67–0.90) and 0.72 (95% CI 0.48–0.88), respectively, 

in studies including a mixed population.

Studies reporting on detection of any PCa as outcome had sensitivity of 0.74 (95% CI 0.67–

0.81) and specificity of 0.80 (95% CI 0.70–0.88), compared to 0.84 (95% CI 0.76–0.89) and 

0.75 (95% CI 0.66–0.83), respectively, in studies with significant PCaas the outcome. 

In studies using an overall 5-point PI-RADS scale, a threshold of 3 had pooled sensitivity of 

0.88 (95% CI 0.82–0.93) and specificity of 0.45 (95% CI 0.27–0.65) compared to 0.66 (95% 

CI 0.54–0.76) and 0.76 (95% CI 0.63–0.85), respectively, in studies using a threshold of 4. In 

studies using the PI-RADS sum score, sensitivity and specificity of 0.96 (95% CI 0.20–1.0) 

and 0.73 (95% CI 0.12–0.98) were observed for a threshold of 8, 0.90 (95% CI 0.75–0.96) and 

0.66 (95% CI 0.38–0.87) for a threshold of 9, and 0.84 (95% CI 0.74–0.90) and 0.78 (95% CI 

0.62–0.89), respectively, for a threshold of 10. 

A sensitivity analysis in which we excluded the study of Rosenkrantz et al.,21 which used 

radical prostatectomy specimens as the reference standard, showed a sensitivity and 

specificity that were essentially the same as in the overall analysis (respectively 0.79 and 

0.76 with exclusion of this study versus 0.78 and 0.79 without exclusion).



52  |  Chapter 3

Fi
g

u
re

 5
 F

or
es

t 
p

lo
ts

 o
f 

p
oo

le
d 

es
tim

at
es

 o
f 

al
l s

tu
di

es
 o

ve
ra

ll 
an

d 
of

 d
iff

er
en

t 
su

b
gr

ou
p

s.
 P

I-R
A

D
S 

=
 P

ro
st

at
e 

Im
ag

in
g 

Re
p

or
tin

g 
an

d 
D

at
a 

Sy
st

em
. ▌

=
 

p
oo

le
d 

p
er

fo
rm

an
ce

 v
al

ue
, h

or
iz

on
ta

l l
in

es
 a

re
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

s 
(C

Is
). 



Use of PI-RADS for prostate cancer detection with mp-MRI: a diagnostic meta-analysis  |  53

Publication bias

Figure 6 shows the Deeks funnel plot. The statistically nonsignificant value (p=0.36) for the 

slope coefficient suggests symmetry in the data and a low likelihood of publication bias.

Figure 6 Linear regression test of funnel plot asymmetry. The statistically insignificant value (p= 0.36) 
for the slope coefficient suggests a low likelihood of publication bias. O = study, ── = regression line. 
The number in the circle means the study number as listed in Table 1 and 2.

DISCUSSION 

This meta-analysis on the diagnostic accuracy of mp-MRI using PI-RADS showed pooled 

sensitivity and specificity for all studies combined of 0.78 (95% CI 0.70–0.84) and 0.79 (95% 

CI 0.68–0.86), respectively. The negative predictive values ranged from 0.58 to 0.96, and 

positive predictive values from 0.50 to 0.83. Although sensitivity of 0.78 (95% CI 0.70–0.84) 

implies the presence of 22% false-negative patients, the clinical significance of these 

tumours can be debated. We observed slightly higher sensitivity of 0.84 (95% CI 0.76-0.89) 

and lower specificity of 0.75 (95% CI 0.66–0.83) for studies with detection of significant PCa 

as the primary outcome compared to sensitivity of 0.74 (95% CI 0.67–0.81) and specificity 

of 0.80 (95% CI 0.70–0.88) for studies with detection of all PCa as outcome measure. This 
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is comparable to the trend observed in four studies in our meta-analysis that performed 

both analyses12,13,15,17,20 and can be explained by the presence of more false positive cases 

and fewer false negative cases.

The studies included showed fairly large heterogeneity regarding calculation of an overall 

PI-RADS score. Studies with low concerns regarding PI-RADS applicability showed higher 

sensitivity and specificity (0.82 (95% CI 0.72–0.92) and 0.82 (95% CI 0.67–0.92)) compared 

to studies with high concerns for PI-RADS applicability (0.73 (95% CI 0.62–0.82) and 0.75 

(95% CI 0.61–0.84)). This difference suggests improved accuracy for PCa detection if PI-

RADS is used accurately.

So far, only one meta-analysis has been published regarding the diagnostic accuracy of 

mp-MRI combining T2WI, DWI, and DCE-MRI.26 That meta-analysis, which included seven 

studies, showed pooled sensitivity of 0.74 (95% CI 0.66–0.81) and specificity of 0.88 (95% CI 

0.82–0.92) for PCa detection. However, only seven studies with 527 patients were included 

and all studies used other reporting scales. Moreover, studies included in this meta-analysis 

were all published before publication of PI-RADS. Our results show slightly higher sensitivity 

and lower specificity compared to that meta-analysis. Three other meta-analyses focused 

on single modalities and are therefore difficult to compare with our study.27-29 

The major strength of this study is that it is the first meta-analysis of studies on the 

currently available mp-MRI PI-RADS. Besides giving an overview of the literature, this will 

lead to realization among urologists regarding the requirements for better standardization 

of prostate MRI. Some methodologic issues need to be considered. First, some of the 

individual studies had limited quality, particularly the studies with a small sample size and 

inadequate information. The low quality of the studies included may have influenced our 

meta-analysis outcomes. However, the sensitivity analyses were quite robust. Furthermore, 

since this is the first meta-analysis of PI-RADS with mp-MRI it provides a new overview of all 

available evidence at present.

Second, there were high concerns regarding PI-RADS applicability for some studies. We 

tried to correct for this by performing a sensitivity analysis. This analysis showed a higher 

accuracy for studies with low concerns compared to those with high concerns regarding 

PI-RADS applicability. However, it remains unclear whether this difference is fully attributed 

to PI-RADS applicability. 
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Third, we found substantial heterogeneity across the PI-RADS studies, with differences in 

the use of PI-RADS and cut-off values, and types of analyses. This can be explained by a 

lack of instructions in the ESUR guidelines and by differences in routine clinical practice 

between different institutions. 

Fourth, only one study used whole-gland pathology as the reference, which is considered 

the gold standard. Although most studies used a combination of targeted and systematic 

biopsies, the problem remains overcoming the intrinsic limitation of negative biopsies, as 

these do not exclude the risk of PCa. Furthermore, in case of positive mp-MRI with negative 

biopsies, no follow-up data were available to evaluate possibly missed biopsies. Diagnostic 

accuracy might therefore be slightly overestimated. 

Fifth, the analyses performed in the individual studies differed; for example, some studies 

performed a per-patient analysis, whereas others performed a per-lesion or per-core 

analysis. In studies with a per-patient analysis, no findings on single core positivity or 

negativity were reported. This makes interpretation of mp-MRI findings difficult, because 

these studies did not correlate the location of biopsied lesions on mp-MRI with positivity 

for specific cores. Unfortunately, subgroup analysis using these different types of analyses 

was not possible because of low numbers.

Sixth, the studies also used different definitions of significant PCa. As in most reviews, we 

had to pragmatically use the data as presented in the individual studies. Recoding would 

only be possible using the individual raw data from each study, which were not available. A 

sensitivity analysis comparing studies that used detection of significant PCa as the outcome 

measure to studies that used detection of any cancer as the primary outcome showed no 

substantial difference in pooled estimates of sensitivity and specificity. 

Our results show that radiologists increasingly use PI-RADS, as we included one study 

from 2012, eight from 2013 and five from the first 3 months of 2014. The way in which 

overall PI-RADS scores are derived and the thresholds applied differ greatly between 

studies, which might be a consequence of the lack of instruction in the ESUR guidelines. In 

our results, the sum score appears to perform better than an overall 5-point scale, which 

might be because of the more objective criteria for calculating a sum score compared 

to the overall interpretation used in overall 5-point scales. However, both pooled values 

have an overlapping confidence interval. Owing to the large heterogeneity among 

studies, we could not provide a recommendation regarding the threshold. However, our 
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meta-analysis results for mp-MRI with PI-RADS do provide an overview of all available 

evidence and a better insight into which elements of PI-RADS have to be improved. The 

ESUR guidelines should be improved; first, clear instructions for calculation of an overall 

score should be provided. Two frequently used methods in our meta-analysis are the sum 

score and an overall 5-point scale. A recently proposed method for deriving an overall 

weighted score from single-modality PI-RADS scores is based on the dominant sequence 

of the prostate zone for involved lesion.30 This method needs to be further validated, as it 

showed promising results in one study.24 Second, recommendations regarding the use of 

a threshold for prostate biopsy should be incorporated. Future studies using PI-RADS must 

be of high quality, with a proper reference standard, a clear description of methodology, 

and uniformity in the reporting and use of definitions. Moreover, it is important that 

radiologists are properly trained to use mp-MRI with PI-RADS, and learning curves should 

be evaluated. Of the studies included, only one contained a statement that radiologists 

were trained during several weeks.24 Evaluating inter-reader reproducibility was beyond 

the scope of our meta-analysis, but reported overall kappa coefficients reported were 

in the range of 0.340–0.626.21,23,31 Schimmöller et al. and Quentin et al.22,32 also evaluated 

kappa values per modality. Both studies demonstrated a substantially lower kappa for 

T2WI (0.49-0.55) than for DWI (0.64-0.97) and DCE-MRI (0.65-0.77), which may be because 

of more subjective interpretation of the criteria of T2WI compared to DWI and DCE-MRI. 

The purpose of our study was to review the diagnostic accuracy of mp-MRI with PI-RADS. 

However, further investigation is required to determine if PI-RADS outperforms other 

systems for prostate MRI. Once the diagnostic accuracy of PI-RADS is proven to be good, 

a proper randomized controlled trial should be developed to compare different reporting 

systems for prostate MRI. 

CONCLUSIONS

Pooled data from all included studies that used the PI-RADS with mp-MRI showed sensitivity 

of 0.78 and specificity of 0.79 for PCa detection. Therefore, it can be concluded that PI-RADS 

appears to have good diagnostic accuracy in PCa detection. However, no recommendations 

can be made regarding the use of a threshold because of study heterogeneity.
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Appendix I Full search strategy 

((((((((((((((((prostate[Title/Abstract]) OR prostatic[Title/Abstract]) OR PCa[Title/Abstract]) 

OR prostate cancer[Title/Abstract]) OR prostatic cancer[Title/Abstract]) OR prostate 

neoplasm[Title/Abstract]) OR prostatic neoplasm[Title/Abstract]) OR prostate tumor[Title/

Abstract]) OR prostatic tumor[Title/Abstract]) OR prostate carcinoma[Title/Abstract]) 

OR prostatic carcinoma[Title/Abstract])) OR “Prostatic Neoplasms”[Mesh])) AND 

((((((((ESUR[Title/Abstract]) OR urogenital radiology[Title/Abstract]) OR PIRADS[Title/

Abstract]) OR PI-RADS[Title/Abstract]) OR (reporting[Title/Abstract])) OR likert scales[Title/

Abstract]) OR scoring system[Title/Abstract]) OR score[Title/Abstract]))) AND (((((((MR[Title/

Abstract]) OR NMR[Title/Abstract]) OR MRI[Title/Abstract]) OR NMRI[Title/Abstract]) OR 

magnetic resonance imaging[Title/Abstract])) OR “Magnetic Resonance Imaging”[Mesh])
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ABSTRACT

Context

Correct assessment of the tumour stage is crucial for prostate cancer (PCa) management. 

Objective

To assess the diagnostic accuracy of magnetic resonance imaging (MRI) for local PCa 

staging and explore the influence of different imaging protocols. 

Evidence acquisition

We searched PubMed, Embase and Cochrane from 2000 up to August 2014. We included 

studies that used MRI for detection of extracapsular extension (ECE; T3a), seminal vesicle 

invasion (SVI; T3b), or overall stage T3 PCa, with prostatectomy as the reference standard. 

Methodologic quality was assessed using the Quality Assessment of Diagnostic Accuracy 

Studies tool by two independent reviewers. Data necessary to complete 2x2 tables were 

obtained, and patient, study, and imaging characteristics were extracted. Accuracy was 

reported for the most experienced or first reader. Results were pooled and plotted in 

summary receiver operating characteristics plots.

Evidence synthesis

A total of 75 studies (9,796 patients) could be analysed. Pooled data of ECE (45 studies, 5,681 

patients), SVI (34 studies, 5,677 patients), and overall stage T3 detection (38 studies, 4,001 

patients) showed sensitivity and specificity of 0.57 (95% confidence interval (CI) 0.49-0.64) 

and 0.91 (95% CI 0.88-0.93), 0.58 (95% CI 0.47-0.68) and 0.96 (95% CI 0.95-0.97), and 0.61 

(95% CI 0.54-0.67) and 0.88 (95% CI 0.85-0.91), respectively. Functional imaging in addition 

to T2-weighted imaging, and use of higher field strengths (3 Tesla) improved sensitivity for 

ECE and SVI. Sensitivity of ECE was not improved by endorectal coil use.

Conclusions

MRI has high specificity but poor and heterogeneous sensitivity for local PCa staging. An 

endorectal coil showed no additional benefit for ECE detection, but slightly improved 

sensitivity for SVI detection. Higher field strengths and the use of functional imaging 

techniques can slightly improve sensitivity.

Patient summary

We pooled the results of all previous studies that evaluated MRI for detection of tumour 

growth outside the prostate. MRI is not sensitive enough to find all tumours with 

extraprostatic growth.
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INTRODUCTION

Prostate cancer (PCa) has emerged as the most common malignancy among Western males, 

and is the second leading cause of cancer-related mortality.1 Traditionally, PCa detection and 

local staging depend on a combination of diagnostic tests. Serum prostate specific antigen 

(PSA) and digital rectal examination (DRE) are used to identify men who need subsequent 

transrectal ultrasound guided biopsies (TRUS-GB).2 Although these techniques are able to 

detect PCa and estimate disease aggressiveness, they often underestimate tumour stage 

and are not accurate for detection of locally advanced disease.3,4 Correct assessment of the 

tumour stage is crucial for disease management. Curative treatment is most likely when the 

TNM stage is ≤T2c, that is, when extracapsular extension (ECE, stage T3a), seminal vesicle 

invasion (SVI, stage T3b), and metastatic disease (N+ and/or M+) are not present. Magnetic 

resonance imaging (MRI) is increasingly used to aid prostate biopsy targeting and, more 

accurate detection of PCa.5,6 MRI can also improve the determination of the tumour 

extent.4 Many studies have investigated the accuracy of MRI in local staging. Studies differ 

in their use of magnetic field strengths, the use of an endorectal coil, and combinations of 

anatomic and functional MRI techniques. Heterogeneous results are driving the ongoing 

debate regarding the usefulness of MRI and the best imaging protocol for PCa staging. 

So far, two meta-analyses on local staging accuracy have been published. Engelbrecht 

et al. included literature up to 2000, and a more recent survey by Silva et al. restricted to 

studies using 1.5 Tesla (T) devices with an endorectal coil.7 Since 2000, local staging of PCa 

has been studied extensively using many different imaging protocols. An updated search 

without limitations on field strength or coil use is warranted to provide a comprehensive 

overview of evidence available for the most common imaging protocols. The aim of this 

meta-analysis was therefore to assess the diagnostic accuracy of MRI for local staging and 

to analyse the influence of different imaging protocols in men with biopsy-proven PCa, 

with radical prostatectomy specimens as the reference standard. 

EVIDENCE ACQUISITION 

We performed this systematic review and meta-analysis according to the Preferred 

Reporting Items for Systematic Reviews and Meta-analysis statement.8
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Literature search

We performed a systematic search in PubMed, the Cochrane Central Register of Controlled 

Trials, and Embase for studies evaluating the diagnostic accuracy of MRI for local staging 

of PCa. Our search strings combined ‘prostate cancer’ synonyms with synonyms for ‘MRI’ 

and ‘staging’. Reference lists of the included articles and reviews were checked, and related 

articles were traced to complement the electronic query. Searches were performed from 

2000 up to August 12, 2014, and were restricted to publications in English. The bibliographic 

database of EndNote X5 (Thomas Reuters, New York City, NY) was used to filter duplicate 

articles. 

Study selection

We included studies if (1) accuracy was assessed for local staging (ECE/T3a, SVI/T3b, or 

overall stage T3 disease when there was no stratification between T3a and T3b) using MRI 

as the index test in patients with biopsy-proven PCa; (2) radical prostatectomy was used as 

the reference standard; and (3) we could reconstruct two-by-two tables of ECE, SVI, and/

or overall stage T3. We excluded studies that focused on restaging or lymph node or bone 

staging, or used other imaging techniques for local staging, e.g. PET/CT, TRUS-GB, and CT. 

Two reviewers (MdR/EH) independently assessed the eligibility of the identified papers. 

Any disagreements were resolved by discussion with a third reviewer (MMR).

Data extraction 

We extracted data on patient, study, and imaging characteristics for all included studies. 

Patient characteristics comprised age, PSA level, Gleason score for biopsy tissue, clinical 

risk group, and prevalence of ECE, SVI, or overall stage T3 disease. Study characteristics 

included design, sample size, inclusion and exclusion criteria, ECE/SVI criteria, number of 

readers, reader experience, consensus reading, radical prostatectomy technique, reference 

standard technique, consecutive patient selection, blinding for reference and index tests, 

interval between biopsy and MRI, and interval between MRI and radical prostatectomy. 

Imaging characteristics included the device manufacturer, device model, magnetic field 

strength in Tesla (T), type of coil, and imaging sequence details, that is, T2-weighted 

imaging (T2WI), dynamic contrast-enhanced MRI (DCE-MRI), diffusion weighted imaging 

(DWI), and/or magnetic resonance spectroscopic imaging (MRSI). One reviewer extracted 

data for all included studies using a standardized data extraction form. A second reviewer 

was contacted to resolve unclear issues by consensus. 
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Methodological quality assessment

We assessed the risk of bias and the applicability at study level using the validated Quality 

Assessment of Diagnostic Accuracy Studies (QUADAS-2) scoring system.9 Four domains 

are scored: (1) patient selection, which describes the method for patient selection and the 

patients included; (2) index test, which describes the test being studied and how it was 

conducted and interpreted; (3) reference standard, which describes the reference standard  

test used and how it was conducted and interpreted; and (4) flow and timing, which describe 

the flow of patient inclusion and exclusion and the interval between the index test and the 

reference standard. The quality assessment was performed by two independent reviewers 

(MdR and EH). Any disagreements were resolved by discussion with a third reviewer (MMR). 

Data synthesis and analysis

Data from each study were summarized in 2 x 2 tables of true positive, false positive, 

true negative, and false negative values to calculate sensitivity and specificity values 

for ECE, SVI, and/or overall stage T3 detection. If analyses of different imaging protocols 

were performed within a single study, for instance T2WI and T2WI + DWI + DCE-MRI, we 

chose the most up-to-date technique (T2WI + DWI + DCE-MRI). In the case of different 

cut-off thresholds, we used the clinically most appropriate  one, and when accuracy was 

reported for different readers we chose the most experienced reader, or the first reader 

when experience was not described. If staging accuracy had been assessed on a patient 

basis (eg, ECE/SVI/T3 present) and a region basis (eg, hemi-prostates, sextants) within a 

study, we included the patient-based analysis to approximate the clinical practice. Authors 

of studies that did not report sufficient data were asked to provide additional information. 

To graphically display the sensitivity and specificity at study level, we used Review Manager 

5 software from the Cochrane collaboration. We drew forest plots to show variation and to 

explore heterogeneity for sensitivity and specificity, and plotted the results on a receiver 

operating characteristic (ROC) curve. Primary outcomes are pooled estimates of sensitivity 

and specificity with 95% confidence intervals (CIs). We used the Metadas tool within 

the statistical software package SAS to carry out the meta-analyses.10 The analyses were 

imported into RevMan5 (The Nordic Cochrane Center, Copenhagen, Denmark) and used 

for fitting hierarchic summary receiver operating characteristic (HSROC) plots. Publication 

bias was studied for ECE, SVI, and overall stage T3 separately using Deeks funnel plots. This 

analysis was performed using the R statistical package system (R Foundation for Statistical 

Computing, Vienna, Austria). To study the heterogeneity, we performed sensitivity analyses 

of several clinically relevant covariates: analysis method (patient or region level), use of 

an endorectal coil, field strength of magnet (1.0, 1.5, or 3.0T), use of functional imaging 

techniques in addition to T2WI (DCE-MRI, DWI, and/or MRSI), number of participants (less 
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or more than 50), absolute prevalence of ECE/SVI/overall stage T3 (less or more than 10%), 

QUADAS applicability risk (high risk absent or present), and risk category for the study 

population (low/mixed/high/unclear risk).

EVIDENCE SYNTHESIS

Literature search 

Figure 1 provides an overview of the literature search and study selection. Our search 

yielded 4682 unique records, of which 315 remained after screening titles and abstracts. 

The full-text of these studies was reviewed for eligibility. Studies were excluded if no 

staging accuracy was reported, when we were unable to reconstruct a 2x2 contingency 

table, or when the study was not in English. Manual checking of references cited in the 

included studies and relevant review articles resulted in two additional papers. This yielded 

75 studies for inclusion, of which 45 studies reported on ECE (5,681 patients), 34 on SVI 

(5,677 patients), and 38 studies that did not stratify between ECE and SVI, but only reported 

on overall stage T3 detection (4,001 patients).11-85

 

 

6116 studies 
identified from 

database search 

315 full-text articles assessed for eligibility 

4367 studies excluded after screening title/abstract 
- Case reports 
- Conference abstracts 
- No original data 
 

240 articles excluded  
- Detection studies 
- No accuracy reported 
- Unable to reconstruct 2x2 table 
- Language restriction 

2 studies identified 
after manual 

reference check 

4682 studies after removal of duplicates 

75 studies included in qualitative synthesis 
- 45 ECE 
- 34 SVI 
- 38 T3  

Figure 1 Flow chart of the study inclusion.
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Study characteristics 

Table 1 summarizes the patient, technical, and study characteristics: patient age, PSA 

level, Gleason score, prevalence of ECE/SVI/T3 disease, imaging protocol details, and study 

design details. Table 2 provides the characteristics of the included studies separately. 

Table 1 Summary of patient-, study-, and imaging characteristics.

Patient characteristics (range) Study characteristics (no.)

Median age in years 58 – 68 Study design

Median PSA level in ng/mL 4.9 – 14.1 Cohort 72

Biopsy Gleason Score 3 – 10 Case-control 3

Prevalence of ECE (%)  9 – 81 Image interpretation

Prevalence of SVI (%) 1 – 27 Prospective 18

Prevalence of T3 disease (%) 15 – 81 Retrospective 42

Combination 5

Technical characteristics (no.) Not reported 10

Field strength (in Tesla) Criteria ECE/SVI/T2T3

1.0 2 Description 45

1.5 47 Description & likelihood scale 18

3.0 21 Reference to guideline only 2

Both 1.5 & 3.0 4 Not reported 10

Not reported 1 Radiologist blinded to clinical data

Endorectal coil Yes 35

Yes 47 No 14

No 24 Part of the readers blinded 1

Part 3 Not reported 25

Not reported 1 Pathologist blinded to MRI findings

Functional techniques Yes 18

T2WI only 41 No 2

1 additional functional technique 21 Not reported 55

2 additional functional techniques 12

3 additional functional techniques 1

Abbreviations: ECE = extracapsular extension; MRI = magnetic resonance imaging; PSA = prostate 
specific antigen; SVI = seminal vesicle invasion; T2T3 = T3 disease; T2WI = T2 weighted imaging.
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Quality assessment

Overall, the quality was moderate (Figure 2 and Supplemental Figure 1). In particular, 

the risk of bias was unclear for many studies because of a lack of reporting on patient 

enrolment, on blinding to the index test during interpretation of the reference test, and 

on the interval between the index test and surgery. In the patient selection domain, seven 

studies had a high risk of bias because of a case-control design or inappropriate exclusion 

criteria. Three studies were assigned high concern regarding applicability to our review 

question because of unclear patient selection and study design, or because only transition 

zone tumours were analysed. For the index test domain, three studies had a high risk of 

bias. Two of these studies used a likelihood scale for assessment of tumour extension, but 

did not provide a cut-off level. In one study, the readers were not blinded to the reference 

test when interpreting the index test. Thirteen of the 75 studies showed high concern 

regarding applicability of the index test because there was no information provided on 

index test characteristics, readers, blinding, and/or interpretation of the MR images. Other 

studies used a functional technique in only a subset of patients without reporting the 

results separately. One study performed both 1.5T and 3.0T imaging in the same patients 

and used both techniques together during interpretation. For the reference test domain, 

only one study had a high risk of bias because the reference standard was interpreted 

without blinding to the index test. All the studies used prostatectomy specimens as the 

reference standard, so there were no concerns regarding the applicability for this domain. 

For the flow and timing domain, three studies had a high risk of bias. One study with high 

risk of bias did not avoid inappropriate exclusions and the staging accuracy was dependent 

on the accuracy of tumour detection in the first step of the protocol. The two remaining 

studies did not use the same reference standard for all patients. No studies were excluded 

from the analysis on the basis of the quality assessment.

Diagnostic accuracy 

Figure 3 and Supplemental Figure 2 show hierarchic summary ROC plots with summary 

point and 95% CI areas of ECE, SVI, and overall stage T3 detection. The pooled sensitivity 

and specificity for ECE, SVI, and overall stage T3 were 0.57 (95% CI 0.49-0.65) and 0.91 (95% 

CI 0.88-0.93), 0.58 (95% CI 0.47-0.68) and 0.97 (95% CI 0.95-0.98), and 0.61 (95% CI 0.54-

0.67) and 0.88 (95% CI 0.85-0.91), respectively.
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Sensitivity analyses

Figure 4 and Supplemental Figure 3 show the results of the sensitivity analyses performed 

for subgroups of studies to explore the influence of patient characteristics, methodological 

differences, and technical details on pooled sensitivity and specificity estimates. Overall, 

specificity estimates showed comparable results, but differences in sensitivity were 

observed in several sensitivity analyses. 

Figure 2 Risk of bias and applicability concerns graph: review of authors’ judgements about each 
domain presented as percentages across included studies. 

Figure 3 Hierarchic summary receiver operating characteristic (HSROC) plots (solid line) with summary 
point and 95% confidence interval (CI) areas (circled area). Dashed line = no discrimination line (AUC 
of 0.5, meaning a worthless test), □ =data from individual studies included in meta-analysis for 
extracapsular extension (ECE), and seminal vesicle invasion (SVI). The size of the squares corresponds 
with the relative size of the study population.
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Sensitivity analyses for ECE (stage T3a) detection

Figure 4a shows the results for ECE (T3a) detection. Studies with patient-level analysis 

had lower sensitivity (42 studies; 0.55, 95% CI 0.47-0.63) than studies reporting at a region 

level (9 studies; 0.70, 95% CI 0.53-0.83). Studies using T2WI as the only imaging modality 

had lower sensitivity (30 studies; 0.53, 95% CI 0.44-0.63) than studies using an additional 

functional technique (18 studies; 0.63, 95% CI 0.51-0.74). Furthermore, the 15 studies with 

a 3.0T device had higher sensitivity (0.61, 95% CI 0.48-0.72) but lower specificity (0.88, 

95% CI 0.82-0.92) in comparison to studies with 1.0 or 1.5T (33 studies; sensitivity 0.55, 

95% CI 0.45-0.65; specificity 0.92, 95% CI 0.88-0.94). Studies that used a 3.0T device and 

no endorectal coil (5 studies) showed the highest sensitivity (0.71, 95% CI 0.51-0.86), with 

a specificity of 0.90 (95% CI 0.72-0.97). We found comparable sensitivity and specificity 

between studies with and without an endorectal coil. In addition, studies with more or 

less than 50 participants, with an absolute ECE prevalence of more or less than 10%, and 

studies with or without high risk in the QUADAS-2 assessment showed comparable pooled 

sensitivity and specificity estimates. 

Sensitivity analyses for SVI (stage T3b) detection

Figure 4b shows the results for SVI (T3b). Studies reporting on SVI that used an endorectal 

coil showed a sensitivity and specificity of 0.59 (95% CI 0.50-0.67) and 0.97 (95% CI 0.95-

0.98), compared to 0.51 (95% CI 0.23-0.78) and 0.94 (95% CI 0.90-0.97) in studies without 

an endorectal coil, respectively. Studies that used 1 or 2 functional techniques in addition 

to T2WI, showed higher sensitivity values (15 studies; 0.64 (95% CI 0.48-0.76) than studies 

using T2WI only (22 studies; 0.53, 95% CI 0.39-0.67). Studies using a 1.0 or 1.5T device had 

a sensitivity and specificity (27 studies; 0.58, 95% CI 0.46-0.70; 0.97, 95% CI 0.95-0.98) that 

was comparable to studies with a 3.0T scanner (10 studies; 0.57, 95% CI 0.37-0.75; 0.95, 

95% CI 0.91-0.97). When studies used a 3.0T scanner without endorectal coil (5 studies) 

the sensitivity was higher than with an endorectal coil; 0.65 (95% CI 0.30-0.89) and 0.45 

(95% CI 0.30-0.60), respectively. Studies with a 1.5T scanner showed higher sensitivity with 

an endorectal coil (0.62, 95% CI 0.51-0.71) than studies without an endorectal coil (0.37, 

95% CI 0.08-0.80). The combination of 3T and mp-MRI had the highest sensitivity of 0.73 (5 

studies; 95% CI 0.45-0.90) and specificity of 0.95 (95% CI 0.89-0.98). Because of the limited 

number of studies per stratum, and the low number of true positive and false negative 

cases, several sensitivity analyses resulted in unstable pooled estimates. Therefore, we were 

unable to reliably compare studies with and without an absolute SVI prevalence of more 

than 10%, with and without 50 participants or more, patient versus region-level analysis, 

and with different risk populations. 
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Figure 4a and b Forest plots of pooled sensitivity and specificity estimates, with corresponding 
95% confidence intervals (CI) of all studies overall and for the different sensitivity analyses. Figure 4a 
provides the estimates for the assessment of extracapsular extension (ECE) and 4b for seminal vesicle 
invasion (SVI).
Abbreviations: erc = endorectal coil; mp-MRI = multiparametric MRI; NR = not reported T = Tesla; T2WI 
= T2 weighted imaging; QUADAS = quality assessment of diagnostic accuracy studies. * = unstable 
pooled estimates. 

Sensitivity analyses for overall stage T3 detection

Supplementary figure 3 shows the results of studies that did not stratify between stage T3a 

and T3b, but reported on overall stage T3 only. Studies reporting on detection of overall 

stage T3 disease that used an endorectal coil had lower sensitivity (25 studies; 0.57, 95% CI 

0.49-0.64) and higher specificity (0.90, 95% CI 0.86-0.93) than studies without an endorectal 

coil (13 studies; sensitivity 0.66, 95% CI 0.55-0.76; specificity 0.85, 95% CI 0.78-0.90). Use of 

a higher magnetic field strength of 3.0T yielded higher sensitivity (0.63, 95% CI 0.52-0.73) 

than 1.0T or 1.5T device (0.60, 95% CI 0.52-0.67).
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Addition of functional imaging techniques to T2WI yielded higher sensitivity (0.62, 95% 

CI 0.52-0.71) and lower specificity (0.86, 95% CI 0.81-0.90) in comparison to studies that 

used T2WI alone (sensitivity 0.60, 95% CI 0.51-0.67, specificity 0.90, 95% CI 0.85-0.94). The 

absolute prevalence and the number of participants did not influence the sensitivity and 

specificity. We were unable to reliably compare studies with different risk populations, T3 

prevalence of more or less than 10%, and patient versus region-level analysis. 

Publication bias

The slope coefficients for Deeks funnel plots for detection of ECE, SVI, and overall stage T3 

suggest symmetry in the data and a low likelihood of publication bias (ECE: p=0.88; SVI: 

p=0.88; T2 vs. T3: p=0.80).86

DISCUSSION

This meta-analysis of the diagnostic accuracy of MRI for local PCa staging revealed high 

specificity and poor and heterogeneous sensitivity overall. The pooled sensitivity and 

specificity for detection of ECE/T3a (45 studies, 5681 patients), SVI/T3b (34 studies, 5677 

patients), and overall stage T3 disease (38 studies, 4001 patients) were 0.57 (95% CI 0.49-

0.64) and 0.91 (95% CI 0.88-0.93), 0.58 (95% CI 0.47-0.68) and 0.96 (95% CI 0.95-0.97), and 

0.61 (95% CI 0.54-0.67) and 0.88 (95% CI 0.85-0.91), respectively. Several of the patient, 

study, and imaging characteristics explored clearly influenced staging accuracy. This 

affected the sensitivity more, whereas specificity remained relatively stable.

In particular, use of functional techniques in addition to T2WI and of devices with a 

higher field strength appeared to have a large influence on sensitivity. Use of functional 

techniques is recommended and widely adopted for PCa detection, for example, the 

European Society of Urogenital Radiology consensus statement recommends the use 

of at least two functional techniques for detection of PCa.87 For local staging, functional 

techniques with high resolution T2WI are also suggested to help radiologists to focus on 

lesions suspicious for local extension of the prostate.88 This is in line with the current meta-

analysis. When one additional functional technique (DWI, DCE-MRI, or MRSI) was used, 

sensitivity improved for ECE, SVI, and overall stage T3 compared to T2WI alone. When two 

or more functional techniques were used sensitivity further improved for ECE, but slightly 

decreased for overall T3 disease. For SVI detection, the pooled estimates for studies with 

two additional functional techniques were unstable.
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Use of a higher field strength (3.0T instead of 1.0 or 1.5T) improved the detection sensitivity 

for ECE and overall stage T3. The use of an endorectal coil appeared useful for a field 

strength of 1.5T or in the absence of mp-MRI. However, when higher field strengths or 

additional functional techniques were used, studies that used an endorectal coil showed 

lower sensitivity than studies without an endorectal coil. 

Region-based image interpretation showed higher sensitivity for local staging than patient-

based analysis. This is possibly because this technique artificially increases the number of 

true positives, leading to inflated sensitivity. It is important to be aware of this effect when 

interpreting studies that report at a region instead of patient level.

The major strength of our meta-analysis is that it provides a complete and unique overview 

of the literature since the last extensive meta-analysis by Engelbrecht et al.,89 and the query 

was not restricted to certain imaging parameters as in the meta-analysis by Silva et al.7 

Therefore, many studies could be included and sensitivity analyses of the most important 

patient, study, and imaging characteristics were possible. The outcomes of these sensitivity 

analyses could aid radiologists and urologists in deciding on which imaging protocols to 

use for local staging of PCa. 

Some methodologic issues also need to be considered. First, we could not completely 

explain the heterogeneity, because many studies did not include sufficient information for 

all study characteristics. Information was often missing for blinding to clinical information 

while interpreting the index test, the risk profile of the study population, and image 

interpretation methods. In addition, some of the studied strata were too small to result in 

stable pooled estimates. 

Second, because several studies included multiple analyses within the same patient group 

(eg, for different readers, functional techniques, or coils) we had to choose one set among 

the accuracy results presented. Several studies reported results for different experience 

levels.19,31-33,38,47,64-66,69 We decided to include the most up--to-date technique, and preferred 

the most experienced radiologist. We believe this choice resembles clinical practice and 

demonstrates the potential benefit of the newest techniques. Even though this is the best 

approximation of the clinical situation, specificity results of the least experienced readers 

were comparable to the most experienced readers. However, the sensitivity values, with 

worse results for the less experienced readers, although comparable or even better results 

were also reported. Use of the results from the less experienced readers would have led to 
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only minor changes in the results, and would therefore not bias the overall conclusions of 

our meta-analysis. 

Currently, MRI is the best imaging technique available for assessing extra-prostatic 

extension in clinical practice. PSA, DRE and transrectal ultrasound are not accurate enough 

for local staging (T stage), but other imaging techniques (e.g. PET-CT) can be of value for 

detection of lymph nodes or distant metastases. These techniques are not accurate enough 

to assess extra-prostatic extension.2,90 

The studies included used different methods to standardise reporting; dichotomisation, 

Likert scales, or a standardized lexicon. Many studies did not sufficiently describe the 

reporting method, which precluded a sensitivity analysis regarding this characteristic. 

Wibmer et al. showed that a standardized reporting system using a 5-point Likert scale with 

a standardized lexicon, could improve staging accuracy over a nonstandardized approach.91 

In working towards a robust method, an international language should preferably be used, 

similar to the PI-RADS for PCa detection, to improve detection accuracy.92

MRI is limited for detection of focal (microscopic) ECE, a disease category with favourable 

prognosis compared to more extensive ECE.93,94 Staging accuracy appears to decrease 

when cases of focal ECE are incorporated.19,33 However, there is no internationally accepted 

definition of focal compared to established ECE.95 Refinement is needed for both clinical/

pathological and imaging criteria to further investigate the clinical value of MRI in detecting 

focal ECE.

The current meta-analysis shows that MRI has high specificity but low sensitivity. 

Traditionally, radiologists have focused on high-specificity reading in order to minimize 

unnecessary exclusion of men from curative treatment. This is probably why the meta-

analysis revealed high specificity and low sensitivity for MRI. Nowadays, urologists become 

more interested in high-sensitivity reading, to reduce positive surgical margins and 

preserve neurovascular bundles. Our analyses show that a combination of high magnetic 

field strength (3.0T) and functional imaging techniques can slightly improve the sensitivity 

of MRI. However, on its own the technique is not good enough to accurately stage local 

PCa. Prediction of the correct T stage can improve when MRI findings are combined with 

clinical data such as D’Amico risk categories.2 In the future, a risk-tailored approach might 

be more appropriate. Unfortunately, results for the sensitivity analyses for these risk groups 

could not be pooled due to unstable estimates, especially for the low-risk group. The trend 



80  |  Chapter 4

showed lower sensitivity values for ECE and SVI when the risk on extra-prostatic extension 

was low. A risk-tailored approach is therefore warranted whereby radiologists perform high 

specificity reading for high-risk patients to reduce the risk of positive surgical margins, and 

high-sensitivity reading for patients with low- to intermediate-risk to select candidates for 

curative treatment or active surveillance.71 

CONCLUSIONS

MRI appears to have high specificity but poor and heterogeneous sensitivity for detection 

of ECE, SVI, and overall stage T3. Use of an endorectal coil yielded no additional benefit for 

ECE detection, but slightly improved the sensitivity of SVI detection. Higher field strengths 

and the use of additional functional imaging techniques seemed to improve accuracy of 

local staging. 
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Supplemental figure 1 Risk of bias and applicability concerns summary: review authors’ judgements 
about each domain for each included study.
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Supplemental figure 1 (continued) Risk of bias and applicability concerns summary: review authors’ 
judgements about each domain for each included study.
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Supplemental figure 2 Hierarchic summary receiver operating characteristic (HSROC) plot (solid 
line) with summary point and 95% confidence interval (CI) area (circled area) for overall stage T3. 
Dashed line = no discrimination line (AUC of 0.5, meaning a worthless test), □ =data from individual 
studies included in meta-analysis for overall stage T3 disease (T2T3). The size of the squares 
corresponds with the relative size of the study population.
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Supplemental figure 3 Forest plots of pooled sensitivity and specificity estimates for overall stage T3, 
with corresponding 95% confidence intervals (CIs) of all studies overall and for the different sensitivity 
analyses.
Abbreviations: erc = endorectal coil; mp-MRI = multiparametric MRI; T = Tesla; T2WI = T2 weighted 
imaging; QUADAS = quality assessment of diagnostic accuracy studies. * = unstable pooled estimates.
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ABSTRACT

Background and objective

The current diagnostic strategy using transrectal ultrasound guided biopsy (TRUS-GB) 

raises concerns regarding over-diagnosis and over-treatment of prostate cancer (PCa). 

Interest in integrating multiparametric MRI (mp-MRI) and MR-guided biopsy (MRGB) into 

the diagnostic pathway to reduce over-diagnosis and improve grading is gaining ground, 

but it remains uncertain whether this image based strategy is cost-effective. The objective 

was to determine the cost-effectiveness of mp-MRI and MRGB compared with TRUS-GB.

Design, setting, and participants

A combined decision tree and Markov model for men with elevated PSA (> 4 ng/mL) was 

developed. Input data were derived from systematic literature searches, meta-analyses, 

and expert opinion. 

Outcome measurements and statistical analysis

Quality-adjusted life years (QALYs) and health care costs of both strategies were modelled 

over 10 years after initial suspicion of PCa. Probabilistic and threshold analyses were 

performed to assess uncertainty.

Results and limitations

Despite uncertainty around the presented cost-effectiveness estimates, our results suggest 

that the MRI strategy is cost-effective compared with the standard of care. Expected 

costs per patient were €2423 for the MRI strategy and €2392 for the TRUS-GB strategy. 

Corresponding QALYs were higher for the MRI strategy (7.00 versus 6.90), resulting in an 

incremental cost-effectiveness ratio of €323/QALY. Threshold analysis revealed that the MRI 

strategy is cost-effective when sensitivity of MRGB is 20% or higher. The probability that the 

MRI strategy is cost-effective is around 80% at willingness to pay thresholds over €2000/

QALY. 

Conclusions

Total costs of the MRI strategy are almost equal with the standard of care, while reduction 

of over-diagnosis and over-treatment with the MRI strategy leads to an improvement in 

quality of life. 

Patient summary

We compared costs and quality of life of the standard ‘blind’ diagnostic technique with an 

image-based technique for men with suspicion of prostate cancer. Our results suggest that 

costs were comparable, with higher quality of life for the image based technique.
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INTRODUCTION

Systematic 10- to 12-core transrectal ultrasound guided biopsy (TRUS-GB) is the most 

accepted method for making a definite diagnosis of prostate cancer (PCa) in men with an 

increased serum prostate specific antigen (PSA) or abnormal digital rectal examination 

(DRE). Although advances have been made since the average number of TRUS-GB cores 

has increased from 6 to 12,1 the probability of detecting PCa is still subject to random error 

because the operator cannot reliably visualize tumour.

The current TRUS-GB-diagnostic pathway is limited because of over-diagnosis and 

subsequent over-treatment of PCa2-4 and is accompanied by a risk of post-biopsy infection.5,6 

This limitation may in turn lead to elevated psychological, clinical, and economic impacts7,8 

– the main reason the U.S. Preventive Services Task Force alerted the medical community 

to the dangers of PSA testing.9 Therefore, the potential benefits of diagnosing PCa must 

be weighed against the risks, inforcing the need for better pretreatment characterization 

of PCa.

Multiparametric magnetic resonance imaging (mp-MRI) has emerged as an imaging 

technique that has the ability to accurately characterize PCa. This technology has led to 

opportunities to improve the diagnostic pathway.10,11 With mp-MRI and subsequently 

MR-guided biopsy (MRGB), cancer-suspicious areas can be targeted.12 As with mp-MRI, 

predominantly significant PCa is seen and insignificant cancer is not diagnosed, so this 

technique has the potential to solve the problem of over-diagnosis and over-treatment 

of the current TRUS-GB-pathway.13,14 In addition, MRGB confers the ability to reduce 

unnecessary prostate biopsies by approximately 30-60%15,16 using fewer biopsy cores (2-4 

vs. 10-12).16 

Prospective trials are currently performed to determine the definite diagnostic role of mp-

MRI and MRGB compared with the current standard of TRUS-GB, but the decision regarding 

which diagnostic strategy to use should not be based on diagnostic accuracy alone. Costs 

related to performance and the therapeutic consequences of the test should also be taken 

into consideration.17 In addition, it is important to look at other (in)direct consequences, 

such as quality of life (QoL) and survival. We therefore developed a decision-analytic model 

to assess from a healthcare perspective the cost-effectiveness of the MRI strategy (mp-MRI 

followed by MRGB) versus the standard TRUS-GB strategy in diagnosing PCa.
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MATERIALS AND METHODS

Model development

We developed a decision analytic model to evaluate diagnostic accuracy, QoL, survival, 

and costs associated with two strategies for diagnosing PCa in patients with an elevated 

PSA level (>4 ng/mL). The model consisted of a decision tree combined with a Markov 

model (see Supplemental Figure 1, available online). Based on published clinical guidelines 

and expert opinion, a typical clinical setting was created. The first strategy is the current 

standard of care, where an elevated serum PSA is followed by systematic TRUS-GB. In this 

strategy, in case of a negative biopsy, the patient is followed-up by his urologist, with 

annual PSA testing, rectal examination and, when clinical suspicion remains, repeated 

systematic TRUS-GB. When a significant tumour is detected, the patient undergoes radical 

prostatectomy, radiotherapy, or watchful waiting. In the case of an insignificant tumour, the 

patient will undergo conservative treatment (active surveillance or watchful waiting) or a 

more invasive therapy, such as radiotherapy or radical prostatectomy. Clinical significance 

is based on clinical parameters (elevated serum PSA, DRE) and biopsy results (tumour 

aggressiveness in Gleason score and cancer core length) according to commonly used risk 

classification systems in PCa guidelines.18,19 In this study, a Gleason score of 3+3 or a small-

size 3+4 tumour is classified as insignificant, while large tumours with a Gleason score of 

3+3 or tumours with ≥3+4 are classified as significant. 

The second strategy is the experimental strategy, in which an elevated serum PSA is 

followed by mp-MRI. When a tumour-suspicious area is identified on mp-MRI, the patient 

will be scheduled for an MRGB. During the MRGB, the mp-MRI protocol is partially repeated 

to identify and target the previously reported suspicious area. In the case of a negative mp-

MRI, the patient’s urologists periodically follows up with him. When MRGB determines an 

insignificant or significant tumour, the patient undergoes the same treatment options as 

in the TRUS-GB strategy. We assumed that in patients who have a false-negative test result, 

the tumour would eventually be detected and treated. 

To extrapolate the results, the decision tree was followed by a Markov model. Based on 

typical annual follow-up, a cycle time of 1 year was chosen with a 10-year time horizon, 

because after this period, no differences were expected between the strategies. To reflect 

the present value of the stream of costs and effects accruing over the time horizon of 

the analysis, quality adjusted life years (QALYs) were discounted by 1.5%, and costs were 

discounted by 4% according to Dutch guidelines.20 In the Markov model, two main health 

states were defined based on whether patients were alive or dead.
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Transition probabilities

The independent transition probabilities12,13,21,22 and diagnostic accuracy data used for 

the TRUS-GB strategy were derived from systematic review of the literature12,23-26 (Table 1). 

The accuracy data from the mp-MRI are based on the values estimated through a meta-

analysis.27 In the base case analysis, we assumed MRGB was 100% specific, with a sensitivity 

of 90% for targeting the tumour-suspicious regions. Patients were subdivided by their 

initial treatment: radical prostatectomy, radiotherapy (including brachytherapy), active 

surveillance, or watchful waiting using data from literature28,29 and expert opinion.

Cost information

We used a health care perspective including only health care costs (Table 2). Unit costs 

were based on Dutch guidelines.30 Heterogeneity between the different treatment options 

was taken into account by calculating the weighted mean of treatment alternatives (eg, for 

prostatectomy: 50% open and 50% robot-assisted laparoscopic approach). Costs of biopsy 

needles and complications were not taken into account. No difference was expected 

between the strategies in later costs, so no costs were assigned to the health states except 

for follow-up costs. 

Outcome measures

Effectiveness was measured in terms of QALYs, which are the product of survival rates and 

the QoL (utility) associated with a health state. Survival31-33 and utilities34 were obtained 

from literature (Table 3). We assumed different survival for significant and insignificant 

tumours.31 For the false-negatives, we assigned a utility based on the average of the 

treatment-dependent utilities because we assumed that the tumour would eventually be 

found and treated. Undetected significant tumours were assigned lower survival, because 

they receive treatment in a later, more advanced disease stage.34 



98  |  Chapter 5

Ta
b

le
 1

 P
ro

b
ab

ili
tie

s 
us

ed
 in

 d
ec

is
io

n 
an

al
yt

ic
 m

od
el

. 

Tr
an

si
ti

o
n

 p
ro

b
ab

ili
ti

es
P

*
So

u
rc

e

In
de

pe
nd

en
t p

ro
ba

bi
lit

ie
s

Tu
m

ou
r p

re
se

nt
 w

he
n 

PS
A

 e
le

va
te

d 
(4

-6
 n

g/
m

l)
0.

25
 [S

D
=

0.
02

] 
Kr

an
se

 e
t a

l. 
(2

00
8)

22

Tu
m

ou
r s

ig
ni

fic
an

t w
he

n 
p

re
se

nt
0.

50
Ba

se
 a

ss
um

p
tio

n

Pr
os

ta
te

ct
om

y 
w

ith
 s

ig
ni

fic
an

t t
um

ou
r

0.
40

C
oo

p
er

b
er

g 
et

 a
l. 

(2
01

0)
29

, T
ew

ar
i e

t a
l. 

(2
00

4)
28

Ra
di

ot
he

ra
py

 w
ith

 s
ig

ni
fic

an
t t

um
ou

r
0.

25
C

oo
p

er
b

er
g 

et
 a

l. 
(2

01
0)

29
, T

ew
ar

i e
t a

l. 
(2

00
4)

28

Pr
os

ta
te

ct
om

y 
w

ith
 in

si
gn

ifi
ca

nt
 tu

m
ou

r
0.

10
Ex

p
er

t o
p

in
io

n

Br
ac

hy
th

er
ap

y 
w

ith
 in

si
gn

ifi
ca

nt
 tu

m
ou

r
0.

10
Ex

p
er

t o
p

in
io

n

Pr
ob

ab
ili

tie
s T

RU
S-

G
B 

st
ra

te
gy

Se
ns

iti
vi

ty
 T

RU
S-

G
B

0.
45

6 
[α

=
22

1 
β=

26
6]

H
oe

ks
 e

t a
l. 

(2
01

2)
12

, R
oe

th
ke

 e
t a

l. 
(2

01
2)

25
, F

ra
nc

e 
et

 a
l. 

(2
01

1)
24

, H
am

b
ro

ck
 e

t a
l. 

(2
01

0)
23

Sp
ec

ifi
ci

ty
 T

RU
S-

G
B

0.
88

 [α
=

56
 β

=
8]

Ta
ira

 e
t a

l. 
(2

01
3)

26

C
or

re
ct

 e
st

im
at

io
n 

of
 tu

m
ou

r a
gg

re
ss

iv
en

es
s 

w
ith

 T
RU

S-
G

B
0.

53
 [α

=
59

1 
β=

52
5]

Kv
al

e 
et

 a
l (

20
09

)21
 

Pr
ob

ab
ili

tie
s M

RI
 st

ra
te

gy

Se
ns

iti
vi

ty
 m

p
-M

RI
0.

74
 [S

D
=

0.
06

]
de

 R
oo

ij 
et

 a
l. 

(2
01

2)
27

Sp
ec

ifi
ci

ty
 m

p
-M

RI
0.

88
 [S

D
=

0.
05

] 
de

 R
oo

ij 
et

 a
l. 

(2
01

2)
27

Se
ns

iti
vi

ty
 M

RG
B

0.
90

 [S
D

=
0.

05
]

Ba
se

 a
ss

um
p

tio
n

Sp
ec

ifi
ci

ty
 M

RG
B

1
Ba

se
 a

ss
um

p
tio

n

C
or

re
ct

 e
st

im
at

io
n 

of
 tu

m
ou

r a
gg

re
ss

iv
en

es
s 

w
ith

 M
RG

B
0.

88
 [α

=
30

 β
=

4]
H

am
b

ro
ck

 e
t a

l. 
(2

01
2)

13

A
b

b
re

vi
at

io
ns

: m
p

-M
RI

 =
 m

ul
tip

ar
am

et
ric

 m
ag

ne
tic

 re
so

na
nc

e 
im

ag
in

g;
 M

RG
B 

=
 ta

rg
et

ed
 m

ag
ne

tic
 re

so
na

nc
e 

gu
id

ed
 b

io
p

si
es

; P
SA

 =
 p

ro
st

at
e 

sp
ec

ifi
c 

an
tig

en
; T

RU
S-

G
B 

=
 tr

an
sr

ec
ta

l u
lt

ra
so

un
d 

gu
id

ed
 b

io
p

si
es

; S
D

 =
 s

ta
nd

ar
d 

de
vi

at
io

n;
 β

 =
 b

et
a 

va
lu

e 
in

 th
e 

b
et

a 
di

st
rib

ut
io

n;
 α

 =
 a

lp
ha

 v
al

ue
 in

 th
e 

b
et

a 
di

st
rib

ut
io

n.
 *

Be
ta

 d
is

tr
ib

ut
io

ns
 w

er
e 

as
si

gn
ed

 to
 s

om
e 

of
 th

e 
p

ar
am

et
er

s 
fo

r u
se

 in
 th

e 
p

ro
b

ab
ili

st
ic

 s
en

si
tiv

it
y 

an
al

ys
is

. T
he

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
b

et
a 

di
st

rib
ut

io
n 

ar
e 

p
re

se
nt

ed
 b

et
w

ee
n 

b
ra

ck
et

s,
 e

ith
er

 a
s 

a 
st

an
da

rd
 d

ev
ia

tio
n 

or
 a

s 
an

 a
lp

ha
 a

nd
 b

et
a 

va
lu

e 
(w

he
re

 a
lp

ha
 re

p
re

se
nt

s 
th

e 
nu

m
b

er
 o

f e
ve

nt
s 

in
 a

 s
am

p
le

, a
nd

 b
et

a 
th

e 
nu

m
b

er
 o

f n
on

-e
ve

nt
s)

. 



Cost-effectiveness of MRI and MR-guided biopsy versus systematic TRUS-GB  |  99

Table 2 Cost data used in decision analytic model. 

Description Unit Costs (€)

Diagnostic procedure

TRUS-GB 300

mp-MRI 345

MRGB 800

Histopathology analysis 231

Treatment

Radical prostatectomy 12800

Radiation therapy Insignificant tumour = 2401 
Significant tumour = 4035

Watchful waiting/ active surveillance 100 (per year)

Abbreviations: mp-MRI = multiparametric magnetic resonance imaging; MRGB = targeted 
magnetic resonance guided biopsies; TRUS-GB = transrectal ultrasound guided biopsies.

Table 3 Utilities for health states used in decision analytic model. 

Health State Utility SD*

Radical prostatectomy 0.67 0.29

Radiation therapy 0.73 0.30

Watchful waiting/ active surveillance 0.84 0.19

*All distributions are β distributions based on the mean value and standard deviation (SD).

Analysis

Baseline values were incorporated in the decision analytic model by using software (DATA, 

version Pro 2012; Tree Age Software, Williamstown, Massachusetts, USA). Incremental cost-

effectiveness ratios (ICERs) were calculated by dividing the estimated difference in costs by 

the difference in QALYs, ie, costs per QALY gained. Whether the MRI strategy was deemed 

cost-effective depends on how much society is willing to pay for a QALY. If the ICER is lower 

than this willingness to pay (WTP), the MRI strategy is deemed cost-effective. In addition, 

diagnostic and treatment costs were calculated separately. 

Threshold analysis was performed on the sensitivity of MRGB (base case 90%), the 

percentage of tumours (base case 25%), and the percentage of significant tumours 

(50%). Incremental net monetary benefits (iNMB) were calculated to present the results 

of the threshold analyses. To investigate sampling uncertainty concerning parameters 

in the model, probabilistic sensitivity analysis with 10,000 simulations was performed.35 
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Distributions were estimated for all uncertain parameters in the model except for the 

percentage of significant tumours and costs (Table 1). Parameters were assumed to be 

unrelated to each other. Results of the simulations are presented in cost-effectiveness 

planes and acceptability curves (CEACs).36

RESULTS

Cost-effectiveness of MRI and MRGB compared with TRUS-GB

The results show that the expected costs of the MRI strategy (€2423; 95% confidence 

interval (CI) €2219-€2637) were €31 higher than those for the TRUS-GB strategy (€2392; 

95% CI €2227-€2563) (Table 4). The corresponding QALYs were 0.10 higher for the MRI 

strategy (7.00; 95% CI 3.72-8.32) compared with the TRUS-GB strategy (6.90; 95% CI 3.84-

8.22) but with considerable uncertainty in these findings, as the CIs reflect. This resulted in 

an ICER of €323 per QALY gained. 

Sensitivity analysis

The probability that the MRI strategy is more effective than the TRUS-GB strategy is 80%. 

The probability that the MRI strategy is both more effective and less costly is 25% (Figure 1).

At WTP values of €1000/QALY and above, MRI becomes the strategy most likely to be cost-

effective (Figure 2). At WTP values of €10000 and above, the MRI strategy is around 80% 

likely to be cost-effective.

The costs in the diagnostic and treatment pathway separately show that differences in 

costs are mainly generated in the treatment pathway (Figure 3a and 3b). 

Threshold analysis shows that variation in sensitivity of MRGB affects the cost-effectiveness. 

The MRI strategy is cost-effective from a sensitivity threshold for MRGB of 20% (Figure 4). 

Varying the percentages of tumours and significant tumours was also found to change 

costs and effects (Figure 4), but for all values of these parameters, the MRI strategy was 

cost-effective compared with the TRUS-GB strategy. 
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Table 4 Baseline results from the analysis cost per QALY. 

Strategy Mean cost per 
strategy in € 
(95% CI)

Incremental 
costs in € 
(95% CI)

Effectiveness in 
QALY (95% CI)

Incremental 
QALYs (95% CI)

ICER 
(cost/
QALY)

TRUS-GB 2392 (22272563) 6.90 (3.84-8.22)

MRI 2423 (22192637) 31 (-95162) 7.00 (3.72-8.32) 0.10 (-0.180.34) 323

Abbreviations: CI = confidence interval; ICER = incremental cost-effectiveness ratio; MRI = 
strategy with multiparametric magnetic resonance imaging and targeted magnetic resonance 
guided biopsies; QALY = quality-adjusted life year; TRUS-GB = strategy with transrectal ultrasound 
guided biopsy.

Figure 1 Scatter plot of probabilistic sensitivity analysis for MRI versus TRUS-GB strategies, including 
the total costs. A = MRI strategy less effective and more expensive; B = MRI strategy more effective 
and more expensive; C = MRI strategy less effective and less expensive; D = MRI strategy more 
effective and less expensive. The summary point (diamond) shows that the expected total costs of 
the MRI strategy are €31 higher than those for the TRUS-GB strategy, while the corresponding Quality 
Adjusted Life Years (QALYs) are 0.10 higher for the MRI strategy. The probability that the MRI strategy is 
more effective than the TRUS-GB strategy is 80% (B+D). The probability the MRI strategy is both more 
effective and less costly is 25% (D). Abbreviations: MRI = strategy with multiparametric magnetic 
resonance imaging and targeted magnetic resonance guided biopsies; QALY = quality-adjusted life 
year; TRUS-GB = strategy with transrectal ultrasound guided biopsy.
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Figure 2 Cost-effectiveness acceptability curves, showing the probability that each strategy is the 
most cost-effective for a range of values of willingness to pay (WTP) per Quality Adjusted Life Year 
(QALY). For a WTP for the gain of a QALY of zero, the probability of MRI as the optimal strategy is 
32. At WTP values of €1,000/QALY and above, MRI becomes the strategy that is most likely to be 
cost-effective. At WTP values of €10,000 and above, the MRI strategy is around 80% likely to be 
cost-effective. Abbreviations: MRI = strategy with multiparametric magnetic resonance imaging 
and targeted magnetic resonance guided biopsies; TRUS-GB = strategy with transrectal ultrasound 
guided biopsy.
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Figure 3a/b Scatter plot of probabilistic sensitivity analysis for MRI versus TRUS-GB strategies, 
analysing diagnostic costs (upper) and treatment cost (lower) only. A = MRI strategy less effective and 
more expensive; B = MRI strategy more effective and more expensive; C = MRI strategy less effective 
and less expensive; D = MRI strategy more effective and less expensive. Upper: The summary point 
(diamond) shows that the expected treatment costs of the MRI strategy are €140 higher than those 
for the TRUS-GB strategy, while the corresponding Quality Adjusted Life Years (QALYs) are 0.10 higher 
for the MRI strategy. 
Lower: The summary point (diamond) shows that the expected diagnostic costs of the MRI strategy 
are €109 lower than those for the TRUS-GB strategy, while the corresponding Quality Adjusted Life 
Years (QALYs) are 0.10 higher for the MRI strategy.
Abbreviations: MRI = strategy with multiparametric magnetic resonance imaging and targeted 
magnetic resonance guided biopsies; QALY = quality-adjusted life year; TRUS-GB = strategy with 
random transrectal ultrasound guided biopsy.
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Figure 4 Incremental net monetary benefit (iNMB) for different values for sensitivity of MR guided 
biopsy (MRGB), probability of significant tumour, and probability of tumour in men with an elevated 
PSA. For all three parameters, values range from 0 to 100%. We calculated iNMBs by multiplying 
the incremental effects of the MRI strategy over the transrectal ultrasound guided biopsy (TRUS-
GB) strategy with the Dutch willingness to pay (WTP) per quality adjusted life year (€80,000)37 and 
subtracting the incremental costs. A negative iNMB, presented in red, indicates that the MRI strategy 
is not cost-effective, while a positive iNMB (green) indicates that the MRI strategy is the most cost-
effective strategy. The figure shows that regardless of the probability of a significant tumour or 
the probability of a tumour, the iNMB is positive and the MRI strategy is cost-effective. For values 
of the sensitivity of MRGB up to and including 10%, the iNMB is negative (MRI strategy not cost-
effective), while for values of 20% and higher the iNMB is positive, implying that the MRI strategy is 
cost-effective. Abbreviations: MRGB = MR guided biopsy; MRI = magnetic resonance imaging; TRUS 
= transrectal ultrasound.

DISCUSSION

The results of our model suggest that the MRI strategy is cost-effective in diagnosing PCa 

compared with the TRUS-GB strategy, assuming a sensitivity of MRGB of 20% or higher. 

Although the MRI strategy is initially more expensive, these extra costs are compensated 

for by reducing treatment costs resulting from fewer false positives and a better estimation 

of the tumour aggressiveness. The improvement in QALYs is achieved by preventing 

unnecessary radical treatment of insignificant tumours (with a reduced QoL without 

improved survival) and decreasing the chance of detecting significant tumours late (with 

reduced survival). The MRI strategy has the highest probability to be cost-effective at WTP 

values higher than €1000.
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To our knowledge, this is the first paper comparing the cost-effectiveness of the MRI 

strategy with the TRUS-GB strategy. Recently, the Aberdeen Health Technology Assessment 

Group38 published an extensive report on the diagnostic accuracy and cost-effectiveness 

of MR spectroscopy and other mp-MRI techniques to direct TRUS-GB compared with 

systematic extended-cores TRUS-GB. Their results show that a strategy using MRI may be 

cost-effective compared with systematic TRUS-GB. Although the conclusions are in line 

with this paper, the focus in their report is on a different population: patients with prior 

negative TRUS-GB instead of the biopsy-naive population in our paper. Furthermore, (mp-)

MRI is used as a technique to aid targeted TRUS-GB instead of using MRGB. 

The major strength of our model is that we used input data from a literature review regarding 

the effectiveness of systematic TRUS-GB and a meta-analysis of mp-MRI. Furthermore, we 

used costs and prevalence data from daily practice. Uncertain input parameters were varied 

in sensitivity and threshold analyses to show the impact of changes in these parameters on 

the results.

Some potential limitations should also be discussed. The sensitivity of MRGB was estimated 

to be 90% in the base case analysis and varied in the threshold analysis. We consider this 

a realistic estimate, because MRGB is performed under image guidance, with verification 

of needle position coming from a confirmation scan with the needle in place. Threshold 

analysis reveals that sensitivity of MRGB needs to be above 20% for the MRI strategy to be 

cost-effective. 

We did not take into account the potential of mp-MRI for enabling the more favourable 

focal MR-guided treatments because these are not standardized in daily practice yet. 

Therefore, we assumed a pathway with similar treatment options for both the MRI and 

TRUS-GB strategies. Moreover, treatment behaviour may change in the future, namely, 

insignificant tumours will probably be followed periodically instead of treated radically 

more and more. 

Costs of direct treatment or biopsy complications (eg, impotence and incontinence) were 

not included in our model. The estimated cost-effectiveness is therefore a conservative 

estimation. It can be hypothesized that cost-effectiveness becomes more in favour of the 

MRI strategy when these costs are considered in the analysis, because the MRI strategy 

potentially enables better stratification and reduction of over-treatment and uses fewer 

biopsy needles. Although the hospitalization rate after biopsy is reported to be comparable 
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in both groups, with 0-6.3 % using TRUS-GB6 and 2% using MRGB12, MRGB uses fewer 

needles, and reduces unnecessary biopsies.16 Another assumption was that a negative 

MRGB or TRUS-GB was not followed by further biopsies, whereas in clinical practice, TRUS-

GB is commonly repeated when clinical suspicion remains. Limited literature suggests that 

repeat MRGB might be an unlikely clinical occurrence, while a repeat MRI could be part of 

a follow-up strategy.16 

In the present study, we were interested in the cost-effectiveness of a combination of two 

techniques (mp-MRI and MRGB) compared with the standard of care (TRUS-GB). Other 

biopsy techniques could also follow mp-MRI in improving PCa diagnosis and management, 

ie, targeted cognitive or ultrasound-MRI fusion techniques or a targeted transperineal 

approach. Although it is beyond the scope of the present study, the model can also be 

used for other targeted biopsy techniques. If these techniques have a similar accuracy, 

they would become cost-effective compared with the TRUS-GB strategy. The question then 

remains, which targeted biopsy technique shows the highest accuracy and which is most 

cost-effective. 

We used Dutch cost data to estimate the cost-effectiveness, so the results may not be 

applicable in other countries. Given the detailed presentation of the model and its input 

parameters, those interested can assess the transferability of the results to their specific 

situation.39 Furthermore, appropriate allocation of health care resources is becoming 

increasingly complex as a result of increasing patient life expectancy and increasing health 

care costs per patient coupled with diminishing resources caused by the global financial 

crisis. In this setting, and because there is no universally accepted WTP threshold among 

countries, we analysed the results over a broad range of WTP values.

This model is, nonetheless, a valuable instrument for assessing the uncertainties and gaps 

in knowledge in the currently available literature and can serve as reference point for 

assessing the studies that should be conducted to improve this model-based approach. 

When a new technique is considered cost-effective, the next step is to evaluate the 

feasibility of implementing this new technology in daily clinical practice. More research, 

preferably including a direct prospective comparison of the accuracy of the MRI and TRUS-

GB strategies, and research on costs and QALYs of newly developed (focal) treatment 

options, and targeted biopsy techniques are needed to further validate the accuracy and 

reliability of our model. Furthermore, although our model reflects the average population 

of men who have a suspicion of PCa, future analyses should take important prognostic 

factors such as age and comorbidity into account. 
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CONCLUSIONS

Our results suggest that the MRI strategy is cost-effective compared with the standard 

of care using TRUS-GB, despite uncertainty around the presented cost-effectiveness 

estimates. The total costs of the MRI strategy are almost equal with standard of care, while 

potential reduction of over-diagnosis and over-treatment with the MRI strategy leads to an 

improvement in the QoL of PCa patients. 
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ABSTRACT

Introduction 

Because current treatment options for localized prostate cancer (PCa) show high survival 

rates, post-treatment functional outcomes become increasingly important. Our aim was 

to provide insight into rates of and cost associated with urinary incontinence (UI) after PCa  

treatment. 

Materials and Methods

We used anonymous and de-identified data from a Health Care Insurer to identify a cohort 

of men who had a suspicion of PCa. The database provided unique and detailed information 

on rates and reimbursements of UI. 

Results

We identified 2834 men who underwent treatment or follow-up for PCa. UI rates in the 

first year varied from 8.8% for the conservative management strategy to 80.4% for men 

who underwent laparoscopic prostatectomy (mean for all management strategies 22.6%). 

Costs per patient ranged from €112 for men who underwent radiotherapy to €283 for 

laparoscopic prostatectomy (mean costs per patient with UI €210). In the second year 

after treatment or follow-up, UI rates varied from 9.2% for the conservative management 

strategy to 40.0% for men who underwent laparoscopic prostatectomy (mean 14.6%). 

Costs varied from €164 per patient who underwent conservative treatment to €292 for 

laparoscopic prostatectomy (mean €219). 

Conclusions

The high rates and costs of UI show the extend of the burden, which is likely to increase in 

the future because of improved survival and earlier detection. 
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INTRODUCTION

In Europe, prostate cancer (PCa) has emerged as the most common non-dermatological 

cancer among men, with still rising incidence rates.1 Because current treatments options 

for localized PCa show high survival rates, decision making is increasingly influenced by 

post-treatment quality of life (QoL) and adverse effects.2-4 Urinary incontinence (UI) is a 

common adverse effect of PCa treatment. 

Reported proportions of men who experience post-treatment UI vary amongst different 

treatment options, pre-treatment characteristics, and definitions that are being used.5,6 

Reliable assessment of UI is important, because the condition is often irreversible when 

it is still present after several years.5 This will have implications for the QoL of men after 

treatment, but will also have major economic consequences. Last decades, the health 

care expenditures for PCa dramatically increased due to improved survival and longer 

life expectancy. Also, the increase of prostate specific antigen (PSA) driven detection of 

PCa, which can lead to over-diagnosis and over-treatment of PCa, contributes to the rising 

economic burden.7,8 So far, UI rates after PCa treatment are studied in follow-up studies, but 

a population based assessment of UI rates and accompanied societal costs is still lacking. 

We had the unique possibility to assess UI rates and costs from a health insurance database 

with representative information of approximately 17% of the Dutch population.9,10

MATERIALS AND METHODS

The health insurance database of Achmea (AHD) comprises detailed individual participant 

information on diagnosis/treatment codes (DBCs) for reimbursement of hospital care, but 

also registration of pharmacy, and costs of other health care deliverables. Health insurance 

in the Netherlands is mandatory, and health care insurers have to offer a universal package 

for everyone, regardless of age or state of health. In contrast to many other European 

systems, the Dutch government is responsible for the accessibility and quality of the 

health care system in the Netherlands. Therefore, medical care is more or less similar for all 

inhabitants, and management of PCa patients is not controlled by the insurance company. 

Within the database, we selected men who underwent a PSA test in 2007. All men with a 

PSA test or a DBC registration code for PCa in 2006 were excluded to select a population of 

men at the beginning of their PCa management strategy. 
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Figure 1 shows the flow chart of the identification of different management strategies for 

men that underwent a PSA test. Men who were not insured during the complete inclusion 

period (2007 through 2011), and men under the age of 30 were also excluded.  

 2834 men with PCa 
registration 

Suspicion of PCa  251 

Follow-up  997 

Radical prostatectomy 352 

Radiotherapy (Rth) 190 

Surgery & Rth   1027 

Palliative  17 

50060 men underwent PSA 
test (2007) 

 

2.8 million insurees Achmea 
(2007) 

 

Figure 1 Flow chart of the identification of management strategies of men who underwent a PSA test. 
Abbreviations: PCa = prostate cancer; PSA = prostate specific antigen; Rth = radiotherapy. 

Six different management strategies were identified by their corresponding DBC codes: 

(1) men with a suspicion of PCa; these men had only one PCa DBC registration code for 

conservative treatment (outpatient only); (2) follow-up (active surveillance/watchful 

waiting); men with more than one PCa DBC registration code for conservative treatment 

were assumed to be included in a follow-up management strategy; (3) radical prostatectomy 

(open/laparoscopic); men who had a DBC registration code with a clinical episode, specified 

as surgical (open/laparoscopic); (4) radiotherapy; similarly but with a registration code for 

radiotherapy (technical details not specified); (5) prostatectomy and radiotherapy (open/

laparoscopic); codes for both surgery and radiotherapy; (6) palliative treatment; men with 

registration codes specific for PCa treatment at the department of internal medicine, 

suggestive for palliative management strategy. Data of all included men were analysed 

to assess the proportion of patients with treatment related UI and the associated health 
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insurance reimbursements. The reimbursements included urinary incontinence materials 

like diapers, catheters, and specific physiotherapy programs for urinary incontinence. 

Costs for diagnostic procedures to investigate incontinence and surgical interventions for 

urinary incontinence were not included. To ensure that we only analysed treatment related 

UI, men with reimbursements for UI before treatment or follow-up were not included. For 

all management strategies, the influence of transurethral resection of the prostate in the 

history was assessed. 

Ethical approval was not required, as we only used anonymous and de-identified data from 

the AHD. 

RESULTS 

In total, 50060 men with a PSA test in 2007, but without a previous PSA test or DBC of 

PCa, were analysed. A total of 2834 of these men underwent one of the six identified PCa 

management strategies.

Table 1 shows the identified management strategy with associated UI rates and costs 

for the first and second year after treatment or follow-up. UI was most common after 

prostatectomy; 64.5% and 80.4% had UI reimbursements in the first year post-treatment 

for open and laparoscopic prostatectomy, respectively. These UI rates decreased to 29.9% 

and 40.0% in the second year after treatment. UI rates were 13.4% in the first year after 

radiotherapy, and 9.7% in the second year. In the first year after palliative treatment the UI 

rate was 29.4%, and 17.7% in the second year. For patients with both prostatectomy and 

radiotherapy UI was present in 38.8% and 59.8% of men with an open and laparoscopic 

approach, respectively. After two years, these pathways showed rates of 37.9% and 29.9%, 

respectively. Patients with a suspicion of prostate cancer showed an UI rate of 20.3% after 

the first year of follow-up, which decreased to 10.0% in the second year. The group with 

conservative treatment showed the lowest UI rates: 8.8% and 9.2% after the first and 

second year of follow-up.
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Table 1 displays health insurance UI costs of the identified management strategy as yearly 

UI costs per patient, and UI costs per management strategy, extrapolated to the total Dutch 

population (16.36 million in 200710), and per 10000 men. Yearly, UI reimbursement costs 

per patient ranged from €112 (radiotherapy group) to €283 (laparoscopic prostatectomy 

group). Total costs per management strategy extrapolated to costs per 10000 men 

ranged from €9 in men who underwent palliative treatment to €402 in the laparoscopic 

prostatectomy group. These sum up to a total UI cost of €784379 for the total Dutch 

population in the first year (€967 per 10000 men). The second year, the total treatment 

related UI costs extrapolated to the Dutch population were €532031 (€658 per 10000 men). 

In both years, the prostatectomy groups were responsible for the major part of the UI costs. 

DISCUSSION

In this research report, we highlight the rates and economic burden of UI related to PCa 

treatment. We used longitudinal health insurance data of the Achmea Health Database 

(AHD), which offered us the unique possibility to extract management strategies and UI 

rates with corresponding UI reimbursement costs. 

Among the different treatment options UI rates were highest after prostatectomy, which is 

in accordance with current literature.6,11 The higher UI rates for laparoscopic prostatectomy 

as compared to an open procedure, especially in the first year, could possibly be explained 

by difference in experience with these techniques. 

An unexpected finding was the lower UI rate in the first year for men who underwent 

both prostatectomy and radiotherapy, which we cannot explain by the current data. 

Another unexpected finding was the de novo UI in men without surgical management or 

radiotherapy (eg, in the group of men with suspicion of PCa or follow-up only). This could 

possibly be explained by a referral for both urinary incontinence and work-up for suspicion 

of PCa. These unexpected findings illustrate one of the restrictions of the AHD: the limited 

availability of clinical data, such as indications, results of diagnostic tests, and cause of 

death9, which makes the identification of the treatment pathways challenging. This also 

resulted in the inability to provide detailed patient characteristics of the included men (for 

instance data on PSA level, cancer stage, and co-morbidity were missing).
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Identification of UI with this population based database shows an estimate of the 

magnitude of the problem, but detailed information on the severity of the UI is lacking. 

Costs per patient can be a proxy for the severity, but it is likely that the presented total 

costs of UI are an underestimation of the societal problem, because UI is still a taboo for 

many men. Although we present Dutch cost information, the costs per 10000 men makes 

extrapolation and comparability to other countries possible. 

CONCLUSION

The high rates and costs of UI found in the current study, particularly after prostatectomy, 

show an estimation of the magnitude of the UI burden. The burden is likely to increase in 

the future because of improved survival and earlier detection of PCa.
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ABSTRACT

Background and objective
The current diagnosis of prostate cancer (PCa) uses transrectal ultrasound guided biopsy 
(TRUS-GB). TRUS-GB leads to sampling errors causing delayed diagnosis, over-detection 
of indolent PCa, and misclassification. Advances in multiparametric MRI (mp-MRI) suggest 
that imaging and selective MR-guided biopsy (MRGB) may be superior to TRUS-GB. The 
objective was to compare the diagnostic efficacy of the MRI pathway with TRUS-GB. 

Design, setting, and participants
A total of 223 consecutive, biopsy-naive men referred to a urologist with elevated PSA 
participated in a single-institution, prospective, investigator-blinded, diagnostic study 
from June 2012 through January 2013. 

Intervention
All participants had mp-MRI and TRUS-GB. Men with equivocal or suspicious lesions on 
mp-MRI also underwent MRGB. 

Outcome measurements and statistical analysis
The primary outcome was PCa detection. Secondary outcomes were histopathologic 
details of biopsy and radical prostatectomy specimens, adverse events, and MRI reader 
performance. Sensitivity, specificity, and negative/positive predictive values (NPV/
PPV) were estimated and basic statistics presented by number (percentage) or median 
(interquartile range).

Results and limitations
Of 223 men, 142 (63.7%) had PCa. TRUS-GB detected 126 cases of PCa in 223 men (56.5%) 
including 47 (37.3%) classed as low-risk. MRGB detected 99 cases of PCa in 142 men (69.7%) 
with equivocal or suspicious mp-MRI, of which 6 (6.1%) were low-risk. The MRGB pathway 
reduced the need for biopsy by 51%, decreased the diagnosis of low-risk PCa by 89.4%, 
and increased the detection of intermediate/high-risk PCa by 17.7%. The estimated NPVs of 
TRUS-GB and MRGB for intermediate/high-risk disease were 71.9% and 96.9%, respectively. 
The main limitation is the lack of long follow-up.

Conclusions
We found that mp-MRI/MRGB reduces the detection of low-risk PCa and reduces the number 
of men requiring biopsy while improving the overall rate of detection of intermediate/
high-risk PCa.

Patient summary
We compared the results of standard prostate biopsies with a MRI image-based targeted 
biopsy diagnostic pathway in men with elevated PSA. Our results suggest patient benefits 
of the MRI pathway. Follow-up of negative investigations is required.
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INTRODUCTION

PCa is the most common male malignancy and the second most common cause of 

male cancer related death.1 Randomized trials have shown that early detection, through 

prostate specific antigen (PSA) screening, can alter the natural history of the disease and 

reduce mortality.2 However, this benefit is associated with the diagnosis of many indolent 

tumours, for which radical treatment leads to an adverse impact on quality of life without 

altering survival.3-7 Population-based reports suggest little disconnect between diagnosis 

and treatment.8-10 The over-diagnosis and over-treatment of PCa has caused various 

professional organisations to review their PSA screening guidelines,11 potentially reversing 

recent declines in disease-specific mortality.12

Another approach to minimize over-treatment, would be to reduce the over-diagnosis 

of low-risk PCa. Urologists use PSA followed by systematic transrectal ultrasound guided 

biopsy (TRUS-GB) rather than imaged based diagnosis due to poor discrimination of PCa 

with transrectal ultrasound (TRUS). Due to the high prevalence of low-risk PCa, the TRUS-

GB diagnostic pathway finds many indolent tumours. TRUS-GB also causes difficulties in 

managing patients with high PSA values but benign biopsies, and it also misclassifies the 

volume or risk of approximately a third of cases of biopsy-detected PCa when compared 

with whole-mount pathology.13-15

Advances in 3 Tesla multi-parametric MRI (mp-MRI) have improved image-based diagnosis. 
16-18 Also, targeted MR-guided biopsy (MRGB) has become an alternative approach to TRUS-

GB. MRGB uses fewer cores than TRUS-GB and can be applied only in men with lesions 

suspicious for intermediate/high-risk PCa.19-22 Although selective MRGB is an appealing 

pathway, few data support its reliability. It is unknown what proportion and what type 

of PCa would be missed by omitting biopsy from men with normal mp-MRI scans. With 

this in mind, we designed a prospective diagnostic study to compare selective MRGB and 

unselected TRUS-GB in men with an elevated PSA.

MATERIALS AND METHODS

Recruitment, imaging, and biopsy

In this prospective single-centre diagnostic study, 226 biopsy-naive subjects with 

concerning PSA levels and/or an abnormal digital rectal examination (DRE) were 

consecutively enrolled by referral from urologists from July 2012 through January 2013. 
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All subjects underwent prostate mp-MRI performed at 3 Tesla (Magnetom Skyra, Siemens) 

without an endorectal coil. The mp-MRI detection protocols and technique for MRGB have 

been reported.23 Exclusion criteria are stated in Figure 1; three subjects were excluded.

The mp-MRI images were scored independently by three readers (1 year, 1 year, and 19 years 

of experience) using the validated Prostate Imaging Reporting and Data System (PI-RADS): 

from 1 (low) to 5 (high) according to the likelihood of significant PCa being present.23-25 The 

two less experienced readers were trained for 2 weeks at a reference centre and read at 

least 100 cases with feedback. Disagreements were resolved by consensus.

Patients returned for prostate biopsy at a second visit. Subjects with equivocal (PI-RADS 

3) and intermediate/high-risk (PI-RADS 4/5) lesions underwent MRGB followed within 30 

minutes by TRUS-GB performed by a urologist blinded to the mp-MRI findings and the 

MRGB procedure. A 12-core TRUS-GB was performed in a standard paired sextant pattern. 

Any lesions seen on TRUS were targeted using the core for the relevant prostate zone. 

Subjects with normal mp-MRI scans (PI-RADS 1/2) underwent TRUS-GB only.

MRGB fulfilled the Standards of Reporting for MRI-targeted Biopsy Studies (START) 

recommendations.26 Each mp-MRI suspicious or equivocal lesion was biopsied using 

two to three cores. All biopsy specimens underwent evaluation by a certified urogenital 

histopathologist blinded to the origin of each core.

Institutional approval was obtained, and all men provided written informed consent. 

Figure 1 shows study the design. 

Trial outcomes

The primary outcome of this study was the number of men detected with PCa including 

stratification into low- and intermediate/high-risk disease.8-10 Low-risk PCa was defined as 

either low-volume Gleason score 3+3 or very low volume Gleason score 3+4. A modality-

specific biopsy-based definition was required because of the different number of cores 

obtained from TRUS-GB and MRGB. Insignificant cancer at radical prostatectomy histology 

was defined using active surveillance criteria (total tumour volume <0.7 ml and Gleason 

score ≤3+4) to be consistent with the study biopsy risk stratification schedule.27 Secondary 

outcomes included histologic details of the biopsies and identified tumours, MRI reader 

performance, histology of radical prostatectomy, and adverse events.
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229 men enrolled 

3 withdrawals 
1 PSA normalized 

2 men refused 

226 men 
Diagnostic 3T mp-MRI 

PI-RADS scoring 
83 men 

PI-RADS 1 or 2 
(No suspicious area) 

2 withdrew (refused TRUS-
GB) 

143 men 
PI-RADS 3, 4 or 5 

(tumour suspicious area(s) 
on mp-MRI) 

143 men 
MRGB of suspicious area(s) 
1 man withdrew (coding) 

142 men 
Blinded 12-core TRUS-GB 
immediately after MRGB 

223 men  
Completed trial  

Return to referring urologist 
for results and management 

81 men 
12-core TRUS-GB 

Figure 1 Flow diagram depicting the stratified detection design of the diagnostic study showing 
TRUS-GB pathway on the left and MRI pathway on the right. Exclusion criteria: patients with prior 
prostate biopsy or known existing prostate cancer, 5α-reductase inhibitor therapy, contraindication 
to MRI (eg, pacemaker) or allergy to gadolinium contrast. Abbreviations: mp-MRI = multi-parametric 
magnetic resonance imaging; PI-RADS = Prostate Imaging Reporting and Data System; PSA = prostate 
specific antigen; TRUS-GB = transrectal ultrasound guided biopsy.

Statistical analyses

We compared mp-MRI/MRGB with TRUS-GB using sensitivity, specificity, negative and 

positive predictive values (NPVs, PPVs).28,29 The maximum likelihood estimates (MLEs) of 

PPV and NPV are obtained from the MLEs of the sensitivity, specificity, and prevalence rate 

using the Baye theorem. These estimates are straightforward to calculate when the true 

disease state is known. However, this would require a “perfect” reference test (eg, radical 

prostatectomy). Because TRUS-GB is not perfect, sensitivity and specificity of the TRUS-GB 

must also be estimated. This is problematic because there are five variables to estimate but 

only 3 degrees of freedom provided by the cross-tabulation of the two tests. The solution 

proposed by Enøe et al.30 is to subset the data based on some covariate, such that the sub-

populations have different prevalence rates, and perform the cross-tabulations for each 
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sub-population. This solution uses the model introduced by Hui and Walter,31 who derived 

explicit forms of the MLEs of these six parameters. This model was used to estimate test 

parameters for the two diagnostic pathways. 

RESULTS

Patients and tumours

A total of 223 subjects were available for the final analysis (Figure 1). These were typical 

for a white population at risk of PCa (Table 1) with a median age of 63 years (interquartile 

range (IQR) 57–68), median serum of PSA 5.3ng/mL (IQR 4.1–6.6), and median prostate 

volume of 41ml (IQR 30–59). DRE was suspicious of PCa in 40 men (17.9%). The mp-MRI 

was suspicious for PCa (PI-RADS 4/5) in 109 (49%), equivocal (PI-RADS 3) in 33 (15%), and 

identified no abnormality (PI-RADS 1/2) in the remaining 81 men (36%). 

Table 1 Summary statistics relating to subjects and MRI findings.

 n (223) %
PSA 
   Median (IQR) 5.3 (4.1-6.6)
   0-3.9 48 21.5
   4-9.9 156 70.0
   10-26 19 8.5
Age
   Median (IQR) 63 (57-68)
   <60 73 33
   ≥60 150 67
Prostate volume
   Median (IQR) 41 (30-59)
   <30 ml 50 22.4
   30-50 ml 95 42.6
   >50 ml 78 35.0
DRE
   Normal 183 83
   Abnormal 40 17
mp-MRI score
   PI-RADS 1/2 81 36
   PI-RADS 3 33 15
   PI-RADS 4/5 109 49

Abbreviations: DRE = digital rectal exam; IQR = interquartile range; mp-MRI = multi-parametric 
magnetic resonance imaging; PSA = prostate specific antigen. 
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TRUS-GB

TRUS-GB was performed in 223 men and PCa detected in 126 (56.5%, Tables 2 and 3). Of 

these, 47 (37.3%) were low-risk; 79 (62.7%) were intermediate/high-risk. Most patients with 

PCa (n=80, 63.5%) had predominant Gleason 3 architecture (Gleason 3+3 or 3+4).

Of 2672 TRUS-GB cores, 401 (15%) contained PCa. In PI-RADS 4/5 scans, PCa was found in 

324 of 1305 TRUSB cores (24.8%). For those with PI-RADS 1/2 scans, PCa was found in 4.5% 

of TRUS-GB cores.

Table 2 Analysis of cancer detection by TRUS-GB, MRGB, and combined modality histology.

Histology result TRUS-GB MRGB Combined Histology

   Benign 97 43 81

   Low-risk cancer 47 6 34

   Intermediate/high-risk cancer 79 93 108

Total 223 142 223

This table shows the histology results of both diagnostic pathways separately and shows a 
combined histology. The combined histology is determined from the highest cancer risk found 
with either TRUS-GB or MRGB. Of all tumours, 71.5% were located in the peripheral zone (base 
35.7%, mid-gland 50.0%, apex 14.3%). The remainder (28.5%) were located in the anterior gland 
or anterior horn of the peripheral zone.
Abbreviations: MRGB = magnetic resonance image guided biopsy; TRUS-GB = transrectal 
ultrasound guided biopsy.

MRI pathway

MRGB was performed in 142 men and detected PCa in 99 (69.7%), of which 6 (6.1%) were 

low-risk and 93 (93.9%) were intermediate/high-risk. The proportion of MRGB-detected 

intermediate/high-risk PCa was significantly higher than TRUS-GB (62.7%, p<0.01).

PCa detection rates were lower in PI-RADS 3 than in PI-RADS 4/5 scans (15.1% vs. 86.2%; 

p<0.001). Although only five men with PI-RADS 3 scans had PCa, three of them had 

intermediate/high-grade PCa. Of 417 MRGB cores, 235 (56.4%) contained PCa. This was 

significantly higher than for the 2672 TRUS-GB cores of which 401 (15%) contained PCa. In 

men with PI-RADS 4/5 (n=109), PCa was found in 225 of 322 cores (69.9%).

 

Comparison of detection rates MRI pathway and TRUS-GB 

We found that mp-MRI/MRGB detected 6 cases of low-risk PCa (6.1%); TRUS-GB detected 47 

cases (62.7%) of low-risk PCa (p<0.001). MRGB detected intermediate/high-risk PCa in 29 

men that were either missed (n=16) or misclassified as low-risk by TRUS-GB (n=13) (Table 
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4). In the 16 PCa missed by TRUS-GB, Gleason scores were 3+3 (n=3), 3+4 (n=8), 4+3 (n=3), 

4+4 (n=1), and 4+5 (n=1). In the misclassified cohort, risk adjustment occurred for volume 

in seven patients and for both grade and tumour volume in six patients. A discordance 

analysis is presented in the Supplemental material which is available online. TRUS-GB 

detected intermediate/high-risk PCa in 15 men who were either not diagnosed on mp-MRI 

(n=5) or missed on MRGB (n=10). In men with normal mp-MRI, PCa was detected by TRUS-

GB in 25 (30.8%), and most (n=20) had low-risk PCa. A detailed description of the tumours 

missed or not detected by the MRI pathway is presented in the Supplemental material, 

which is available online.

Restricting MRGB to PI-RADS 4/5 instead of PI-RADS 3-5 lesions increased the reduction of 

men requiring biopsy from 36.3% to 51.1%, increased the reduction of the number of men 

diagnosed with low-risk PCa from 87.2% to 89.4%, and decreased the yield of intermediate/

high-risk PCa from 17.7% to 12.6%. Finally, the reduction in biopsy needle cores analysed 

increased from 84.4% to 87.9% (Table 4). Table 5 shows details of the performance 

characteristics of each pathway. We found that the mp-MRI/MRGB outperforms TRUS-

GB except for the PPV, which differs by less than 1%. Sensitivity and NPV is much smaller 

for the TRUS-GB than it is for the mp-MRI/MRGB, implying that TRUS-GB is more prone to 

diagnosing patients as having no intermediate/high-risk PCa when intermediate/high-

risk PCa is present. The lower specificity indicates that TRUS-GB is more likely to diagnose 

patients as having low-risk PCa, when in fact intermediate/high-grade PCa is present.
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Table 4 Comparison of biopsy outcomes with two different approaches: (a) Subjects with PI-
RADS 1/2 versus 3-5; (b) subjects with PI-RADS 1-3 versus 4/5.

a.

 TRUS-GB
pathway

MRGB
pathway Difference, %

Biopsy, no. of men 223 142 -36.3
Biopsy cores, no. 2672 417 -84.4
Low-risk PCa 47 6 -87.2
Intermediate/high-risk PCa 79 93 17.7
b.

 TRUS-GB
pathway

MRGB
pathway Difference, %

Biopsy, no. of men 223 109 -51.1
Biopsy cores, no. 2672 322 -87.9
Low-risk PCa 47 5 -89.4
Intermediate/high-risk PCa 79 89 12.6

Abbreviations: MRGB = magnetic resonance image guided biopsy; PCa = prostate cancer; TRUS-
GB = transrectal ultrasound-guided biopsy.

Comparison of tumour features MRI pathway and TRUS-GB 

Although avoidance of biopsy was a primary measure in this study, an important metric 

is the accurate determination of cancer phenotype. The proportion of cores containing 

cancer was 401 of 2672 (15%) for TRUS-GB compared with 235 of 417 (56.4%) for MRGB 

(p<0.001; pooled z-test). For patients who had PI-RADS 4/5 scans, these values were 24.8% 

for TRUS-GB and 69.9% for MRGB (p<0.001).

Average percent cancer core length was 32.9% for TRUS-GB and 60.6% for MRGB (p<0.001; 

two-sample t-test). In PI-RADS 4/5 scans, average percent cancer core length was 40.4% 

for TRUS-GB compared with 59.7% for MRGB (p<0.001). Supplemental Table 3 shows the 

number of PI-RADS 4/5 lesions per patient identified on mp-MRI (available online). Gleason 

7 cancer was identified in 7.2% of all TRUS-GB cores compared with 34.1% of all MRGB cores 

(p<0.001). Gleason 7-10 cancer was identified in 9.4% of TRUS-GB cores compared with 

44.8% of MRGB cores (p<0.001). The relative risk for identification of intermediate/high-risk 

cancer in men with PI-RADS 4/5 scans compared with PI-RADS 1/2 scans was 14.42 (range: 

6.14-33.86). 

MRI reader performance

Concordance analysis was performed to compare each MRI reader’s PI-RADS score to 

final pathology. The results (Supplemental Table 4, available online) indicated reader 
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performance was equivalent. Area under the receiver operating curve was as follows: 

radiologist 0.85 (95% confidence interval (CI) 0.80-0.90), urologist 0.88 (95% CI 0.83-

0.92), and expert radiologist 0.85 (95% CI 0.80-0.90). Accuracy did not increase during the 

trial, indicating that the learning curve for the readers had been completed prior to trial 

commencement. 

Table 5 Statistical performance characteristics of transrectal ultrasound guided biopsy and 
magnetic resonance guided biopsy.

Parameter Estimate 95% confidence interval

Sensitivity: (MRGB) 0.9234 (0.878, 0.953)

Sensitivity: (TRUS-GB) 0.7044 (0.639, 0.762)

Specificity: (MRGB) 0.9691 (0.934, 0.986)

Specificity: (TRUS-GB) 0.9364 (0.894, 0.963)

PPV: (MRGB) 0.9232 (0.878, 0.953)

PPV: (TRUS-GB) 0.9321 (0.889, 0.960)

NPV: (MRGB) 0.9691 (0.934, 0.987)

NPV: (TRUS-GB) 0.719 (0.654, 0.776)

LR(+): MRGB 12.908

LR(+): TRUS-GB 5.4

LR(-): MRGB 0.126

LR(-): TRUS-GB 0.293  

Abbreviations: LR = likelihood ratio; MRGB = magnetic resonance image guided biopsy; NPV = 
negative predictive value; PPV = positive predictive value; TRUS-GB = transrectal ultrasound-
guided biopsy.

Radical prostatectomy histology

Following diagnosis, 75 of the 142 men with PCa underwent radical prostatectomy. An 

analysis was done relating mp-MRI/MRGB and TRUS-GB diagnostic pathways to the presence 

of significant or insignificant cancer in the histology from these cases. Because of treatment 

selection bias and low numbers, concordance data are presented in Supplemental Table 5 

(available online). With the mp-MRI/MRGB pathway, four men had insignificant tumours 

treated, 11 men had significant PCa missed, and 60 men were correctly assessed. With the 

TRUS-GB pathway, four men had insignificant tumours treated, 18 men had significant PCa 

missed, and 53 men were correctly assessed.

Adverse events

The referring urologists reported any complication promptly, without a limit on the time 

frame. Two subjects (0.9%; both PI-RADS 1,2) developed urosepsis after TRUS-GB. Both 
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had benign biopsies and recovered uneventfully. One subject required admission for 

haematuria after TRUS-GB. One subject experienced a vasovagal episode after MRGB. 

DISCUSSION

The results of this diagnostic study support apparent patient benefits. Most importantly, 

when using the mp-MRI/MRGB pathway instead of TRUS-GB, the number of men diagnosed 

with low-risk PCa will be reduced, and at the same time, the number of men diagnosed 

with intermediate/high-risk PCa will be increased. Secondly, because the data indicate 

minimal benefit from MRGB of PI-RADS 3 lesions, the number of men who need a biopsy 

(ie, in PI-RADS 4-5 only) can be halved, requiring only 2-3 needles instead of the standard 

10-14 needles. 

Recent studies support the superiority of MR-directed biopsy over TRUS-GB to decrease 

detection of low-risk and increase detection of intermediate/high-risk PCa.32-35 The studies 

use indirect MR-guidance techniques like cognitive or MRI/TRUS-fusion targeting that are 

prone to motion, segmentation, and registration errors.36 Furthermore, these studies are 

limited by the use of matched cohorts instead of one single cohort or do not study a full 

biopsy-naive cohort, which are both strong points of our diagnostic study. 

A limitation of our study is the lack of oncologic follow-up data. Reviewing the available 

radical prostatectomy data of our study (ie, 75 patients) should be done with caution 

because of treatment selection bias and low numbers. Nevertheless, more men were 

correctly assessed with the mp-MRI/MRGB pathway than with the TRUS-GB pathway. 

Another limitation is the order of the two biopsy sessions (first MRGB, second TRUS-GB). 

This order makes it possible for the urologist to identify the MRGB track and take more 

samples from this area. Although there is no other way to do this practically without 

inconveniencing the patient, it could lead to a bias in favour of TRUS-GB. 

Our study reveals failures of the mp-MRI/MRGB pathway. TRUS-GB detected intermediate/

high-risk PCa in 15 men that were either not diagnosed on mp-MRI (n=5, PI-RADS 1,2) or 

missed on MRGB (n=10, PI-RADS 3-5). However, using the TRUS-GB pathway, overall more 

intermediate/high-risk cases of PCa were missed. Combining mp-MRI/MRGB and TRUS-GB 

would increase the detection rate of PCa, but the combined pathway negates the major 
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advantage of the MRI pathway (ie, the near elimination of the diagnosis of low-risk PCa), as 

well as incurring additional costs.

The MRI reader performance results (Supplemental Table 3, available online) indicate that 

an individual reader gets the diagnosis correct in about 85% of cases, with no significant 

difference between the expert radiologist, the radiologist, and the urologist. This study was 

performed in a well-resourced Australian hospital 18 months after introducing an mp-MRI 

service. Thus, with radiology support, interested urologists can learn MRI interpretation 

and MRGB.

Costs of new (imaging) techniques such as mp-MRI and MRGB are subject to debate. 

However, when using a decision analytic model to assess the cost-effectiveness of the 

mp-MRI/MRGB pathway compared with TRUS-GB, the MRI pathway is shown to be a 

cost-effective strategy when sensitivity of MRGB is higher than 20%.37 Although upfront 

diagnostic costs may be higher in some countries, the ability of mp-MRI to prevent 

unnecessary biopsies and reduce over-treatment can lead to lower costs and higher quality 

of life when longer follow-up and treatment are taken into account. 

It can be argued epidemiologically that the benefits of reducing over-diagnosis outweigh 

delaying diagnosis of a few intermediate/high-risk PCa missed at initial diagnosis, as long 

as a follow-up protocol is in place. Using mp-MRI/MRGB may allow the benefits of screening 

without adverse consequences of over-diagnosis and unnecessary treatments. Screening 

strategies offer men with increased PSA a 20-30% reduction of their PCa mortality38 and 

significant (at least 30%) reduction of metastatic disease.39 

Future studies with longer oncologic follow-up and comparison of the different targeted 

biopsy techniques are needed to assess which technique is preferable, also in terms of 

implementation and costs.

CONCLUSIONS

For asymptomatic men with elevated PSA, mp-MRI followed by selective use of MRGB 

compared with TRUS-GB reduces the detection of low-risk PCa, and it reduces the need for 

biopsy while improving the overall detection of intermediate/high-risk PCa. 
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New MRI technologies might be the answer to counterbalance the limitations of the current 

prostate cancer (PCa) diagnostic pathway. However, high-quality evidence regarding the 

superiority of these new technologies in terms of accuracy, efficacy, and (cost-)effectiveness 

is needed to cause a paradigm shift, and to allow their possible implementation. 

This aim of this thesis was to evaluate the diagnostic multiparametric MRI (mp-MRI) 

pathway in men with a suspicion of PCa. More specifically, this thesis aimed to assess 

the diagnostic and staging accuracy of mp-MRI, and the (cost-)effectiveness of an image 

based pathway. Our diagnostic meta-analysis in Chapter 2, showed pooled sensitivity and 

specificity of 0.74 and 0.88 for detection of all types of PCa using mp-MRI. In our diagnostic 

meta-analysis in Chapter 3, pooled sensitivity for mp-MRI for detection of PCa improved 

when only studies were included that reported on clinically significant PCa only (0.74 versus 

0.84), with specificity values that decreased (from 0.80 to 0.75). Furthermore, accuracy 

seemed to improve when the Prostate Imaging Reporting and Data System (PI-RADS) was 

used accurately. Our prospective study in Chapter 7, showed that a new image-based 

pathway using mp-MRI can improve the diagnosis of clinically significant PCa (increase of 

18%), reduce over-diagnosis of indolent PCa with subsequent over-treatment (reduction 

of 89%), and might reduce the number of unnecessary prostate biopsies (reduction of 

51%). Moreover, an MRI driven diagnostic pathway seemed to be cost-effective compared 

to the standard of care, with higher overall quality of life (in QALYs) for an acceptable price 

(Chapter 5). For local staging of PCa, mp-MRI has poor and heterogeneous sensitivity 

values (extracapsular extension (ECE) 0.57; seminal vesicle invasion (SVI) 0.58; overall stage 

T3 0.61) with high specificity values (ECE 0.91; SVI 0.96; T3 0.88), but sensitivity seemed to 

slightly improve when higher magnetic field strengths and multiparametric MR techniques 

were used (Chapter 4). 

However, it should be acknowledged that a technology like mp-MRI is not just an isolated 

device, but something that is interwoven within a societal and clinical context. Involvement 

of all relevant stakeholders will lead to a better understanding of what a technology actually 

does in a societal context. Furthermore, an overview of all stakeholders will open large 

sources of relevant expertise and thus generates potentially important information, ie, it 

will help to identify a comprehensive list of perspectives and issues related to a technology. 

In this discussion, we will not present a formal stakeholder analysis, but we will describe the 

most important challenges for the different stakeholders involved following from the most 

important findings from this thesis. Hopefully, such an overview results in creative future 

directions regarding the implementation of the technique.
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STAKEHOLDERS IN PROSTATE CANCER DIAGNOSTIC PATHWAY

Although the patient and his urologist are the main actors in the PCa diagnostic pathway, 

many other stakeholders are involved, such as his relatives, general practitioner (GP), 

other medical specialists, and policy makers (see also Figure 1 and Table 1). In general, 

the patient and his relatives have to cope with the uncertainty in the diagnostic work-up, 

and the discomfort after possible treatment. His GP needs to have state-of-art knowledge 

about the recommendations on the role of prostate specific antigen (PSA) screening and 

the consequences of the test results. His urologist must be able to inform the patient 

about the available diagnostic and treatment options, and make a shared decision. Ideally, 

the urologist is supported in this decision-making process through a multidisciplinary 

approach, in which radiologists, pathologists, and (medical and radiation) oncologists are 

consulted to be optimally informed about the aggressiveness, location and invasiveness of 

the tumour, and its possible treatment options. The clinical framework in which the GP, the 

urologist, and other medical specialists operate is provided by guideline developers and 

health care insurers. 

 

Policy makers (guideline 
development, health insurers)

Other medical specialists 
(pathologists, (radiation) 
oncologists, radiologists)

Urologists

General practitioners

Relatives

Men with 
suspicion of 

PCa

Figure 1 Different stakeholders in the diagnostic pathway of prostate cancer.
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CHALLENGES FOR STAKEHOLDERS AND EVIDENCE FROM THIS 
THESIS 

Patient and relatives

The diagnostic pathway that men with a suspicion of PCa undergo is known to be a 

stressful period. It is particularly important for patients and their relatives that the time 

of uncertainty will be as short as possible, that the pathway will harbour an accurate 

diagnosis, and that the diagnostic procedures will be as minimally invasive as possible. 

In the current diagnostic pathway, all men with a suspicion of PCa undergo systematic 

10-12 core transrectal ultrasound guided biopsy (TRUS-GB); an invasive test with a low 

accuracy. This thesis shows that an MRI based diagnostic pathway in which an elevated  

PSA is followed by mp-MRI, and if necessary, MR targeted prostate biopsy, can prevent 

unnecessary biopsies and improve diagnostic accuracy (see Chapter 7). Other studies show 

that MR guided in-bore biopsy (MRGB) of the prostate seems to have fewer side effects and 

lower pain severity scores than TRUS-GB, and was preferred by most patients.1 

General practitioner 

Since the introduction of a PSA driven diagnostic pathway, more men with early PCa are 

identified, which facilitated curative treatment at an early stage in the disease history. 

However, it has caused multiple problems that have been addressed in a series of taskforces 

and publications. The U.S. Preventive Services Task Force (USPSTF) recently recommended 

against widespread use of PSA as screening test due to the potential disadvantages of the 

‘next steps’ after an elevated PSA (TRUS-GB), which may cause harm and might not increase 

quality and length of life.2 Furthermore, the Dutch PCa guideline for GPs recommend 

against active PSA testing, and testing should be done only after careful consideration of 

the (dis-)advantages of the test results.3 Despite this caution, PSA testing, although less 

commonly than before, still occurs, mainly because men ask for active PSA screening.4,5 

The disadvantages of the random TRUS-GB pathway are well known, and it continues to 

find low-risk disease. The mp-MRI as triage test after an elevated PSA and/or abnormal DRE 

can potentially improve the PSA dilemma and reduce over-diagnosis and over-treatment 

because it enables better stratification between indolent and aggressive PCa (see Chapter 

7). 

Ideally, a minimally invasive screening/triage test, that is less time consuming, and less 

expensive than the combination of PSA with prostate MRI should be developed. Several 

new tests are being under investigation, to possibly replace or improve the current PSA 

screening, like molecular biomarkers, genetic markers and modified PSA testing. However, 
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it is difficult to ascertain which biomarker is the most reliable among the available tests. A 

personalized screening based on a combination of PSA testing, individual genetic profile, 

mp-MRI, and other biomarkers, can potentially reduce the number of unnecessary biopsies 

and increase the identification of clinically significant disease and helps to identify the 

most optimal screening parameters.6

Urologists

The optimal diagnostic pathway for PCa should be able to identify men with clinically 

significant PCa, while avoiding detection of indolent disease. Because the current standard 

of care is associated with inaccurate diagnosis, and the identification of new molecular 

biomarkers that identify significant PCa is not robust enough for use in individual men, 

urologists increasingly incorporate new imaging techniques into the diagnostic pathway. 

Among the different new imaging techniques (eg, enhanced TRUS and advanced MRI 

techniques), mp-MRI is currently the most promising and best studied new imaging 

technique. 

Pooled sensitivity and specificity values of mp-MRI that are presented in the diagnostic 

meta-analysis in Chapter 2 of this thesis (sensitivity 0.74 (95% CI 0.67-0.92); specificity 0.88 

(95% CI 0.82-0.92)) are based on the detection of all PCa types; ie, also for the detection 

of clinically insignificant tumours. Although these results are promising for improved 

detection, urologists are more interested in the ability of mp-MRI to distinguish indolent 

from aggressive disease. That is why in more recent meta-analyses the role of mp-MRI in the 

detection of clinically significant versus indolent PCa was assessed,7,8 similar to our meta-

analysis in Chapter 3. These studies showed that the presence of a tumour suspicious area 

on mp-MRI in men with low-risk PCa on TRUS-GB results in a high likelihood that clinically 

significant PCa will be present. On the other hand, if a lesion is not seen on mp-MRI, the 

attribution of low-risk PCa is much more likely to be correct.9 A number of recent systematic 

reviews and meta-analyses have consistently shown that targeted biopsy strategies using 

predefined lesions identified by mp-MRI have better accuracy and efficiency compared 

with TRUS-GB,10,11 similar to our findings in Chapter 7.

Although the exact recommendations regarding the use of mp-MRI and MR targeted 

biopsy in PCa are yet to be defined, there are four important patient categories that could 

clearly benefit from the use of an mp-MRI driven diagnostic pathway; 

(1) Biopsy-naive men with a suspicion of PCa based on an elevated PSA and/or 

positive digital rectal examination (DRE). An MRI based pathway can be helpful to 
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triage men with a suspicion of PCa. In men with nonsuspicious MRI findings, the 

likelihood of clinically significant disease appears to be sufficiently low to defer 

invasive treatment, and consider PSA follow-up without further confirmatory 

biopsy, as shown in the prospective study in Chapter 7.12 However, because 

of the lack of longer follow-up, we do not exactly know how many men might 

safely avoid a biopsy as a result of negative imaging. Studies are currently being 

performed to address this issue.13

(2) In men with previous negative prostate biopsy, and persistent clinical suspicion, 

mp-MRI may point to a lesion that may have been missed on previous TRUS-GB or 

provide an explanation for a rising PSA in the absence of cancer (e.g. prostatitis or 

BPH).14 

(3) Men with biopsy-proven PCa. (mp-)MRI has been reported to be effective for 

detection of extra-prostatic disease (ECE, SVI), and lymph node involvement. 

Although the sensitivity values of (mp-)MRI for local staging are still poor to 

moderate (as shown in Chapter 4 of this thesis), mp-MRI may help in treatment 

planning, including nerve-sparing surgery, radiation therapy, and focal therapy. 

Nerve sparing prostatectomy may preserve erectile function in a considerable 

proportion of patients.15 The ability of mp-MRI to localize and map prostatic 

tumour as part of the pre-operative evaluation can aid greatly in the planning 

of nerve sparing techniques.16,17 Superior anatomical resolution of mp-MRI 

permits the detection of clinically significant PCa lesions, which has also enabled 

image guided focal therapy of PCa with minimally invasive techniques, such as 

cryosurgical ablation, high intensity focused ultrasound (HIFU), laser evaporation, 

and irreversible electroporation.18 Mp-MRI can also be used for the planning of 

radiation therapy.19

(4) Men with a suspicion of recurrence after previous definitive treatment of PCa. 

In men with a suspicion of recurrence, mp-MRI can help to identify the site of 

recurrence.20 

Radiologist

Radiologists strive for the same goal as urologists: they also aim to identify PCa that needs 

treatment, while trying to avoid over-diagnosis and over-treatment of indolent disease. 

While urologists focus specifically on the clinical aspects, radiologists are engaged in the 
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more technical aspects of this clinical problem. Their main concerns are optimization of 

the existing MRI protocols for the detection and local staging of PCa and development 

of a standardized and structured form of reporting to communicate their findings. These 

‘technical’ aspects are essential to implement before further incorporation of prostate MRI 

into standard disease management. 

The question remains what the optimal scanning protocol is. The mp-MRI should be accurate, 

reproducible and fast. Minimal technical requirements and optimal scanning protocols 

for detection and local staging of PCa are defined by the European Society for Urogenital 

Radiology (ESUR)21 based on current literature and expert opinion. For the detection of PCa 

the use of at least two additional techniques (diffusion weighted imaging (DWI), dynamic 

contrast-enhanced MRI (DCE-MRI), and/or magnetic resonance spectroscopic imaging 

(MRSI) is recommended. Higher magnetic field strengths (preferably 3.0 instead of 1.0 or 1.5 

Tesla) lead to higher accuracy.22 Although there is consensus about the added value of using 

mp-MRI techniques over standard anatomic MRI only, the best combination still needs to 

be elucidated. The ‘full package’, using T2WI with additional DWI, DCE-MRI, and MRSI should 

be the best possible combination. The question can be raised whether all these techniques 

are really necessary for the detection of clinically significant PCa. The answer is probably 

“no”; the optimal combination is highly dependent on the clinical context. For screening 

purposes, some advocate the use of anatomic T2-weighted imaging (T2WI) in combination 

with DWI only, which can be performed quickly, at low cost.23 In groups with higher pre-

test probabilities on PCa, for example in men with persistent elevated PSA, adding DCE-MRI 

or MRSI sequences with or without an endorectal coil, could possibly improve accuracy.24 

The aim of this thesis was not to find the best MRI protocol for detection of PCa. However, 

for local staging of PCa, we tried to identify technical (MRI) characteristics that resulted in 

the highest accuracy for local staging of PCa (Chapter 4). Especially higher magnetic field 

strengths (3.0 Tesla) and mp-MRI techniques seemed to slightly improve sensitivity values. 

Although individual studies showed improved local staging accuracy with the use of an 

endorectal coil,25 we could not demonstrate this proposed added value in our local staging 

meta-analysis (Chapter 4). 

Equally important to a standardized scanning protocol are the reliability and reproducibility 

of the reader’s interpretation of the mp-MRI. To harmonize reporting prostate MRIs, the 

ESUR introduced the Prostate Imaging Reporting and Data System (PI-RADS) in 2012.21 

This system aims to standardize imaging acquisition and reporting, in analogy with the 

Breast Imaging Reporting and Data System (BI-RADS). PI-RADS uses a 5-point scale, ranging 
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from highly unlikely (score of 1) to highly likely (score of 5) that clinically significant PCa 

is present. The modified version of PI-RADS is recently published in 2015 in collaboration 

with the American College of Radiology (ACR) and the AdMeTech Foundation.26 In our 

diagnostic meta-analysis in Chapter 3 fourteen studies (1785 patients) could be analysed, 

with pooled sensitivity of 0.78 (95% CI 0.70-0.84) and specificity of 0.79 (95% CI 0.68-0.86) 

for PCa detection. In studies with the correct use of PI-RADS (version 1, 2012), higher 

sensitivity and specificity were found compared with studies with a less strict or adjusted 

use of the PI-RADS criteria.

Policy makers

Policy makers (such as health insurance companies and guideline developers) are striving 

for an affordable and high quality evidence-based health care for men with (a suspicion 

of ) PCa, while minimizing the risk of over-diagnosis and over-treatment. As mentioned 

above, the current PSA based screening has produced modest reduction in PCa mortality, 

but this has come at the cost of a substantial increase in the detection of men with low-risk 

PCa.27 Unless the indolent nature and the long-life expectancy of the affected men, they 

often choose for an active treatment of these cancers. Over-diagnosis and over-treatment 

of this indolent tumours leads to unnecessary side effects and has cost a vast sum of 

precious health care money.6 Although it is widely accepted that mp-MRI can improve the 

diagnostic pathway of PCa, the role of mp-MRI in PCa guidelines is still limited. European 

and Dutch PCa guidelines recommend mp-MRI in men with a remaining suspicion of clinical 

significant PCa after previous negative TRUS-GB.28 A recent meta-analysis in this group of 

men showed that targeted MR guided biopsy could increase the detection of significant 

PCa while the number of men with insignificant cancer could be reduced.7 In biopsy-naive 

men with an abnormal PSA or DRE, systematic TRUS-GB is still recommended as the next 

diagnostic procedure, unless there is increasing evidence that diagnosis of insignificant 

PCa and thus over-treatment of PCa could be drastically reduced with an mp-MRI driven 

diagnostic pathway. 

The limited role of mp-MRI in clinical guidelines is one of the reasons that health insurance 

companies still do not reimburse mp-MRI for biopsy-naive men. Another possible reason 

is that the cost-effectiveness of an imaging pathway needs to be examined, and that 

the technique is currently only available in expert centres. In Chapter 6 of this thesis, we 

showed that an MRI pathway seems to be cost-effective compared to the standard TRUS-

GB pathway in men with a suspicion of PCa. A handful of other studies also assessed the 

cost-effectiveness of an MRI based diagnostic pathway, which do not provide a definitive 



150  |  Chapter 8

answer as to whether mp-MRI is cost-effective.29 This difference can be explained by 

important differences in the diagnostic procedures, patient groups (for example biopsy-

naive men versus previous negative TRUS-GB), and the assumptions incorporated in the 

different modelling structures. Another possible explanation of the limited role of mp-MRI 

in clinical guidelines is the lack of evidence of superiority compared with the standard of 

care in terms of patient outcomes, which has to be addressed in future research.

FUTURE DIRECTIONS 

In the recent years, the role of mp-MRI has evolved from add-on test after negative TRUS-

GB to rather a potential triage/screening test in men with an elevated PSA, followed by 

targeted biopsy.9 However, there are several obstacles to realize the potential benefits of 

the proposed image-based pathway:30

(1) To disseminate an mp-MRI pathway in clinical practice, it should be further 

standardized regarding the technical equipment, examination protocols, image 

acquisition, processing, and post-processing. 

(2) Training, quality criteria and certification. The availability of an adequate MRI 

device is for most centres not an issue, but radiologists must be able to interpret 

prostate MRI, and communicate with their urologists in a standardized lexicon (PI-

RADS). For training and quality purposes, communication between low-volume 

centres and high-volume centres should be promoted, with training programs 

and double-reading. Just like in mammography, quality control of imaging 

and reporting will be required to ensure centres do not over-call or under-call 

suspicious lesions. Together with policy makers, the radiological and urological 

community need to draft quality criteria in order to provide a high quality clinical 

diagnosis.

(3) The medical and societal community must fully acknowledge the distinct nature 

of low-risk PCa as an entity that does not require active treatment.

(4) Greater pressure and demand by patients and physicians, as well updated national 

PCa guidelines that endorse mp-MRI and MR targeted biopsy, could influence 

payers to update their policies and centralize care in expert centres.
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CONCLUSIONS

In this thesis, we showed that mp-MRI improves the diagnostic pathway in a cost-effective 

manner in biopsy-naive men by reducing the diagnosis of low-risk PCa, and improving the 

detection of clinically significant PCa. Therefore, it seems justified that the Dutch Prostate 

Cancer Foundation endorse the introduction of an mp-MRI based pathway for men with a 

suspicion on PCa. So, more important is the question: how to proceed? 

The overall goal of all stakeholders is to perform biopsies and to treat only those men for 

whom treatment will result in a reduced mortality and higher quality of life, while lowering 

the burden of an invasive diagnostic pathway from those who will not benefit. Ideally, 

this diagnostic pathway takes place in a centre with state-of-art diagnostic options and 

high quality of care, independent from which centre you visit. A prerequisite to succeed 

is multidisciplinary centralized care in expert centres, in which urologists, radiologists, 

pathologists, and (radiation and medical) oncologists work together to provide men the 

best available clinical diagnosis and treatment advice. 
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Prostate cancer (PCa) is the most common malignancy among men in developed countries, 

and has a large societal burden. Approximately 50-70 % of the detected PCa is a low-risk 

type that will never cause symptoms during a lifetime. However, in the other 30-50% of 

the men, an intermediate- or high-risk type is diagnosed, which needs to be treated. The 

challenge is to identify the aggressive tumours early and to treat these accordingly, while 

leaving alone low-risk PCa. 

Systematic transrectal ultrasound guided biopsy (TRUS-GB) is the current standard of care 

after an elevated serum prostate specific antigen (PSA). It is an invasive procedure, and it is 

known that important PCa is being missed or misclassified with this method, whereas low-

risk PCa which does not require treatment, may be found. This leads to over-diagnosis and 

over-treatment of low-risk tumours, and under-treatment of intermediate- or high-risk PCa. 

Multiparametric magnetic resonance imaging (mp-MRI), preferably used as an advanced 

imaging technique before biopsy, shows promising results in improving PCa diagnosis. 

However, mp-MRI before biopsy is not recommended in the national PCa guidelines, 

and many health insurance companies withhold reimbursement for mp-MRI as (first) 

diagnostic step after an elevated PSA. There are several factors that may be an explanation 

for this: the evidence regarding the effectiveness of mp-MRI on quality of life and its related 

cost-effectiveness is lacking, and there is a lack of evidence of superiority of a diagnostic 

MRI pathway over a TRUS-GB pathway in terms of patient outcome. Furthermore, mp-MRI 

might not be available in all hospitals. 

This thesis aimed to evaluate the diagnostic MRI pathway in men with a suspicion of PCa. 

Therefore, we studied the diagnostic accuracy of mp-MRI for the detection and local staging 

of PCa. Moreover, we assessed the clinical- and cost-effectiveness of the MRI pathway in 

patients with a suspicion of PCa. 

In Chapter 2-4, we provide an overview of the current evidence regarding the accuracy 

of prostate MRI. The accuracy of mp-MRI for the detection of all types of PCa is studied 

in Chapter 2. We performed a systematic review and meta-analysis to determine the 

diagnostic accuracy of mp-MRI, including studies that used an MRI protocol of T2-weighted 

imaging (T2WI), combined with diffusion weighted imaging (DWI), and dynamic contrast 

enhanced MRI (DCE-MRI), based on the recommendation of the European Society of 

Urogenital Radiology (ESUR). Seven studies that met the inclusion criteria (526 patients) 

could be analysed. Pooled data showed high overall specificity of 0.88 (95% CI 0.82–0.92) 

and sensitivity of 0.74 (95% CI 0.66–0.81) for PCa detection, with negative predictive values 
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(NPVs) ranging from 0.65 to 0.94. The overall methodologic quality of the included studies 

was fair, but large heterogeneity was reported. Nevertheless, subgroup analyses did not 

show considerable differences between various subgroups. 

In Chapter 3, we specifically studied the accuracy of mp-MRI for the detection of clinically 

significant PCa and the role of the Prostate Imaging Reporting and Data System (PI-RADS), 

which is a standardized reporting system for prostate MRI. In this diagnostic meta-analysis, 

fourteen studies (1785 patients) could be analysed. The pooled data showed sensitivity of 

0.78 (95% CI 0.70–0.84) and specificity of 0.79 (95% CI 0.68–0.86) for clinically significant 

PCa detection, with NPVs ranging from 0.58 to 0.95. Sensitivity analysis showed pooled 

sensitivity of 0.82 (95% CI 0.72–0.89) and specificity of 0.82 (95% CI 0.67–0.92) in studies with 

a correct use of PI-RADS, that is, a clear description in the methodology and no adjustment 

of the criteria. Studies with a less strict or adjusted use of the PI-RADS criteria, or unclear 

description of the methodology, showed pooled sensitivity of 0.73 (95% CI 0.62–0.82) and 

specificity of 0.75 (95% CI 0.61–0.84). We performed another sensitivity analysis, showing 

slightly higher sensitivity of 0.84 (95% CI 0.76–0.89) and lower specificity of 0.75 (95% CI 

0.66–0.83) in studies with detection of significant PCa as the primary outcome compared 

with sensitivity of 0.74 (95% CI 0.67–0.81) and specificity of 0.80 (95% CI 0.70–0.88) in 

studies with the detection of all PCa as the outcome measure.

In Chapter 4, we systematically reviewed the evidence for the use of MRI for local staging 

of PCa. We specifically aimed to assess the diagnostic accuracy of MRI for local staging of 

PCa and to analyse the influence of different imaging protocols for men with biopsy proven 

PCa. Radical prostatectomy specimens were used as the reference standard. We included 

studies that used MRI for the detection of extracapsular extension (ECE; T3a), seminal 

vesicle invasion (SVI; T3b), or overall stage T3 PCa. Seventy-five studies (9796 patients) could 

be analysed. Pooled sensitivity and specificity for ECE/T3a (45 studies, 5681 patients), SVI/

T3b (34 studies, 5677 patients), and studies reporting on overall stage T3 disease only (38 

studies, 4001 patients) were 0.57 (95% CI 0.49–0.64) and 0.91 (95% CI 0.88–0.93), 0.58 (95% 

CI 0.47–0.68) and 0.96 (95% CI 0.95–0.97), and 0.61 (95% CI 0.54–0.67) and 0.88 (95% CI 

0.85–0.91), respectively. Several of the explored patient, study, and imaging characteristics, 

clearly influenced staging accuracy. This affected sensitivity most, whereas the specificity 

remained relatively stable. Higher field strengths (3.0 Tesla instead of 1.5 or 1.0 Tesla) and 

the use of additional functional imaging techniques (mp-MRI) seemed to improve accuracy 

of local staging of PCa. Use of an endorectal coil showed no additional benefit for ECE, but 

slightly improved the sensitivity of SVI. 
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The decision regarding which diagnostic strategy is preferred should not be based on 

diagnostic accuracy alone. In Chapter 5 and 6, we studied the costs and cost-effectiveness 

of the current diagnostic pathway and the new MRI pathway. In Chapter 5, the diagnostic 

meta-analysis of Chapter 2 has been used as input for a decision analytic model to assess 

the cost-effectiveness of the MRI strategy (mp-MRI followed by MR guided biopsy (MRGB)) 

versus the standard TRUS-GB strategy in diagnosing PCa. In this model, costs related to the 

performance and the therapeutic consequences of the tests were taken into consideration. 

In addition, other (in)direct consequences, such as quality of life and survival, were 

included in the decision analytic model. Despite the uncertainty around the presented 

cost-effectiveness estimates, the results of our model suggest that the MRI strategy is cost-

effective in diagnosing PCa compared with the TRUS-GB strategy, assuming a sensitivity of 

MRGB of 20% or higher. While the MRI strategy is initially more expensive, these extra costs 

are compensated by reducing treatment costs because of less false positives and a better 

estimation of the aggressiveness of the tumour. The improvement in quality adjusted life 

years (QALYs) is achieved by preventing insignificant tumours being unnecessarily treated 

radically (with a reduced quality of life without improved survival), and reducing clinically 

significant PCa to be detected late (with reduced survival). 

In Chapter 6, we provide insight in the health care costs of PCa treatment related 

urinary incontinence (UI) costs using a health insurance database. Reliable assessment 

of UI is important, because this condition is often irreversible when it still present after 

several years. This will have implications for the quality of life of men after treatment, 

but will also have major economic consequences because most men have good survival 

perspectives. We were able to assess UI rates and costs from longitudinal health insurance 

data of the Achmea Health Database (AHD), which contains representative information of 

approximately 17% of the Dutch population. This offered us the unique possibility to extract 

management strategies and UI rates with corresponding reimbursement costs. Among the 

different treatment options, UI rates were highest after prostatectomy. We found higher 

rates for laparoscopic prostatectomy compared with an open procedure, especially in the 

first year after treatment, which could possibly be explained by difference in experience 

with these techniques. The high rates and costs of UI show an estimation of the magnitude 

of the UI burden. This burden is likely to increase in the future, unless new strategies are 

adopted to improve over-diagnosis and over-treatment of PCa. 
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To further improve the evidence on the role of mp-MRI in the diagnostic pathway, we 

performed a prospective study, which is described in Chapter 7. We studied the clinical 

outcomes: the detection of low-, intermediate-, and high-risk PCa with the current standard 

of care and the new MRI pathway. We included 223 consecutive, biopsy-naive men, who all 

underwent mp-MRI and TRUS-GB. Men with equivocal or suspicious lesions on mp-MRI also 

underwent MRGB. The results of this diagnostic study support apparent patient benefits. 

Most importantly, when using the MRI pathway instead of TRUS-GB, the number of men 

diagnosed with low-risk PCa will be reduced by 89.4%, and reduces the need for biopsy 

with 51%. At the same time, the number of men diagnosed with intermediate/high-risk 

PCa will be increased by 17.7%. 

Although the patient and his urologist are the main actors in the PCa diagnostic pathway, 

many other stakeholders are involved: his relatives, general practitioner, other medical 

specialists, and policy makers. In the general discussion the main findings of this thesis are 

discussed, and an overview is given of the most important challenges for these different 

stakeholders. Furthermore, we give recommendations and future directions regarding the 

possible implementation of the new MRI pathway.
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Prostaatcarcinoom (PCa) is de meest voorkomende vorm van kanker in de Westerse 

wereld en heeft een grote maatschappelijke impact. Ongeveer 50-70% van de gevonden 

prostaattumoren zullen nooit symptomen geven, omdat dit zogenaamde laag-risico 

tumoren betreft. De overige 30-50% daarentegen betreffen een type tumor met een 

intermediair- tot hoog-risico type tumor, waarvoor het nodig is om een behandeling uit 

te voeren. De uitdaging is om juist deze meer agressieve tumoren zo vroeg mogelijk op te 

sporen en te behandelen, en de (laag-risico) tumoren die niet tot symptomen zullen leiden 

met rust te laten.

Volgens de huidige richtlijnen voert de uroloog systematische transrectale echogeleide 

prostaatbiopten (TRUS-biopten) uit bij mannen waarbij in het bloed een verhoogde prostaat 

specifiek antigen (PSA) waarde wordt gevonden. Een TRUS-biopt betreft een invasieve 

techniek met een relatief lage sensitiviteit, wat betekent dat de diagnose PCa gemist 

wordt, verkeerd wordt ingeschat, of dat er PCa wordt gevonden die geen behandeling 

behoeft. Dit kan leiden tot overdiagnose en overbehandeling van laag-risico tumoren en 

onderbehandeling van intermediair- of hoog-risico tumoren. Multiparametrische MRI (mp-

MRI) lijkt een veelbelovend alternatief, welke de huidige PCa diagnostiek kan verbeteren, 

met name wanneer de techniek voorafgaand aan het nemen van prostaatbiopten wordt 

gebruikt. Mp-MRI voorafgaand aan prostaatbiopten wordt echter (nog) niet aanbevolen 

in de nationale en internationale richtlijnen voor PCa. Dit duidt erop dat de effectiviteit 

van mp-MRI, bijvoorbeeld op de kwaliteit van leven, alsmede de kosteneffectiviteit nog 

niet voldoende bewezen zijn. Daarnaast is er mogelijk onvoldoende bewijs voor de 

superioriteit van een diagnostisch MRI traject ten opzichte van de huidige standaardzorg 

waarbij TRUS-biopten worden gebruikt. Tenslotte kan het meespelen dat mp-MRI niet in 

alle ziekenhuizen beschikbaar is. 

Het doel van het onderzoek beschreven in dit proefschrift was om het diagnostische MRI 

traject bij mannen met een verdenking op PCa (d.w.z. bij een verhoogd PSA en/of afwijkend 

rectaal toucher) te evalueren. Hiervoor hebben we de diagnostische accuratesse van mp-

MRI met betrekking tot de detectie en de lokale stadiëring van PCa bestudeerd. Bovendien 

hebben we de klinische effectiviteit en kosteneffectiviteit van een diagnostisch MRI-traject 

onderzocht bij mannen met een verdenking op PCa.

Hoofdstuk 2-4 geeft een overzicht van wat er in de huidige literatuur bekend is over de 

nauwkeurigheid van prostaat MRI. In Hoofdstuk 2 beschrijven we de resultaten van een 

systematische literatuurstudie en meta-analyse naar de diagnostische accuratesse van mp-
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MRI in het detecteren van alle vormen van PCa. Hierbij hebben we studies geïncludeerd 

die een MRI protocol gebruiken met T2-gewogen beeldvorming, gecombineerd met 

diffusie-gewogen beeldvorming en dynamische contrastversterkte MRI, zoals wordt 

aanbevolen door de European Society of Urogenital Radiology (ESUR). Zeven studies 

die voldeden aan de inclusiecriteria (526 patiënten) konden worden geanalyseerd. De 

gepoolde data laten een specificiteit zien van 0,88 (95% betrouwbaarheidsinterval (CI) 

0,82-0,92) en een sensitiviteit van 0,74 (95% CI 0,66-0,81) voor de detectie van PCa, met 

negatief voorspellende waarden (NPV) van 0,65 tot 0,94. De methodologische kwaliteit 

van de geïncludeerde studies was redelijk, maar de studies bleken behoorlijk heterogeen 

te zijn. Desalniettemin lieten sensitiviteitsanalyses geen significante verschillen zien tussen 

de subgroepen. Op basis van de meta-analyse in dit hoofdstuk kunnen we concluderen dat 

er door de hoge specificiteit en redelijke sensitiviteit en NPV een rol lijkt te zijn voor mp-

MRI bij de detectie van PCa.

In Hoofdstuk 3 beschrijven we de diagnostische accuratesse van mp-MRI in het detecteren 

van klinisch significante PCa en analyseerden we de rol van Prostate Imaging Reporting 

and Data System (PI-RADS), een gestandaardiseerd systeem voor het beoordelen van een 

prostaat MRI. In deze diagnostische meta-analyse werden 14 studies (1785 patiënten) 

geanalyseerd. De gepoolde sensitiviteit was 0,78 (95% CI 0,70-0,84) en de gepoolde 

specificiteit 0,79 (95% CI 0,68-0,86) voor het detecteren van klinisch significant PCa, met 

NPV van 0,58 tot 0,95. Sensitiviteitsanalyses met studies waarbij PI-RADS correct wordt 

gebruikt, d.w.z. waarbij de methode duidelijk wordt omschreven en er niet wordt afgeweken 

van de aanbevelingen, lieten een gepoolde sensitiviteit zien van 0,82 (95% CI 0,72-0,89), 

met een specificiteit van 0,82 (95% CI 0,67-0,92). Studies die de PI-RADS aanbevelingen 

minder strikt gebruikten, een aangepaste versie gebruikten of de methode niet duidelijk 

verwoordden, lieten een gepoolde sensitiviteit zien van 0,73 (95% CI 0,62-0,82) en 

specificiteit van 0,75 (95% CI 0,61-0,84). Aanvullende sensitiviteitsanalyses bij studies die 

als primaire uitkomstmaat de detectie van klinisch significant PCa gebruikten, lieten een 

sensitiviteit van 0,84 (95% CI 0,76-0,89) en specificiteit van 0,75 (95% 0,66-0,83) zien. Bij 

studies die de detectie van alle vormen van PCa gebruikten, was de sensitiviteit 0,74 (95% 

CI 0,67-0,81) en de specificiteit 0,80 (95% CI 0,70-0,88). Op basis van de resultaten van de 

meta-analyse in dit hoofdstuk kunnen we concluderen dat de diagnostische accuratesse 

van mp-MRI voor de detectie van klinisch significant PCa redelijk goed is en deze lijkt te 

verbeteren wanneer PI-RADS correct wordt gebruikt. .
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Hoofdstuk 4 beschrijft de resultaten van een systematische literatuurstudie naar de rol 

van MRI bij de lokale stadiëring van PCa. Meer specifiek was het doel om de diagnostische 

accuratesse van MRI voor de lokale stadiëring vast te stellen bij mannen met PCa welke 

is bewezen met prostaatbiopten. Bovendien was het doel om te analyseren wat hierbij 

de invloed is van verschillende MRI protocollen. Prostatectomie werd gebruikt als 

referentiestandaard. We hebben studies geïncludeerd die MRI gebruikten voor de detectie 

van extracapsulaire extensie (ECE; T3a), zaadblaasinvasie (SVI; T3b) of stadium T3 PCa. 

75 studies (9796 patiënten) konden worden geanalyseerd. De gepoolde sensitiviteit en 

specificiteit voor ECE/T3a (45 studies, 5681 patiënten), SVI/T3b (34 studies, 5677 patiënten) 

en stadium T3 PCa (38 studies, 4001 patiënten) waren 0,57 (95% CI 0,49-0,64) en 0,91 (95% 

CI 0,88-0,93); 0,58 (95% CI 0,47-0,68) en 0,96 (95% CI 0,95-0,97); en 0,61 (95% CI 0,54-0,67) 

en 0,88 (95% CI 0,85-0,91), respectievelijk. Enkele van de onderzochte patiënt-, studie- en 

beeldvormingskarakteristieken hadden een duidelijke invloed op de nauwkeurigheid 

van de lokale stadiëring. Dit beïnvloedde met name de sensitiviteit, terwijl de specificiteit 

relatief stabiel bleef. Het gebruik van een MRI met een hogere veldsterkte (3,0 Tesla in plaats 

van 1,5 of 1,0 Tesla) en het gebruik van aanvullende multiparametrische MRI technieken 

leken de nauwkeurigheid te verbeteren. Het gebruik van een endorectale spoel liet geen 

additionele waarde zien voor ECE, maar verbeterde de sensitiviteit voor SVI wel enigszins.

De beslissing welk diagnostisch traject de voorkeur heeft, hangt naast de diagnostische 

accuratesse ook af van de kosteneffectiviteit. In Hoofdstuk 5 en 6 hebben we daarom ook 

de kosten en kosteneffectiviteit van het huidige diagnostisch traject (met TRUS-biopten) 

en het diagnostische MRI-traject bestudeerd. In Hoofdstuk 5 hebben we de diagnostische 

meta-analyse uit Hoofdstuk 2 gebruikt als input voor een besliskundig model om zo de 

kosteneffectiviteit van de MRI-strategie (mp-MRI eventueel gevolgd door MRI-geleide 

biopten) te vergelijken met de huidige standaard (systematische TRUS-biopten). In 

dit model werden de kosten die gerelateerd waren aan de gebruikte technieken en de 

therapeutische consequenties van de tests meegenomen. Bovendien werden andere  

(in)directe consequenties, zoals kwaliteit van leven en overleving in het beslismodel 

verwerkt. Ondanks de onzekerheid rondom de kosteneffectiviteitschattingen, lijkt de MRI-

strategie kosteneffectief voor het diagnosticeren van PCa ten opzichte van de huidige 

TRUS-strategie, wanneer een sensitiviteit van 20% of hoger wordt bereikt voor de MRI-

geleide biopten. De hogere kosten van de MRI-strategie in het begin van het diagnostisch 

traject worden gecompenseerd doordat op langere termijn de behandelkosten af lijken te 

nemen, ten gevolge van minder vals positieve resultaten en de agressiviteit van de tumoren 

beter wordt ingeschat. De verbetering in kwaliteit van leven wordt bereikt doordat laag 
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risico tumoren minder vaak onnodig invasief worden behandeld en doordat er minder 

klinisch significante tumoren gemist worden.

In Hoofdstuk 6 geven we een inzicht in de gezondheidszorgkosten van urine-

incontinentie (UI) die is ontstaan na PCa behandeling. Dit hebben we gedaan door gebruik 

te maken van een database van een zorgverzekeraar (Achmea Health Database; AHD), 

welke representatieve informatie bevat van circa 17% van de Nederlandse populatie. 

Het is belangrijk om de incidentie van UI betrouwbaar vast te stellen, omdat het een 

vaak voorkomende complicatie betreft die in veel gevallen irreversibel is. UI heeft grote 

implicaties voor de kwaliteit van leven, maar kan ook grote economische gevolgen hebben, 

aangezien de meeste mannen een gunstige overleving hebben. Door gebruik te maken 

van de AHD hadden we een unieke mogelijkheid de incidentie van UI en de bijbehorende 

kosten te vergelijken voor de verschillende behandelingsopties. De incidentie van UI was 

het hoogst na prostatectomie, waarbij de incidentie van UI hoger was na laparoscopische 

prostatectomie dan na een open prostatectomie. De hoge incidentie en de hoge kosten 

van UI na behandeling van PCa laten de omvang van het probleem zien. In de toekomst 

zullen deze kosten waarschijnlijk nog verder toenemen, tenzij nieuwe strategieën worden 

geïmplementeerd om de overdiagnose en overbehandeling van PCa te verbeteren.

Om de rol van een diagnostisch MRI-traject verder te onderzoeken, hebben we ook een 

prospectieve studie uitgevoerd, die wordt beschreven in Hoofdstuk 7. In deze studie 

hebben we de detectie van laag-, intermediair- en hoog-risico PCa met de MRI-strategie 

vergeleken met de huidige standaardzorg (TRUS-biopten). We hebben hiervoor 223 

mannen geïncludeerd die nooit eerder prostaatbiopten hebben ondergaan. Deze 223 

mannen hebben in het kader van de studie allemaal zowel een mp-MRI als systematische 

TRUS-biopten ondergaan. Mannen met afwijkende laesies op de mp-MRI hebben naast de 

systematische TRUS-biopten ook gerichte MRI-geleide biopten ondergaan. De resultaten 

van deze studie laten duidelijk de voordelen van een diagnostisch MRI-traject zien; het 

aantal mannen dat wordt gediagnosticeerd met een laag-risico PCa neemt af met 89,4%, 

terwijl het aantal mannen dat prostaatbiopten moet ondergaan afneemt met 51%. 

Bovendien neemt het aantal mannen waarbij een intermediair- of hoog-risico PCa wordt 

gevonden toe met 17,7%. 

Ook al hebben de patiënt en zijn uroloog de hoofdrol in het diagnostische PCa-traject, toch 

zijn er veel andere betrokkenen rondom de zorg voor mannen met (een verdenking op) 

PCa; de familie van de patiënt, de huisarts, andere medisch specialisten en beleidsmakers. In 
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de discussie worden de belangrijkste bevindingen van dit proefschift besproken en geven 

we een overzicht van de belangrijkste uitdagingen voor deze verschillende betrokkenen. 

Bovendien geven we aanbevelingen met betrekking tot de mogelijke implementatie van 

mp-MRI. 
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