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Magnetic Resonance Imaging for Pre-Treatment Local Staging 
of Prostate Cancer 

 
Section 1: Recommendations 

 
This section is a quick reference guide and provides the guideline recommendations 

only. For key evidence associated with each recommendation, see Section 2.  
 
GUIDELINE OBJECTIVES 

To make recommendations with respect to the use of T2-weighted magnetic resonance 
imaging (MRI) ± functional sequences in the pre-treatment local staging of patients with newly 
diagnosed prostate cancer.  

 
Note:  

• MRI refers to T2-weighted MRI. 
• Functional sequences include dynamic contrast-enhanced imaging (DCE), diffusion-

weighted imaging (DWI), and proton magnetic resonance spectroscopic imaging (MRS).  
• In this guideline, the terminology of MRI ± functional sequences is used 

interchangeably with MRI ± DCE, DWI, and MRS (See Glossary of Terms, Appendix 1). 
 
TARGET POPULATION  

Men with newly diagnosed biopsy-confirmed prostate cancer who are under 
consideration for radical treatment. 
 
INTENDED USERS 

Clinicians who are involved in the staging and treatment of prostate cancer patients. 
 

RECOMMENDATIONS 
Recommendation 1 
Multiparametric MRI (mpMRI) use for pre-treatment local staging of prostate cancer is a 
reasonable option for assessment of extraprostatic extension (EPE) in intermediate- and high-
risk patients being considered for radical therapy if knowledge of EPE will alter management. 
 
Qualifying Statements for Recommendation 1 

• mpMRI is the addition of two or more functional sequences to T2-weighted MRI such 
as DCE, DWI, and MRS imaging. See Appendix 10 for mpMRI and technical 
specifications [1]. 

• Prostate cancer risk groups are defined according to the Prostate Cancer Treatment 
Pathway [2]. See Appendix 2 for risk level definitions. 

• Based on consensus expert clinical opinion, pre-treatment local staging of selected 
newly diagnosed intermediate-risk prostate cancer patients by mpMRI could be 
beneficial as it would add useful information regarding the characteristics of the 
intraprostatic tumour such as its location and extent, as well as inform on the 
presence of EPE to help aid in treatment planning. 

• Due to the relatively low sensitivity of pre-treatment local staging by MRI (± 
functional sequences) for the detection of EPE and, thus, the possibility of false-
negative findings, the clinical management of those patients receiving negative 
results should be considered on an individual basis in the context of pre-treatment 
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clinical nomograms. This particularly applies to high-risk surgical patients. Caution 
should be exercised when considering nerve-sparing surgery on the basis of mpMRI 
evaluation indicating no EPE on the side of prostate cancer. 

 
Recommendation 2 
Centres using mpMRI for local prostate cancer staging must have a quality assurance program 
in place to measure diagnostic performance of mpMRI. 
 
Qualifying Statements for Recommendation 2 

• This recommendation is based on consensus expert clinical opinion. Use of 
standardized reporting has shown statistically significant improvements in sensitivity 
[3] warranting further consideration of mpMRI quality assurance programs. 

• mpMRI is the addition of two or more functional sequences to T2-weighted MRI such 
as DCE, DWI, and MRS imaging. See Appendix 10 for mpMRI and technical 
specifications [1]. 
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Magnetic Resonance Imaging for Pre-Treatment Local Staging 
of Prostate Cancer 

 
Section 2: Guideline – Recommendations and Key Evidence 

 
GUIDELINE OBJECTIVES 

To make recommendations with respect to the use of T2-weighted magnetic resonance 
imaging (MRI) ± functional sequences in the pre-treatment local staging of patients with newly 
diagnosed prostate cancer.  
 
Note:  

• MRI refers to T2-weighted MRI. 
• Functional sequences include dynamic contrast-enhanced imaging (DCE), diffusion-

weighted imaging (DWI), and proton magnetic resonance spectroscopic imaging (MRS).  
• In this guideline, the terminology of MRI ± functional sequences is used 

interchangeably with MRI ± DCE, DWI, and MRS (See Glossary of Terms, Appendix 1). 
 

TARGET POPULATION  
Men with newly diagnosed biopsy-confirmed prostate cancer who are under 

consideration for radical treatment. 
 
INTENDED USERS 

Clinicians who are involved in the staging and treatment of prostate cancer patients. 
 

RECOMMENDATIONS, KEY EVIDENCE, AND INTERPRETATION OF EVIDENCE 
Recommendation 1 
Multiparametric MRI (mpMRI) use for pre-treatment local staging of prostate cancer is a 
reasonable option for assessment of extraprostatic extension (EPE) in intermediate- and high-
risk patients being considered for radical therapy if knowledge of EPE will alter management. 
Qualifying Statements for Recommendation 1 

• mpMRI is the addition of functional sequences to T2-weighted MRI such as DCE, DWI, 
and MRS imaging. See Appendix 10 for mpMRI and technical specifications [1]. 

• Prostate cancer risk groups are defined according to the Prostate Cancer Treatment 
Pathway [2]. See Appendix 2 for risk level definitions. 

• Based on consensus expert clinical opinion, pre-treatment local staging of selected 
newly diagnosed intermediate-risk prostate cancer patients by mpMRI could be 
beneficial as it would add useful information regarding the characteristics of the 
intraprostatic tumour such as its location and extent as well as inform on the presence 
of EPE to help aid in treatment planning. 

• Due to the relatively low sensitivity of pre-treatment local staging by MRI ± functional 
sequences for the detection of EPE and, thus, the possibility of false-negative 
findings, the clinical management of those patients receiving negative results should 
be considered on an individual basis in the context of pre-treatment clinical 
nomograms. This particularly applies to high-risk surgical patients. Caution should be 
exercised when considering nerve-sparing surgery on the basis of mpMRI evaluation 
indicating no EPE on the side of prostate cancer.  

Key Evidence for Recommendation 1 



 

Section 3: Guideline Methods Overview – March 29, 2016 Page 4 

• For the outcome of diagnostic accuracy, 49 of 61 (80.3%) studies reported on the 
sensitivity and specificity of MRI ± DCE, DWI, MRS [3-51]. There were 19 of 49 (38.8%) 
studies [4,6,12,13,15,19,20,23,25,27-29,31,32,34,36,37,39,51] of ≥1.5 T MRI ± DCE, 
DWI, MRS included in scatterplot analysis of sensitivity versus 1 – specificity that 
considered the detection of EPE and/or seminal vesicle invasion (SVI) with the use of 
an endorectal coil (ER) (EPE in 16 studies [6,12,13,19,20,23,25,27-
29,31,34,36,37,39,51] and SVI in 13 studies 
[4,12,13,15,20,23,25,27,32,34,36,37,39]).  

• For EPE and SVI, the display of data showed a range of performance and diagnostic 
accuracies, between 14.0% and 97.0% in terms of sensitivity and between 74.0% and 
100% in terms of specificity (19 studies). Notably, the range of values for sensitivity 
in the detection of EPE was wider (14.0% to 90.0%) (16 studies) compared with the 
range of values for sensitivity in the detection of SVI (34.9% to 97.0%) (13 studies).  

• Considering ER status, compared with studies that used an ER, lower sensitivities were 
shown for studies of 1.5 T MRI ± DCE, DWI, MRS that did not use an ER (range: 0% to 
81.3%) [7,18,21,22,24,30,35,39,41] (nine studies), whereas sensitivity was maintained 
for studies of 3 T MRI ± DCE, DWI, MRS that did not use an ER (range: 22.0% to 92.0%) 
[5,8,9,11,14,16,26,33,36] (13 studies).  

• In summary, the median sensitivities (SN) and specificities (SP) in the pre-treatment 
local staging of prostate cancer are as follows:  

o SN: 50.0% and SP: 91.0% for 1.5 T + 3 T MRI + ER ± DCE, DWI, MRS in the 
detection of EPE (16 studies). 

o SN: 50.0% and SP: 96.0% for 1.5 T + 3 T MRI + ER ± DCE, DWI, MRS in the 
detection of SVI (13 studies). 

o SN: 36.2% and SP: 90.3% for 1.5 T MRI ± DCE, DWI, MRS without an ER (nine 
studies). 

o SN: 58.3% and SP: 86.6% for 3 T MRI ± DCE, DWI, MRS without an ER (13 studies). 
• Based on an overall rating of moderate quality, a recent meta-analysis examined the 

diagnostic accuracy of MRI ± DCE, DWI, MRS and showed the sensitivity and specificity 
for EPE as 0.57 (95% confidence interval [CI], 0.49 to 0.64) and 0.91 (95% CI, 0.88 to 
0.93) and for SVI as 0.58 (95% CI, 0.47 to 0.68) and 0.96 (95% CI, 0.95 to 0.97), 
respectively [52]. 

• There were six of 61 (9.8%) studies that reported on the outcome of change in 
treatment plan [5,14,41,45,51,53]. All six studies were consistent in showing 
increased therapy, with <1% to 43% of patients experiencing increased therapy due to 
staging on MRI ± DCE, DWI, MRS [5,14,41,45,51,53]. Three studies reported that MRI 
± DCE, DWI, MRS-based treatment plans were correct, as shown in 63% to 97% of 
patients [14,51,53]. 

• Twenty-one of 61 (34.4%) studies reported on the outcome of change in stage 
classification. There were 20 of 21 (95.2%) studies that consistently demonstrated 
upstaging [41], and upstaging as compared with routine clinical staging [5,6,12,18-
21,24,27,28,30,31,35,45,53-57]. Staging by MRI ± DCE, DWI, MRS was correct by 
pathology in seven studies, ranging from 11% to 85% [19-21,35,45,53,56].   

Interpretation of Evidence for Recommendation 1 
• The results of the current synthesis of recently published primary studies on 

diagnostic accuracy are consistent with a published meta-analysis and systematic 
review. Both the current systematic review and the recently published meta-analysis 
show modest sensitivities (e.g., 50% to 60%) and excellent specificities (e.g., >85%), 
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suggesting the robustness of the evidence base and the beneficial performance of MRI 
(1.5 T + ER and 3 T ± ER) ± DCE, DWI, MRS. 

• Based on consensus expert clinical opinion, above-average sensitivities were achieved 
in some studies as shown by the display of data. Those studies tended to comprise 
intermediate-risk patients. Quality assessment revealed a high risk of bias for 
diagnostic accuracy outcomes. Improvements in study design in terms of patient 
sampling and study design, larger studies, standardized use of functional sequences, 
explicit pathology criteria, and blinding of both radiologists and pathologists are 
needed to improve the quality of the evidence.  

• Beneficial effects of imaging were shown for the outcomes of treatment plan and 
staging classification. Quality assessment revealed serious risk of bias for the non-
diagnostic accuracy outcomes. The limitations of the studies included the small study 
sizes, the paucity of clinical and patient outcome data, the lack of consistently 
reported outcomes across studies, and the lack of comparable analysis methods across 
studies, making it difficult to draw conclusions regarding the impact of MRI ± DCE, 
DWI, MRS on clinical and patient outcomes. 

• Although beneficial effects of imaging have been shown, a recent randomized 
controlled trial did not show a beneficial effect of MRI+DWI [41]. There were a number 
of limitations to the trial that diluted the ability to detect a difference in surgical 
margin status between MRI+DWI and non-MRI groups including: limited power; 
specified criteria for deciding how to modify the surgical plan based on imaging 
including a wider excision at sites of tumour was not part of the study design; 
limitations of the surgical technique associated with robotic surgery including the lack 
of a specified surgical protocol for various types of imaging findings; and the protocol 
detailing communication and patient handling between the radiologist and the 
urologist could be improved. 

 
Recommendation 2 
Centres using mpMRI for local prostate cancer staging must have a quality assurance program 
in place to measure diagnostic performance of mpMRI. 
Qualifying Statements for Recommendation 2 

• This recommendation is based on consensus expert clinical opinion. Use of 
standardized reporting has shown statistically significant improvements in sensitivity 
[3] warranting further consideration of mpMRI quality assurance programs. 

• mpMRI is the addition of two or more functional sequences to T2-weighted MRI such 
as DCE, DWI, and MRS imaging. See Appendix 10 for mpMRI and technical 
specifications [1]. 

 
FURTHER QUALIFYING STATEMENTS 

  Please see “MpMRI and Technical Specification” in Appendix 10. 
 
IMPLEMENTATION CONSIDERATIONS 

 The following implementation themes may be considered: availability of scanners, 
clinician or health administration uptake, and having a local quality assurance program in place 
(e.g., including measuring performance and diagnostic accuracy, tracking outcomes, radiologist 
training/education/experience, and ongoing peer review process). 
 
RELATED GUIDELINES 
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• #27-2 Multiparametric Magnetic Resonance Imaging in the Diagnosis of Clinically 
Significant Prostate Cancer 

• #17-9 Active Surveillance for the Management of Localized Prostate Cancer  
 

Magnetic Resonance Imaging for Pre-Treatment Local Staging 
of Prostate Cancer: 

 
Section 3: Guideline Methods Overview 

 
This section summarizes the methods used to create the guideline.  For the 

systematic review, see Section 4. 
 
THE PROGRAM IN EVIDENCE-BASED CARE 

The Program in Evidence-Based Care (PEBC) is an initiative of the Ontario provincial 
cancer system, Cancer Care Ontario (CCO). The PEBC mandate is to improve the lives of 
Ontarians affected by cancer through the development, dissemination, and evaluation of 
evidence-based products designed to facilitate clinical, planning, and policy decisions about 
cancer control. 

 The PEBC supports the work of Guideline Development Groups (GDGs) in the 
development of various PEBC products. The GDGs are composed of clinicians, other healthcare 
providers and decision makers, methodologists, and community representatives from across the 
province.  

The PEBC is a provincial initiative of CCO supported by the Ontario Ministry of Health 
and Long-Term Care (OMHLTC). All work produced by the PEBC is editorially independent from 
the OMHLTC. 

  
BACKGROUND FOR GUIDELINE 

The Cancer Imaging Program of CCO in collaboration with the Prostate Cancer Disease 
Pathway Management Secretariat and the Genitourinary Group identified a need to evaluate 
T2-weighted magnetic resonance imaging (MRI) in the pre-treatment local staging of prostate 
cancer. The technology is currently in use with the potential for practice variation and 
inappropriate use (under- or overuse); there exists the potential for a system-wide impact with 
its ongoing use; and is currently articulated for use within the Prostate Cancer Treatment 
Pathway, although guidance around its use is lacking. Renewed interest in MRI has also mounted 
due to the increased awareness of the utility of multiparametric MRI (mpMRI). MpMRI is the 
addition of functional sequences to MRI such as dynamic contrast-enhanced imaging (DCE), 
diffusion-weighted imaging (DWI), and proton magnetic resonance spectroscopic imaging (MRS). 
Current modalities of pre-treatment local staging of prostate cancer have drawbacks including 
under- or overestimating the extent of disease. Information about the stage of disease is used 
for surgical and treatment planning that is associated with potential downstream morbidity and 
mortality concerns for patients. It is not known which patients may benefit from MRI ± 
functional sequences including DCE, DWI, and MRS in the pre-treatment local staging of prostate 
cancer. Taken together, with the prevalence of prostate cancer and the value in cancer 
localization by MRI ± DCE, DWI, and MRS, it was sought to produce guidance on MRI ± functional 
sequences in the pre-treatment local staging of prostate cancer. 
 
GUIDELINE DEVELOPERS 

This guideline was developed by the Magnetic Resonance Imaging in the Pre-Treatment 
Staging of Prostate Cancer GDG (Appendix 3), which was convened at the request of the Cancer 
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Imaging Program of CCO in collaboration with the Prostate Cancer Disease Pathway Management 
Secretariat and the Genitourinary Group.   

The project was led by a small Working Group of the Magnetic Resonance Imaging in the 
Pre-Treatment Staging of Prostate Cancer GDG, which was responsible for reviewing the 
evidence base, drafting the guideline recommendations and responding to comments received 
during the document review process. The Working Group had expertise in radiology, urology, 
radiation oncology, and health research methodology. Other members of the Magnetic 
Resonance Imaging in the Pre-Treatment Staging of Prostate Cancer GDG served as the Expert 
Panel and were responsible for the review and approval of the draft document produced by the 
Working Group. Conflict of interest declarations for all GDG members are summarized in 
Appendix 3, and were managed in accordance with the PEBC Conflict of Interest Policy. 
 
GUIDELINE DEVELOPMENT METHODS 
  The PEBC produces evidence-based and evidence-informed guidance documents using the 
methods of the Practice Guidelines Development Cycle [58]. This process includes a systematic 
review, interpretation of the evidence by the Working Group and draft recommendations, 
internal review by content and methodology experts, and external review by Ontario clinicians 
and other stakeholders.   
 The PEBC uses the AGREE II framework [59] as a methodological strategy for guideline 
development. AGREE II is a 23-item validated tool that is designed to assess the methodological 
rigour and transparency of guideline development.  

 The currency of each document is ensured through periodic review and evaluation of 
the scientific literature and, where appropriate, the addition of newer literature to the original 
evidence base. This is described in the PEBC Document Assessment and Review Protocol. PEBC 
guideline recommendations are based on clinical evidence, and not on feasibility of 
implementation; however, a list of implementation considerations such as costs, human 
resources, and unique requirements for special or disadvantaged populations is provided along 
with the recommendations for information purposes. PEBC guideline development methods are 
described in more detail in the PEBC Handbook and the PEBC Methods Handbook. 
 
Search for Existing Guidelines 

A search for existing guidelines is generally undertaken prior to searching for existing 
systematic reviews or primary literature. This is done with the goal of identifying existing 
guidelines for adaptation or endorsement in order to avoid the duplication of guideline 
development efforts across jurisdictions. For this project, the following sources were searched 
for existing guidelines that addressed the research questions: 

• Practice guideline databases: Standards and Guidelines Evidence (SAGE), National 
Guidelines Clearinghouse, and the Canadian Medical Association Journal Infobase 

• Guideline developer websites and other international/urological associations: 
o National Institute of Clinical Excellence 
o Scottish Intercollegiate Guidelines Network 
o American Society of Clinical Oncology 
o Australian National Health and Medical Research Council 
o New Zealand Guidelines Group 
o American Urological Association 
o European Association of Urology 
o Canadian Urological Association 
o American College of Radiology 
o European Society of Urogenital Radiology 
o National Comprehensive Cancer Network 



 

Section 3: Guideline Methods Overview – March 29, 2016 Page 8 

o Chinese Urological Association 
o Singapore Urological Association 
o Taiwan Cooperation Oncology Group 
o U.S. Preventive Services Task Force 

• MEDLINE and EMBASE databases: a systematic literature search for guidelines was 
performed. 

 
The following criteria were used to select potentially relevant guidelines: publication 

year of 2005 to 2015 (past 10 years), guideline methods were well-described, and 
recommendations were articulated. Using MEDLINE and EMBASE databases, a systematic 
literature search for existing guidelines was conducted. If appropriate, guidelines that were 
considered relevant to the objectives and the research questions were then evaluated for 
quality using the AGREE II instrument. However, a search for existing guidelines for adaptation 
or endorsement did not yield an appropriate source document. Therefore, the AGREE II 
instrument was not used and a search of the primary literature was required (see Section 4). 

 
GUIDELINE REVIEW AND APPROVAL 
 
Internal Review 

For the guideline document to be approved, 75% of the content experts who comprise 
the GDG Expert Panel must cast a vote indicating whether or not they approve the document, 
or abstain from voting for a specified reason, and of those that vote, 75% must approve the 
document. In addition, the PEBC Report Approval Panel (RAP), a three-person panel with 
methodology expertise, must unanimously approve the document. The Expert Panel and RAP 
members may specify that approval is conditional, and that changes to the document are 
required. If substantial changes are subsequently made to the recommendations during external 
review, then the revised draft must be resubmitted for approval by RAP and the GDG Expert 
Panel.  

 
External Review 

Feedback on the approved draft guideline is obtained from content experts and the 
target users through two processes. Through the Targeted Peer Review, several individuals with 
content expertise are identified by the GDG and asked to review and provide feedback on the 
guideline document. Through Professional Consultation, relevant care providers and other 
potential users of the guideline are contacted and asked to provide feedback on the guideline 
recommendations through a brief online survey. This consultation is intended to facilitate the 
dissemination of the final guidance report to Ontario practitioners.   
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Magnetic Resonance Imaging for Pre-Treatment Local Staging 
of Prostate Cancer 

 
Section 4: Systematic Review 

 
INTRODUCTION 

Prostate cancer among men in Canada ranks first in terms of the number of new cases 
of cancer (24%) and third in terms of mortality (10.1%), after colorectal cancer (12.4%) and lung 
cancer (26.6%) [60]. 

Controversy still exists in the care and management of prostate cancer. Ways in which 
prostate cancer is conventionally detected includes prostate-specific antigen (PSA) screening, 
digital rectal examination (DRE), and biopsy-confirmed diagnosis by transrectal ultrasonography 
(TRUS). Staging of prostate cancer helps to determine the extent and location of disease, with 
knowledge of the severity of disease from staging used to determine prognosis and inform 
treatment planning. Limitations when using traditional modalities to locally stage prostate 
cancer for treatment planning purposes include low specificity (e.g., screening), missed regions 
of the prostate during clinical examination or biopsy, and limited information on volume, 
extent, and aggressiveness of disease (e.g., DRE, TRUS). T2-weighted magnetic resonance 
imaging (MRI) with or without at least one functional sequence (± functional sequences) may 
better depict the zonal anatomy, pathology, and functionality of the prostate compared with 
conventional methods, thereby improving local staging and optimal treatment planning for 
prostate cancer patients [61]. 

MRI is a noninvasive tool to examine the anatomy and pathology of prostate cancers. 
Conventional localization of prostate cancer by MRI involves T1/T2-weighted reconstructed 
three-dimensional images that require radiologist interpretation. The magnetic field strength 
may be 1.5 Tesla (T) or 3 T, with the presence or absence of an endorectal coil (ER); however, 
the use of an ER is generally considered to provide optimal MRI quality [62]. Multiparametric 
MRI (mpMRI) offers a technical enhancement to conventional MRI by the addition of (one or 
more) functional sequences. Three functional sequences exist including dynamic contrast-
enhanced imaging (DCE), diffusion-weighted imaging (DWI), and proton magnetic resonance 
spectroscopic imaging (MRS). DCE uses a contrast agent that allows perfusion over time to be 
displayed and interpreted. DWI measures the diffusion of water molecules through tissue, 
where prostate cancer has a reduced diffusion of water compared with normal tissue. 
Quantification of DWI using apparent diffusion coefficient maps can be performed. MRS reflects 
metabolite levels in the prostate such as choline, creatinine, and citrate [63]. 

Given the need to inform treatment planning across stages of prostate cancer beyond 
the information gathered on risk of spread by established nomograms, an examination of the 
use of MRI ± functional sequences in the pre-treatment local staging for patients with newly 
diagnosed prostate cancer was undertaken. In order to make recommendations as part of a 
clinical practice guideline, the Working Group of the Magnetic Resonance Imaging in the Pre-
Treatment Staging of Prostate Cancer Guideline Development Group developed this evidentiary 
base upon which those recommendations are based. Based on the objectives of the guideline, 
the Working Group derived the research questions outlined below. 
 
RESEARCH QUESTIONS 
a) What is the performance and diagnostic accuracy of MRI ± DCE, DWI, MRS in men 

with newly diagnosed biopsy-confirmed prostate cancer who are under consideration 
for radical treatment? 
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b) What is the impact of pre-treatment local staging by MRI ± DCE, DWI, MRS on patient 
outcomes, biochemical recurrence, changes in treatment planning (including nerve-
sparing surgery), changes in stage classification, and surgical margin status in men 
with newly diagnosed biopsy-confirmed prostate cancer who are under consideration 
for radical treatment? 

 
Note:  

• MRI refers to T2-weighted MRI. 
• Functional sequences include DCE, DWI, and MRS.  
• In this guideline, the terminology of MRI ± functional sequences is used 

interchangeably with MRI ± DCE, DWI, MRS (See Glossary of Terms, Appendix 1). 
 
Additionally, in this guideline, radical treatment is defined as radical prostatectomy or 

external beam radiation therapy. Local staging is defined as staging of the prostate and the 
local tissues in the pelvis. 
 
METHODS 

This evidence review was conducted in two planned stages, including a search for 
systematic reviews followed by a search for primary literature. These stages are described in 
subsequent sections.  
 
Search for Existing Systematic Reviews 

A search was conducted for existing systematic reviews. Identified systematic reviews 
were evaluated based on their clinical content and relevance. Relevant systematic reviews 
were assessed using the 11-item Assessment of Multiple Systematic Reviews (AMSTAR) [64] tool 
to determine whether existing systematic reviews met a minimum threshold for methodological 
quality and could be considered for inclusion in the evidence base (Appendix 4). Systematic 
reviews published as a component of practice guidelines were also considered eligible for 
inclusion.  

A priori, a systematic review as a component of a practice guideline was identified with 
a satisfactory AMSTAR score (score ≥7), which informed the 2013 starting search date for the 
literature search. Details of the literature search for systematic reviews are shown in Appendix 
5.  
 
In brief, it followed: 

• Databases searched: MEDLINE, EMBASE, Cochrane Database of Systematic Reviews, 
Database of Abstracts of Reviews of Effects, Health Technology Assessment 

• January 1, 2013 to February 17, 2016 
• Search terms: prostate cancer, staging, and MRI 
• Studies that examined ≥1.5 T MRI ± DCE, DWI, MRS in the pre-treatment local staging of 

prostate cancer  
 
Any identified reviews that did not meet the criteria above, whose AMSTAR assessments 

indicated important deficiencies in quality, or that were otherwise not incorporated as part of 
the evidence base, were reported in the results and reference list, but not further described 
or discussed in detail. 
  
 
 
Search for Primary Literature  
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For this clinical practice guideline, the search for primary literature builds upon previous 
work. A comprehensive and current systematic literature search was conducted in the relevant 
databases for the years of 2013 to 2016 (Appendix 4). The evidentiary base covering prior years 
(2008 to 2013) was comprised of studies already identified from a previous relevant systematic 
review that was identified and for which the objectives, questions, and outcomes were met for 
the purpose of this clinical practice guideline. 
 
Literature Search Strategy 

A literature search was conducted on February 17, 2016 using MEDLINE and EMBASE and 
other databases. Details of the literature search (main search and update) can be found in 
Appendix 5. 
 
Study Selection Criteria and Process 
Inclusion Criteria 

• Studies published between January 1, 2008 and February 17, 2016 
• English language, humans, adults ≥18 years of age 
• Studies on pre-treatment local staging of prostate cancer 
• Studies of men with newly diagnosed biopsy-confirmed prostate cancer who are 

candidates for radical treatment 
• Studies using MRI of at least 1.5 T or higher ± ER ± DCE, DWI, MRS 
• Studies that are systematic reviews, meta-analyses, randomized controlled trials, 

prospective or retrospective observational studies that answer the research questions 
of interest  

• Studies reporting at least one outcome of interest 
• Studies of a minimum size of 30 patients 

 
Exclusion Criteria 

• Case reports (n=1), conference abstracts, in vitro, or animal studies 
• Studies of the technical aspects of MRI ± DCE, DWI, MRS 
• Studies of prostate cancer patients post-treatment (e.g., hormonal or focal therapy or 

surgery) 
• Studies pre-biopsy or pre-diagnosis/detection of prostate cancer 
• Studies of combined technologies (e.g., MRI-guided TRUS biopsy in the diagnosis of 

prostate cancer, positron emission tomography) 
• Studies in which patients have been previously diagnosed and clinically staged and are 

under active surveillance 
• Studies in which the study methods are not well-described or not clear 
 

A review of the titles and abstracts that resulted from the search was conducted by one 
reviewer (JS). For those items that warranted full-text review, one reviewer reviewed each 
item (JS). 

 
Data Extraction and Assessment of Study Quality and Potential for Bias 

Data abstraction was performed by one abstractor (JS). Abstracted data included study 
variables such as author, publication year, study location, and type of study; detailed study 
characteristics such as sample size, method of patient enrollment, inclusion/exclusion criteria, 
baseline staging method, presence of biopsy-proven prostate cancer, number of cores, time to 
imaging (e.g., median), median or mean age, median or mean PSA level (low: <10 ng/mL, 
intermediate: 10-20 ng/mL, high: >20 ng/mL), and pathological stage by radical prostatectomy 
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(gold standard/reference); imaging (index test) variables such as whether an experienced 
reader/radiologist performed image interpretation, whether the reader/radiologist was 
partially or completed blinded to clinical and/or pathology data, magnetic field strength, 
presence/absence of the use of an ER and/or body/pelvic coil, and whether one or more 
functional sequences were used including DCE, DWI, and MRS. Details of the definitions of 
positivity for tumour staging including extraprostatic extension (EPE) and seminal vesicle 
invasion (SVI) by each imaging platform were also abstracted. Additional information included 
the type of radical prostatectomy surgery (open, laparoscopic, robotic-assisted) and whether 
local tumour staging determined on imaging was used to inform the nature of radical 
prostatectomy surgery.  

The following outcome information was abstracted from included studies: diagnostic 
accuracy (sensitivity, specificity, positive predictive value, and negative predictive value); 
clinical outcomes such as tumor, node, metastasis (TNM) stage classification, risk stratification 
category, treatment plan, positive surgical margin, biochemical recurrence; and patient 
outcomes. All outcomes were deemed primary outcomes. 

A study was classified as having used an ‘experienced’ reader/radiologist when any level 
of experience was reported and as having the reader/radiologist as ‘complete/partial blinded’ 
when any evidence of blinding was reported. 

Studies were categorized as having a retrospective study design if the imaging and 
outcome information had been collected in the past and prior to the start of the current study 
(e.g., historical medical record review study, a study that reviewed a prospectively maintained 
database). A study was categorized as having a prospective study design if the imaging 
information was collected at baseline; however, the outcome information for patients was 
collected at a point in time beyond the starting point of the study (e.g., biochemical recurrence 
at follow-up). Studies could display features of both retrospective and prospective designs. The 
terminology of case series was used in place of single-arm cohort study. 

For data abstracted on baseline staging, if the method of clinical staging was not 
explicitly stated or was unclear but a biopsy Gleason score was reported in the text or tables, 
then it was assumed that clinical staging was performed by biopsy. Similarly, if biopsy-proven 
cancer was not explicitly stated but a biopsy Gleason score was reported in the text or tables, 
then it was assumed that study patients had prostate cancer that was biopsy-confirmed. 
Furthermore, if more than one clinical staging method was reported in the original paper 
without clarity around one particular method that was used for baseline staging, then all 
information was abstracted and reported (e.g., DRE, PSA, and biopsy). If baseline staging was 
reported to have been performed by clinical staging without further specifying details, then 
clinical staging was abstracted and reported as the baseline staging method. 

Details of the imaging technology used were particularly noted when abstracting the 
information on diagnostic accuracy. If MRI plus one or more of DCE, DWI, MRS were used, then 
it was assumed (if not stated clearly) that the outcome measure reflects the simultaneous 
evaluation and interpretation of tumour stage by use of MRI plus one or more of DCE, DWI, MRS, 
and this was reported (e.g., MRI+DCE). However, if each functional sequence and its 
corresponding measure of diagnostic accuracy were reported individually and separately from 
MRI, then each imaging technology and its corresponding outcome information was reported 
(e.g., MRI, DCE, DWI, MRS). Therefore, an individual study could contribute more than one data 
point. All extracted data and information were audited by an independent auditor. 

 
 
 
Heterogeneity 
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A priori, the variables including field strength, ER use, functional sequences, PSA level, 
and sample size were identified as potential sources of heterogeneity.  
 
Risk of Bias 

Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) [65] was used to evaluate 
the risk of bias for the outcome of diagnostic accuracy. The Cochrane Risk of Bias Assessment 
Tool for Non-Randomized Studies of Interventions (ACROBAT-NRSI) was used to assess the risk 
of bias for the non-diagnostic accuracy outcomes [66].  

 
Synthesizing the Evidence 

All analysis included studies of MRI ± DCE, DWI, MRS. For studies with suitable data, the 
following outcome information was shown in descriptive tables including diagnostic accuracy 
(sensitivity, specificity, positive predictive value, and negative predictive value); clinical 
outcomes including TNM stage classification, risk stratification category, treatment plan, 
positive surgical margin, biochemical recurrence; and patient outcomes. Studies that reported 
other indices of diagnostic accuracy besides those mentioned above were summarized 
separately. Change in TNM stage was calculated from baseline clinical stage and stage at follow-
up post-imaging. Change in treatment plan was calculated from the pre-imaging treatment plan 
and the post-imaging treatment plan. The percentage of positive surgical margins was reported 
separately for those studies that indicated that the imaging data were used to inform the nature 
of radical prostatectomy surgery. For outcomes identified in studies that did not provide data 
for a quantitative evidence synthesis, then a qualitative narrative summary was performed. 

  For the diagnostic accuracy outcomes of sensitivity and specificity among studies with 
paired data, the median and range of values were calculated and examined. Scatterplots of 
sensitivity versus 1 – specificity were generated and examined based on published data. The 
display of data was examined for potential outliers, and if detected, these studies were then 
further excluded from the analysis. There were two subgroups of interest identified a priori: 
(1) studies of 1.5 T MRI + ER ± DCE, DWI, MRS; and (2) studies of 3 T MRI + ER ± DCE, DWI, MRS. 
Detection of EPE and SVI were analyzed for the two groups. Data for EPE also represent data 
from individual studies specifying extracapsular extension. Diagnostic accuracy was interpreted 
according to standard methods [67]. 

  
RESULTS  
 
Search for Existing Systematic Reviews 

A number of systematic reviews were identified from the literature search. However, 
due to their narrow focus [68], narrow search dates [69-72], not meeting the 
inclusion/exclusion criteria [73], or a combination [69-72], they were excluded. One systematic 
review published as a component of a clinical practice guideline [74] was relevant to the 
objectives, questions, and outcomes of this guideline and also had a satisfactory AMSTAR score 
(Appendix 4). This systematic review helped to inform the literature search strategy and 
evidentiary base (see above, Search for Primary Literature). A second meta-analysis and 
systematic review was identified that examined the outcome of diagnostic accuracy 
(sensitivity, specificity) [52] and also had a satisfactory AMSTAR score (Appendix 4). The meta-
analysis results of this study will be discussed under the relevant outcome heading, Diagnostic 
Accuracy (see below). Therefore, there was one systematic review/meta-analysis included. 

 
Search for Primary Literature 
 
Literature Search Results 
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From 2013 to 2015, there were a total of 1989 citations (after duplicates removed) 
identified. Including all sources, there were 172 papers that underwent full-text review. After 
an updated literature search for the years 2015 to 2016, there were 62 studies that were 
included (Appendix 6). 
 
Study Design 

As shown in Appendix 7, Table 1, there were 61 primary studies included [3-50,53-57,75-
81], of which one (1.6%) study was a randomized controlled trial [41], 35 (57.3%) studies were 
retrospective case series [3,5-9,13-16,19,20,24-27,29,30,32,34,36,43,45-47,49,50,56,57,75-
80], 19 (31.1%) studies were prospective case series [4,10-
12,17,21,22,28,31,33,35,37,38,40,44,48,51,53,81], and six (9.8%) studies included aspects of 
both designs [18,23,39,42,54,55]. 
 
Study Populations and Demographics 

Studies were predominately from Europe (24 studies, 39.3%) [5,11-
13,15,18,19,21,22,24,27,29-31,41,43-46,49,53,54,57,81], Asia (17 studies, 27.9%) [7-
10,14,16,23,26,33,35,36,39,50,55,75,78,79], and the United States (15 studies, 24.6%) 
[6,20,25,28,32,34,38,40,42,47,51,56,76,77,80], followed by one (1.6%) study each from Canada 
[3], Australia [17], Brazil [37], and two (3.3%) studies from Iran [4,48] (Appendix 7, Table 1). 

The patient populations across studies according to PSA were predominately low (41 
studies, 67.2%) [3,5-11,14-16,20,24,25,28-30,33,34,37,38,40-43,45-47,49,51,53-57,75-
78,80,81] followed by intermediate (19 studies,  (31.1%) studies) [4,12,13,18,19,21-
23,26,27,31,32,35,36,39,44,48,50,79]. No studies included patients with average population 
levels of PSA >20 ng/mL. There was one study (1.6%) that did not report the PSA level of its 
patients [17]. The size of studies ranged from studies as small as 31 patients [42] up to larger 
studies of 922 patients [23].  All studies showed evidence that patients had biopsy-confirmed 
prostate cancer and all studies had some form of clinical staging (Appendix 7, Table 2). 

 
Imaging Characteristics  

The use of MRI ± DCE, DWI, MRS is shown in Appendix 7, Table 3. Field strength of 1.5 T 
was used in 30 (49.1%) studies [4,7,10,12,15,18,21,22,24,25,27-
30,32,35,37,39,41,46,48,49,51,54,56,57,75-77,80], whereas a field strength of 3 T was used in 
30 (49.1%) studies [3,5,6,8,9,11,13,14,16,17,19,20,26,31,33,34,36,38,40,42-
45,47,50,53,55,78,79,81]. The study by Jeong et al (2013) [23] included the use of both field 
strengths; however, the study was classified as 3 T MRI for analysis purposes since a larger 
proportion of patients underwent imaging at the higher field strength (3 T: 73.3% versus 1.5 T: 
26.7%). There were 34 (55.7%) studies that used an ER, with or without body or pelvic coils 
[4,6,10,12,13,15,17,19,20,23,25,27-29,31,32,34,36-40,43,46,48,49,51,53,54,56,57,76,77,80]; 
however, there were only seven (11.5%) studies that used an ER alone [17,19,25,46,48,51,54]. 
There were five (8.2%) studies in which neither an ER nor body or pelvic coils were used 
[24,26,35,45,50]. More studies used an ER than not (56% versus 44%). The interpretation of 
images was most often performed by an experienced reader or radiologist (88.0%); however, a 
wide range in experience level was reported and considered. More than one-half (55.7%) of 
personnel were completely blinded or partially blinded including clinical or patient data with 
or without explicitly stating also being blinded to pathology data (reference standard) when 
interpreting MRI (index test). There were 17 (27.9%) studies that did not use any functional 
sequence [4,15,18,24,25,27-29,36,39,54,56,57,76-79]. If one functional sequence was used 
alone with conventional MRI, it was mostly DWI, as shown in 10 studies (16.4%) 
[7,8,11,16,21,23,26,41,50,75], followed by two (3.3%) studies that used MRI+DCE [30,35] and 
two studies (3.3%) that used MRI+MRS [48,80]. Twenty-one studies (34.4%) used MRI+DCE+DWI 
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[5,6,9,12,14,19,20,22,31-33,55], whereas two (3.3%) studies used MRI+DCE+MRS [37,40], and 
only one (1.6%) study used MRI+DWI+MRS [10]. MRI+DCE+DWI+MRS was used in six studies (9.8%) 
[13,17,34,38,51,53]. A summary of the descriptive characteristics of included primary studies 
is shown in Table 4-1. 
 
Quality Assessment 
 
Diagnostic Accuracy 

The QUADAS-2 risk of bias tool was used to assess study quality for the 19 studies that 
contributed quantitative paired data to the outcome of diagnostic accuracy in terms sensitivity 
and specificity (Appendix 9, Tables 1 and 2).  

For patient selection, each study included biopsy-confirmed prostate cancer patients; 
therefore, the risk of bias due to ill-defined disease status is low. Patients were individuals that 
would typically be scheduled to undergo a radical prostatectomy. The main risk of bias stems 
from the study design, where not all studies enrolled patients consecutively or used a random 
sample of eligible patients, suggesting the potential for selection bias. Overall, patient 
selection as a source of bias was judged to be mixed (low-high risk). 

For the index test, there were 11 of 19 studies (57.9%) in which the radiologist 
interpreting the MRI images was reported not to have been blinded to pathology staging 
information during evaluation, which may lead to a high risk of bias. However, when blinding 
was reported, whether the presence of blinding referred to both clinical and pathology staging 
information was not always clear from the methods reported. There were 10 studies of 19 
studies (52.6%) that used one or more functional sequences and variability in use to evaluate 
and define EPE and SVI may have introduced bias (e.g., lack of standardization, criteria or 
threshold not pre-specified). Overall, the index test as a source of bias was judged to be mixed 
(low-high risk). 

For the reference standard, the gold standard of pathology review of radical 
prostatectomy specimens to determine histological grade was used for all studies, suggesting a 
low risk of bias. Although a number of studies did not report the time interval between MRI 
imaging and radical prostatectomy, it is unlikely that there was disease progression bias since 
prostate cancer is a slow-growing tumour. Not many studies reported that the pathologist was 
blinded to MRI data (index test); therefore, information bias cannot be ruled out. The pathology 
criteria used to evaluate EPE and SVI was not consistently reported; therefore, patients could 
have been misclassified based on pathology review. Overall, the reference standard (pathology) 
as a source of bias was judged to be mixed (low-high risk and unclear risk). 

Although there are no applicability concerns, in summary, there are a number of 
methodological concerns that would contribute to a potential high risk of bias according to 
QUADAS-2 criteria for the outcome of diagnostic accuracy (sensitivity, specificity). 
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Table 4-1. Summary of Included Primary Studies (n=61) 
Characteristic Range or Number of Studies (%) 

Age (mean or median) 58 – 70 years 

Minimum time to imaging post-biopsy 2 weeks 

Experienced radiologist 54 (88.5) 

Radiologist blinding 34 (55.7) 

Field strength  

     1.5 T 30 (49.1) 

     3 T 30 (49.1) 

     Both 1 (1.6) 

Study type  

     RCT 1 (1.6)  

     Retrospective 35 (57.3) 

     Prospective 19 (31.1) 

     Mixed 6 (9.8) 

PSA level (mean or median)  

     <10 ng/mL 41 (67.2) 

     10–20 ng/mL 19 (31.1) 

     >20 ng/mL 0 (0) 

     Not known 1 (1.6) 

No ER use 27 (44.3) 

     Plus body or pelvic coil 22 (36.1) 

     Minus body or pelvic coil 5 (8.2) 

ER use 34 (55.7) 

     Plus body or pelvic coil 27 (44.3) 

     Minus body or pelvic coil 7 (11.5) 

Imaging  

     MRI (no functional sequences) 17 (27.9) 

     MRI + DWI 10 (16.4) 

     MRI + DCE 2 (3.3) 

     MRI + MRS 2 (3.3) 

     MRI + DCE + DWI 
 

21 (34.4) 

     MRI + DCE + MRS 2 (3.3) 

     MRI + DWI + MRIS 1 (1.6) 

     DCE + DWI + MRS (all three) 6 (9.8) 
Abbreviations: DCE, dynamic contrast-enhanced; DWI, diffusion-weighted imaging; ER, endorectal coil; MRI, 
magnetic resonance imaging ± DCE, DWI, MRS; MRS, magnetic resonance spectroscopic imaging; PSA, prostate-
specific antigen; RCT, randomized controlled trial; T, Tesla. 
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Quality Assessment 
 
Clinical and Patient Outcomes 

By outcome, there were 21 studies on stage classification; two studies on risk 
stratification; six studies on treatment plan; 19 observational studies and one randomized 
controlled trial on surgical margins; five studies on biochemical recurrence; and no studies with 
patient outcomes. 

ACROBAT-NRSI was used to assess the quality of studies that contributed to the 
assessment of clinical outcomes. The main limitations are the non-standardized use of 
functional sequences including a lack of explicitly stated criteria to assess EPE and SVI during 
radiology review, and a lack of complete blinding of the radiologist during evaluation and 
interpretation. Moreover, factors such physician-to-physician communication become more 
important as the outcome of interest becomes increasingly complex; for example, how was the 
imaging information used to alter treatment plan or surgery, which then impacts the outcomes 
of positive surgical margins and biochemical recurrence. These important details were not 
reported in the studies. Therefore, according to ACROBAT-NRSI criteria, there exists “bias in 
the measurement of interventions” and “bias in the measurement of outcomes”. For 
observational studies, the ACROBAT-NRSI domain of confounding automatically signals a 
moderate level of bias (moderate risk of bias defined as “the study is sound for a non-
randomized study with regard to this domain but cannot be considered comparable to a well-
performed randomized trial”). When MRI ± DCE, DWI, MRS stage is compared with routine 
clinical stage for the outcome of TNM stage classification, in addition to heterogeneity in MRI 
± DCE, DWI, MRS use and the clinical staging information used, there are additional patient 
clinical differences between the two groups being compared on factors other than the staging 
modality, which may have introduced unaccounted for bias. However, both staging modalities 
were conducted on the same group of patients within each study and change in TNM stage 
classification was calculated within each stage category. Taken together, there are non-trivial 
serious risks of biases for the examined clinical outcomes (serious risk of bias defined as studies 
having some important problems). 
 
OUTCOMES 
 
Diagnostic Accuracy 
 
Primary Studies 

  There were 52 of 61 (85.2%) studies that had information on diagnostic accuracy, and 
49 of 61 (80.3%) studies had quantitative information on one or more measure of diagnostic 
accuracy including sensitivity, specificity, positive predictive value, and negative predictive 
value [3-51] (Appendix 7, Table 4). All studies used histological review by pathology of radical 
prostatectomy specimens from surgery as the gold standard/reference for staging. There were 
four studies that provided information on other measures of diagnostic accuracy (i.e., area 
under the curve) (Appendix 7, Table 5) [77,78,80,81]. Twenty-four of 49 studies (49.0%) did not 
use an ER and, therefore, were not included in the scatterplot analysis [3,5,7-
9,11,14,16,18,21,22,24,26,30,33,35,36,39,41,42,44,45,47,50].  
 
Studies Using an ER 

When the results of the scatterplots for sensitivity versus 1 – specificity were examined 
by the a priori defined subgroups, the display of data for studies that used 1.5 T MRI+ER (± 
functional sequences) in the detection of EPE was similar to the display of data for studies that 
used 3 T MRI+ER (± functional sequences) in the detection of EPE. A similar trend was observed 



 

Section 4: Systematic Review – March 29, 2016 Page 18 

for the detection of SVI. Consequently, the results for 1.5 T and 3 T MRI were combined (data 
not shown).  

When all eligible studies for ≥ 1.5 T + ER ± DCE, DWI, MRS in the detection of EPE and 
SVI were plotted, there were two studies that were outliers, as shown by the display of data 
[43,46]. Consequently, these two studies were excluded from the analysis. 
 
EPE Detection 

Figure 4-1 shows that 1.5 T or 3 T MRI + ER ± DCE, DWI, MRS in the detection of EPE is 
associated with sensitivities >60% and corresponding specificities >70% to 80% in approximately 
one-quarter of studies (four of 16 studies, 25.0%) [6,13,27,34]. In those studies, there was a 
range of functional sequences used including DCE imaging and DWI in one study [6], and all 
three functional sequences in two studies [13,34]. One study did not use any functional 
sequences [27]. Note that there were 17 data points including 16 studies analyzed for EPE 
[6,12,13,19,20,23,25,27-29,31,34,36,37,39,51]. Among the top four studies in terms of 
sensitivity [6,13,27,34], the individual study populations varied in the risk of spread according 
to PSA level with two of four studies including intermediate-risk populations [13,27] and the 
remaining two studies including low-risk populations [6,34]. The highest sensitivity (90%) was 
shown among intermediate-risk patients with the combined reported use of MRI and all three 
functional sequences. Yet, this same study of 37 patients showed a lower specificity value 
(approximately 70%) [13]. Among the four studies, the display of data showed three of four 
studies used 3 T MRI [6,13,34]. Overall, there were few studies and too few data points in the 
detection of EPE above 60% sensitivity, which would indicate a moderate level of sensitivity, to 
draw robust conclusions by potential heterogeneity factors (e.g., field strength, PSA level, 
functional sequence). Notably, these four studies were of a small size (<155 subjects).  

As seen in Figure 4-1, two larger studies showed lower sensitivity values <50% yet 
maintained specificity >80% [23,29]. Upon further examination, in the study by Roethke et al 
(2013) [29], when the sensitivity of 1.5 T MRI (no functional sequences) plus ER use in the 
detection of EPE was examined by classifying patients by the D’Amico risk classification scheme, 
sensitivity did not improve, with a range of 20.0% for patients having PSA <10 ng/mL (low) and 
a Gleason score ≤6 to 47.6% for patients having a PSA ≥10 ng/mL (intermediate/high) and/or a 
Gleason score ≥7. In the study by Jeong et al (2013) [23], when the sensitivity of predominately 
3 T MRI+DWI + ER and phased array coil use in the detection of EPE was examined by clinical 
variables, notably increased sensitivity values were shown with clinical stage T2c-T3 (58.7%) 
patients and patients having three high-risk factors (56.8%). For this study, both 1.5 T (26.7% 
use) and 3 T (73.3% use) MRI were used during the course of the study and although high-risk 
patients were sought, 51.9% were staged as T1c and 41.9% were determined to have organ-
confined disease at pathology. Therefore, despite further interrogation by study authors within 
each study as described above, sensitivity values did not exceed a modest value (approximately 
50% to 60%); however, sensitivity was improved with elevated-risk patients. Characteristics of 
diagnostic accuracy studies from Figure 4-1 are summarized in Table 4-2. 

As shown in Table 4-3, the median sensitivity in the detection of EPE is 50.0%, with a 
range of values of 14.0% to 90.0%. The corresponding median specificity is 91.0%, with a range 
of values of 74.0% to 98.0%.  
 
SVI Detection 

Figure 4-2 shows that 1.5 T or 3 T MRI + ER ± DCE, DWI, MRS in the detection of SVI is 
associated with sensitivities >60% and corresponding specificities >80%, as shown in 
approximately one-half of the studies (six of 13 studies, 46.2%) [4,12,13,27,32,34]. In those 
studies, there was a range of functional sequences used including DCE and DWI in two studies 
[12,32], and all three functional sequences in two studies [13,34]. Two studies did not use any 
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functional sequences [4,27]. One study contributed data to both MRI use alone and MRI plus 
DCE and DWI use, as noted above [32]. Note that there were 15 data points including 13 studies 
for the analysis of SVI [4,12,13,15,20,23,25,27,32,34,36,37,39]. A majority of studies with >60% 
sensitivity included intermediate-risk patients and 1.5 T; however, there are too few studies 
and too few data points to draw robust conclusions regarding heterogeneity factors (e.g., field 
strength, PSA level, functional sequence). Again, the large study (n=922 patients) by Jeong et 
al (2013) [23] showed lower sensitivity (34.9%). Increases in sensitivity in the detection of SVI 
is shown in the original study when examined by clinical variables including clinical stage T2c-
T3 (51.0%) and patients having three high-risk factors (42.3%). Characteristics of diagnostic 
accuracy studies from Figure 4-2 are summarized in Table 4-2. 

As shown in Table 4-3, the median sensitivity in the detection of SVI is 50.0%, with a 
range of values of 34.9% to 97.0%. The corresponding median specificity is 96.0%, with a range 
of values of 83.1% to 100%.  
 
Studies Without Using an ER 

A post hoc analysis of studies that did not use an ER was performed to help inform the 
recommendations (Appendix 7, Figures 1 and 2). 
 
1.5 T 

Appendix 7, Figure 1 shows the paired analysis of sensitivity versus 1 – specificity for 1.5 
T MRI ± DCE, DWI, MRS without an ER in the detection of tumour (2 studies), EPE (7 studies) 
and SVI (3 studies) combined. There were 18 data points including nine studies 
[7,18,21,22,24,30,35,39,41]. The display of data shows a downward shift towards lower 
sensitivity values. As shown in Table 4-3, the median sensitivity for 1.5 T, no ER, ± functional 
sequences in the detection of tumor, EPE and SVI is 36.2%, with a range of values of 0% to 
81.3%.  
 
3 T 

Appendix 7, Figure 2 shows the paired analysis of sensitivity versus 1 – specificity for 3 
T MRI ± DCE, DWI, MRS without an ER in the detection of tumour (2 studies), EPE (11 studies) 
and SVI (2 studies) combined. There were 20 data points including 13 studies 
[3,5,8,9,11,14,16,26,33,36,44,47,50]. The median sensitivity for 3 T, no ER, ± functional 
sequences in the detection of tumour, EPE and SVI is 58.3%, with a range of values of 22.0% to 
92.0%.  
 
Published Systematic Review/Meta-Analysis 

  A recent systematic review and meta-analysis examined the diagnostic accuracy of MRI 
with or without functional sequences for local staging in men with biopsy-confirmed prostate 
cancer using radical prostatectomy as the reference gold standard [52]. The literature search 
for studies was between the years of 2000 to August 12, 2014. The results of the literature 
search identified 75 studies, with 45 studies on EPE, 34 studies on SVI, and 38 studies on overall 
stage T3. Studies were included if the 2 × 2 tables for diagnostic accuracy could be 
reconstructed. The analysis involved pooling original data from included studies and contact 
with original authors for studies that did not report sufficient data. The sensitivity and 
specificity with corresponding 95% confidence intervals were calculated. The overall quality of 
evidence was judged by the authors to be moderate. The results of this meta-analysis are shown 
in Table 4-2. Overall, the results are similar to the analysis of published data in the current 
synthesis. 
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Figure 4-1. MRI Studies of 1.5 T + 3 T + ER ± DCE, DWI, MRS in EPE (n=17)  
Abbreviations: DCE, dynamic contrast-enhanced imaging; DWI, diffusion-weighted imaging; EPE, extraprostatic extension; ER, endorectal coil; MRI, 

magnetic resonance imaging ± DCE, DWI, MRS; MRS, magnetic resonance spectroscopic imaging; SS, sample size; T, Tesla. 
 

 
 
 

Figure 4-2. MRI Studies of 1.5 T + 3 T + ER ± DCE, DWI, MRS in SVI (n=15) 
Abbreviations: DCE, dynamic contrast-enhanced imaging; DWI, diffusion-weighted imaging; ER, endorectal coil; MRI, magnetic resonance imaging; 

MRS, magnetic resonance spectroscopic imaging; SS, sample size; SVI, seminal vesicle invasion; T, Tesla. 
*Denotes data point from same study population (Soylu et al, 2013).            
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Characteristic No. Data or Studies (%) 

EPE  

Field strength  

     1.5 T  9 (52.9) 

     3 T 8 (47.1) 

Functional techniques  

     MRI 8 (47.1) 

     MRI + DWI 1 (5.9) 

     MRI + (DCE and/or MRS) 0 (0) 

     MRI + DWI + (DCE and/or MRS) 8 (47.1) 

Studies of >60% sensitivity  
     1.5 T 1 (25.0) 

     3 T 3 (75.0) 

     MRI  1 (25.0) 

     MRI + DWI 0 (0) 

     MRI + (DCE and/or MRS)  0 (0) 

     MRI + DWI + (DCE and/or MRS) 3 (75.0) 

  

SVI  

Field strength  

     1.5 T  10 (66.7) 

     3 T 5 (33.3) 

Functional techniques  

     MRI 9 (60.0) 

     MRI + DWI 1 (6.7) 

     MRI + (DCE and/or MRS) 0 (0) 

     MRI + DWI + (DCE and/or MRS) 5 (33.3) 

Studies of >60% sensitivity  

     1.5 T 5 (71.4) 

     3 T 2 (28.6) 

     MRI 3 (42.9) 

     MRI + DWI 0 (0) 

     MRI + (DCE and/or MRS)  0 (0) 

     MRI + DWI + (DCE and/or MRS) 4 (57.1) 
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Abbreviations: DCE, dynamic contrast-enhanced imaging; DWI, diffusion-weighted imaging; EPE, extraprostatic 
extension; MRI, magnetic resonance imaging ± DCE, DWI, MRS; MRS, magnetic resonance spectroscopic imaging; 
No., number; SVI, seminal vesicle invasion; T, Tesla. 
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Table 4-3. Summary of Diagnostic Accuracy 

 
Current Guideline 

Sensitivity Specificity 
No. 

Studies Median Min Max 
No. 

Studies Median Min Max 

ER Use         
     ≥1.5 T for EPE 16 50.0 14.0 90.0 16 91.0 74.0 98.0 

     ≥1.5 T for SVI  13 50.0 34.9 97.0 15 96.0 83.1 100.0 

No ER Use         

     1.5 T  9 36.2 0 81.3 9 90.3 65.0 97.7 

     3 T  13 58.3 22.0 92.0 13 86.6 55.2 99.0 

De Rooij et al (2015) [52] 
No. 

Studies Estimate 95% CI 
No. 

Studies Estimate 95% CI 

EPE  45 0.57 0.49-0.64 45 0.91 0.88-0.93 

SVI  34 0.58 0.47-0.68 34 0.96 0.95-0.97 

Stage T3  38 0.61 0.54-0.67 38 0.88 0.85-0.91 
Abbreviations: CI, confidence interval; EPE, extraprostatic extension; ER, endorectal coil; No., number; SVI, seminal vesicle invasion; T, Tesla. 
 

TNM Stage Classification 
There were 21 studies that had information on change in stage classification between 

routine clinical staging and staging based on MRI ± DCE, DWI, MRS. There were 20 studies that 
had quantitative information on routine clinical stage at baseline and staging after MRI ± DCE, 
DWI, MRS [5,6,12,18-21,24,27,28,30,31,33,35,45,53-57] (Appendix 7, Table 6). All studies 
showed upstaging, except for one study by Tanaka et al (2013) [33]. In this study, a lack of 
individuals clinically staged as T1 and a notably higher risk study population at patient 
enrollment may explain the difference in the results between this study and the remaining 
included studies. Qualitative information was available from a preliminary study prior to the 
Rud et al (2015) randomized controlled trial that examined 199 patients who had MRI+DWI prior 
to surgery [41,82]. This population, the basis for the 2015 trial, reported that no patients were 
downstaged [82].  

In a subanalysis, whether MRI ± DCE, DWI, MRS upstaging results were correct was 
examined using staging at pathology as the comparator (Appendix 8, Table 1). There was a 
trend toward correct staging by MRI across the seven studies [19-21,35,45,53,56]; however 
there was a wide range in the proportion of patients correctly staged, between 11% and 85%.  
 
Risk Stratification 

 There were two studies that provided information on changes to patients’ risk 
stratification category. For both studies, there was a change to a higher risk category after 
imaging [5,45]. (Appendix 7, Table 7). 
 
Treatment Plan 

   There were six studies that examined changes to the treatment plan upon MRI ± DCE, 
DWI, MRS [5,14,41,45,51,53]. All six studies suggested some degree of increased therapy for 
patients (<1% to 43% of patients). A decrease in the intensity of therapy was shown in two 
(33.3%) studies [14,51], which occurred for approximately 60% of patients in both studies. 
Histopathological confirmation was examined in three (50.0%) studies [14,51,53], which showed 
that imaging-based changes to treatment plans were correct in a minimum of 63% of patients 
and up to 97% of patients (Appendix 7, Table 8). 
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Positive Surgical Margins  
 There were 20 studies that reported on positive surgical margins; one randomized 

controlled trial [41] and 19 observational studies 
[10,14,16,19,20,25,26,29,30,33,37,39,51,53,54,56,75,76,79] (Appendix 7, Table 9). 
 
Randomized Controlled Trial 

A randomized controlled trial conducted in Norway and published in 2015 was identified 
that examined whether MRI+DWI prior to robotic-assisted laparoscopic radical prostatectomy 
would improve surgical outcome determined from positive surgical margins [41]. In this trial, 
222 patients were randomized to 1.5 T MRI using a six-channel body matrix plus DWI and 216 
patients were randomized to the non-MRI group. The primary study endpoint was the presence 
of positive surgical margins. The time between biopsy and MRI+DWI was an average of 11 weeks 
(± 7 weeks). The interpreting radiologist had two years of experience and was not blinded to 
clinical variables. Reported was preoperative DRE and TRUS clinically staged patients. 

The results showed a trend toward fewer positive surgical margins in the MRI+DWI group 
compared with the non-MRI group; however, the result was not statistically significant 
(MRI+DWI: 43 [19.4%] versus non-MRI: 49 [22.7%], p=0.4). Although a main study endpoint, the 
difference between groups was only 4%, which was much less than the anticipated clinically 
relevant amount of 20% based on sample size estimation parameters. Among patients clinically 
staged as cT1, there was a statistically significant reduction in positive surgical margins in the 
MRI+DWI group compared with the non-MRI group, not shown for cT2-3 staged patients (cT1, 
MRI+DWI: 20 [16.0%] versus non-MRI: 31 [27.2%], p=0.035; cT2-3: MRI+DWI: 23 [23.7%] versus 
non-MRI: 18 [17.6%], p=0.3) [41] (Appendix 7, Table 9). 
 
Observational Studies 

 There were 19 observational studies that had information on surgical margin status 
[10,14,16,19,20,25,26,29,30,33,37,39,51,53,54,56,75,76,79]. There were six observational 
studies that reported the use of MRI ± DCE, DWI, MRS information to alter the nature of radical 
prostatectomy surgery [25,29,33,51,53,75]. Among the six observational studies, the range of 
positive surgical margin status was highly variable (6.7% to 31.9%). In all six observational 
studies, patients had a low risk of spread defined by PSA levels and the manner in which the 
imaging results were used to alter surgery was not reported in detail. Variability in the range 
of values for positive surgical margins was also shown among the 13 observational studies that 
did not incorporate imaging findings into the surgical practice (4.4% to 43.3%) 
[10,14,16,19,20,26,30,37,39,54,56,76,79] (Appendix 6, Table 7). 
 
Biochemical Recurrence 

 There were five studies that examined biochemical recurrence [18,23,54,55,79]. Only 
two studies examined the independent association imaging to the presence of biochemical 
recurrence [23,55]. One study showed a statistically significant association between imaging 
and biochemical recurrence among non-organ-confined disease [23], whereas the other study 
did not [55] (Appendix 7, Table 10). 
  
Heterogeneity 

A priori, a number of variables were considered as potential sources of heterogeneity 
including field strength, use of an ER, use of functional sequences, PSA level, and sample size. 
Despite our efforts to account for reasons of heterogeneity, additional sources of heterogeneity 
existed not accounted for in the current synthesis such as patient clinical differences, 
methodological variation across studies in the use of functional sequences, the experience level 
of readers/radiologists, the definition of EPE and SVI at radiology interpretation and its 
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variability based on MRI ± DCE, DWI, MRS, and the lack of explicit standardization criteria 
surrounding pathology evaluation (Appendix 8 and 9). We further investigated whether 2 × 2 
tables of true positives, false positives, false negatives, and true negatives could be 
reconstructed. However, due to rounding errors, it was not possible to accurately derive 2 × 2 
tables based on published sensitivity, specificity, positive predictive value, and negative 
predictive value information. Therefore, a meta-analysis was not performed. 
 
DISCUSSION  
 
According to the research questions:  
 
a)  What is the performance and diagnostic accuracy of MRI ± DCE, DWI, MRS in men with 
newly diagnosed biopsy-confirmed prostate cancer who are under consideration for 
radical treatment? 

 
The performance and diagnostic accuracy of MRI (1.5 T + ER and 3 T ± ER) ± DCE, DWI, 

MRS in the detection of EPE or SVI was modest in terms of sensitivity (≥50%) and excellent in 
terms of specificity (>85%), as shown by our current synthesis and systematic review of primary 
studies. Our synthesis and current systematic review of the literature is consistent with a well-
conducted recently published meta-analysis and systematic review that reported overall 
sensitivity of approximately 50% to 60% and specificity of >85% despite differences in 
methodology (e.g., years searched), included studies (e.g., use of ER, field strength, use of 
functional sequences), and analyses.  

In our work, above-average sensitivities were achieved in some studies (>60%) suggesting 
that the current state of MRI ± DCE, DWI, MRS imaging performance may be improved. However, 
whether elevated sensitivities were achieved due to the addition of functional sequences or 
particular field strength was not clear owing to too few studies. The current synthesis of the 
diagnostic accuracy data shows improvements in sensitivity when staging for SVI and 
improvements in specificity when staging for EPE. Previous work has shown sensitivity and 
specificity of MRI for local staging of prostate cancer to range from 15% to 100% and 67% to 
100%, respectively [62]. Compared with previous work, our synthesis of the contemporary and 
current published data shows a marked shift toward a higher minimum specificity value in the 
detection of EPE (74% to 98% versus 49% to 99%; difference: 25%) and a shift toward a higher 
minimum sensitivity value in the detection of SVI (35% to 97% versus 23% to 80%; difference: 
12%) [62]. Higher performance was likely due to analyzing studies according to ER status. Among 
studies not using an ER, 1.5 T studies had a lower sensitivity than 3 T studies. 

Studies of imaging performance by nature lend themselves to designs of single-arm cohort 
studies, otherwise referred to here as case series. Future studies should consider improvements 
in study design in terms of patient sampling and study design, standardized use of functional 
sequences, explicit pathology criteria, and blinding of both radiologists and pathologists. 
Deficiencies in study quality in the current synthesized data suggest that higher levels of 
sensitivities may be achieved. Lower sensitivities were shown for studies of 1.5 T MRI ± DCE, 
DWI, MRS that did not use an ER, whereas imaging performance for studies of 3 T MRI ± DCE, 
DWI, MRS that did not use an ER was similar to the results obtained for studies that used an ER. 
This suggests the importance of attention to the technology being used and that a program of 
quality assurance for centres may be necessary. Additional technical guidance on field strength, 
use of functional sequences, and ER use is described in Appendix 10. For large studies that 
showed poor sensitivities (<50%), the reason is not clear. Potential explanations may surround 
the lack of detail reported for radiology and pathology evaluation and interpretation and the 
difficulty in distinguishing between focal (a few glands) to very extensive (e.g., 1 cm) EPE [83]. 
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There is some suggestion that intermediate-risk patients had better imaging performance 
compared with their low-risk counterparts. Based on patients at enrollment, there were no 
studies that included high-risk patients according to PSA level. The data were examined by PSA 
level, which can be considered a crude single criterion of tumour risk of spread compared with 
the routine use of comprehensive tools such as the D’Amico classification and others which use 
multiple pieces of information including clinical stage (TNM classification), Gleason score, and 
PSA level [84]. The recommendations are based on the definition of risk used in the current 
Cancer Care Ontario Prostate Cancer Treatment Pathway [2].  

Diagnostic accuracy was examined based on published estimates. From these data, the 
false-positive fraction (i.e., 1 – specificity) was displayed in scatterplot analysis and the median 
and range of the specificity was summarized. For EPE, the average false-positive fraction was 
9% and for SVI, it was 4% [85]. Our results showed that the minimum time interval between 
biopsy and MRI was two weeks, although our synthesis did not explore the relationship between 
time interval and outcomes. Current technical specifications advocate for careful consideration 
of biological and technical factors that may affect imaging results [1]. A formal evaluation of 
harms outcomes was out of scope; however, notably, in the included studies, patients with 
contraindications to MRI were excluded and the current Ontario standard of practice is to screen 
for suitable patients (e.g., renal function, lack of contraindications).  
 
b)  What is the impact of pre-treatment local staging by MRI ± DCE, DWI, MRS on patient 
outcomes, biochemical recurrence, changes in treatment planning (including nerve-
sparing surgery), changes in stage classification, and surgical margin status in men with 
newly diagnosed biopsy-confirmed prostate cancer who are under consideration for 
radical treatment? 

 
The impact of pre-treatment local staging by MRI ± DCE, DWI, MRS on clinical and patient 

outcomes is still not clear. Although studies consistently demonstrated upstaging by MRI ± DCE, 
DWI, MRS compared with routine clinical staging, this was only correct by pathology in a low 
number of studies and the magnitude was highly variable (11% to 85%), thus making any 
conclusions to be drawn imprecise. There was limited information on the outcome of risk 
stratification category (two studies); however, the results were consistent with the upstaging 
trend shown for the outcome of TNM staging classification. Changes to treatment plan with MRI 
± DCE, DWI, MRS were mixed as they included both an increase and decrease to therapy 
intensity; however, with a tendency toward more intense therapy across included studies. The 
correctness of treatment changes was understudied (two studies). Overall, the paucity of data 
on treatment planning related to MRI ± DCE, DWI, MRS makes it difficult to draw robust 
conclusions. The proportion of positive surgical margins was examined in two groups stratified 
by whether the study reported having used the imaging information to alter surgical practice. 
Examining studies in aggregate, the proportion of positive surgical margins among studies that 
used MRI ± DCE, DWI, MRS information to alter surgery did not show a benefit as would be 
demonstrated by lower positive surgical margin values compared with studies that did not use 
the MRI ± DCE, DWI, MRS information to alter surgery. The studies that reported changes to 
surgery based on MRI ± DCE, DWI, MRS lacked sufficient details in the manner in which the 
radiologist’s interpretation of tumour stage was translated to surgical practice. The outcome 
of positive surgical margin status is a complex one, with its clinical impact increasingly 
scrutinized [86]. Moreover, additional differences between the two stratified groups being 
compared, including PSA level, pathological Gleason sum, pathological category, surgical 
modality, year of surgery, and location of surgery are additional factors that need consideration 
when comparing two groups [87]. The relation between tumour or EPE detected on MRI ± DCE, 
DWI, MRS to biochemical recurrence was mixed and difficult to decipher due to unclear 
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reporting and statistical methods. The limitations of the studies included in this systematic 
review for investigation of clinical outcomes include the small study sizes, the paucity of data, 
the lack of consistently reported outcomes across studies, and the lack of comparable analysis 
methods across studies. The complexity involved in the translation of findings on MRI ± DCE, 
DWI, MRS to changes in surgery, and the complexity in communication between radiologists and 
urologists likely contributes to the difficulty of investigation [41]. 

The tool of GRADE (Grading of Recommendations Assessment, Development and 
Evaluation) was not used as most studies identified were observational in nature. According to 
GRADE, an observational study would signal a ‘low’ quality assessment score. One randomized 
controlled trial was identified, and it served to inform the recommendations, particularly with 
respect to surgical margins.  
 
CONCLUSIONS 

  In summary, the literature search revealed predominately diagnostic accuracy studies 
on MRI ± DCE, DWI, MRS. Modest imaging performance using MRI (1.5 T + ER and 3 T ± ER) ± 
DCE, DWI, MRS in the detection of EPE and SVI for patients scheduled to undergo radical 
prostatectomy was demonstrated (sensitivities: 50% to 60%, specificities: >85%). Additional 
technical guidance when using MRI is described in Appendix 10. Scarcity of data for clinical and 
patient outcomes limited synthesis and examination. Future research is needed in the form of 
high-quality diagnostic accuracy studies and health outcomes studies using randomized 
controlled trial designs to help inform evidence-based recommendations and practice. Our 
recommendations are tempered due to the limitations of included studies and our 
recommendations are best used in the context of the current Cancer Care Ontario Prostate 
Cancer Diagnosis Pathway [2] and the current minimum requirements given by  Prostate Imaging 
and Reporting and Data Systems Version 2 (PI-RADS v2) [1] (Appendix 10). 
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Magnetic Resonance Imaging for Pre-Treatment Local Staging 
of Prostate Cancer 

 
Section 5: Internal and External Review 

 
INTERNAL REVIEW 

The guideline was evaluated by the Guideline Development Group (GDG) Expert Panel 
and the Program in Evidence-Based Care (PEBC) Report Approval Panel (RAP) (Appendix 2). The 
results of these evaluations and the Working Group’s responses are described below.  
 
Expert Panel Review and Approval 

Of the 10 members of the GDG Expert Panel, nine members cast votes, for a total of 
90% response between October and November 2015. Of the nine members that cast votes, eight 
approved the document (88.9%). The main comments from the Expert Panel and the Working 
Group’s responses are summarized in Table 5-1.  

 
Table 5-1. Summary of the Working Group’s responses to comments from the Expert Panel. 
Comments Responses 
1. Distinguish between focal to very extensive 

extraprostatic extension in standard 
pathology reporting and in magnetic 
resonance imaging (MRI) detection.  

Added suggested wording and references to Section 
4, under Discussion. 

2. Change recommendations to: “should not 
yet be considered the standard of care” and 
“may be considered in high-risk patients”. 

Incorporated high-risk patients into 
Recommendation 1 as part of consensus expert 
clinical opinion.  

3. Add bulleted point to recommendations 
about the delivery of non-surgical 
treatments. 

Considered to be out-of-scope. 

 
RAP Review and Approval 

Three RAP members, including the PEBC Director, reviewed this document in October 
2015. The results of RAP were: one approval (October 18, 2015), and two conditional approvals 
(October 23 and 29, 2015). The main comments from the RAP and the Working Group’s 
responses are summarized in Table 5-2.  
 
Table 5-2. Summary of the Working Group’s responses to comments from RAP. 
Comments Responses 

1. Better define low-, intermediate- and 
high-risk patients. 

Provided definition of risk groups based on Cancer 
Care Ontario’s Prostate Cancer Treatment Pathway 
in Qualifying Statements for Recommendation 1 and 
in Section 4, under Discussion. 

2. Recommendations: change “may be 
considered” to more explicit wording 
such as “is a reasonable option” or “is 
an option”, or “should be considered”. 

Changed Recommendation 1 to “is a reasonable 
option”. 

3. Give a sense of where the technology 
fits in?  

Added paragraph to Section 3, under Background for 
Guideline. 

4. The needed level of experience of the 
interpreting radiologist is debatable. 

Deleted wording. 

5. Formulating recommendations: any 
renal risks? Other harms from upstaging? 

Added wording to Section 4, under Discussion. 
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6. Strengthen the link between the 
evidence and recommendations. 

Added wording in Section 4, under Discussion, for 
the need for more high-quality evidence.  

7. Can authors address what is meant by 
“modest” sensitivity? 

Added reference to Section 4, under Methods. 

 
EXTERNAL REVIEW 
 
External Review by Ontario Clinicians and Other Experts 
 
Targeted Peer Review  

Six targeted peer reviewers from Ontario and the United States who are considered to 
be clinical and/or methodological experts on the topic were identified by the Working Group.  
Four individuals agreed to be the reviewers (Appendix 3), with four responses received. Results 
of the feedback survey are summarized in Table 5-3. The comments from targeted peer 
reviewers and the Working Group’s responses are summarized in Table 5-4.  

 
Table 5-3. Responses to nine items on the targeted peer reviewer questionnaire. 
 

Reviewer Ratings (N=<x>) 
 
Question 

Lowest 
Quality 

(1) (2) (3) (4) 

Highest 
Quality 

(5) 

1. Rate the guideline development methods.     1 3 

2. Rate the guideline presentation.    1 3 

3. Rate the guideline recommendations.    2 2 

4. Rate the completeness of reporting.     2 2 

5. Does this document provide sufficient 
information to inform your decisions?  If not, 
what areas are missing?  

   2 2 

6. Rate the overall quality of the guideline report.    1 3 

 
Strongly 
Disagree 

(1) (2) 
Neutral 

(3) (4) 

Strongly 
Agree 

(5) 
7. I would make use of this guideline in my 

professional decisions.    2 2 

8. I would recommend this guideline for use in 
practice.    2 2 

9. What are the barriers or enablers to the 
implementation of this guideline report? 

-Magnetic resonance imaging availability 
-Quality assurance 
-Clinician uptake 

 
Table 5-4. Responses to comments from targeted peer reviewers. 
Comments Responses 
1. Preferable to include cost considerations? Out-of-scope. 
2. How can Prostate Imaging and Reporting and 
Data Systems (PI-RADS) be incorporated? 

Guideline speaks to multiparametric magnetic 
resonance imaging (mpMRI); therefore, PI-RADS 
Version 2 has been incorporated. See Appendix 10 
for mpMRI and technical specifications. 

3. Are you to address MRI in diagnosis and 
surveillance? 

Out-of-scope, see PEBC reports #27-2 and #17-9. 
https://www.cancercare.on.ca/cms/One.aspx?port
alId=1377&pageId=10144  
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4.  Can you suggest an optimum time post-biopsy 
to perform MRI? 

We make no specific recommendation on this. See 
Discussion and Appendix 10 for mpMRI and technical 
specifications. 

 
Professional Consultation  

Feedback was obtained through a brief online survey of healthcare professionals and 
other stakeholders who are the intended users of the guideline. All individuals in the PEBC 
database categorized as urologists, radiologists, radiation oncologists, and general practitioners 
were contacted by email to inform them of the survey. There were 209 individuals contacted: 
181 in Ontario versus 28 outside Ontario. There were 33 (15.8%) responses received. Of the non-
participants, 23 (11.0%) stated that they did not have interest in this area or were unavailable 
to review this guideline at the time. The results of the feedback survey are summarized in 
Table 5-5.  The main comments from the consultation and the Working Group’s responses are 
summarized in Table 5-6. 

 
Table 5-5. Responses to four items on the professional consultation survey. 
 

Number (%) 
 
General Questions: Overall Guideline Assessment 

Lowest 
Quality 

(1) (2) (3) (4) 

Highest 
Quality 

(5) 

1. Rate the overall quality of the guideline report.    2 
(6.1) 

18 
(54.5) 

13 
(39.4) 

 
Strongly 
Disagree 

(1) (2) (3) (4) 

Strongly 
Agree 

(5) 
2. I would make use of this guideline in my 

professional decisions. 
 2 

(6.1) 
4 

(12.1) 
14 

(42.4) 
13 

(39.4) 
3. I would recommend this guideline for use in 

practice. 
  6 

(18.2) 
13 

(39.4) 
14 

(42.4) 

4. What are the barriers or enablers to the 
implementation of this guideline report? 

-Magnetic resonance imaging access & timely 
availability  
-Quality assurance 
-Clinician/health administrators uptake 
-Clinical training/expertise 

 
Table 5-6. Modifications/Actions taken/Responses regarding main written comments from 
professional consultants. 
Comments Responses 
1. Are there technical specifications to be 

included? Also, additional guidance 
around 1.5 T use? 

Minimum requirements are outlined in Prostate 
Imaging and Reporting and Data Systems Version 2 
(PI-RADS v2), and have been included in Appendix 
10, multiparametric magnetic resonance imaging and 
technical specifications.  

2. What would a quality assurance program 
look like, and what would its 
implementation look like? 

Implementation considerations have been outlined, 
see page 5. Additional implementation details are 
out-of-scope for PEBC. 

3. Radiation treatment planning for focal 
dose escalation should at least be 
mentioned. 

Out-of-scope. 

4. Can there be more detail around inter-
observer agreement, or diagnostic 
accuracy of false negatives, false 

Yes, please see Discussion. Otherwise, inter-observer 
agreement was not part of the scope. 
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positives, and additional clarification 
around “time to MRI after biopsy”. 

5. More clear and direct qualifying 
statement beginning at “Caution…” 

Re-phrased this sentence. 

6. Please mention Appendix 10 in the 
discussion. This is important information 
not to be overlooked. 

Yes, it has been stated throughout the document. 

7. Typo in Appendix 2, should read >20. Yes, corrected. 
 
Publication Peer Review Feedback 
 
Policy Review 
 
CONCLUSION 

The final guideline recommendations contained in Section 2 and summarized in Section 
1 reflect the integration of feedback obtained through the external review processes with the 
document as drafted by the GDG Working Group and approved by the GDG Expert Panel and 
the PEBC RAP.  
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Appendix 1. Glossary of Terms 
 
Functional sequences 
Includes dynamic contrast-enhanced imaging (DCE), diffusion-weighted imaging (DWI), and 
proton magnetic resonance spectroscopic imaging (MRS). One or more of these functional 
sequences are used with T2-weighted magnetic resonance imaging.  
 
Magnetic resonance imaging 
Refers to T2-weighted magnetic resonance imaging. 
 
Multiparametric magnetic resonance imaging 
Is a form of MRI that typically includes two or more functional sequences; however, 
multiparametric magnetic resonance imaging is also often described when only one additional 
functional sequence is considered in addition to T2-weighted magnetic resonance imaging. 
 
PI-RADS v2 
Refers to Prostate Imaging and Reporting and Data Systems Version 2. This document specifies 
the minimum requirements for MRI and functional sequences, scanner and ER use, and time to 
imaging for staging post-biopsy.  
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Appendix 2. Definitions of Low, Intermediate, and High Risk 
 
Low Risk (all of) 
 Prostate specific antigen <10 ng/mL 
Gleason score ≤6 
Clinical stage T1-T2a 
Asymptomatic for metastasis 
 
Intermediate Risk (i.e., neither low risk nor high risk) 
 Prostate specific antigen 10 to 20 ng/mL 
Gleason score 7 
Clinical stage T2b 
Asymptomatic for metastasis 
 
High Risk (any of) 
 Prostate specific antigen >20 ng/mL 
Gleason score ≥6 
Clinical stage T2c-3a 
Symptomatic for metastasis 
 
*** 
Reference: Finelli et al, 2013 [2] 
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Appendix 4. AMSTAR Results 
 
                               Table 1. Critical Appraisal Using AMSTAR 
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Q5: Included/excluded studies mentioned? Yes (1) No (0) 

Q6: Details of included studies reported? Yes (1) Yes (1) 
Q7: Critical appraisal of scientific quality performed and 
described? Yesb (1) Yes (1) 
Q8: Were the results of Q7 used in formulating the 
recommendations? Yes (1) Yes (1) 

Q9: Appropriate analysis? Yesc (1) Yes (1) 

Q10: Publication bias assessed? No (0) Yes (1) 

Q11: Conflict of interest, overall and for included studies? No (0) No (0) 

TOTALd 8/11 7/11 
Abbreviation: AMSTAR, Assessment of Multiple Systematic Reviews; NICE, National Institute of Clinical and Health Excellence; QUADAS, 
Quality Assessment of Diagnostic Accuracy Studies. 
a Multiple databases searched. Explicit statements of searching grey/unpublished literature not made clear in relevant section but 
mentioned in overall guidance. 
b QUADAS tool. 
c Subgroup analysis by summary. 
d Yes = 1 point; No = zero points.  
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Appendix 5. Search Strategy 
 
Main Literature Search of Systematic Reviews and Primary Literature (2013-2015) 
EBM Reviews – Cochrane Central Register of Controlled Trials February 2015, EBM Reviews – Cochrane 
Database of Systematic Reviews 2005 to February 2015, EBM Reviews – Database of Abstracts of 
Reviews of Effects 1st Quarter 2015, EBM Reviews – Health Technology Assessment 1st Quarter 2015, 
Ovid MEDLINE® In-Process & Other Non-Indexed Citations and Ovid MEDLINE® 1946 to Present, EMBASE 
1974 to 2015 March 18 (Literature search update performed on February 17, 2016) 

Database of Abstracts of Reviews of Effects (DARE): a full-text database containing critical assessments of systematic reviews from a variety of 
medical journals produced by the National Health Services’ Centre for Reviews and Dissemination (NHS CRD) at the University of York, England. 
Health Technology Assessment (HTA): a database of abstracts that are descriptive in nature and are based on many different types of research 
including systematic reviews and ongoing and completed research based on trials, questionnaires and economic evaluations. Produced by the Centre 
for Reviews and Dissemination (CRD), and in collaboration with the INAHTA Secretariat (Sweden), the database comprises details on ongoing health 
technology assessments (studies of the medical, social, ethical, and economic implications of healthcare interventions) as well as publications 
reporting completed technology assessments carried out by organizations. 
 
 
 
 

1 exp Prostatic Neoplasms/ 

2 (prostat$ adj3 (cancer$ or carcinoma$ or adeno$ or malignan$ or tumo?r$ or neoplas$)).mp. 

3 1 or 2 

4 exp Neoplasm Staging/ 

5 (staging or stage$1 or classif$ or evaluat$ or tnm).mp. 

6 4 or 5 

7 exp Magnetic Resonance Imaging/ 

8 Magnet$ resonance.mp. 

9 (MRI or MR$2 or NMR$1).mp. 

10 (MR adj (imag$ or scan$)).mp. 

11 (magnet$ adj (imag$ or scan$)).mp. 

12 ((magnet$ or MR) adj spectroscop$).mp. 

13 or/7-12 

14 (magnetic resonance imag$ or magnetic resonance spectroscop$).mp. 

15 (dynamic adj4 (MRI or magnet$)).mp. 

16 (diffusion weight$ adj3 (MRI or magnet$)).mp. 

17 ((T1-weighted or T2-weighted or T3-weighted) adj3 imag$).mp. 

18 (magnet$ adj (imag$ or spectrosop$ or scan$ or resonance)).mp. 

19 (MPMRI or MP-MRI or MR$2 or DWI$ or DW-MRI or DCE$ or fmri).mp. 

20 or/14-19 

21 13 or 20 

22 (comment or letter or editorial or note or erratum or short survey or news or newspaper article or 
patient education handout or case report or historical article).pt. 

23 exp animal/ not humans/ 

24 22 or 23 

25 (3 and 6 and 21) not 24 

26 limit 25 to (English language and yr=”2013-Current”) [Limit not valid in CDSR,DARE; records were 
retained] 

27 remove duplicates from 26 
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Appendix 6. Citation Flow Chart 
 
 
 
   
                      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 
 
 
 
 
 
 
  
 
 
 
 
 

Records identified through database searching 
(duplicates removed) (n=1989) 

Title screen (n=1989) 

Abstract screen (n=270) 

Records excluded based on abstract 
(n=170)a 

a  n=87, not relevant (e.g. topic, technical MRI study, 
laboratory study, active surveillance, screening, PSA 
testing, technical aspects of biopsy); n=61, narrative 
review; n=15, case reports or letters; n=5, 
intervention (e.g. other technologies or treatments, 
drugs, pre-biopsy MRIs); n=2, other prostate cancer 
topics (e.g. post-surgery, post-treatment, pre-
diagnosis). 

 

Full-text articles excluded, with 
reasons (n=122)b 

b n=81, not relevant (n=60, topic or study type; n=8, 
excluded systematic reviews; n=9, other prostate 
cancer topics; n=4, disease); n=16, intervention; n=9, 
lack of outcome; n=2, year <2008; n=7, duplicate; 
n=6, sample size; n=1, not available. 

 

Total included studies (n=62) 
• Primary studies (n=61) 

o 1 randomized controlled trial (2015) 
o 44 observational studies (2013-2016) 
o 16 observational studies (2008-2013) 

• Systematic review/meta-analysis (n=1) 
 

Records excluded based on title 
(n=1719) 

Articles from NICE (2014) 
(n=70) 

Additional articles (n=2) 

Records identified from 
literature search update (n=521) 

plus an additional study (n=1) 

Full-text articles excluded, with 
reasons (n=17)d 

d n=9, not relevant; n=2, other prostate topics; n=3, 
intervention; n=1, lack of outcome; n=1, methods not 
clear; n=1, duplicate study population. 

 

Records excluded based on title 
(n=370) and abstract (n=123)c 

c n=123, not relevant (n=84, study type; n=39 topic); 
n=3, intervention. 
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Appendix 7. Summary Data and Tables 
 

Table 1. Summary of Included Primary Studies (N=61) 

Author (Year) Study Location PSA Risk Levela 
Study 
Design SSb 

Orczyk et al (2016) [42] United States, single-centre Low RCS/PCS 31 
Bittencourt et al (2015) [43] Netherlands, single-centre Low RCS 133 
Boesen et al (2015) [44] Denmark, single-centre Intermediate PCS 87 
Counago et al (2015) [45] Spain, single-centre Low RCS 274 
de Cobelli et al (2015) [46] Italy, single-centre Low RCS 223 
Feng et al (2015) [47] United States, single-centre Low RCS 112 
Ghafoori et al (2015) [4] Iran, single-centre Intermediate PCS 238 
Junker et al (2015) [81] Austria, single-centre Low PCS 50 
Razi et al (2015) [48] Iran, single-centre Intermediate PCS 80 
Reisaeter et al (2015) [49] Norway, single-centre Low RCS 63 
Rud et al (2015) [41]   Norway, single-centre Low RCT 222/216 
Schieda et al (2015) [3] Canada, single-centre Low RCS 145 
Woo et al (2015) [50] Korea, single-centre Intermediate RCS 117 
Counago et al (2014) [5] Spain, single-centre Low RCS 150c 
Gupta et al (2014) [6] United States, single-centre Low RCS 60 
Kan et al (2014) [7] Hong Kong, single-centre Low RCS 56d 
Kim et al (2014)(a) [8] Korea, single-centre Low RCS 167 
Kim et al (2014)(b) [9] Korea, single-centre Low RCS 100 
Kitamura et al (2014) [10] Japan, single-centre Low PCS 54 
Lawrence et al (2014) [11] United Kingdom, single-centre Low PCS 40 
Lista et al (2014) [12] Spain, single-centre Intermediate PCS 85 
Otto et al (2014) [13] Germany, single-centre Intermediate RCS 37 
Park et al (2014)(a) [14] Korea, single-centre Low RCS 353 
Park et al (2014)(b) [55] Korea, single-centre Low RCS/PCS 282 
Roethke et al (2014) [15] Germany, single-centre Low RCS 376 
Song et al (2014) [16] Korea, single-centre Low RCS 382 
Styles et al (2014) [17] Australia, single-centre - PCS 38 
Yao et al (2014) [75] Japan, single-centre Low RCS 84 
Armitage et al (2013) [18] United Kingdom, single-centre Intermediate RCS/PCS 69c 
Cerantola et al (2013) [19] Switzerland, single-centre Intermediate RCS 60 
Hegde et al (2013) [20] United States, single-centre Low RCS 118 
Hole et al (2013) [21] Norway, single-centre Intermediate PCS 209 
Isebaert et al (2013) [22] Belgium, single-centre Intermediate PCS 75 
Jeong et al (2013) [23] Korea, single-centre Intermediate RCS/PCS 922 
Johnston et al (2013) [24] United Kingdom, single-centre Low RCS 568 
Nepple et al (2013) [25] United States, single-centre Low RCS 94 
Pak et al (2013) [26] Korea, single-centre Intermediate RCS 472e 
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Porcaro et al (2013) [27] Italy, single-centre Intermediate RCS 154 
Pugh et al (2013) [28] United States, single-centre Low PCS 171 
Renard-Penna et al (2013) [30] France, single-centre Low RCS 101 
Roethke et al (2013) [29] Germany, single-centre Low RCS 385 
Somford et al (2013) [31] Netherlands, multi-centre Intermediate PCS 183 
Soylu et al (2013) [32] United States, single-centre Intermediate RCS 131 
Tanaka et al (2013) [33] Japan, single-centre Low PCS 67 
Turkbey et al (2013) [34] United States, single-centre Low RCS 133 
Tsao et al (2013) [35] Taiwan, single-centre Intermediate PCS 94 
Guzzo et al (2012) [76] United States, single-centre Low RCS 172 
Jung et al (2012) [77] United States, single-centre Low RCS 101 
Kim et al (2012) [36] Korea, single-centre Intermediate RCS 151 
McClure et al (2012) [51] United States, single-centre Low PCS 104 
Panebianco et al (2012) [53] Italy, single-centre Low PCS 105 
Hwii Ko et al (2011) [78] Korea, single-centre Low RCS 121 
Novis et al (2011) [37] Brazil, single-centre Low PCS 35 
Ploussard et al (2011) [54] France, multi-centre Low RCS/PCS 96 
Turkbey et al (2011) [38] United States, single-centre Low PCS 45 
Lee et al (2010)(a) [79] Korea, single-centre Intermediate RCS/PCS 67 
Lee et al (2010)(b) [39] Korea, single-centre Intermediate RCS 91 
Turkbey et al (2010) [40] United States, single-centre Low PCS 70 
Brown et al (2009) [56] United States, single-centre Low RCS 62 
Zhang et al (2009) [80] United States, single-centre Low RCS 158 
Cirillo et al (2008) [57] Italy, single-centre Low RCS 143 

Abbreviations: PCS, prospective case series; PSA, prostate-specific antigen; RCS, retrospective case series; RCT, randomized controlled trial; SS, sample size. 
a Risk of spread according to mean or median PSA reported in study population: low (<10 ng/mL), intermediate (10-20 ng/mL), high (>20 ng/mL), or PSA category 
with the highest proportion of patients. 
b After exclusions; intervention/control. 
c Only a subgroup of 47 patients in Counago et al, 2014 and only a subgroup of 35 patients in Armitage et al, 2013 had magnetic resonance imaging and radical 
prostatectomy. 
d Eligible scans. 
e Analysis performed by lobes. 
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Table 2. Detailed Summary of Included Primary Studies (N=61) 

Study 
(Year) 

Patient 
Enrollment Study Population CS Bp 

Core 
No. 

Bp to 
MRI 

Age and PSA Results of Study 
Population 

Pathological Staging Results 
[no. (%)] 

Orczyk et al 
(2016) [42] 

Pts scheduled 
for RP+pre-op 
MRI, 2011-2012 

Inclusion: pre-op MRI Bp Y NR NR Mean age: 61 yrs (SD: 9.0); mean 
PSA: 5.8 ng/mL (SD: 2.7) 

pT0: 1 (3.2), pT2a: 1 (3.2), pT2b: 0 
(0), pT2c: 18 (58.1), pT3a: 11 
(35.5) 

Bittencourt 
et al (2015) 
[43] 

Consecutive pts 
to referral 
centre, 2010-
2013 

Inclusion: RP, pre-op MRI, prospective 
PI-RADS classification 
Exclusion: prior RT or HT, >6 mo. to RP 
after MRI 

Bp Y NR NR Mean age: 61.0 (R: 47.0-72.0); 
median PSA: 8.6 ng/mL (R: 2.5-
76.0) 

pT2a: 11 (8.3), pT2b: 1 (0.8), pT2c: 
61 (45.9), pT3a: 44 (33.1), pT3b: 
11 (8.3), pT4: 5 (3.8) 

Boesen et al 
(2015) [44] 

Pts, 2011-2013 Inclusion: dx PrCa (localized) by 
DRE+TRUS, RP scheduled, no prior trt 
Exclusion: contraindications to MRI 

DRE, 
TRUS 

Y NR NR Median age: 65.0 (R: 47.0-74.0); 
median PSA: 11.0 ng/mL (4.6-45.0) 

≤pT2: 55 (63.2); pT3a: 32 (36.8) 
[31 pts for EPE, 5 pts for EPE+SVI, 1 
pt for SVI only] 

Counago et 
al (2015) 
[45] 

Pts, 2009-2015 Inclusion: histological dx PrCa, MRI, trt 
by RT±HT or RP 
Exclusion: trt prior to MRI, no MRI or 
CS 

DRE, 
TRUS 

Y NR NR Mean age: 66.8 (SD: 8.1); PSA <10 
ng/mL: 179 (65.3), PSA 10-20 
ng/mL: 66 (24.1), PSA >20 ng/mL: 
29 (10.6) 

pT1-T2a: 23 (25.6), pT2b-T2c: 57 
(63.3), pT3-T4: 10 (11.1) 

de Cobelli 
et al (2015) 
[46] 

Pts who had RP, 
2009-2014 

Inclusion: pts fulfilled criteria for AS, 
no HT, had RP 
 

DRE, 
PSA, 
TRUS 

Y 12 ≥6-8 
w 

Mean age: 62.3 (SD: 8.3); mean 
PSA: 6.0 ng/mL (SD: 1.9) 

pT2a: 23 (10.3), pT2b: 3 (1.4), 
pT2c: 145 (65.0), pT3a: 45 (20.2), 
pT3b: 7 (3.1) 

Feng et al 
(2015)a [47] 

Consecutive pts, 
2010-2013 

Inclusion: had MRI and RP 
Exclusion: prior HT or RT, MRI prior to 
Bp 

DRE Y NR 4 w Mean age: 62.8 (SD: 7.5); mean 
PSA: 8.2 ng/mL (SD: 7.2) 

pT2a/b: 8 (7.1), pT2c: 70 (62.5), 
pT3a: 15 (13.4), pT3b: 19 (17.0) 

Ghafoori et 
al (2015) [4] 

Pts with proven 
PrCa, 2011-2013 

Inclusion: pts proven PrCa by TRUS TRUS Y NR ≥4 w Mean age: 67.4 yrs (SD: 9.0); mean 
PSA: 16.7 ng/mL (SD: 18.0) 

pT3b: 63 (23.5), otherwise NR 

Junker et al 
(2015) [81] 

Consecutive pts, 
2012-2013 

Inclusion: Bp PrCa, RP, MRI prior to 
surgery 
Exclusion: contraindications, poor 
pathology results 

Bp Y NR ≥3 m Mean age: 63.0 yrs (SD: 8.0); mean 
PSA: 7.3 ng/mL (SD: 4.3) 

NR 

Razi et al 
(2015) [48] 

Consecutive pts, 
2009-2012 

Inclusion: clinically localized PrCa, had 
ER+MRS prior to RP 

DRE, 
PSA, 
TRUS 

Y NR 2 w Mean age: 63.5 yrs (SD: 7.7); mean 
PSA: 16.3 ng/mL (SD: 19.0) 

pT2: 45 (56.3) pT3: 25 (31.3), pT4: 
8 (10.0); benign tumour is 2 (2.5)  

Reisaeter et 
al (2015) 
[49] 

Consecutive pts, 
2010 

Inclusion: Bp-proven PrCa, MRI prior to 
RP 
Exclusion: insignificant PrCa, no data 

Bp Y NR 14 w Median age: 61.6 yrs (R: 42.9-
70.3); median PSA: 8.0 ng/mL (R: 
3.0-81.4) 

NR 

Rud et al 
(2015) [41] 

Pts scheduled 
for RB, 2009-
2012 
 

Exclusion: prior prostate MRI, MRI 
contraindications, hip prosthesis 
 

DRE, 
TRUS 

Y NR 11 w MRI+DWI, mean age: 62.0 yrs (SD: 
6.0); median PSA: 7.8 ng/mL (IQR: 
4.9-11.3); non-MRI: mean age: 63.0 
yrs (SD: 6.0); median PSA: 8.2 
ng/mL (IQR: 6.2-18.3) 

MRI+DWI, pT2: 103 (46.4), pT3 119 
(53.6) 
Non-intervention: pT2: 111 (51.4), 
pT3 105 (48.6) 

Schieda et 
al (2015) [3] 

Consecutive pts, 
2012-2014 

Inclusion: RP, pre-op MRI with 3 T, no 
prior trt 

PSA, 
Bp 

Y NR NR Mean age: 62.8 yrs (SD: 6.0); mean 
PSA: 9.0 ng/mL (SD: 8.6) 

pT3a: 95 (65.5), otherwise NR 
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Study 
(Year) 

Patient 
Enrollment Study Population CS Bp 

Core 
No. 

Bp to 
MRI 

Age and PSA Results of Study 
Population 

Pathological Staging Results 
[no. (%)] 

Exclusion: lack of RP data, pre-trt 

Woo et al 
(2015) [50] 

Database pts, 
2013 

Inclusion: had MRI and then RP 
Exclusion: prior trt, Bp or MRI 

PSA, 
Bp 

Y NR NR Mean age: 68.0 yrs (SD: 6.8); mean 
PSA: 12.4 ng/mL (SD: 13.1) 

pT3a: 50 (42.7), otherwise NR 

Counago et 
al (2014) [3] 

Chart review, 
2009-2013 

Inclusion: histological dx of PrCa, 
MRI+body coil before trt (RP or RT) 

DRE, 
TRUS 

Y NR >3 w Mean age: 61.0 yrs (SD: 6.8); PSA 
<10 ng/mL: 34 (72.3), PSA 10-20 
ng/mL: 10 (21.1), PSA >20 ng/mL: 
1 (2.1), unkwn: 2 (4.2) 

pT2a: 5 (10.6), pT2b: 5 (10.6), 
pT2c: 30 (63.8), pT3a: 4 (8.5), 
pT3b: 3 (6.4) 

Gupta et al 
(2014)[6] 

Pts undergoing 
MRI for PrCa, 
2011 

Inclusion: complete MRI then RP 
Exclusion: incomplete MRI, pre-trt, ER 
unable.  

DRE Y NR 13 w Mean age: 60.1 yrs (SD: 7.3); mean 
PSA: 6.9 ng/mL (R: 1.2-46.3)  

≤pT2: 38 (63.3); pT3a: 18 (30.0); 
pT3b: 4 (6.7) 

Kan et al 
(2014) [7] 

Consecutive pts 
of RP, 2010-
2012 

Inclusion: 12-core Bp+pathology 
reports. 

TRUS Y ≥ 12 NR Age: NR; PSA <10 ng/mL: 64 (64.0), 
PSA 10-20: 29 (29.0), PSA >20: 7 
(7.0) 

NR 

Kim et al 
(2014)(a) [8] 

Referrals, 2006-
2008 

Inclusion: Bp-proven PrCa, no hx trt, 
MRI prior to surgery. 

Bp Y NR 3 w Mean age: 66.5 yrs (R: 52.0-78.0); 
mean PSA: 8.5 ng/mL (R: 1.1-37.3) 

pT3a: 23 (13.8); pT3b: 7 (4.2) 

Kim et al 
(2014)(b) [9] 

Hospital 
medical data, 
2008-2012 

Inclusion: dx by 12-core TRUS Bp, 
localized, core length ≤7 mm, total 
cancer length ≤10 mm, low D’Amico 
risk, pre-trt MRI, negative bone scans. 

TRUS Y 12 ≥6 w Median age: 63.3 yrs (R: 51.0-
76.0); median PSA: 6.5 ng/mL (R: 
2.2-9.5) 

pT2a: 28 (28.0), pT2b: 23 (23.0), 
pT2c: 36 (36.0), pT3a: 10 (10.0), 
pT3b: 3 (3.0) 

Kitamura et 
al (2014) 
[10] 

Consecutive pts, 
2009-2013 

Inclusion: cT1c-T2N0M0 Bp-proven 
localized PrCa, MRI plus TRUS, 
followed by RP, no hx trt 

Bp Y NR NR Mean age: 62.7 yrs (SD: 6.4); 
median PSA: 5.7 ng/mL (4.4-7.6) 

pT2a: 17 (31.5), pT2b: 2 (3.7), 
pT2c: 24 (44.4), pT3a: 7 (13.0), 
pT3b: 4 (7.4) 

Lawrence et 
al (2014) 
[11] 

PrCa pts, 2010-
2014 

Inclusion: Bp-proven PrCa of 
intermediate to high-risk as defined, 
plan for RP, Bp ≥6 wks prior to MRI 

DRE Y NR ≥6 w Median age: 62.5 yrs (R: 42.0-
73.0); median PSA: 7.3 ng/mL 
(R:0.6-14.6) 

≤pT2: 17 (42.5); pT3a: 23 (57.5) 

Lista et al 
(2014) [12] 

Prca pts Inclusion: proximity of PrCa to NVB in 
pts for NS RP, need for extended pre-
op planning in high-risk pts 

DRE, 
TRE 

Y NR 4 w Mean age: 63.7 yrs (SD: 6.9); mean 
PSA: 12.6 ng/mL (SD: 13.8) 

pT2a: 12 (14.1), pT2b: 3 (3.5), 
pT2c: 37 (43.5), pT3a: 19 (22.3), 
pT3b: 14 (16.5) 

Otto et al 
(2014) [13] 

Consecutive pts, 
2010 

Inclusion: histologically dx PrCa 
Exclusion: contraindications to MRI 

PSA, 
TRUS 

Y µ: 
11.6 

8 w Mean age: 65.0 yrs (R: 53.0-75.0); 
median PSA: 13.5 ng/mL (R: 3.7-
56.0) 

pT3a: 10 (27.0); pT3b: 5 (13.5) 

Park et al 
(2014)(a) 
[14] 

Pts who had RB, 
2008-2011 

Inclusion: Bp-proven PrCa 
Exclusion: hx trt (HT or RT), MRI 
performed at other institutions  

Bp, 
DRE, 
PSA 

Y NR ≥3 w Median age: 64.0 yrs (R: 43.0-
73.0); median PSA: 5.3 ng/mL (R: 
1.7-58.5) 

NR 

Park et al 
(2014)(b) 
[55] 

Consecutive pts 
with PrCa+RP, 
2007-2009 

Exclusion: hx trt (HT or RT), poor 
imaging quality, missing clinical data, 
lack of FU data  

DRE Y NR 4 w Median age: 64.0 yrs (R: 38.0-
88.0); median PSA: 6.6 ng/mL (R: 
0.3-57.0) 

pT3a: 68 (24.0); pT3b: 22 (8.0); 
pLNM: 2 (0.7) 

Roethke et 
al (2014) 
[15] 

Referrals, 2004-
2008 

Inclusion: Bp-proven PrCa scheduled 
for RP 
Exclusion: hx trt (HT or RT) 

Bp Y NR ≥6 w Median age: 63.0 yrs (R: 43.0-6.0); 
median PSA: 8.8 ng/mL (R: 1.1-2.5) 

pT3b: 35 (9.3) 
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Study 
(Year) 

Patient 
Enrollment Study Population CS Bp 

Core 
No. 

Bp to 
MRI 

Age and PSA Results of Study 
Population 

Pathological Staging Results 
[no. (%)] 

Song et al 
(2014)b [16] 

MRR, 2007-2012 Inclusion: 12-core Bp, pre-op MRI, RP, 
low risk PrCa by D’Amico 

Bp Y 12 NR Mean age: 64.1yrs (SD: 7.6); mean 
PSA: 5.1 ng/mL (SD: 1.8) 

pT2: 330 (86.4), pT3a: 49 (12.8), 
pT3b: 2 (0.5) 

Styles et al 
(2014) [17] 

Pts, 2010-2012 Inclusion: Bp-proven PrCa, localized 
based on clinical staging, undergo RP 
post-MRI 

DRE Y NR 3-8 w Mean age: 60.0 yrs (R: 42-73); PSA: 
NR 

NR 

Yao et al 
(2014) [75] 

Consecutive pts, 
2010-2012 

Inclusion: dx PrCa by TRUS, RP 
Exclusion: hx HT  

PSA, 
TRUS 

Y 8-14 >4 w Mean age: 64.0 yrs (SD: 7.0); mean 
PSA: 9.3 ng/mL (R: 2.7-34.6) 

pT2: 59 (70.2); pT3a: 21 (25.0); 
pT3b: 4 (4.8) 

Armitage et 
al (2013) 
[18] 

Database 
review, all RP 
pts, 2008 

Inclusion: all pts who had a RP CS Y NR 6 w Mean age: 64.1 yrs (R: 46-74); PSA 
≤10 ng/mL: 4 (5.8), PSA 10-20 
ng/mL: 58 (84.1),  PSA >20 ng/mL: 
7 (10.1) 

≥pT3: 22/35 (62.9) 

Cerantola et 
al (2013) 
[19] 

All RP pts, 2008-
2012 

Inclusion: MRI performed in single-
centre 

DRE,  
PSA, 
TRUS 

Y 12 ≥3 w Mean age: 67.0 yrs (SD: 7.0); mean 
PSA: 12.7 ng/mL (SD: 12.7) 

pT2a: 3 (5),  pT2b: 1 (1.7), pT2c: 
25 (41.7), pT3a: 22 (36.7), pT3b: 7 
(11.7), pT4: 2 (3.3) 

Hegde et al 
(2013) [20] 

RP pts+pre-op 
3T MRI, 2008-
2011 
 

Inclusion: no hx trt, dx cT1-cT2 PrCa 
and suspicion of T3 disease 

PSA, 
TRUS 

Y ≥12 
(86% 
of 

men) 

6 w ~Age: 58.7 yrs (R: 52.4-65.2); ~PSA: 
6.5 ng/mL (R: 3.1-10.3) 

pT2a: 10 (8.5),  pT2b: 3 (2.5), 
pT2c: 76 (64.4), pT3a: 19 (16.1), 
pT3b: 10 (8.5) 

Hole et al 
(2013) [21] 

Consecutive pts, 
pre-op MRI+RP, 
2007-2010 

Inclusion: PrCa pts, pre-op MRI, RP 
Exclusion: no hx trt, no skeletal 
metastases 

DRE, 
TRUS 

Y NR 13 w Mean age: 62.5 yrs (SD: 5.9); mean 
PSA: 19.8 ng/mL (SD: 29.4) 

pT2a: 11 (5.3),  pT2b: 0 (0), pT2c: 
62 (29.7), pT3a: 96 (45.9), pT3b: 
34 (16.3); pT4: 5 (2.4); Tx: 1 (0.5) 

Isebaert et 
al (2013) 
[22] 

Consecutive pts, 
2008-2011 

Inclusion: newly dx Bp-proven PrCa, 
intermediate to high-risk PrCa by 
D’Amico, no PLN by CE-CT and LNM 
risk ≥10% and ≤35% by Partin tables, 
negative bone scan 

PSA, 
TRUS 

Y NR ≥4 w Median age: 66.0 yrs (R: 49.0-
74.0); median PSA: 10.4 ng/mL (R: 
1.5-70.9) 

pT2b: 2 (2.7), pT2c: 31 (41.3), 
pT3a: 20 (26.7), pT3b: 19 (25.3); 
pT4: 3 (4.0) 

Jeong et al 
(2013) [23] 

Consecutive pts, 
PrCa+RP+PL, 
2000-2012 

Inclusion: MRI, high-risk, treated RP 
Exclusion: hx trt 

Bp Y NR 4 w Mean age: 66.1 yrs (SD: 6.7); 
medan PSA: 10.7 ng/mL (R: 0.3-
737.0) 

≤pT2: 387 (41.9); pT3a: 530 (57.5); 
pT3b: 117 (12.7); pLN: 58 (6.3) 

Johnston et 
al (2013) 
[24] 

Database 
review, all pts, 
RB-RP+pre-op 
MRI, 2005-2011 

Inclusion: pts undergoing RB-RP and 
had a pre-op MRI 

CS Y NR 4 w Median age: 62.0 yrs (R: 35.0-
74.0); median PSA: 8.7 ng/mL 
(R:0.5-63.0) 

pT3a: 280 (49.3), pT3b: 34 (6.0) 

Nepple et al 
(2013)c [25] 

Consecutive pts, 
RP+pre-op MRI, 
2003-2008 

Inclusion: PrCa with risk factors for 
local extension (gleason grade ≥4 +3, 
PSA ≥10 ng/mL, abnormal DRE, or 
extensive Bp involvement) 

Bp, 
DRE, 
PSA 

Y NR 6 w Median age: 61.0 yrs (48.0-72.0); 
median PSA: 7.0 ng/mL (R: 1.3-
35.0) 

pT3a: 22 (24.2); pT3b: 8 (8.8) 

Pak et al 
(2013) [26] 

Referral pts, 
RP, 2007-2012 

Inclusion: undergoing RP 
Exclusion: hx trt, pts without detailed 
information 

DRE,  
PSA, 
TRUS 

Y 12 NR ~Age: 65.3 yrs; ~PSA: 11.7 ng/mL pT3a: 194 (20.6) 
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Study 
(Year) 

Patient 
Enrollment Study Population CS Bp 

Core 
No. 

Bp to 
MRI 

Age and PSA Results of Study 
Population 

Pathological Staging Results 
[no. (%)] 

Porcaro 
(2013) [27] 
 

Pts pre-op MRI, 
2003-2006 

Exclusion: pts using 5-alpha reductase 
inhibitors, LH-releasing hormone 
analog, anti-androgens or testosterone 
replacement treatment 

Bp, 
DRE 
PSA 

Y NR NR Mean age: 66.0 yrs (SD: 6.0); mean 
PSA: 11.0 ng/mL (SD: 11.4) 

pT2: 97 (63.0), pT3a: 41 (26.6), 
pT3b: 16 (10.4) 

Pugh et al 
(2013) [28] 

Consecutive pts, 
2006-2010, RB 
RP 

Inclusion: T1c-T2c, pre-trt PSA <10 
ng/mL, GS of 7, and pre-surgery MRI 

PSA, 
TRUS 

Y NR NR Median age: 60.0 yrs (R: 42.0-
76.0); median PSA: 4.9 ng/mL (R: 
0.4-9.9) 

pT2a: 114 (66.7), pT3a: 38 (22.2), 
pT3b: 19 (11.1) 

Renard-
Penna et al 
(2013) [30] 

Consecutive pts, 
pre-op MRI + RP, 
2009-2010 

Inclusion: Bp-proven PrCa, RP planned 
within 1 mo. after MRI, ≥8 w between 
biopsy and MRI, able pts for MRI, no hx 
HT 

DRE 
 
 

Y NR ≥8 w Median age: 60.0 yrs (R: 39.0-
71.0); mean PSA: 8.0 ng/mL (SD: 
4.4) 
 

pT2a: 8 (7.9), pT2b: 10 (9.9), pT2c: 
67 (66.3), pT3a: 10 (9.9), pT3b: 6 
(5.9) 

Roethke et 
al (2013) 
[29] 

Pts referrals, 
2003-2008 

Inclusion: Bp-proven PrCa, pre-op MRI, 
RP 
Exclusion: hx HT or RT 

Bp, 
PSA 

Y NR ≥6 w Mean age: 62.7 yrs (R: 42.0-77.0); 
mean PSA: 8.9 ng/mL (R: 0.4-52.5) 

pT2: 268 (69.6), ≥ pT3: 117 (30.4) 

Somford et 
al (2013) 
[31] 

Consecutive pts,  
RP, 2007-2010 

Exclusion: pts with extensive T3 PrCa 
not considered for RP, nodal 
metastasis on MRI 
 

DRE 
 
 

Y 8-12 
cores 

NR Mean age: 62.4 yrs (SD: 4.9); mean 
PSA: 10 ng/mL (SD: 8.4) 

pT2: 92 (50.3), pT3: 91 (49.7) 
[pT3b: 21 (11.5%)] 

Soylu et al 
(2013) [32] 

Consecutive pts, 
pre-op MRI+RP, 
2007-2010 

Exclusion: hx trt (HT, RT, CT), 
incomplete MRI examination 

Bp Y NR NR Median age: 68.0 yrs (R: 43.0-
75.0); median PSA: 12.1 ng/mL (R: 
1.5-65.0) 

pT3b: 23 (17.6) 

Tanaka et al 
(2013) [33] 

Pts, T2 or T3 on 
MRI, 2010-2012 

Exclusion: no hx HT Bp Y 12 ≥8 w Median age: 67.0 yrs (R: 51.0-
74.0); median PSA: 7.0 ng/mL (R: 
2.87-27.6) 

pT2a: 11 (16.4), pT2b: 6 (9.0), 
pT2c: 33 (49.3), pT3a: 15 (22.4), 
pT3b: 2 (3.0) 

Turkbey et 
al (2013)d 
[34] 

Pts, 2007-2010 Inclusion: clinical-pathologic 
parameters available to calculate AS 
eligibility by established risk criteria, 
pre-op mpMRI at 3.0 T followed by RB 

DRE 
PSA, 
Bp 

Y NR NR Median age: 59.0 yrs (R: 39.0-
74.0); median PSA: 4.4 ng/mL (R: 
0.9-48.9) 

pT3a: 46 (34.6); pT3b: 6 (4.5) 

Tsao et al 
(2013) [35] 

Dx PrCa pts, 
2001-2007 

Inclusion: pre-op MRI, RP 
Exclusion: hx HT or RT 
 

DRE 
or 

PSA 

Y 10-12 >6 w Mean age: 68.9 yrs (R: 50.0-85.0); 
mean PSA: 16.9 ng/mL (R: 0.1-
107.0) 

pT2a: 65 (69.1), pT3a: 12 (12.8), 
pT3b: 17 (18.1) 

Guzzo et al 
(2012)e [76] 

Database 
review, 
consecutive RP 
pts, 1991-2007 

Inclusion: pre-op MRI+clinical criteria 
for AS (Johns Hopkins expectant 
management program)e 

Bp, 
PSA 

Y NR NR Mean age: 59.8 yrs (SD: 6.2); mean 
PSA: 5.2 ng/mL (SD: 2.2) 

pT2a: 105 (76.1), pT2b: 3 (2.2), 
pT2c: 17 (12.3), pT3a: 11 (8.0), 
pT3b: 2 (1.4) 

Jung et al 
(2012) [77] 

Database 
review, 
consecutive pts, 
1997-2009 

Inclusion: Bp-proven PrCa, pre-op MRI, 
RP 
Exclusion:  hx neoadjuvant therapy 

Bp, 
PSA 

Y NR ≥6 w Mean age: 59.0 yrs (R: 42.0-75.0); 
median PSA: 6.9 ng/mL (R: 1.1-
38.0) 

pT3: 23 (22.7); otherwise NR 

Kim et al 
(2012) [36] 

Consecutive pts, 
2005-2010 

Inclusion: Bp-proven PrCa, RP Bp, 
PSA 

Y NR 4 w ~Age: 65.8 yrs (R: 47.0-76.0); ~PSA: 
12.0 ng/mL (R: 22.0-45.0) 

pT3a: 81 (53.6); pT3b: 34 (22.5); 
otherwise NR 
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Study 
(Year) 

Patient 
Enrollment Study Population CS Bp 

Core 
No. 

Bp to 
MRI 

Age and PSA Results of Study 
Population 

Pathological Staging Results 
[no. (%)] 

Exclusion: contraindications for MRI, 
hx neoadjuvant HT or RT, <3 w 
between Bp and MRI 

McClure et 
al (2012) 
[51] 

Consecutive pts, 
2004-2008 

Inclusion: had MRI + ER prior to RB 
Exclusion: open RP 

Bp, 
PSA 

Y NR 13 w Mean age: 60.1 yrs (SD: 6.8); mean 
PSA: 6.5 ng/mL (SD: 4.7) 

pT2: 198 (95.2); pT3: 10 (4.8) 

Panebianco 
et al (2012) 
[53] 

Consecutive pts,  
2006-2010 
 

Inclusion: Bp-proven PrCa, BL/NS/RP 
based on clinical assessment [T1c or 
T2a, PSA <10 ng/mL, GS <8, only 1 Bp 
GS >6 at ipsilateral side 
Exclusion: hx HT/RT/CT, prior prostate 
surgery, contraindications for MRI 

DRE, 
PSA, 
TRUS 

Y 12 ≥6 w Median age: 57.0 yrs (R: 48.0-
66.0); ~median PSA: 5.5 ng/mL: (R: 
2.5-9.8)  
 
 

pT2a: 36 (34.3), pT2b: 58 (55.2), 
pT3a: 11 (10.5), pT3b: 0 (0) 
 

Hwii Ko et 
al (2011) 
[78] 

Pts, 2007-2009 Inclusion: clinical stage T1c to T3c, dx 
PrCa by TRUS, RP, pre-op MRI 
Exclusion: hx HT, RT or aby ablative 
technique 

Bp, 
DRE 

Y NR 4 w Mean age: 62.8 yrs (R: 46.0-74.0); 
mean PSA: 9.6 ng/mL (R: 0.4-24.4) 

pT2a: 17 (14.0), pT2b: 11 (9.1), 
pT2c: 50 (41.3), pT3a: 21 (17.4), 
pT3b: 7 (5.8); pT3c: 10 (8.3); pT4: 
5 (4.1) 

Novis et al 
(2011) [37] 

Referral pts, 
2005-2006 

Inclusion: US-guided Bp-proven PrCa, 
no hx HT, RP candidate, T1c-T2a, GS 
≤6, PSA ≤10 ng/mL 

Bp, 
DRE, 
PSA 

Y NR ≥3 w Mean age: 64.9 yrs (R: 50.0-77.0); 
mean PSA: 6.1 ng/mL (R: 2.6-10.0) 
 

pT2a: 2 (5.7), pT2b: 3 (8.6), pT2c: 
11 (31.4), pT3a: 8 (22.9), pT3b: 3 
(8.6) 

Ploussard et 
al (2011)f 
[54] 

Pts, 21-core Bp 
for PSA >0.7 
ng/mL/yr,  ab 
DRE, PSA >4 
ng/mL and/or 
PSA-R <10%, 
2001-2008 

Inclusion: PSA ≤10 ng/mL, T1-T2a, GS 
≤6, >10 yrs life expectancy (<65 yrs 
w/o comorbidities, >65 yrs w/o 
oncogeriatrics medical visit) 
Exclusion: tumour ≥3 cores, 
length/core ≥3 mm, no RP, no pre-op 
MRI 

Bp, 
DRE, 
PSA 

 

Y 21 ≥6 w Mean age: 62.4 yrs (R: 51.0-73.2); 
mean PSA: 6.1 ng/mL (R: 1.8-10.0) 
 

pT2a: 26 (27.1), pT2b: 2 (2.1), 
pT2c: 50 (52.1), pT3: 17 (17.7) 
[EPE: 16 (16.7), SVI: 1 (1.0)] 

Turkbey et 
al (2011) 
[38] 

Consecutive pts, 
2008-2009 

Inclusion: Bp-proven PrCa, RB within 
180 days of pre-op MRI w/o any 
treatment 
Exclusion: contraindications to MRI or 
ER 

Bp, 
PSA 

Y NR ≥10 w Median age: 60.0 yrs (R: 49.0-
75.0); median PSA: 5.8 ng/mL (R: 
2.3-23.7)  

pT3a: 12 (26.7); pT3b: 2 (4.4) 

Lee et al 
(2010)(a) 
[79] 

Pts, 1998-2006 Inclusion: cT3 PrCa, RPP, pre-op MRI 
Exclusion: hx HT or RT 

DRE, 
PSA, 
TRUS 

Y 6-10 >3-4 
w 

~Age: 64.5 yrs; ~PSA: 13.7 ng/mL 
(2.7-207.0) 

≤pT2c: 53 (79.1), pT3a: 3 (4.5), 
pT3b: 11 (16.4) 

Lee et al 
(2010)(b) 
[39] 

Record review, 
consecutive pts, 
2007-2009 

Inclusion: pre-op 1.5 T MRI with ER or 
pelvic coil, RP 
Exclusion: positive nodes, bone 
metastasis, technical difficulties with 
imaging or pathology  

Bp, 
PSA 

Y ~11.8 3 w Mean age: 63.0 yrs (SD: 1.5); mean 
PSA: 10.7 ng/mL (SD: 1.9) 

pT2: 34 (37.4); pT3a: 49 (53.8); 
pT3b: 8 (8.8) 

Turkbey et 
al (2010) 
[40] 

Pts, 2004-2007 Inclusion: TRUS Bp-proven PrCa, RP 
performed within 180 days of imaging 
and no trt 

Bp, 
PSA 

Y NR 12 w Mean age: 60.4 yrs (R: 40.0-75.0); 
mean PSA: 5.5 ng/mL (1.0-19.9) 

pT2: 47 (67.1); pT3: 23 (32.9) 
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Abbreviations: ab, abnormal; Bp, biopsy; CE-CT, contrast-enhanced computed tomography; CS, clinical staging; CT, chemotherapy; d, days; DCE, dynamic contrast-enhanced imaging; DRE, digital rectal examination; 
DWI, diffusion-weighted imaging; dx, diagnosis; EPE, extraprostatic extension; ER, endorectal coil; grps, groups; HT, hormone therapy; hx, history; IQR, interquartile range; LN, lymph node; LNM, lymph node 
metastasis; M, median; mo, months; µ, mean; MRI; MRI, magnetic resonance imaging ± DCE, DWI, MRS; MRR, medical record review; MRS, magnetic resonance spectroscopic imaging; pts, patients; NR, not reported; 
OCD, organ-confined disease; p, pathology; PL, pelvic lymphadenopathy; PLN, pelvic lymph nodes; PrCa, prostate cancer, pre-op, preoperative; PSA, prostate-specific antigen; PSA-R, free-to-total PSA ratio; R, range; 
RB, robotic-assisted surgery; RP, radical prostatectomy; RT, radiation therapy; SD, standard deviation; SVI, seminal vesicle invasion; T, Tesla; trt, treatment; TRE, transrectal echography; TRUS, transrectal ultrasound; 
US, ultrasound; w, weeks; w/o, without. 
a Additional information taken from prior Feng et al, 2015 study [88]. 
b Pathology, for n=381 patients. 
c Of 91 patients with final pathology data. 
d Remainder of pathology stage data not presented, therefore presented data does not add up to the total sample size of 133. 
e Pathology, for n=138 patients. 
f Clinical criteria includes PSA density ≤0.15 ng/mL/cm3, no more than 2 biopsy cores positive for cancer, no more than 50% of 1 core involved with cancer, and no Gleason pattern 4 or 5 identified on biopsy. 
g Percentages do not add up to 100% and sample size only to 95, based on original paper. 
 
Note 1. The mean and corresponding SD or median and corresponding ranges were abstracted when available. Otherwise, the mean and range were abstracted where available, or mean alone. When the original paper 
provided age or PSA among subgroups, the average was calculated. This is indicated in tables as ~. Where ranges were quite extreme, the median was presented in lieu of the mean. 
Note 2. OCD translated to ≤pT2, EPE translated to pT3a, and SVI translated to pT3b. 

 
 

  

Study 
(Year) 

Patient 
Enrollment Study Population CS Bp 

Core 
No. 

Bp to 
MRI 

Age and PSA Results of Study 
Population 

Pathological Staging Results 
[no. (%)] 

Exclusion: contraindication to MRI, 
unable for ER 

Brown et al 
(2009) [56] 

Pts, RP+pre-op 
MRI, 2002-2005 

Inclusion: pts able and willing to 
undergo MRI, risk of ECE based on pre-
op assessment 

Bp, 
PSA 

Y NR ≥8-10 
w 

Mean age: 58.0 yrs (R: 42.0-73.0); 
median PSA: 6.1 ng/mL (R: 0.5-
30.5) 

pT2: 41 (66.1), pT3: 21 (33.9) 

Zhang et al 
(2009) [80] 

Consecutive pts, 
2003-2004 

Inclusion: 1.5 T MRI+post-RP in time 
period, T1c PrCa, pathology available 
Exclusion: hx HT/CT/RT 

Bp, 
PSA 

Y NR 10 w Median age: 58.0 yrs (R: 40.0-
76.0); median PSA: 5.3 ng/mL 
(R:1.5-21.0) 

pT2: 124 (78.5), pT3a: 29 (18.4), 
pT3b: 2 (1.3), pT4: 2 (1.3) [No 
tumour: 1 (0.6)] 

Cirillo et al 
(2008) [57] 

Pts, 2002-2005 Inclusion: Bp-proven PrCa+pre-op MRI Bp, 
DRE, 
PSA 

Y NR NR Mean age: 70 yrs (R: 52.0-83.0); 
mean PSA: 9.1 ng/mL (R: 1.6-
136.5) 

NR 
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Table 3. Summary: Use of MRI ± DCE, DWI, MRS (N=61 Studies) 
 
 

Author (Year) 

 
Experienced 

Reader 

Complete/ 
Partially 
Blinded 

 
 

1.5 T MRI 

 
 

3 T MRI 

 
 

ER 

 
 

BC/PC 

 
 

+DCE 

 
 

+DWI 

 
 

+MRS 
Randomized Controlled Trials (n=1) 
Rud et al (2015) [41] √  √   √  √  
Observational Studies (n=66)          
Orczyk et al (2016) [42] √ √  √  √ √ √  
Bittencourt et al (2015) [43] √   √ √a √a √ √  
Boesen et al (2015) [44] √ √  √  √ √ √  
Counago et al (2015) [45] √ √  √   √ √  
de Cobelli et al (2015) [46]   √  √  √ √  
Feng et al (2015) [47] √ √  √  √ √ √  
Ghafoori et al (2015) [4] √  √  √ √    
Junker et al (2015) [81] √ √  √  √ √ √  
Razi et al (2015) [48] √ √ √  √    √ 
Reisaeter et al (2015) [49] √ √ √  √ √ √ √  
Schieda et al (2015) [3] √   √  √ √ √  
Woo et al (2015) [50] √ √  √    √  
Counago et al (2014) [5] √   √  √ √ √  
Gupta et al (2014) [6] √ √  √ √ √ √ √  
Kan et al (2014) [7] √  √   √  √  
Kim et al (2014)(a) [8] √ √  √  √  √  
Kim et al (2014)(b) [9] √ √  √  √ √ √  
Kitamura et al (2014) [10] √ √ √  √ √  √ √ 
Lawrence et al (2014) [11] √ √  √  √  √  
Lista et al (2014) [12]   √  √ √ √ √  
Otto et al (2014) [13] √ √  √ √ √ √ √ √ 
Park et al (2014)(a) [14] √ √  √  √ √ √  
Park et al (2014)(b) [55] √ √  √  √ √ √  
Roethke et al (2014) [15] √  √  √ √    
Song et al (2014) [16] √   √  √  √  
Styles et al (2014) [17]  √  √ √  √ √ √ 
Yao et al (2014) [75]   √   √  √  
Armitage et al (2013) [18] √  √   √    
Cerantola et al (2013) [19] √   √ √  √ √  
Hegde et al (2013) [20] √   √ √ √ √ √  
Hole et al (2013) [21] √  √   √  √  
Isebaert et al (2013) [22] √ √ √   √ √ √  
Jeong et al (2013) [23] √  √ √ √ √  √  
Johnston et al (2013) [24] √  √       
Nepple et al (2013) [25] √  √  √     
Pak et al (2013) [26] √   √    √  
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Abbreviations: BC, body coil; DCE, dynamic contrast-enhanced imaging; DWI, diffusion-weighted imaging; ER, endorectal coil; PC, pelvic/phased-array coil; MRI, magnetic resonance imaging; MRS, magnetic resonance 
spectroscopic imaging; T, Tesla. 
a Staging protocol (n=89 patients) used ER plus pelvic coil, whereas detection protocol (n=44 patients) used pelvic coil only. 
b Cardiac coil. 
c Torso array coil. 
 
Note 1. “√” indicates presence of characteristic whereas a shaded cell indicates the absence of the column characteristic and “+” indicates the addition of. 
Note 2. Experienced reader defined as any experience such as: “specializes” or “experience” or “dedicated” or “radiology specialist” for example, as stated in original paper.  

Porcaro et al (2013) [27] √ √ √  √ √    
Pugh et al (2013) [28] √  √  √ √    
Renard-Penna et al (2013) [30] √ √ √   √ √   
Roethke et al (2013) [29] √  √  √ √    
Somford et al (2013) [31] √ √  √ √ √ √ √  
Soylu et al (2013) [32] √ √ √  √ √ √ √  
Tanaka et al (2013) [33]    √  √ √ √  
Turkbey et al (2013) [34] √ √  √ √ √b √ √ √ 
Tsao et al (2013) [35] √  √    √   
Guzzo et al (2012) [76] √ √ √  √ √c    
Jung et al (2012) [77] √ √ √  √ √    
Kim et al (2012) [36] √   √ √ √    
McClure et al (2012) [51] √ √ √  √  √ √ √ 
Panebianco et al (2012) [53] √ √  √ √ √ √ √ √ 
Hwii Ko et al (2011) [78] √ √  √  √    
Novis et al (2011) [37] √ √ √  √ √ √  √ 
Ploussard et al (2011) [54] √ √ √  √     
Turkbey et al (2011) [38] √ √  √ √ √c √ √ √ 
Lee et al (2010)(a) [79] √   √  √    
Lee et al (2010)(b) [39]  √ √  √ √    
Turkbey et al (2010) [40] √ √  √ √ √c √  √ 
Brown et al (2009) [56] √  √  √ √    
Zhang et al (2009) [80] √ √ √  √ √   √ 
Cirillo et al (2008) [57]   √  √ √    



 

Appendices – March 29, 2016 Page 57 

Table 4. Outcome: Diagnostic Accuracy (N=49 Studies) 
Study (Year) % Sensitivity (95% CI) % Specificity (95% CI) % PPV (95% CI) % NPV (95% CI) 
Orczyk et al 
(2016) [42] 

MRI+DCE+DWI: 52.6 MRI+DCE+DWI: 96.5 MRI+DCE+DWI: 87.2 MRI+DCE:DWI: 81.6 

Bittencourt et 
al (2015)a [43] 

MRIEPE: 98.0 (96.0-100.0) 
MRI+DCEEPE: 82.0 (68.0-90.0) 
MRI+DWIEPE: 95.0 (86.0-99.0) 

 
MRI: 68.0 

MRI+DCE: 55.0 
MRI+DWI: 80.0 

MRIEPE: 32.0 (24.0-39.0) 
MRI+DCEEPE: 33.0 (22.0-44.0) 
MRI+DWIEPE: 27.0 (18.0-39.0) 

 
MRI: 68.0 

MRI+DCE: 73.0 
MRI+DWI: 55.0 

MRIEPE: 54.0 (46.0-63.0) 
MRI+DCEEPE: 50.0 (39.0-60.0) 
MRI+DWIEPE: 52.0 (42.0-61.0) 

 
MRI: 64.0 

MRI+DCE: 62.0 
MRI+DWI: 57.0 

MRIEPE: 96.0 (92.0-99.0) 
DCEEPE: 69.0 (50.0-83.0) 
DWIEPE: 87.0 (66.0-97.0) 

 
MRI: 72.0 

MRI+DCE: 66.0 
MRI+DWI: 76.0 

Boesen et al 
(2015)a [44] 

MRI+DCE+DWIEPE: 81.0 (63.0-93.0) 
MRI+DCE+DWISVI: 80.0 (29.0-97.0) 

MRI+DCE+DWIEPE: 78.0 (66.0-88.0) 
MRI+DCE+DWISVI: 99.0 (93.0-99.0) 

MRI+DCE+DWIEPE: 68.0 (50.0-82.0) 
MRI+DCE+DWISVI: 80.0 (29.0-97.0) 

MRI+DCE+DWIEPE: 88.0 (76.0-95.0) 
MRI+DCE+DWISVI: 99.0 (93.0-99.0) 

Counago et al 
(2015)b [45] 

MRI+DCE+DWI: 70.0 (41.6-98.4) MRI+DCE+DWI: 93.8 (88.5-99.1) MRI+DCE+DWI: 58.3 (30.4-86.2) MRI+DCE+DWI: 96.2 (91.9-100) 

de Cobelli et 
al (2015) [46] 

MRI+DCE+DWIEPE: 100.0 (93.0-100.0) 
MRI+DCE+DWISVI: 100.0 (59.0-100.0) 

MRI+DCE+DWIEPE: 10.0 (6.0-15.0) 
MRI+DCE+DWISVI: 8.0 (4.0-12.0) 

MRI+DCE+DWIEPE: 25.0 (20.0-32.0) 
MRI+DCE+DWISVI: 3.0 (1.0-7.0) 

MRI+DCE+DWIEPE: 100.0 (79.0-100.0) 
MRI+DCE+DWISVI: 100.0 (79.0-100.0) 

Feng et al 
(2015)a [47] 

MRI+DCE+DWIEPE: 84.6 MRI+DCE+DWIEPE: 87.2 MRI+DCE+DWIEPE: 66.7 MRI+DCE+DWIEPE: 94.9 

Ghafoori et al 
(2015) [4] 

MRISVI: 97.0 (89.0-99.0) MRISVI: 98.0 (94.0-99.0) MRISVI: 94.0 (85.0-98.0) MRISVI: 99.0 (96.0-99.0) 

Razi et al 
(2015) [48] 

MRI+MRS: 42.4 MRI+MRS: 93.6 MRI+MRS: 82.3 MRI+MRS: 69.8 

Reisaeter et 
al (2015)c [49] 

MRIPZ: 0.50 (0.44-0.55) 
MRITZ: 0.13 (0.05-0.25) 

MRI+DWIPZ: 0.56 (0.50-0.62) 
MRI+DWITZ: 0.17 (0.08-0.29) 
MRI+DCEPZ: 0.51 (0.45-0.57) 
MRI+DCETZ: 0.13 (0.05-0.25) 

MRI+DCE+DWIPZ: 0.60 (0.55-0.66) 
MRI+DCE+DWITZ: 0.15 (0.07-0.27) 

MRIPZ: 0.79 (0.76-0.82) 
MRITZ: 0.94 (0.92-0.96) 

MRI+DWIPZ: 0.83 (0.80-0.85) 
MRI+DWITZ: 0.94 (0.91-0.96) 
MRI+DCEPZ: 0.83 (0.81-0.86) 
MRI+DCETZ: 0.97 (0.95-0.98) 

MRI+DCE+DWIPZ: 0.80 (0.77-0.83) 
MRI+DCE+DWITZ: 0.95 (0.93-0.97) 

MRIPZ: 0.47 (0.42-0.55) 
MRITZ: 0.19 (0.08-0.36) 

MRI+DWIPZ: 0.55 (0.49-0.60) 
MRI+DWITZ: 0.22 (0.11-0.38) 
MRI+DCEPZ: 0.54 (0.48-0.59) 
MRI+DCETZ: 0.32 (0.14-0.55) 

MRI+DCE+DWIPZ: 0.53 (0.48-0.58) 
MRI+DCE+DWITZ: 0.24 (0.11-0.42) 

MRIPZ: 0.81 (0.78-0.83) 
MRITZ: 0.91 (0.89-0.94) 

MRI+DWIPZ: 0.83 (0.81-0.86) 
MRI+DWITZ: 0.91 (0.89-0.94) 
MRI+DCEPZ: 0.82 (0.79-0.84) 
MRI+DCETZ: 0.91 (0.89-0.94) 

MRI+DCE+DWIPZ: 0.84 (0.81-0.87) 
MRI+DCE+DWITZ: 0.91 (0.89-0.94) 

Rud et al 
(2015) [41] 

MRI+DWI: 73.0 (63.0-81.0) MRI+DWI: 65.0 (54.0-74.0) NR NR 

Schieda et al 
(2015)d [3] 

MRI+DCE+DWIEPE: 59.5 (49.1-68.2) MRI+DCE+DWIEPE: 68.0 (50.5-82.6) NR NR 

Woo et al 
(2015)e [50] 

MRIEPE: 30.0 (17.9-44.6) 
MRI+DWIEPE: 92.0 (80.8-97.8) 

MRIEPE: 92.5 (83.4-97.5) 
MRI+DWIEPE: 55.2 (42.6-67.4)  

NR NR 

Counago et al 
(2014) [5] 

MRI+DCE+DWIEPE: 57.1 (25.0-84.1) MRI+DCE+DWIEPE: 95.0 (83.0-98.0) MRI+DCE+DWIEPE: 66.6 (29.0-100) MRI+DCE+DWIEPE: 92.6 (85.0-100) 

Gupta et al 
(2014) [6] 

MRI+DCE+DWIOCD: 81.6 
MRI+DCE+DWIEPE: 77.8 

MRI+DCE+DWIOCD: 86.4 
MRI+DCE+DWIEPE: 83.4 

MRI+DCE+DWIOCD: 91.2 
MRI+DCE+DWIEPE: 66.7 

MRI+DCE+DWIOCD: 73.1 
MRI+DCE+DWIEPE: 89.7 

Kan et al 
(2014) [7] 

MRI+DWIEPE: 5.9 MRI+DWIEPE: 94.9 MRI+DWIEPE: 33.3 MRI+DWIEPE: 69.8 
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Kim et al 
(2014)(a)e [8] 

MRI+DWIEPE: 75.0 MRI+DWIEPE: 70.0 NR NR 

Kim et al 
(2014)(b)f [9] 

MRI: 32.3 (25.5-37.2) 
MRI+DCE: 27.2 (22.7-32.6)  
MRI+DWI: 43.5 (38.8-50.8)  

MRI: 94.0 (92.0-96.1) 
MRI+DCE: 93.2 (91.6-94.9)  
MRI+DWI: 91.1 (89.3-94.0) 

MRI: 75.0 (71.6-86.2) 
MRI+DCE: 71.7 (67.3-79.9)  
MRI+DWI: 77.1 (72.2-85.0) 

MRI: 66.2 (61.2-72.0) 
MRI+DCE: 63.2 (58.6-69.5)  
MRI+DWI: 69.8 (65.8-74.5) 

Kitamura et al 
(2014) [10] 

MRI: 48.0 
DWI: 44.0  
MRS: 29.0 

MRI+DWI: 56.0 
MRI+MRS: 62.0 

MRI+DWI+MRS: 68.0 

MRI: 81.0 
DWI: 93.0  
MRS: 86.0 

MRI+DWI: 79.0 
MRI+MRS: 65.0 

MRI+DWI+MRS: 63.0 

MRI: 68.0 
DWI: 84.0 
MRS: 62.0 

MRI+DWI: 69.0 
MRI+MRS: 60.0 

MRI+DWI+MRS: 61.0 

MRI: 65.0 
DWI: 66.0  
MRS:58.0 

MRI+DWI: 68.0 
MRI+MRS: 67.0 

MRI+DWI+MRS: 70.0 
Lawrence et 
al (2014)c [11] 

MRIEPE: 22.0 (10.0-41.0) 
MRI+DWIEPE: 44.0 (27.0-64.0) 

MRIEPE: 85.0 (73.0-92.0) 
MRI+DWIEPE: 83.0 (71.0-91.0) 

MRIEPE: 43.0 (20.0-69.0) 
MRI+DWIEPE: 57.0 (36.0-76.0) 

MRIEPE: 68.0 (56.0-78.0) 
MRI+DWIEPE: 75.0 (61.0-85.0) 

Lista et al 
(2014) [12] 

MRIEPE: 33.0 
MRI+DCE+DWIEPE: 58.0 

MRISVI: 50.0 
MRI+DCE+DWISVI: 75.0 

MRIEPE: 96.0 
MRI+DCE+DWIEPE: 98.0 

MRISVI: 94.0 
MRI+DCE+DWISVI: 96.0 

MRIEPE: 84.0 
MRI+DCE+DWIEPE: 95.0 

MRISVI: 66.0 
MRI+DCE+DWISVI: 80.0 

MRIEPE: 69.0 
MRI+DCE+DWIEPE: 75.0 

MRISVI: 89.0 
MRI+DCE+DWISVI: 94.0 

Otto et al 
(2014)g [13] 

MRI+DCE+DWI(+MRS)EPE: 90.0 
MRI+DCE+DWI(+MRS)SVI: 80.0 

MRI+DCE+DWI(+MRS)EPE: 74.0 
MRI+DCE+DWI(+MRS)SVI: 96.0 

NR 
- 

NR 
- 

Park et al 
(2014)(a) [14] 

MRI+DCE+DWIT3: 55.9 MRI+DCE+DWIT3: 82.2 MRI+DCE+DWIT3: 59.1 MRI+DCE+DWIT3: 80.2 

Roethke et al 
(2014) [15] 

MRISVI: 48.6 MRISVI: 97.7 MRISVI: 68.0  MRISVI: 94.9 

Song et al 
(2014) [16] 

MRI+DWIANT-T: 65.1 
MRI+DWIPOST-T: 72.2 

MRI+DWIANT-T: 88.8 
MRI+DWIPOST-T: 78.9 

MRI+DWIANT-T: 76.3 
MRI+DWIPOST-T: 86.0 

MRI+DWIANT-T: 82.1 
MRI+DWIPOST-T: 61.2 

Styles et al 
(2014)h [17] 

MRI: 53.2 
DWI: 62.3  

NR 
- 

NR 
- 

NR 
- 

Armitage et al 
(2013) [18] 

MRIEPE: 41.0 (23.0-61.0) MRIEPE: 69.0 (42.0-87.0) MRIEPE: 69.0 MRIEPE: 41.0 

Cerantola et 
al (2013) [19] 

MRI+DCE+DWIEPE: 35.0 (19.0-55.0) MRI+DCE+DWIEPE: 90.0 (73.0-98.0)  MRI+DCE+DWIEPE: 79.0 (49.0-95.0) MRI+DCE+DWIEPE: 57.0 (41.0-71.0) 

Hegde et al 
(2013) [20] 

MRI+DCE+DWIEPE: 28.0 
MRI+DCE+DWISVI: 50.0 

MRI+DCE+DWIEPE: 91.0 
MRI+DCE+DWISVI: 99.0 

MRI+DCE+DWIEPE: 50.0 
MRI+DCE+DWISVI: 83.0 

MRI+DCE+DWIEPE: 79.0 
MRI+DCE+DWISVI: 96.0 

Hole et al 
(2013) [21] 

MRI+DWIEPE: 56.3 MRI+DWIEPE: 82.2 MRI+DWIEPE: 85.4 MRI+DWIEPE: 50.4 

Isebaert et al 
(2013) [22] 

MRI: 25.1 (21.0-29.7) 
DCE: 22.8 (19.3-26.7) 
DWI: 36.8 (31.5-42.4) 

MRI+DCE: 35.6 (31.4-40.1) 
MRI+DWI: 44.8 (39.4-50.3) 
DCE+DWI: 43.7 (38.6-48.9) 

MRI+DCE+DWI: 49.3 (44.2-54.4 ) 

MRI: 94.7 (92.2-96.5) 
DCE: 94.2 (92.2-95.7) 
DWI: 93.8 (90.9-95.8) 

MRI+DCE: 90.3 (87.3-92.7) 
MRI+DWI: 90.2 (86.8-92.9) 
DCE+DWI: 89.0 (85.5-91.7) 

MRI+DCE+DWI: 86.5 (82.6-89.6) 

MRI: 86.9 (80.2-91.6) 
DCE: 84.3 (78.7-88.6) 
DWI: 89.1 (83.5-93.0) 

MRI+DCE: 83.8 (77.9-88.3) 
MRI+DWI: 86.7 (80.9-90.9) 
DCE+DWI: 84.7 (79.1-89.0) 

MRI+DCE+DWI: 83.7 (77.9-88.2) 

MRI: 49.9 (44.2-55.5) 
DCE: 49.0 (43.2-54.8) 
DWI: 53.5 (48.1-58.7) 

MRI+DCE: 52.0 (46.3-57.7) 
MRI+DWI: 55.6 (50.3-60.7) 
DCE+DWI: 55.0 (49.6-60.3) 

MRI+DCE+DWI: 56.6 (51.3-61.7) 
Jeong et al 
(2013) [23] 

MRI+DWIEPE: 43.0 
MRI+DWISVI: 34.9 

MRI+DWIEPE: 84.2 
MRI+DWISVI: 93.8 

MRI+DWIEPE: 78.6 
MRI+DWISVI: 62.4 

MRI+DWIEPE: 52.2 
MRI+DWISVI: 83.1 
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MRI+DWILNM: 14.0 MRI+DWILNM: 96.9 MRI+DWILNM: 22.9 MRI+DWILNM: 94.5 
Johnston et al 
(2013) [24] 

MRIEPE: 20.0 
MRISVI: 0 

MRIEPE: 80.2 
MRISVI: 94.2 

NR 
- 

NR 
- 

Nepple et al 
(2013) [25] 

MRIEPE: 14.0 
MRISVI: 38.0 

MRIEPE: 88.0 
MRISVI: 99.0 

MRIEPE: 27.0 
MRISVI: 75.0 

MRIEPE: 76.0 
MRISVI: 94.0 

Pak et al 
(2013) [26] 

MRI+DWIEPE: 62.5 DWI+MRIEPE: 82.1 DWI+MRIEPE: 18.0 DWI+MRIEPE: 97.2 

Porcaro et al 
(2013) [27] 

MRIEPE: 76.0 
MRIEPE: 78.0 
MRISVI: 88.0 

MRIEPE: 95.0 
MRIEPE: 96.0 
MRISVI: 98.0 

MRIEPE: 91.0 
MRIEPE: 86.0 
MRISVI: 82.0 

MRIEPE: 92.0 
MRIEPE: 92.0 
MRISVI: 99.0 

Pugh et al 
(2013) [28] 

MRIEPE: 50.9 MRIEPE: 83.3 MRIEPE: 60.4 MRIEPE: 77.2 

Renard-Penna 
et al (2013)i 
[30] 

MRI+DCEEPE: 81.3  MRI+DCEEPE: 94.1 MRI+DCEEPE: 72.2 MRI+DCEEPE: 96.4 

Roethke et al 
(2013) [29] 

MRIT2: 91.8 
MRIT3: 40.7 

MRIT4: 33.2 
MRIEPE: 41.5 

MRIT2: 41.5 
MRIT3: 92.9 

MRIT4: 98.9 
MRIEPE: 91.8 

- 
- 
- 

MRIEPE: 69.0 

- 
- 
- 

MRIEPE: 78.0 
Somford et al 
(2013) [31] 

MRI+DCE+DWIEPE: 58.2 MRI+DCE+DWIEPE: 89.1 MRI+DCE+DWIEPE: 84.1 MRI+DCE+DWIEPE: 68.3 

Soylu et al 
(2013)i [32] 

MRISVI: 65 (45.5-84.6) 
MRI+DWISVI: 78.0 (60.0-94.4) 

MRI+DCE+DWISVI: 78.0 (60.0-94.4)    

MRISVI: 90.7 (84.8-96.0) 
MRI+DWISVI: 96.3 (92.3-99.1) 

MRI+DCE+DWISVI: 96.3 (92.4-99.1)    

MRISVI: 60 (40.0-79.3) 
MRI+DWISVI: 82.0 (64.0-95.8) 

MRI+DCE+DWISVI: 82.0 (64.7-95.8)    

MRISVI: 92.5 (87.4-97.1) 
MRI+DWISVI: 95.4 (91.2-99.1) 

MRI+DCE+DWISVI: 95.4 (91.2-99.1)    
Tanaka et al 
(2013)j [33] 

MRI+DCE+DWIEPE: 60.0 MRI+DCE+DWIEPE: 86.0 MRI+DCE+DWIEPE: 42.9 MRI+DCE+DWIEPE: 92.5 

Turkbey et al 
(2013)k [34] 

MRI+DCE+DWI+MRSEPE: 76.0 
MRI+DCE+DWI+MRSSVI: 67.0   

MRI+DCE+DWI+MRSEPE: 95.0 
MRI+DCE+DWI+MRSSVI: 100   

MRI+DCE+DWI+MRSEPE: 90.0 
MRI+DCE+DWI+MRSSVI: 100   

MRI+DCE+DWI+MRSEPE: 88.0 
MRI+DCE+DWI+MRSSVI: 98.0   

Tsao et al 
(2013) [35] 

MRI+DCEOCD: 63.1  
MRI+DCEEPE: 25.0 
MRI+DCESVI: 35.3 

MRI+DCEOCD: 41.4  
MRI+DCEEPE: 70.7 
MRI+DCESVI: 96.1 

NR 
- 
- 

NR 
- 
- 

Kim et al 
(2012) [36] 

ER-MRIEPE: 33.3 
ER-MRISVI: 46.2 
PC-MRIEPE: 31.3 
PC-MRISVI: 42.9 

ER-MRIEPE: 96.6 
ER-MRISVI: 92.0 
PC-MRIEPE: 97.5 
PC-MRISVI: 92.5 

ER-MRIEPE: 91.7 
ER-MRISVI: 60.0 
PC-MRIEPE: 93.8 
PC-MRISVI: 64.3 

ER-MRIEPE: 56.9 
ER-MRISVI: 86.8 
PC-MRIEPE: 54.2 
PC-MRISVI: 83.8 

McClure et al 
(2012)l [51] 

MRI+DCE+DWI+MRST3: 50.0 MRI+DCE+DWI+MRST3: 97.5 MRI+DCE+DWI+MRST3: 50.0 MRI+DCE+DWI+MRST3: 97.5 

Novis et al 
(2011) [37] 

MRIT1-T2: 71.5 
DCET1-T2: 67.2 
MRST1-T2: 70.4 

MRIEPE: 50.0 
MRISVI: 40.0 

MRIT1-T2: 58.9 
DCET1-T2: 65.7 
MRST1-T2: 58.7 

MRIEPE: 77.6 
MRISVI: 83.1 

MRIT1-T2: 76.6 
DCET1-T2: 79.3 
MRST1-T2: 78.4 

MRIEPE: 13.7 
MRISVI: 15.4 

MRIT1-T2: 52.4 
DCET1-T2: 50.6 
MRST1-T2: 48.2 

MRIEPE: 95.6 
MRISVI: 94.7 

Turkbey et al 
(2011) [38] 

MRI: 58.0 
DCE: 38.0  

MRI: 93.0 
DCE: 98.0  

MRI: 70.0 
DCE: 86.0  

MRI: 90.0 
DCE: 87.0  
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Abbreviations: ANT-T, anterior index tumours; CI, confidence interval; DCE, dynamic-contrast enhanced imaging for tumor detection; DWI, diffusion-weighted imaging; EPE, extraprostatic extension; ER, endorectal 
coil; LNM, lymph node metastasis; MRI, magnetic resonance imaging; MRS, magnetic resonance spectroscopic imaging; NPV, negative predictive value; NR, not reported; OCD, organ-confined disease; PC, pelvic coil; 
POST-T, posterior index tumors; PPV, positive predictive value; PZ, peripheral zone; SVI, seminal vesicle invasion; TZ, transitional zone. 
a For a PI-RADS score of ≥4 (Bittencourt et al, 2015); for PI-RADS score of ≥4 to be more conservative (vs. score of 3) (Boesen et al, 2015); for a PI-RADS score of ≥3 (Feng et al, 2015). 

b Based on 90 patients. 

c Observer 2 with more than 10 years of experience (Reisaeter et al, 2015); more experienced of the two readers (Lawrence et al, 2014). 
d For PI-RADS ≥3 and subset of 65 patients with standardized reporting (Schieda et a, 2015). 
e Tumour ADC value using a cutoff of 1.09 (Kim et al, 2014a) and 0.89 (Woo et al, 2015) × 10-3/mm2 for presence of EPE. 
f Clinically significant cancer is likely to be present (score 4); values are for scores ≥4 (vs. score of 3), according to the European Society of Urogenital Radiology.  
g For reader A. Kappa between 2 readers was 0.89 per patient analysis. 
h Per tumor analysis (n=77 tumours). 
i For the experienced reader. 
j By prostate side or lobe (right side or left side).  
k Among 133 patients, there were 50 patients (37.6%) who had MRI+DCE+MRS and 83 patients (62.4%) who had MRI+DCE+DWI+MRS. 
l 208 lobes. 
  
 
 

  

DWI: 53.0 
MRS: 16.0 

DWI: 95.0 
MRS: 100  

DWI: 73.0 
MRS: 93.0 

DWI: 89.0 
MRS: 83.0 

Lee et al 
(2010)(b) [39] 

ER-MRIEPE: 31.8  
ER-MRISVI: 50.0  
PC-MRIEPE: 29.6  
PC-MRISVI: 50.0  

ER-MRIEPE: 95.5  
ER-MRISVI: 92.5  
PC-MRIEPE: 90.0  
PC-MRISVI: 97.7 

ER-MRIEPE: 87.5  
ER-MRISVI: 40.0  
PC-MRIEPE: 80.0  
PC-MRISVI: 66.7 

ER-MRIEPE: 58.3  
ER-MRISVI: 94.9  
PC-MRIEPE: 48.7  
PC-MRISVI: 95.5 

Turkbey et al 
(2010) [40] 

MRIPZ+TZ: 44.0 (37.0-51.0) 
DCEPZ+TZ: 19.0 (14.0-25.0) 
MRSPZ+TZ: 12.0 (7.0-18.0) 

MRIPZ+TZ: 83.0 (81.0-86.0) 
DCEPZ+TZ: 95.0 (93.0-97.0) 
MRSPZ+TZ: 97.0 (95.0-98.0) 

NR 
- 
- 

NR 
- 
- 
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Table 5. Outcome: Diagnostic Accuracy (Qualitative Summary) (N=4 Studies) 
Study (Year) Details 
Junker et al (2015) [81] 
 

For 3 T MRI compared with histopathologic findings, the detection of prostate cancer based on receiver operator 
characteristics were: AUC: 0.90 (95% CI: 0.87-0.94) for MRI alone; AUC: 0.92 (95% CI: 0.88-0.95) for MRI+DWI; and 
AUC: 0.85 (95% CI: 0.80-0.90) for MRI+DCE. 

Jung et al (2012) [77] 
 

For 1.5 T MRI+ER compared with histopathologic findings in detecting EPE and SVI, the AUC ranged from 0.69 to 0.70 
for three independent readers. 

Hwii Ko et al (2011) [78] 
 

The number and percentage of patients that were correctly categorized for EPE, SVI, and stage T3 tumours between 
3 T MRI and pathology were 84 (69.4%), 102 (84.3%), and 89 (73.6%), respectively. 

Zhang et al (2009) [80] 
 

For 1.5 T MRI+ER compared with histopathologic findings in detecting stage T3a or higher, the AUC ranged from 0.71 
to 0.75 for two independent readers. With the addition of MRS, the AUC ranged from 0.74 to 0.75 for the two 
independent readers. 

Abbreviations: AUC, area under the curve; CI, confidence interval; DCE, dynamic contrast-enhanced imaging; DWI, diffusion-weighted imaging; EPE, extraprostatic extension; ER, endorectal coil; 
MRI, magnetic resonance imaging ± DCE, DWI, MRS; MRS, magnetic resonance spectroscopic imaging; SVI, seminal vesicle invasion; T, Tesla. 
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Outcome: Diagnostic Accuracy (no endorectal coil)  

 
 
 

Figure 1. Diagnostic Accuracy of 1.5 T MRI ± DCE, DWI, MRS (n=18)  
Abbreviations: DCE, dynamic contrast-enhanced imaging; DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging ± DCE, DWI, MRS; MRS, 

magnetic resonance spectroscopic imaging; T, Tesla. 

 
 
 

Figure 2. Diagnostic Accuracy of 3 T MRI ± DCE, DWI, MRS (n=14) 
 Abbreviations: DCE, dynamic contrast-enhanced imaging; DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging ± DCE, DWI, MRS; 

MRS, magnetic resonance spectroscopic imaging; T, Tesla.
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Table 6. Outcome: Change in TNM Stage Classification (N=20 Studies)  
 

Study 
(Year) 

 
 

SS 

 
 

Clinical Stage [no. (%)]a 

 
 

MRI Stage [no. (%)]a 

 
 

Diffb 

 
Results 

Summaryc 

Overall 
Interpretation of 

Findings 
Counago et 
al (2015) 
[45] 274 T1a-T2a: 239 (87.2) T1a-T2a: 67 (24.5) -62.7 ↓T1 

Upstaging 
(validated in 58%-75%, 
see Appendix IV, Table 

2) 
  T2b-c: 30 (11.0) T2b-c: 157 (57.3) 46.3 ↑T2 
  T3-T4: 5 (1.8)  T3-T4: 50 (18.2)  16.4 ↑T3 
Counago et 
al (2014) [5] 150 T1b-T2a: 127 (84.7) T1b-T2a: 28 (18.7) -66.0% ↓T1 Upstaging 
  T2b-T2c: 9 (6.0) T2b-T2c: 96 (64.0) 58.0% ↑T2  
  T3-T4: 0 (0) T3-T4: 26 (17.3) 17.3% ↑T3  
Gupta et al 
(2014) [6] 60 T1: 52 (86.7) T1: 0 (0) -86.7% ↓T1 Upstaging 
  T2a/b: 7 (11.7)/T2c: 0 (0) [11.7] T2a/b: 11 (18.3)/T2c: 23 (38.3) [56.6] 44.9% ↑T2  
  T3a: 0 (0)/T3b: 1 (1.6) [1.6] T3a: 21 (35)/T3b: 5 (8.4) [43.4] 41.8% ↑T3  
Lista et al 
(2014) [12] 85 T1c: 58 (68.2) T1c: 5 (5.9) -62.3% ↓T1 Upstaging 
  T2a: 8 (9.4)/T2b: 3 (3.5)/T2c: 13 (15.3) [28.2] T2a: 10 (11.8)/T2b: 8 (9.4)/T2c: 32 (37.6) [58.8] 30.6% ↑T2  
  T3a: 3 (3.5)/T3b: 0 (0) [3.5] T3a: 16 (18.8)/T3b: 14 (16.5) [35.3] 31.8% ↑T3  
Park et al 
(2014)(b) 
[55] 282 T1c: 187 (66.3) NR NE - Upstaging 
  T2a: 70 (24.8)/T2b: 16 (5.7)/T2c: 2 (0.7) NR NE -  
  T3a: 7 (2.5)/T3b: 0 (0) [2.5] T3a: 96 (34.0)/T3b: 9 (3.2) [37.2] 34.7% ↑T3  
Armitage et 
al (2013)d 
[18] 69 T1-T2a: 4 (5.8) NR NE - Upstaging 
  T2b/c: 58 (84.1) NR NE -  
  T3-T4: 7 (10.1) T3: 13 (37.1) 27.0% ↑T3  
Cerantola et 
al (2013)e 
[19] 60 ~T1: 24 (40.0) T1: 0 (0) -40.0% ↓T1 Upstaging 

(validated in 62%, see 
Appendix IV, Table 2) 

  ~T2: 34 (56.7) T2a: 23 (38.3)/T2b: 11 (18.3)/T2c: 12 (20.0) [76.6] 19.9% ↑T2 
  ~T3: 2 (3.3) T3a: 12 (20.0) 16.7% ↑T3 
  T4: 0 (0) T4: 2 (3.3) 3.3% ↑T4 
Hegde et al 
(2013) [20] 118 T1c: 91 (77.1) T1: 0 (0) -77.1% ↓T1 

Upstaging 
(validated, p = 0.0012, 
see Appendix IV, Table 

2) 
  T2a: 18 (15.3)/T2b: 6 (5.1)/T2c: 3 (2.5) [22.9] T2: 102 (86.4) 63.5% ↑T2 
  T3: 0 (0) T3: 16 (13.6) 13.6% ↑T3 
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Hole et al 
(2013)f [21] 209 T1c: 96 (45.9) T1: 0 (0) -45.9% ↓T1 Upstaging 

(validated for 85%, see 
Appendix IV, Table 2) 

  T2a/T2b: 53 (25.4)/T2c: 22 (10.5) [35.9] T2a/b: 52 (24.9)/T2c: 55 (26.3) [51.2] 15.3% ↑T2 
  T3: 38 (18.2) T3a: 74 (35.4)/T3b: 13 (6.2) [41.6] 23.4% ↑T3 
  T4: 0 (0) T4: 3 (1.4) 1.4% ↑T4 
Johnston et 
al (2013)g 
[24] 

 
568 T1-T2a: 198 (34.9) NR NE 

 
- 

 
- 

  T2b-T2c: 303 (53.3) NR NE -  
  T3-T45: 67 (11.8) T3a: 113 (19.9)/T3b: 31 (5.5) NE -  
Porcaro et al 
(2013) [27] 154 T1c: 42 (27.3) T1: 0 (0) -27.3% ↓T1 Upstaging 
  T2: 112 (72.7) T2: 100 (64.9) -7.8% ↓T2  
  T3: 0 (0) T3a: 37 (24.0)/T3b: 17 (11.0) [35.0] 35.0% ↑T3  
Pugh et al 
(2013)h [28] 171 T1c: 87 (50.9) - -28.1% ↓T1 Upstaging 
  T2a: 43 (25.1)/T2b: 36 (21.1)/T2c: 5 (2.9) [49.1] ≤T2: 123 (71.9) 22.8% ↑T2  
  T3: 0 (0) T3a-b: 48 (28.1) 28.1% ↑T3  
Renard-
Penna et al 
(2013)I [30] 

 
101 T1c: 75 (74.3) T1: 0 (0) -74.3% 

 
↓T1 

 
Upstaging 

  T2a: 8 (7.9)/T2b: 7 (6.9) [14.8] T2: 83 (82.2) 67.4% ↑T2  
  T3a: 6 (5.9)/ T3b: 5 (5.0) [10.9] T3a: 13 (12.9)/T2b: 0 (0) [12.9] 2.0% ↑T3  
Somford et 
al (2013) 
[31] 

 
183 

 
T1: 95 (51.9) T1: 0 (0) -51.9% 

 
↓T1 

 
Upstaging 

  T2: 67 (36.6) T2: 120 (65.6) 29.0% ↑T2  
  T3: 21 (11.5) T3: 63 (34.4) 22.9% ↑T3  
Tanaka et al 
(2013) [33] 67 T1: 0 (0) T1: 0 (0) 0% - Downstaging 
  T2a: 28 (41.8)/T2b: 3 (4.5)/T2c: 20 (29.9) [76.2] T2: 53 (79.1) 2.9% ↑T2  
  T3a: 16 (23.9) T3a: 14 (20.9) -3.0% ↓T3  
Tsao et al 
(2013)j [35] 94 T1: 0 (0) T1: 0 (0) 0% - 

Upstaging 
(validated in 11%-71%, 
see Appendix IV, Table 

2) 
  ≤ T2: 94 (100) T2: 58 (61.7) -38.3% ↓T2 
  T3: 0 (0) T3a: 27 (28.7)/T3b: 9 (9.6) [38.3] 38.3% ↑T3 
Panebianco 
et al (2012)k 
[53] 105 T1c or T2a: 105 (100) T2: 73 (69.5) -30.5% ↓T1c/2 

Upstaging 
(validated in 28%, see 
Appendix IV, Table 2) 

  T3: 0 (0) T3: 32 (30.5) 30.5% ↑T3 
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Ploussard et 
al (2011)l 
[54] 96 T1: ~84 (87.5) T1 or T2: 68 (70.8)  -29.2% 

 
↓T1/2 

 
Upstaging 

  T2: 12 (12.5) - NE -  
  T3: 0 (0) T3: 28 (29.2) 29.2% ↑T3  
Brown et al 
(2009)m [56] 62 T1c: 31 (54.4) T1: 0 (0) -54.4% 

 
↓T1 

Upstaging 
(validated in 38%-82%, 
see Appendix IV, Table 

2) 
  T2: 26 (50.0) T2: 47 (75.8) 25.8% ↑T2 
  T3: 0 (0) T3: 15 (24.2) 24.2% ↑T3 
Cirillo et al 
(2008) [57] 143 T1: 18 (12.6) T1: 3 (2.1) -10.5% ↓T1 Upstaging 
  T2: 113 (79.0) T2: 89 (62.2) -16.8% ↓T2  
  T3: 12 (8.4) T3: 49 (34.3) 25.9% ↑T3  
  T4: 0 (0) T4: 2 (1.4) 1.4% ↑T4  

Abbreviations: DCE, dynamic contrast-enhanced imaging; diff, difference; DRE, digital rectal examination; DWI, diffusion-weighted imaging; EPE, extraprostatic extension; MRI, magnetic resonance imaging ± DCE, DWI, MRS; MRS, 
magnetic resonance spectroscopic imaging; NE, not estimable; NR, not reported; SS, sample size. 
a Staging according to the American Joint Committee on Cancer. Totals for a given stage are depicted by square brackets as percentages.   
b Absolute within stage difference defined as: MRI stage minus clinical stage (baseline). A negative value indicates a decrease in the number or proportion of patients within a given stage category whereas a positive value indicates an 
increase in the number or proportion of patients within a given stage category. Change across stage categories is not specified.  
c Reported for T stage overall. 
d Subset of 35 patients had MRI results (Armitage et al, 2013). 
e T1 given as “normal”, T2 given as “palpable”, and T3 given as “EPE” from DRE, as described in the original study. 
f No tumor was identified at MRI for 10 patients and MRI was indeterminate for two patients.  
g Patients categorized for clinical stage are part of the D’Amico risk classification reported in the original paper (e.g. low risk: T1-T2a, Gleason score ≤6, prostate-specific antigen level <10 ng/mL). 
h T3a-b represents “EPE” from the original paper. Remainder of patients were assumed to be ≤T2 stage for MRI. Calculation of difference assumes: MRI ≤T2 stage minus clinical T2 stage (22.8%) and MRI ≤T2 stage minus clinical T2 
stage minus clinical T1 stage (28.1%). 
i Five patients unaccounted for in MRI results, therefore overall findings are uncertain. 
j ≤T2 patients are categorized according to “clinically localized” as described in the study. 
k Group A assigned to T2 and Group B assigned to T3 for MRI staging. Group A defined in the original paper as patients submitted to bilateral nerve-sparing radical prostatectomy. Group B defined in the original paper as patients 
submitted to unilateral nerve-sparing or non-nerve sparing radical prostatectomy. 
l T1 or T2 in MRI subtracted from combined T1 and T2 in clinical stage (29.2%) 
m Clinical stage only available for 57 patients. 
 
Note 1. ~indicates that either stage or number was estimated or assumed from limited data in the original paper. 

 
 



 

Appendices – March 29, 2016 Page 66 

Table 7. Outcome: Change in Risk Stratification Category (Qualitative Summary) (N=2 Studies) 
Study (Year) Details 
Counago et al (2015) 
[45] 
 

Risk group changes were as follows: pre-MRI as 34.7% low risk, 46.4% intermediate risk, 
and 19.0% high risk. Post-MRI as 11.7% low risk, 59.5% intermediate risk, and 28.8% high 
risk. Overall, there were fewer individuals categorized as low risk and more individuals 
categorized as intermediate or high risk. 

Counago et al (2014) [5] 
 

Risk group change in 35 of 103 (33.9%) patients with a provisional treatment plan. There 
were 21 (20.1%) patients who were changed from low risk to intermediate risk, one (0.9%) 
patient that was changed from low risk to high risk, five (3.8%) patients that were changed 
from intermediate risk to intermediate-high risk, and eight (7.6%) patients that were 
changed from intermediate risk to high risk. 

Abbreviations: DCE, dynamic contrast-enhanced imaging; DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging ± DCE, DWI, MRS; MRS, 
magnetic resonance spectroscopic imaging. 
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Table 8. Outcome: Change in Treatment Plan (N=6 Studies) 

  

Study 
(Year) MRI  

Treatment Plan 

Diffa Results  Overall  Correctness 
Before MRI        
[no. (%)] 

After MRI 
[no. (%)] 

Counago 
et al 
(2015) 
[45] 

3 T 
MRI+DCE

+DWI 

High doses:  
179 (65.3) 
 
≥interm+high risk pts 
HT1: 92 (33.6) 
HT2: 125 (45.6) 

High doses: 
242 (88.3) 
 
≥interm+high risk pts 
HT1: 116 (42.3) 
HT2: 171 (62.4) 

23.0% 
 
 
 

8.7% 
16.8% 

 
 

↑ therapy 

 
More 
intense 
therapy 

“less disagreement 
with therapy changes 
based on imaging 
compared to clinical 
staging therapy 
decision-making” 

Rud et al 
(2015) 
[41] 

1.5 T 
MRI+DWI 

NR Intervention arm: 
59/222 pts had an 
altered procedure on 
one or both sides 
[cT1: 30 (51%), cT2: 
29 (49%), rT3: 49 
(83%)] 

26.6% Change Authors 
stated: 
more 
radical 
excision 
for all 
surgical 
changes 

NR 

Counago 
et al 
(2014) 
[5] 

3 T 
MRI+DCE

+DWI  

Low risk 
CTV: prostate; 
doses: 78 Gy; HT: 
none 
 
 
Low risk 
CTV: prostate; 
doses: 78 Gy; HT: 
none 
 
 
Interm risk 
CTV: prostate + 
SSVV; doses: 80 Gy; 
HT: none 
 
 
Interm risk 
CTV: prostate + 
SSVV; doses: 80 Gy; 
HT: none 

Interm risk (21 pts) 
CTV: prostate + 
SSVV; doses: 80 Gy; 
HT: none  
 
High risk (1 pt) 
CTV: prostate + 
SSVV; doses: 80 Gy; 
HT x 24 mo  
 
Interm-high risk (5 
pts) 
CTV: prostate + 
SSVV;  
doses: 80 Gy; HT x 6 
mo  
 
High risk (8 pts) 
CTV: prostate + 
SSVV;  
doses: 80 Gy; HT x 
24 mo 

20.1% 
 
 
 
 

0.9% 
 
 
 
 

3.8% 
 
 
 
 
 

7.6% 

 
 
 
 
 
 

↑ risk group 
for all (35 

pts) 

 
 
 
 
 
 
More 
intense 
therapy 

NR 

Park et 
al 
(2014)(a) 
[14] 

3 T 
MRI+DCE

+DWI 

NR More aggressive 
surgery: 40/93 pts 
Less aggressive 
surgery: 53/93 pts 

43.0% 
 

57.0% 

Change in 
both 

directions 

More and 
less 
intense 
therapy 

More aggressive 
surgery: 25/40 pts 
(63%) 
More conservative 
surgery: 48/53 pts 
(91%) 

McClure 
et al 
(2012) 
[51] 
 
 
 
 

1.5 T 
MRI+DCE
+DWI+ 
MRS 

NNS: 35/208 sides 
(16.8%) 
NS: 173/208 sides 
(83.2%) 

Less aggressive 
surgery, change from 
NNS to NS: 17/28 pts 
(60.7%) 
More aggressive 
surgery, change from 
NS to NNS: 11/28 
(39.3%) 

27% pts 
had a 

change 
in 

surgery 
plan 

Change in 
both 

directions 

More and 
less 
intense 
therapy 

Among initial NS 
surgical plan, 97.1% 
were T2 staged at 
imaging, of which 
97.0% were 
pathologically 
confirmed as pT2. 
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Abbreviations: BL/NS, bilateral nerve-sparing surgery; CTV, clinical target volume; DCE, dynamic contrast-enhanced; diff, difference; DWI, diffusion-weighted imaging; Gy, gray; 
HT, hormone therapy; HT1, hormone therapy according to ‘initial criteria’; HT2, hormone therapy according to MSKCC criteria; interm, intermediate; mo, months; MRI, magnetic 
resonance imaging ± DCE, DWI, MRS; MRS, magnetic resonance spectroscopic imaging; MSKCC, Memorial Sloan-Kettering Cancer Centre; NNS, non-nerve sparing; Non/NS, non-nerve-
sparing surgery; NR, not reported; NS, nerve-sparing; pts, patients; RP, radical prostatectomy; SSVV, seminal vesicles; T, Tesla; UL/NS, unilateral nerve-sparing surgery. 
a Absolute difference within a treatment category defined as: After MRI treatment plan minus before MRI treatment plan. A negative value indicates a decrease in the number or 
proportion of patients within a given treatment category whereas a positive value indicates an increase in the number of proportion of patients within a given treatment category. 
Change across treatment categories is not specified.  

  

Panebia-
nco et al 
(2012) 
[53] 

3 T   
MRI+DCE
+DWI+ 
MRS 

BL/NS/RP: 105 (100) 
UL/NS/RP: 0 (0) 
Non/NS/RP 0 (0) 

BL/NS/RP: 73 (69.5) 
UL/NS/RP: 21 (20) 
Non/NS/RP: 11 
(10.5) 

-30.5% 
20.0% 
10.5% 

↓ BL/NS/RP 
↑ UL/NS/RP 
↑ 
Non/NS/RP 

More 
intense 
therapy 

Histopathological 
confirmation of image-
based treatment plans 
was appropriate in 
70/73 (95.9%) of pts 
submitted for 
BL/NS/RP whereas the 
treatment plan to 
change to UL/NS/RP or 
Non/NS/RP after 
imaging (but before 
surgery) was 
appropriate in 28/32 
(87.5%) pts. 
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Table 9. Outcome: Positive Surgical Margin Status (N=20 Studies) 

Abbreviations: DCE, dynamic contrast-enhanced; DWI, diffusion-weighted imaging; LP, laparoscopic surgery; MRI; MRI, magnetic resonance imaging ± DCE, DWI, 
MRS; MRS, magnetic resonance spectroscopic imaging; OS, open surgery; PSA, prostate specific antigen; RB, robotic-assisted surgery; RP, radical prostatectomy; 
SS, study size. 
a Intervention/control. 
b Three cases aborted. Nerve-sparing surgery was performed at the single surgeon’s discretion based on biopsy, PSA, and MRI results. 
c Preoperative MRI was used in surgical planning (feasibility and extent of nerve-sparing RP). 
d Per lobe analysis. MRI determined the feasibility and extent of nerve-sparing RP. 
e Cases submitted for the type of nerve-sparing RP based on MRI results. 
f The resection plan was reevaluated after review of the imaging results. 
g Percentage different than what was reported in the original paper where the denominator was not clear. 
g Per lobe analysis. 
i 15 cases in pT2, 3 cases in pT3. 
j Laparoscopic extraperitoneal RP. 
k Radical perineal RP. 
 
Note 1. Guzzo et al, 2012, type of RP technique used not reported. 

  

Study (Year) SSa 
Type of RP Surgery 

PSA Level 
Positive Surgical Margin 

Status [no. (%)] OS LP RB 
Staging from imaging used to alter RP (N=7)   
Randomized Controlled Trial (N=1)   
Rud et al (2015) [41] 
 

222/
216 

- - √ Low MRI: 43 (19.4) 
Non-MRI: 49 (22.7) 

Observational Studies (N=6)   
Yao et al (2014) [75] 84 - - √ Low  18 (21.4) 
Nepple et al (2013)b [25] 91 √ - - Low 29 (31.9) 
Roethke et al (2013)c [29] 385 √ - - Low 57 (14.8) 
Tanaka et al (2013)d [33] 134 - - √ Low 21 (15.7) 
McClure et al (2012)e [51] 104 - - √ Low 7 (6.7) 
Panebianco et al (2012)f [53] 105 √ - - Low 10 (9.5) 

Overall Range:      6.7%  - 31.9% 
Staging from imaging not used to alter RP (N=13)   
Kitamura et al (2014) [10] 54 - - - Low 23 (42.6) 
Park et al (2014)(a) [14] 353 - - √ Low 46 (13.0) 
Song et al (2014)g [16] 382 √ - √ Low 17 (4.5) 
Cerantola et al (2013) [19] 60 √ - - Intermediate 26 (43.3) 
Hegde et al (2013) [20] 118 √ - √ Low 30 (25.4) 
Pak et al (2013)h [26] 944 √ - √ Intermediate 140 (14.8) 
Renard-Penna et al (2013)i [30] 101 √ - √ Low 18 (17.8) 
Guzzo et al (2012) [76] 170 - - - Low 8 (4.7) 
Novis et al (2011) [37] 35 √ - - Low 11 (31.4) 
Ploussard et al (2011)j [54] 96 - √ - Low 13 (13.5) 
Lee et al (2010)(a) [79] 67 √k - - Intermediate 21 (31.3) 
Lee et al (2010)(b) [39] 91 √ - - Intermediate 4 (4.4) 
Brown et al (2009) [56] 62 √ √ - Low 18 (29.0) 

Overall Range:      4.4% - 43.3%  
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Table 10. Outcome: Biochemical Recurrence (Qualitative Summary) (N=5 Studies) 
Author (Year) Details 
Park et al (2014)(b) 
[55] 
 

-After RP and a median follow-up of 26 mo, there were 61 of 282 patients (21.6%) that 
experienced BCR defined as an initial PSA ≥0.2 ng/mL and a second confirmatory PSA 
>0.2 ng/mL. 
-Multivariate Cox regression analysis showed 3 T MRI for tumour detection as a 
significant predictor of BCR after RP (HR: 2.38, 95% CI: 1.03 to 6.00, p=0.047) whereas 
EPE on 3 T MRI was not shown to be a significant predictor of BCR after RP (HR: 1.81, 
95% CI, 0.93 to 3.54, p=0.081). For both analyses, what was used as the referent group 
was not clear. 

Armitage et al (2013) 
[18] 

-Of 35 patients who had a 1.5 T MRI and RP, nine (26%) had BCR at one year of follow-
up after surgery. BCR was defined as PSA ≥0.4 ng/dL followed by another risk in level. 

Jeong et al (2013) [23] 
 

-Median BCR-free survival was 69 mo (5.8 yrs). The overall five-year BCR-free survival 
rate was 56.1%. Non-organ-confined disease on predominately 3 T MRI was 
independently associated with BCR (HR: 1.92, 95% CI: 1.49 to 2.49, p<0.001) in 
adjusted models. BCR was defined according to the guidelines of the American 
Urological Association Localized Prostate Cancer Update Panel report. 

Ploussard et al (2011) 
[54] 
 

-A 1.5 T MRI did not predict BCR recurrence-free survival, defined as a PSA level >0.2 
ng/mL, after a mean follow-up time of 29 mo (log-rank test: T3 versus T1-T2, p=0.853). 
 

Lee et al (2010)(a) 
[79] 
 

-The proportion of patients that showed BCR (PSA ≥0.4 ng/mL) was higher among 
patients that were not downstaged (cT3 and ≥pT3a) from clinical staging to 
pathological staging compared with those patients that were downstaged (cT3 to 
≤pT2c) using 3 T MRI (78.6% versus 17.0%, p<0.001). The other indices of BCR showed 
a similar statistically significant trend, favouring those patients that were downstaged 
compared with those patients that were not downstaged upon pathology review 
(median BCR-free interval (months), downstaged: 52.0 versus not downstaged: 8.5, 
p<0.001; three-year BCR-free probability (PSA <0.4 ng/mL), downstaged: 89% versus 
not downstaged: 36%, p<0.001). 

Abbreviations: BCR, biochemical recurrence; CI, confidence interval; DCE, dynamic contrast-enhanced; DWI, diffusion-weighted imaging; EPE, 
extraprostatic extension; HR, hazard ratio; mo, months; MRI, magnetic resonance imaging ± DCE, DWI, MRS; MRS, magnetic resonance spectroscopic 
imaging; PSA, prostate-specific antigen; RP, radical prostatectomy; yrs, years. 
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Appendix 8. Subanalysis 
 
(1) Studies of Upstaging and Histopathological Confirmation 
Q: Among studies that showed patients were upstaged by MRI ± DCE, DWI, MRS in Appendix 7, Table 6, additionally, what was the 
correctness of that upstaging found by histopathology, if performed? 
 

Table 1. Correctness of Upstaging (N=7 Studies) 
Study (Year) Results 
Counago et al 
(2015) [45] 

Correct staging was shown in 64/90 (71.1%) pts. For 74.5% pts upstaged to T2b-c from cT1-T2a and for 58.3% pts upstaged to T3 from cT1-
T2. 

Cerantola et 
al (2014) [19] 

Correct staging was confirmed in 37/60 (61.7%) pts. Among the 23/60 (38.3%) pts with incorrect staging, there were 3/60 (5%) pts that were 
over-staged to locally advanced tumours and 20/60 (33.3%) pts that were under-staged to organ-confirmed tumour. 

Hedge et al 
(2013) [20] 

Statistically significant differences were shown between MRI-staged T2 prostate cancers and T3 prostate cancers when compared to final 
pathology, with a trend towards more advanced tumours (pT3b) given by pathology to also have been observed as T3 on MRI compared to 
T2 (p = 0.0012), suggesting correct classification. 

Hole et al 
(2013) [21] 

Among 89 pts classified as locally advanced prostate cancer (T3/T4) by MRI, 13/89 (14.6%) pts were not confirmed as having EPE by 
histopathology. Whereas, EPE on histopathology was shown for 76/89 (85.4%) pts that were staged by MRI as pT3/pT4. 

Tsao et al 
(2013) [35] 

Of the T2 staged patients by MRI, 29.3% (17/58) were under-staged (pT3) and 70.7% (41/58) were correctly staged (pT2). Of the T3a staged 
patients by MRI, 77.8% (21/27) were over-staged (pT2), 11.1% (3/27) correctly staged as T3a (pT3a), and 11.1% under-staged (pT3b). Of the 
T3b staged patients by MRI, one-third (33.3%, 3/9) were over-staged (pT2) and two-thirds (66.7%, 6/9) were correctly staged (pT3b). 

Panebianco et 
al (2012) [53] 

A higher proportion of pT3a/b tumours were also identified as T3 on MRI (28.1%, Group B: unilateral nerve-sparing and non-nerve-sparing) 
compared to tumours classified as T2 on MRI (2.7%, Group A: bilateral nerve-sparing). 

Brown et al 
(2009) [56] 

Correct classification by MRI occurred 34/41 (82.9%) among pT2 prostate cancers and 8/21 (38.1%) among pT3 prostate cancers. 

Abbreviations: DCE, dynamic contrast-enhanced imaging; DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging ± DCE, DWI, MRS; MRS, magnetic resonance spectroscopic imaging; pts, 
patients. 
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(2) Quantitative Diagnostic Accuracy Studies 
Q: Among studies with paired data on diagnostic accuracy shown in Figures 1 and 2, additionally, what were their definitions of 
positivity? 

Table 2. Definitions of Tumor, EPE and SVI from Studies Using DCE, DWI, MRSa (N=10 Studies) 
Author 
(Year) 

 
Tumour 

 
EPE 

 
SVI 

Gupta et al 
(2014) [6] 

Suspected lesions were defined by 
characteristics used in previous studies and 
in clinical practice, including T2W 
hypointensity in the PZ relative to the 
normal PZ except in cases of possible Bp-
related hemorrhage, early or intense 
enhancement with contrast agent, early 
contrast agent washout, and restricted 
diffusion indicated by low ADC values. 

Irregular bulging of the capsule, obliteration of the rectoprostatic angle, and asymmetry or tumour 
involvement of the NVB. mpMRI staging, T3a: high degree of suspicion for EPE (unilateral or 
bilateral) w/o involvement of adjacent structures. T3b: high degree of suspicion of SVI w/o 
involvement of adjacent structures. 

Lista et al 
(2014) [12] 

T2W, DCE, DWI: Tumour in contact w/ capsule, tumour extension into periprostatic fat, obliteration of recto-bladder angle, asymmetry of 
NVB and SV infiltration. 

Otto et al 
(2014) [13] 

 Five established criteria, T2W: (1) asymmetry 
of NVB (2) obliteration of the rectoprostatic 
angle (3) irregular bulging of the prostatic 
contour (4) low signal intensity in the 
rectoprostatic fat (5) overt extracapsular 
cancer. Infiltration of the prostate capsule was 
defined by a regularly delineated tumour 
contact with a length of at least 10 mm. If 
such a tumour contact showed irregular 
delineations or signal defects of the prostate 
capsule, w/o hypointense T2W areas in the 
periprostatic fat or NVB, this region was 
positive for EPE. Presence/absence of EPE was 
determined. Confidence level was rated on a 
5-point scale. DWI, DCE: used to rule out 
false-positive findings caused by hemorrhage 
or inflammation after Bp. 

At least one of the following: disruption or loss of 
normal vesicle architecture, focal or diffuse 
areas of low signal intensity within the vesicles, 
asymmetric thickening or irregular shape of the 
vesicle wall + evident tumour at the prostate 
base extending into the SV. Confidence level in 
the presence/absence was rated on a 5-point 
scale. DWI, DCE: used to rule out false-positive 
findings caused by hemorrhage or inflammation 
after Bp. 

Cerantola 
et al (2013) 
[19] 

Positive for tumour if at least 2/3 criteria 
met: (1) low signal intensity on T2W images 
(2) homogeneous enhancing lesion (3) 
reduced diffusion coefficient. 

An irregular capsule bulge, a periprostatic fat infiltration, an obliteration of the retroprostatic 
angle and/or an asymmetry of NVB. 

Hegde et al 
(2013) [20] 

Signal intensity on T1W, T2W imaging, presence of restricted diffusion on DWI, presence of contrast enhancement on DCE combined + 
qualitative images/anatomic location. Interpretation included standard assessment, conventional MRI morphologic signs, of focal tumour, presence 
of EPE, NVB invasion, and SVI (among other LN and metastatic features). Qualitative designation of possible, probable, or definite EPE ± NVB or SVI 
was considered T3 positive. Otherwise, considered a T2 lesion. 
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Jeong et al 
(2013) [23] 

The radiologist decided whether the patient had EPE, SVI (and/or LNM) based on their medical training and on previously described features on MRI 
images. 

Somford et 
al (2013) 
[31] 

Localization of prostate cancer using all 
sequences, however presence of EPE was 
determined on T2W. 

T2W: according to established criteria for EPE 
and based on personal training and knowledge. 
Presence/absence was determined. 

 

Soylu et al 
(2013) [32] 

  T2W: based on criteria previously reported in the 
literature. T2W+DWI: at least one of the 
following, disruption or loss of normal 
architecture of the SV, focal or diffuse areas of 
low signal intensity within the SV (w/o 
corresponding high signal intensity on T1W 
images at the same location), asymmetric 
thickening or irregularity of the SV wall, and 
evident tumour at the prostate base extending 
to the SV. T2W+DWI+DCE: at least one of the 
following, focal areas of enhancement within 
the SV, asymmetric or irregular SV wall 
thickening or enhancement, and evident 
tumour at the base of the prostate extending to 
the SV. A 5-point ordinal scale was used, with a 
score of ≥3 defining positivity. 

Turkbey et 
al (2013) 
[34] 

 An imaging score was assigned to each lesion on the basis of its features on images obtained 
with different pulse sequences at MR imaging. T2W+DWI: the criterion for a “visible” lesion 
was a well-circumscribed, round-ellipsoid, low signal intensity region within the prostate gland. 
MRS: choline/citrate ratios within voxels in the biopsy core sites, abnormal ratio if ≥3 SD higher 
than the mean healthy ratio. DCE: direct visual interpretation of raw DCE T1W, criterion being 
a focus of early and intense enhancement with rapid washout compared with the background. 

McClure et 
al (2012) 
[51] 

Presence of tumour on T2W: round, ovid, or 
irregular areas of low signal intensity. 

Presence of low signal intensity in the PZ of the prostate with irregular bulging or bowing of the 
prostate capsule at T2W, disruption of low signal intensity periprostatic band at T2W imaging, or 
direct involvement of the NVB and/or obliteration of the retroprostatic angle. A composite score 
based on T2W, DWI, DCE, MRS was reported as low, intermediate, or high for the likelihood of EPE 
on each side. Lesions were considered suspicious when at least one of the following occurred: 
restricted diffusion, early or intense enhancement, washout, or elevated choline-to-citrate 
ratio. 

Abbreviations: ADC, apparent diffusion coefficient; Bp, biopsy; DCE, dynamic-contrast enhanced imaging; DWI, diffusion-weighted imaging; EPE, extraprostatic extension; LN(M), lymph nodes (metastasis); MRI, magnetic 
resonance imaging ± DCE, DWI, MRS; MRS, magnetic resonance spectroscopic imaging; NVB, neurovascular bundle; PZ, peripheral zone; SD, standard deviations; SV(I), seminal vesicle (invasion); T1W, T1-weighted images; 
T2W, T2-weighted images; w/, with; w/o, without. 
a Bolded text highlights where definitions are explicitly linked to the DCE, DWI, MRS technology.  
 
Note 1. Grey shaded boxes indicate no information. 
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Appendix 9. Quality of Evidence 
Table 1. Quality Assessment by QUADAS-2a (N=19 Studies) 

 
 

Study 

Risk of Bias Applicability Concerns 
Patient 

Selectionb 
Index Test Reference 

Standarde 
Flow and 
Timing 

Patient 
Selection 

Index 
Test 

Reference 
Standard 

Ghafoori et al (2015) [4] L/J Lc J/Lf/ ?g J J J J 

Gupta et al (2014) [6] L/J L/Jd J/Lf/ ?g J J J J 

Lista et al (2014) [12] L/J Lc,d J/Lf/ ?g J J J J 

Otto et al (2014) [13] J L/Jd J/Lf/ ?g J J J J 

Roethke et al (2014) [29] L/J Lc J/Lf/ ?g J J J J 

Cerantola et al (2013) [19] J Lc,d J/Lf/ ?g J J J J 

Hegde et al (2013) [20] L/J Lc,d J/Lf/ ?g J J J J 

Jeong et al (2013) [23] J Lc,d J/Lf/ ?g J J J J 

Nepple et al (2013) [25] J Lc J/Lf/ ?g J J J J 

Porcaro et al (2013) [27] L/J J J/Lf/ ?g J J J J 

Pugh et al (2013) [28] J Lc J/Lf/ ?g  J J J J 

Roethke et al (2013) [29] L/J Lc J/Lf/ ?g J J J J 

Somford et al (2013) [31] J L/Jd J/Lf/ ?g J J J J 

Soylu et al (2013) [32] J L/Jd J/Lf/ ?g J J J J 

Turkbey et al (2013) [34] L/J L/Jd J/ ?g J J J J 

Kim et al (2012) [36] J Lc J/ ?g J J J J 

McClure et al (2012) [51] J L/Jd J/ ?g J J J J 

Novis et al (2011) [37] L/J L/Jd J/Lf/ ?g J J J J 

Lee et al (2010)(b) [39] J J J/ ?g J J J J 

Overall: L/J L/J J/L/ ? J J J J 

a J low risk, L high risk, ? unclear risk. 
b High risk of bias for studies that did not report consecutively enrolling eligible patients or performing a random sample of eligible patients.  
c High risk of bias for lack of blinding during interpretation of index test. 
d High risk of bias due to the use of functional sequences without standardized practices and definitions in place for its use. 
e All studies used histological confirmation by radical prostatectomy as the referent gold standard for determining tumor stage.  
f Whether pathologists were blinded to index test results was not always known. 
g Pathology criteria used to evaluate EPE and SVI was not known or not well-described in most studies.  



 

Appendices – March 29, 2016 Page 75 

Table 2. Supplementary Data Abstraction for QUADAS-2 (N=19 Studies) 
 
 
 

Study (Year) 

Time 
between 
imaging 
and RP Blindinga Pathology Evaluation 

Ghafoori et al (2015) [4] 0-3 w NR The prostate cancer patients who did not have RP or with uncertain pathology data were excluded. 
Gupta et al (2014) [6] 2 w NR Detailed pathological information was collected for the presence of EPE and SVI. 
Lista et al (2014) [12] NR NR Comprehensive assessment of prostate specimen and lymph nodes to determine the possible presence of EPE. 
Otto et al (2014) [13] 0.3 w NR Final pathology report of both fresh frozen samples (intra-) and RP specimens (post-operatively). 
Roethke et al (2014) [15] NR NR Pathologic staging was reported according to 6th Ed UICC TNM staging system. 
Cerantola et al (2013) [19] NR NR At final pathology, presence of EPE, SVI were recorded. 
Hedge et al (2013) [20] 7 w NR Evidence of EPE including SVI was recorded. 
Jeong et al (2013) [23] NR NR The presence of EPE and SVI were evaluated. 
Nepple et al (2013) [25] 3 w NR NR 
Porcaro et al (2013) [27] NR NR EPE was defined as tumour extending into the prostate soft tissue. SVI was defined as tumour involvement of the 

muscular wall of the seminal vesicle. 
Pugh et al (2013) [28] NR NR EPE was defined as SVI or the presence of any malignant cell outside the prostatic capsule. 
Roethke et al (2013) [29] 2 w NR The specimens were classified according to 2002 TNM staging classification. 
Somford et al (2013) [31] NR NR The presence of EPE was reported. Also the presence of SVI, defining a subset of the EPE cohort. 
Soylu et al (2013) [32] 10 w NR SVI was defined microscopically as prostate cancer cell invasion into the wall of the seminal vesicle. 
Turkbey et al (2013) [34] 7 w Yes EPE and SVI were assessed for each specimen. 
Kim et al (2012) [36] NR Yes Each cancer focus was determined by a genitourinary histopathologist. 
McClure et al (2012) [51] 8 w Yes All reports were reviewed to determine presence of EPE or SVI. 
Novis et al (2011) [37] NR NR Tumour presence was recorded for each sextant, as well as the presence of EPE. SVI was recorded by side of 

involvement. 
Lee et al (2010)(b) [39] 3 w Yes The presence of tumour cells beyond the capsular margin defined EPE. 

Abbreviations: EPE, extraprostatic extension; NR, not reported; RP, radical prostatectomy; SVI, seminal vesicle invasion; TNM, tumour, node, metastasis; UICC, Union for International Cancer Control; w, weeks. 
a Blinded to index test data. 
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Appendix 10. MpMRI and Technical Specifications 
 

Use of T2-weighted magnetic resonance imaging (MRI) (± functional sequences) for 
staging can be performed at 1.5 T or 3 T, but 3 T is generally preferred to 1.5 T. Imaging 
parameters and spatial resolution should meet or exceed the minimum requirements defined 
in the current Prostate Imaging and Reporting and Data Systems Version 2 (PI-RADS v2) 
recommendations [1]. High-resolution, multi-planar T2-weighted MRI is the principal imaging 
sequence used for evaluation of extraprostatic extension (EPE). The functional sequences of 
diffusion-weighted imaging (DWI) and dynamic contrast-enhanced imaging (DCE), part of 
multiparametric MRI (mpMRI), are helpful in identifying the underlying tumour location. There 
is typically a desire to see the underlying tumour location concomitantly with the assessment 
of EPE. In addition, there is some limited evidence that the addition of functional sequences 
can improve the performance of local MRI staging in a recent meta-analysis (see Table 1 below) 
[52]. For this reason, mpMRI is suggested as the approach to local staging. The use of an 
endorectal coil remains controversial. The endorectal coil will produce images with higher 
signal-to-noise ratio; however, review of the published literature does not show a clear 
advantage when using an endorectal coil for staging (see Table 1 below) [52]. For this reason, 
endorectal coil is not recommended as an essential part of MRI for local staging. Caution should 
be exercised in relying on non-endorectal coil imaging at 1.5 T (current synthesis, Table 4-3 
and below Table 1). There has been improvement in image quality with newer 1.5 T systems 
allowing for adequate diagnostic performance; however, on older 1.5 T systems, image quality 
may be insufficient. A quality assurance program will help ensure that whatever platform is 
used, good diagnostic performance similar to previously published results is achieved 
(approximately: sensitivity 60%, specificity 90%) (see below Table 1, All studies) [52]. This can 
be done by comparing results of pathological staging at prostatectomy to MRI staging. 

 
Table 1. Diagnostic Accuracy By Study Characteristics*  

 Sensitivity Specificity 
Study Characteristics* Estimate 95% CI Estimate 95% CI 

EPE      

     All studies - overall 0.57 0.49-0.64 0.91 0.88-0.93 

     ≥1 functional sequence 0.63 0.51-0.74 0.91 0.86-0.94 

     3 T + ER 0.60 0.40-0.78 0.88 0.82-0.92 

     3 T – ER 0.61 0.45-0.75 0.87 0.77-0.93 

     1.5 T + ER 0.55 0.45-0.65 0.93 0.89-0.95 

     1.5 T - ER 0.54 0.28-0.78 0.89 0.78-0.95 

     

SVI      

     All studies - overall 0.58 0.47-0.68 0.96 0.95-0.97 

     ≥1 functional sequence 0.64 0.48-0.76 0.97 0.94-0.98 

     3 T + ER 0.45 0.30-0.60 0.97 0.92-0.99 

     3 T – ER 0.65 0.30-0.89 0.94 0.87-0.97 

     1.5 T + ER 0.62 0.51-0.71 0.97 0.95-0.98 

     1.5 T - ER 0.37 0.08-0.80 0.94 0.87-0.98 
Abbreviations: CI, confidence interval; EPE, extraprostatic extension; ER, endorectal coil; SVI, seminal vesicle invasion; T, Tesla. 
*Taken from De Rooij et al (2015) [52]. 


