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Abstract 
 
Title: Retrospective review:  Diagnostic performance of Prostate- Imaging and Data Scoring 
System version 2.1 (PI-RADS v2.1) categories 4 and 5 in predicting clinically significant 
prostate cancer in patients presenting to Groote Schuur Hospital, South Africa. 
 

Background: 
Multiparametric MRI (mpMRI) prostate has become a fundamental part of prostate cancer 
primary diagnosis, active surveillance, and lesion localization. 
PI-RADS reporting lexicon is used to report mpMRI prostate examinations and is a risk- 
adjusted reporting structure designed by the European Society of Urogenital Radiology in 
combination with the American College of Radiology with the main aim to internationally 
standardized mpMRI prostate reporting into five risk categories, of which a higher PI-RADS 
category represents an increasing probability that the prostate pathology represents 
clinically significant cancer. 
Groote Schuur Hospital (GSH) radiology division has been reporting prostate mpMRI 
according to the updated PI-RADS v2.1 since its introduction in 2019, however no studies 
have been performed to assess the reliability of PI-RADS v2.1 at GSH for detecting clinically 
significant prostate cancer. 
This study aims to assess and validate the accurate use of PI-RADS v2.1 category 4 and 5 
against internationally recognized standards of performance. 
The PI-RADS lexicon should be a reliable predictor of significant prostate cancer to promote 
confidence in its continued use and to justify the expenditure on mpMRI prostate 
examinations in the diagnostic pathway of prostate cancer at GSH. 
 

Objectives: 
The primary objective:  To assess the diagnostic performance of PI-RADS v2.1 category 4 
and 5 in predicting clinically significant prostate cancer confirmed on biopsy with 
appropriate histopathology. 
Secondary objective:   

- Correlate and validate the diagnostic performance of PI-RADS v2.1 category 4 and 5 
lesions at GSH by comparing the outcomes with accepted international performance 
standards. 

- Identify problems with the use of PI-RADS v2.1 at GSH to improve prostate reporting 
with the ultimately goal of improving patient outcomes. 

 
  



Methods: 
 
Single institution retrospective study assessing mpMRI prostate PI-RADS (v2.1) category 4 
and 5 reports performed at GSH between the dates of 01 June 2021 to 12 January 2024.  
Prostate reports categorised as PIRADS (v2.1) 4 or 5 are evaluated on PACS and correlated 
with the histological diagnosis on National Health Laboratory Service (NHLS). 
Prostate histology will be categorised into clinically significant prostate cancer or 
insignificant depending on the Gleason score. 
These outcomes will be measured against high powered international studies to assess the 
overall performance of the GSH radiology division when reporting PI-RADS 4 and 5 lesions. 
 

Results: 
 
This study incorporates a retrospective design structure and analysis where a grand total of 
215 mpMRI prostate studies were considered for the period dated 01 June 2021 and 12 
January 2024. 
From the 215 mpMRI prostate scans performed 89 studies met the strict inclusion and 
exclusion criteria: n=89. 
The sample size of 89 represented 37 PI-RADS category 4 and 52 PI-RADS category 5. 
The measures of sensitivity and specificity for the PI-RADS 4 and PI-RADS 5 categories in 
detecting clinically significant prostate cancer proven on biopsy are as follows:  
 
For PI-RADS 4: 
Sensitivity: 19.4, 95% CI: [5.4, 33.3] 
Specificity:  53.4, 95% CI: [40.6, 66.3] 
PPV : 16.2 95% CI:4.3-28.1 
NPV: 51.9 95% CI:38.3-65.5 
 
For PI-RADS 5: 
Sensitivity: 80.6, 95% CI: [66.7, 94.6] 
Specificity: 46.6, 95% CI: [33.7, 59.4] 
PPV: 48.1 95% CI:34.5- 61.7 
NPV: 83.8 95% CI:71.9- 95.7 
 

Conclusions: 
 
The findings in this study validates the accurate and reliable use of PI-RADS (v2.1) category 5 
at GSH when measured against the expected cancer detection rates reported in large high 
powered international studies. 
PI-RADS (v2.1) category 4 revealed a lower-than-expected correlation to international 
performance standards and is proposed to be the result of multiple interplaying factors such 
as reporting inexperience, inter-rater variability, suboptimal image acquisition and patient 
preparation and misrepresentative prostate biopsy. 
The Urology department, GSH management and patients can draw reserved confidence in 
the performance of the GSH radiology division reporting mpMRI prostate examinations 
according to PI-RADS v2.1 lexicon with a higher confidence in PI-RADS (v2.1) category 5 
reports than PI-RADS (v2.1) category 4 reports. 



This study is not extrapolating to PI-RADS 1, 2 and 3 category lesions without further 
research. 
 

Keywords: 
PI-RADS v2.1, PI-RADS 4, PI-RADS 5, Clinically significant prostate cancer, mpMRI prostate. 
  



CHAPTER 1: LITRATURE REVIEW 
 

Rationale: 
Multiparametric MRI (mpMRI) prostate has become a fundamental part of prostate cancer 
primary diagnosis, active surveillance, and lesion localization (1). 
PI-RADS reporting lexicon is a form of structed reporting and has been around since 2012, 
continually improving with subsequent versions affording more accurate delineation of 
prostate pathology, specifically significant prostate cancer (2). 
PI-RADS lexicon is an important concept in mpMRI prostate reporting as it risks stratifies 
prostate pathology into 5 categories that have direct implications of patient management 
and the potential diagnosis of clinically significant prostate cancer. 
A concerted effort by the GSH radiology division towards the strict adherence to PI-RADS 
reporting lexicon followed the most recent PI-RADS v2.1 update in 2019 (3).   
Since the strict implementation of PI-RADS v2.1 lexicon for mpMRI prostates research has 
been required to assess and validate the accurate use of PI-RADS v2.1 at GSH against 
international recognized standards of PI-RADS performance. 
The PI-RADS lexicon should be a reliable predictor of significant prostate cancer to promote 
confidence in its use by the urology department and to justify the expenditure for a complex 
investigation in the diagnostic pathway of prostate cancer at GSH. 
 
Prostate Cancer and mpMRI: 
Prostate cancer is a significant disease entity and is the most common cancer diagnosis in 
males with the second highest cause of cancer related morbidity (4). 
In South Africa prostate cancer is the most common cancer diagnosis amongst men 
countrywide, reported by the National Cancer Registry (NCR), with a documented incidence 
of 61.8 per 100 000(5).  Over a 10-year period the incidence of prostate cancer has increased 
steadily from 29.4 per 100 000 in 2007 to 49.4 per 100 000 in 2017(5). 
Southern Africa has the highest incidence in Africa at 64.1 per 100 000, followed by 
Northern Africa with a rate of 35.9 per 100 000(5).  Western and Eastern Africa reported the 
lowest incidence rates at 23.9 per 100 00 and 13.2 per 100 000, respectively(5).  
The reported incidence of prostate cancer in Africa is said to be underestimated and a direct 
result of inadequate screening programs, lack of expertise and failing infrastructure(5). 
Historically the assessment of prostate cancer hinged on a combination of factors which 
includes correctly identifying clinically at-risk individuals followed by clinical, pathological, 
and imaging assessment in the form of digital rectal examination (DRE), Prostate Specific 
Antigen (PSA) and low resolution transrectal ultrasound imaging to crudely diagnose 
prostate cancer and often leading to inappropriate overdiagnosis and unnecessary 
treatment of patients (6). 
The introduction of Magnetic resonance imaging (MRI) in the 1980’s heralded a new era in 
the management and assessment of prostate cancer leading to improved assessment and 
management of patients suspected of prostate cancer (7). 
In the early years, MRI evaluation of the prostate gland was poorly utilised for prostate 
cancer owing to a limited understanding of mpMRI prostate interpretation and a lack of 
standardised international guidelines for prostate imaging technique and lesion 
characterisation (8). 
Overtime this barrier to mpMRI prostate utilization has been addressed by introducing 
standardised reporting in the form of the PI-RADS lexicon, increased knowledge on prostate 



cancer pathophysiology, and rapid advancements in MRI technology all leading to superior 
imaging sequences and better image acquisition (6)(9). 
 

Introduction of PI-RADS: 
Early prostate mpMRI reporting was plagued by interpretation inconsistency hindering 
widescale acceptance of mpMRI for characterisation of prostate pathology. 
The European Society of Urogenital Radiology (ESUR) addressed this problem in 2012 with 
the development of a standardized set of imaging guidelines, known as PI-RADS version 1.0, 
which characterised imaging parameters and interpretation criteria into definable categories 
according to the percentage risk of representing clinically significant prostate cancer (10). 
Since 2012, several updated versions have existed with version 2.1 being the most recent 
and up to date guideline, published in March 2019(3). 
PI-RADS is a standardised reporting lexicon and considered a living document which is 
continually updated and adapted in line with the latest evidence and new mpMRI sequences 
available (1).   
Version 2.1 entertains minor alteration to the previous guidelines with slight changes to MRI 
sequence protocols, imaging techniques and a more simplified approach to reporting and 
assessment of prostate lesions to address and reduce the inter-reader variability (3).   
PI-RADS utilises and combines different MRI sequences to accurately evaluate and 
characterise the anatomical and physiological details of the prostate gland, thus allowing the 
reporting radiologist to easily and more consistently identify and classify abnormal regions 
within the prostate gland (2). 
T1- weighted (T1W) and T2-weighted (T2W) sequences allows accurate assessment of the 
glandular anatomy whilst diffusion-weighted imaging (DWI) with the derivative apparent 
diffusion co-efficient (ADC) and dynamic contrast enhancement (DCE) allowing for 
assessment of the functional physiology of the prostate gland(10).   
T2W imaging is important for assessing the transition zone, whilst T2W imaging in 
combination with DWI/ ADC is important to assess the peripheral zone of the prostate gland 
(11). 
Abnormal findings in the prostate gland can either represent a benign process such as 
chronic prostatitis with scarring or a more sinister malignant process such as clinically 
significant prostate cancer(12). 
PI-RADS v 2.1 utilises a risk-adjusted scoring system to categorise these prostate lesions into 
5 categories (2),of which the higher the PI-RADS category the higher the likelihood the 
prostate pathology represents clinically significant prostate cancer (1).   
PI-RADS category 4 and 5 is considered to have a high and very high respective risk of 
representing clinically significant prostate cancer.  PI-RADS 3 is deemed an intermediate risk, 
whilst PI-RADS 1 and 2 have a very low and low respective risk(13). 
A recent systemic review and meta-analysis by Oerther et la, (1) determined that the PI-
RADS v2.1 detection of clinically significant prostate cancer for category 4 and 5 lesions is 
52% and 89% respectively(1). 
 

Clinically significant prostate cancer: 
No universal agreement to define clinically significant prostate cancer exists, however, the 
consensus and accepted histopathological definition in the literature regards histopathology 
Gleason score (GS) greater or equal to 7, extra-prostatic extension (EPE) and tumour volume 
greater than 0.5 cc as determinants of clinically significant prostate cancer (14).   



GS is based on the distribution and architecture of malignant cells within the tumour as well 
as degree of tumour cell differentiation, and these findings represent the predominant 
pattern which is subsequently graded 1-5, with 5 representing completely abnormal 
glandular prostate tissue (15).    
A significant GS is based on the likelihood that the detected prostate lesion will negatively 
impact the patient’s lifetime years and is directly associated with the histological 
aggressiveness of the tumour (11). 
The two most predominant histological patterns are determined, and the grades are then 
summed up to create the total GS(15).  A Gleason score greater than or equal to 7 is 
regarded as representing clinically significant prostate cancer.  
 
PI-RADS v2.1 does not provide management recommendations for PI-RADS category 4 and 5 
reports (1), however, in clinical practice the diagnostic pathway requires tissue sampling with 
histopathological assessment to confirm the presence of prostate cancer and to determine 
clinically significant prostate cancer (16). 
Prostate biopsy and histopathological assessment is regarded as the gold standard to 
confirm prostate cancer (17).   
 

PI-RADS category 4 and 5 and the South African context: 
PI-RADS category 4 and 5 is considered the most significant categories owing to the high 
predicted risk for representing clinically significant prostate cancer and thus the requirement 
for invasive histopathological confirmation or exclusion of prostate cancer (1). 
Patients scored as PI-RADS category 4 and 5 are led down a predetermined diagnostic 
pathway which has far-reaching impact on the patient physically, psychologically, and social 
well-being, in addition to consequences on the local, regional, and national health systems 
(18,19). 
Psychologically patients are given a diagnosis which is pre-terminal which leads to varying 
degrees and stages of mental illness and impact on social functioning (20). 
Physically patients are destined for invasive prostate biopsies with risks such as bleeding, 
sepsis, urinary retention and very rarely death(21). 
From a health economics perspective PI-RADS category 4 and 5 lesions impacts the health 
budget with costs related to both inpatient and outpatient care and costly investigations 
(22). 
GSH is one of two specialty referral pathways for managing prostate cancer in the Western 
Cape public sector catering for just over two million males(23).  Accurate reporting of 
mpMRI examination can assist with decreasing the already burdened urology and pathology 
services. 
 
The purpose and aim of this research is to assess the diagnostic performance of PI-RADS 
(v2.1) 4 and 5 category at Groote Schuur Hospital against international performance 
standards. 
Lastly this research hopes to identify any problems with the use of PI-RADS v2.1 at GSH and 
to address these problem areas with the end goal of benefiting the radiology division, 
urology department and patients’ management. 
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CHAPTER 2: FULL TEXT JOURNAL ARTICLE FOR SUBMISSION 
 

Abstract 
 
Title: Retrospective review:  Diagnostic performance of Prostate- Imaging and Data Scoring 
System version 2.1 (PI-RADS v2.1) categories 4 and 5 in predicting clinically significant 
prostate cancer in patients presenting to Groote Schuur Hospital, South Africa. 
 

Background: 
In South Africa prostate cancer is the most common cancer diagnosis amongst men 
countrywide, reported by the National Cancer Registry (NCR), with a documented incidence 
of 61.8 per 100 000(5).  Over a 10-year period the incidence of prostate cancer has increased 
steadily from 29.4 per 100 000 in 2007 to 49.4 per 100 000 in 2017(5). 
The reported incidence of prostate cancer in Africa is said to be underestimated and a direct 
result of inadequate screening programs, lack of expertise and failing infrastructure(5). 
Multiparametric MRI (mpMRI) prostate has become a fundamental part of prostate cancer 
primary diagnosis, active surveillance, and lesion localization. 
PI-RADS reporting lexicon is used to report mpMRI prostate examinations and is a risk- 
adjusted reporting structure designed by the European Society of Urogenital Radiology in 
combination with the American College of Radiology with the main aim to internationally 
standardized mpMRI prostate reporting into five risk categories, of which a higher PI-RADS 
category represents an increasing probability that the prostate pathology represents 
clinically significant cancer. 
Groote Schuur Hospital (GSH) radiology division has been reporting prostate mpMRI 
according to the updated PI-RADS v2.1 since its introduction in 2019, however no studies 
have been performed to assess the reliability of PI-RADS v2.1 at GSH for detecting clinically 
significant prostate cancer. 
This study aims to assess and validate the accurate use of PI-RADS v2.1 category 4 and 5 
against internationally recognized standards of performance. 
The PI-RADS lexicon should be a reliable predictor of significant prostate cancer to promote 
confidence in its continued use and to justify the expenditure on mpMRI prostate 
examinations in the diagnostic pathway of prostate cancer at GSH. 
 

Objectives: 
 

The primary objective:   
To assess the diagnostic performance of PI-RADS v2.1 category 4 and 5 in predicting clinically 
significant prostate cancer confirmed on biopsy with appropriate histopathology. 

Secondary objective:   
- Correlate and validate the diagnostic performance of PI-RADS v2.1 category 4 and 5 

lesions at GSH by comparing the outcomes with accepted international performance 
standards. 

- Identify problems with the use of PI-RADS v2.1 at GSH to improve prostate reporting 
with the ultimately goal of improving patient outcomes. 

 



  



Methods: 
 
Single institution retrospective study assessing mpMRI prostate PI-RADS (v2.1) category 4 
and 5 reports performed at GSH between the dates of 01 June 2021 to 12 January 2024.  
Prostate reports categorised as PIRADS (v2.1) 4 or 5 are evaluated on PACS and correlated 
with the histological diagnosis on National Health Laboratory Service (NHLS). 
Prostate histology will be categorised into clinically significant prostate cancer or 
insignificant depending on the Gleason score. 
These outcomes will be measured against high powered international studies to assess the 
overall performance of the GSH radiology division when reporting PI-RADS 4 and 5 lesions. 
 

Results: 
 
This study incorporates a retrospective design structure and analysis where a grand total of 
215 mpMRI prostate studies were considered for the period dated 01 June 2021 and 12 
January 2024. 
From the 215 mpMRI prostate scans performed 89 studies met the strict inclusion and 
exclusion criteria: n=89. 
The sample size of 89 represented 37 PI-RADS category 4 and 52 PI-RADS category 5. 
The measures of sensitivity and specificity for the PI-RADS 4 and PI-RADS 5 categories in 
detecting clinically significant prostate cancer proven on biopsy are as follows:  
For PI-RADS 4: 
Sensitivity:: 19.4, 95% CI: [5.4, 33.3] 
Specificity:: 53.4, 95% CI: [40.6, 66.3] 
PPV:16.2 95% CI:4.3-28.1 
NPV:51.9 95% CI:38.3-65.5 
For PI-RADS 5: 
Sensitivity: 80.6, 95% CI: [66.7, 94.6] 
Specificity:: 46.6, 95% CI: [33.7, 59.4] 
PPV::16.2 95% CI:4.3-28.1 
NPV::51.9 95% CI:38.3-65.5 
 
  



Conclusions: 
The findings in this study validates the accurate and reliable use of PI-RADS (v2.1) category 5 
at GSH when measured against the expected cancer detection rates reported in large high 
powered international studies. 
PI-RADS (v2.1) category 4 revealed a lower-than-expected correlation to international 
performance standards and is proposed to be the result of multiple interplaying factors such 
as reporting inexperience, inter-rater variability, suboptimal image acquisition and patient 
preparation and misrepresentative prostate biopsy. 
The Urology department, GSH management and patients can draw reserved confidence in 
the performance of the GSH radiology division reporting mpMRI prostate examinations 
according to PI-RADS v2.1 lexicon with a higher confidence in PI-RADS (v2.1) category 5 
reports than PI-RADS (v2.1) category 4 reports. 
This study is not extrapolating to PI-RADS 1, 2 and 3 category lesions without further 
research. 
 

Keywords: 
PI-RADS v2.1, PI-RADS 4, PI-RADS 5, Clinically significant prostate cancer, mpMRI prostate. 
 
  



Introduction 
 
Multiparametric MRI (mpMRI) prostate has become a fundamental part of prostate cancer 
primary diagnosis, active surveillance, and lesion localization (1). 
PI-RADS reporting lexicon is a form of structed reporting and has been around since 2012 
and is continually improving with subsequent versions affording more accurate delineation 
of prostate pathology, specifically significant prostate cancer (2). 
PI-RADS lexicon is an important concept in mpMRI prostate reporting as it risk stratifies 
prostate pathology into 5 categories that have direct implications of patient management 
and the potential diagnosis of clinically significant prostate cancer. 
A concerted effort by the GSH radiology division towards the strict adherence to PI-RADS 
reporting lexicon followed most recent PI-RADS v2.1 update in 2019 (3).   
Since the strict implementation of PI-RADS v2.1 lexicon for mpMRI prostates research has 
been required to assess and validate the accurate use of PI-RADS v2.1 at GSH against 
internationally recognized standards for PI-RADS performance. 
The PI-RADS lexicon should be a reliable predictor of significant prostate cancer to promote 
confidence in its continued use and to justify the expenditure on mpMRI prostate 
examinations in the diagnostic pathway of prostate cancer at GSH. 
 
Prostate cancer is a significant disease entity and is the most common cancer diagnosis in 
males with the second highest cause of cancer related morbidity (4).  
In South Africa prostate cancer is the most common cancer diagnosis amongst men 
countrywide, reported by the National Cancer Registry (NCR), with a documented incidence 
of 61.8 per 100 000(5).  Over a 10-year period the incidence of prostate cancer has increased 
steadily from 29.4 per 100 000 in 2007 to 49.4 per 100 000 in 2017(5). 
Southern Africa has the highest incidence in Africa at 64.1 per 100 000, followed by 
Northern Africa with a rate of 35.9 per 100 000(5).  Western and Eastern Africa reported the 
lowest incidence rates at 23.9 per 100 00 and 13.2 per 100 000, respectively(5).  
The reported incidence of prostate cancer in Africa is said to be underestimated and a direct 
result of inadequate screening programs, lack of expertise and failing infrastructure(5). 
MRI has become the non- invasive investigation of choice for further characterisation of 
prostate pathology and is directly correlated to rapid advancements in MRI technology and 
software, better imaging sequences and image acquisition with improved understanding of 
prostate cancer and its pathophysiology (9). 
PI-RADS reporting lexicon is designed by the ESUR in consultation with ACR and aims to 
standardise prostate mpMRI reporting into defined risk categories by accurately evaluating 
and characterising abnormal regions in the prostate gland, specifically looking for abnormal 
regions likely to represent prostate cancer (2). 
PI-RADS v2.1 is the most up to date lexicon, released in 2019, has 5 categories into which 
prostate lesions are classified.  A higher PI-RADS category represents an increased likelihood 
of clinically significant prostate cancer in the prostate (2)(1).   
PI-RADS 4 and 5 category lesions are considered to have a high and very high respective risk 
of representing clinically significant prostate cancers.  PI-RADS 3 is deemed an intermediate 
risk, whilst PI-RADS 1 and 2 have a very low and low risk respectively(13). 
A recent systemic review and meta-analysis by Oerther et la, (1) determined that the PI-
RADS v2.1 detection of clinically significant prostate cancer for category 4 and 5 lesions is 
52% and 89% respectively(1). 



GSH is one of two specialty referral pathways for managing prostate cancer in the Western 
Cape public sector catering for just over two million males(23).   
Accurate reporting of mpMRI prostate examination will assist in decreasing the burdened 
urology and pathology services and improve health equality for all-in the region. 
This retrospective study will assess all mpMRI prostate MRI designated PI-RADS category 4 
and 5 against a recent prostate biopsy histology result from the period 1 June 2021 to 12 
January 2024. 
 
The objective and aims of this research is to assess the diagnostic performance of PI-RADS 
(v2.1) category 4 and 5 at Groote Schuur Hospital against international performance 
outcomes. 
Lastly this research hopes to identify any problems with the use of PI-RADS v2.1 at GSH and 
to address these problem areas with the end goal of benefiting the radiology department, 
urology department, patients’ management, and health system. 
 

Research Methods and design 
 

Study design: 
Single institution retrospective study will be performed.   
Patients who have received mpMRI prostate and reported as PI-RADS category 4 or 5 will be 
evaluated, and corresponding prostate biopsy and retrospective radical prostatectomy 
histology reviewed to determine clinically significant or insignificant prostate cancer 
between the period 01 June 2021 to 12 January 2024. 
 

Inclusion and exclusion criteria: 
Male patients of all ethnicities and racial demographics known to Groote Schuur Hospital 
Urology department, aged between 18 years to 90 years, and having received 3T mpMRI 
prostate for further investigation of suspected prostate cancer. 
 
A list of prostate mpMRI patients was provided by accessing the register at the 3 Tesla Cubic 
MRI scanner GSH. 
mpMRI prostate images and reports stored in the Picture Achieving and Communications 
System (PACS) database were reviewed and PI-RADS category 4 and 5 reports were selected 
and stored. 
Only mpMRI prostate studies primary reported by a qualified consultant radiologist or 
primary reported by a radiology registrar and signed out by a qualified radiology consultant 
will be included in the study. 
Detailed search was performed, using query builder (Philips, xiris 8.3.16) database search 
tool to access all 3 Tesla mpMRI prostate studies on the PACS system for the period 1 June 
2021 to 12 January 2024.   
The search results were filtered by making use of the search parameters: “MR prostate and 
specified date”. 
The mpMRI prostate reports were cross referenced with the NHLS data system Labtrak for a 
detailed histological diagnosis of the corresponding prostate biopsy or retrospective radical 
prostatectomy histology. 



The histology result determined if the patient has clinically significant prostate cancer or not 
and was dependent on the Gleason score. 
A gleason score of greater than 7 is considered significant and comprised of minimum scores 
of 3+4 and 4+3. 
 

Setting: 
GSH is a tertiary hospital institute providing specialty prostate imaging and for the Western 
Cape public sector. 
 

Characteristics of the study population:  

Sample size: 
A meta-analysis estimated a sensitivity of 0.89 and sensitivity 0.73 using PI-RADSv1 and PI-
RADSv2 (10). A single study showed a specificity of 0.93 for peripheral PCa(24). Therefore, 
we estimate the sensitivity and specific of 0.9 each can be demonstrated. The estimated 
prevalence PCa was 0.4 of those referred for imaging in a Chinese study(25). It is 
hypothesized that PCa prevalence is higher in South African tertiary hospitals, and for the 
purposes of this calculation, conservatively estimated at 0.5. We wish to have performance 
metrics with a 95% confidence interval and precision of 0.1. Resulting in 95% Confidence 
intervals +-0.1 the point estimate.  
The minimal sample size is n=69. Since this is retrospective record review, no attrition rate 
need be applied, and the principal investigator can collect data until the sample minimal 
sample size is saturated. 
  



Data Collection: 
Data was collected in the form of categorical variables and captured on an Excel spreadsheet 
designed for data entry. 
 
Fields captured were: 
Demographics: 

-  Age of the patient. 
Imaging result: 

- PI-RADS designation either PI-RADS 4; PI-RADS 5 or both. 
Pathology result: 

- Histology result either clinically significant prostate cancer or clinically insignificant 
prostate cancer. 

- Gleason Score. 
 

Data analysis: 
Analysis was conducted using Rstudio.  
Patients were considered positive if they had clinically significant biopsy positive prostate 
cancer.  
Descriptive table of the median (IQR) age of patients was calculated and compared between 
Biopsy positive and negative using Wilcoxon ranksum test. 
Diagnostic performance will be determined using sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV) with associated 95% confidence intervals.  
 
Diagnostic performance using biopsy positive clinically significant prostate cancer as the gold 
standard diagnostic will be determined for two endpoints, PI-RADS 4 and PI-RADS 5. 
 

Ethical considerations: 
 
This retrospective study was approved by the local institutional review board and Human 
Research Ethics Committee (HREC). 
HREC REF: 130/2023 
 
  



Results 
 
This study incorporated a retrospective design structure and analysis where a total of 215 
mpMRI prostate studies were considered for inclusion in this study for the period 01 June 
2021 and 12 January 2024. 
From the 215 mpMRI prostate scans performed 89 studies met the strict inclusion and 
exclusion criteria.  
There was n=89 patients included in the analysis and made up the total sample size. 
122 mpMRI studies (57 %) of the initial 215 sample studies were excluded. 
The 122 studies were excluded for the following reasons: 

- 95 studies were designated PI-RADS 1: 2 or 3 categories (78 %). 
- 2 studies were excluded owing to interpretable image quality (1.5 %). 
- 12 studies were excluded because patients with PI-RADS 4 or 5 category reports were 

not biopsied (10 %). 
- 2 mpMRI studies did not have imaging on PACS or official GSH reports (1.5 %). 
- 11 studies had inconclusive biopsy results (9 %). 
- 0 studies failed to use the PI-RADS v2.1 reporting lexicon. 

 
The median (IQR) age of included patients was 63 (61-67).  
The youngest participant was 52 and the oldest was 74 years old. 
 

Characteristic Overall, N = 891 

Age 63.0 (61.0, 67.0) 

1Median (IQR) 

 
 
From the total of 89 participants, 37 were reported as PI-RADS category 4 and 52 studies 
were reported as PI-RADS category 5. 
The prevalence of biopsy positive (gold standard) for clinically significant prostate cancer in 
this setting is 34.8 % (n/N = 31/89), CI [24.9;44.7 %]. 
 

Cross tabulation of PI-RADS 5 and PI-RADS 4 with biopsy results 

 BIOPSY   

 Negative Positive Total 

PI-RADS 5    

Negative 31 6 37 

Positive 27 25 52 

PI-RADS 4    

Negative 27 25 52 

Positive 31 6 37 

Total 58 31 89 



 
 
The measures of sensitivity and specificity for the different PI-RADS measures are as follows: 
For PI-RADS 4: 
Sensitivity: 19.4, 95% CI: [5.4, 33.3] 
Specificity:  53.4, 95% CI: [40.6, 66.3] 
PPV : 16.2 95% CI:4.3-28.1 
NPV: 51.9 95% CI:38.3-65.5 
 
For PI-RADS 5: 
Sensitivity: 80.6, 95% CI: [66.7, 94.6] 
Specificity: 46.6, 95% CI: [33.7, 59.4] 
PPV: 48.1 95% CI:34.5- 61.7 
NPV: 83.8 95% CI:71.9- 95.7 
 
 

Performance Metrics for PI-RADS 4 and PI-RADS 5 

 

PI_RADS Sensitivity Specificity PPV NPV 

4 19.4 (5.4, 33.3) 53.4 (40.6, 66.3) 16.2 (4.3, 28.1) 51.9 (38.3, 65.5) 

5 80.6 (66.7, 94.6) 46.6 (33.7, 59.4) 16.2 (4.3, 28.1) 51.9 (38.3, 65.5) 

 
 

 
 
 
  



Discussion 
 
Multiparametric MRI prostate is increasingly being utilized for prostate cancer primary 
diagnosis, active surveillance, and lesion localization(1), and should be a reliable predictor of 
significant prostate cancer to promote continued confidence in its use at GSH by both 
Urology and GSH management. 
The prevalence of PI-RADS 4 and 5 reports which correlated to significant prostate cancer on 
histology was 35% (25- 45%). 
Control comparisons are made with several high-powered international studies showing a 
wide variation in the cancer detection rate for PI-RADS 4 and PI-RADS 5 ranging from 39% to 
52% for PI-RADS 4 and 72% to 89% for PI-RADS 5  (1) (26) (27) (28) (29). 
A south African study by Patel et al, utilized a similar research strategy showed PI-RADS 4 
designation correlating to a 62% pickup rate of clinically significant prostate cancer and a PI-
RADS 5 designation correlating to 87% pick-up rate (30). 
 
From the data analysis we report that the use of PI-RADS v2.1 category 5 at GSH is aligned 
with internationally and local reported accuracy for representing clinically significant 
prostate cancer, having with a sensitivity of 81% (CI 67-95%). 
PI-RADS category 4 reports reveals a lower-than-expected correlation to international and 
local performance standards with a sensitivity of 19% (CI 5- 33%). 
 
The result of this study validates the reliable use of PI-RADS v2.1 category 5 at GSH radiology 
when the sensitivity is measured against the expected cancer detection rates reported in 
large high powered international studies. 
PI-RADS 4 is universally known to have a lower detection rate for clinically significant cancer, 
however the sensitivity in this study is much lower than expected (28). 
The reported sensitivity value of 19% nor the wide confidence interval does not approach 
any referenced sensitivity point value of several international studies or local study used as a 
control comparison in this review. 
The 35 % prevalence of PI-RADS category 4 and 5 for representing significant prostate cancer 
is largely impacted by the low sensitivity of the PI-RADS 4 category reports and well below 
the prevalence of 49% reported in a similar study by Westphalen et al(27). 
The reported poor sensitivity of the PI-RADS category 4 for representing significant cancer is 
concerning as these patients still require invasive workup to exclude significant prostate 
cancer which associated with increased patient morbidity and costs. 
We propose that the reduced performance of PI-RADS category 4 at GSH is multifactorial 
and is largely related to a relatively new and inexperienced mpMRI prostate service at GSH, 
Interrater reliability challenges, technical factors related to patient preparation and image 
acquisition and lastly misrepresentative prostate biopsies are recognized as establish 
limitations to this study. 
 
Relatively new and inexperienced mpMRI prostate service at GSH and inter-rater variability 
challenges: 
Accurate reporting of mpMRI prostate exams is highly dependent of the experience and 
training of the radiology reporting team and acquisition of the images by the radiographers 
performing the studies and we believe that these factors had a huge influence on the 
outcome of the study.  



At GSH the prostate mpMRI studies are pooled with the general MRI examinations and is 
reported by general radiologists and registrars with minimal advanced training in reading 
and interpreting mpMRI prostate scans. 
The accuracy of prostate mpMRI reporting by the general radiologists and registrar at GSH is 
highly dependent on the individuals past exposure to prostate mpMRI and self-learning 
which is widely variable across the range of reporting radiologists and registrars. 
 
Inter- rater reliability (IRR) is well documented shortfall to standardized reporting of prostate 
lesions according to the PI-RADS v2.1 lexicon, despite several updates to the PI-RADS lexicon 
since 2012 this bias continues to impact the reproducibility of prostate mpMRI reporting and 
ultimately decreases the sensitivity and specificity of prostate reporting (31).  
The study by Patel et al (31) notes varied inter-rater reliability (IRR) when characterizing 
transition zone and peripheral zone lesions according to the PI-RADS v2.1 lexicon.  The study 
revealed a high to moderate IRR with regards to T2W assessment of transition zone lesions 
and no agreement with regards to DWI signal abnormality characterization in both the 
peripheral zone and transition zone. 
A further study by Rosenkrantz et al (16) looked at 6 experienced radiologist and concluded 
that a moderate degree of reproducibility amongst experience radiologists with regards to 
PI-RADS v2.0 lexicon.  There was higher agreement with regards to peripheral zone lesions 
than transition zone lesions. 
The IRR variation at GSH is thought to be higher than international statistics and is proposed 
to be the result of the PI-RADS reporting lexicon being a relatively new concept to GSH in 
addition to a relatively inexperienced team of radiologists and registrars reporting mpMRI 
prostates. 
This variation in IRR affects the accurate allotment of PI-RADS v2.1 lexicon and directly 
impacts correct reporting PI-RADS 4 and 5 lesions and subsequent histological detection of 
clinically significant prostate cancer. 
 
mpMRI prostate acquisition and patient preparation: 
An additional impact on accurate mpMRI prostate reporting is related to the acquisition of 
T1W axial, T2W multiplanar, T2W axial small field of view, DWI/ ADC, and dynamic contrast 
enhancement sequences.  
At GSH the standard imaging sequences and acquisition planes follows the 
recommendations by the American college of Radiology in the white paper, “PI-RADS v2.1 
Prostate Imaging- Reporting and Data System 2019” (2). 
Despite utilizing a standardized and internationally accepted mpMRI prostate protocol the 
acquisition of data sets remains dependent on patient preparation and radiographer skill. 
The 3T MRI scanner where prostate MRIs are performed is staffed by three qualified 
radiographers who have different degrees of training when it comes to mpMRI prostate 
studies.  This results in non-uniform data set acquisitions mostly related to the planes of 
acquisition and patient preparation. 
The American journal of Radiology performed a critical review on PI-RADS v2.1 reporting 
(32), noting that variations in the planes of T2W axial, sagittal and coronal acquisition can 
lead to a source of confusion in characterizing and localizing the lesions to a particular sector 
of the prostate.   
This has a direct consequence on the quality and accurate reporting of prostate cancer and 
lesion localization for confirmatory targeted prostate biopsies. 



 
There is no consensus with regards to patient preparation according to the American college 
of Radiology white paper, “PI-RADS v2.1 Prostate Imaging- Reporting and Data System 
2019”(2), however the paper does recommend administrating antispasmodics to limit 
motion artefact and emptying the rectum in order improve DWI acquisition. 
Both motion artefact and poor DWI acquisition can lead to gross misinterpretation of 
prostate pathology utilizing the PI-RADS v2.1 lexicon (32). 
At GSH patient preparation is minimal owing to limited radiographer expertise, patient 
understanding and limited time to perform a mpMRI prostate examination. 
A recent paper by Giganti et al (33) , concluded that there were fewer and less significant 
artifacts on DWI acquisition and motion artefact in patients who received preprocedural 
enema and rectal evacuation leading to improved image interpretation and accuracy.  
Ullrich et al (34) published study confirming that administration of antiperistalsis agents 
reduced motion- related artifact and improved prostate lesion characterization, anatomic 
details of the prostate and surrounding structures on T2W multiparametric sequences. 
At GSH patients do not receive antiperistalsis agents prior to the examination and often the 
scan is distorted by motion artefact and the DWI sequence is unreadable. 
In the GSH setting where there is limited experience in reporting mpMRI prostate reducing 
ambiguity by optimizing DWI data and reducing motion artefact is important in improving PI-
RADS v2.1 reporting accuracy. 
 
Misrepresentative prostate biopsy and prostatectomy histology: 
Lastly, prostate biopsy is the gold standard to the diagnosis of clinically significant prostate 
cancer but can be misrepresentative of the reported PI-RADS category 4 or 5 lesion if the 
biopsy does not correctly target the pathological area in the prostate leading to diagnostic 
uncertainty (35). 
Prostate biopsies are performed by the GSH Urology department, and most biopsies are 
trans-rectal ultrasonography (TRUS) guided systematic 12- core biopsies which are not MRI 
fusion targeted biopsies or cognitive biopsies which would allow for more accurate sampling 
of an area of concern in the prostate. 
In cases where there is a high clinical and radiological suspicion of prostate cancer and 
negative TRUS biopsy an MRI guided fusion biopsy is acquired. 
Furthermore, many patients have had previous biopsies or prostate interventions prior to an 
MRI which can result in hemorrhage or fibrosis which leads to misinterpretation and 
incorrect lesion localization for directed biopsy of the prostate. 
Research conducted by Kawa et al (36) assessed the detection rate of significant prostate 
cancer utilizing TRUS prostate biopsy techniques and concluded that diagnostic accuracy for 
TRUS biopsy was high for men with either a high PSA (>20), T2 stage disease or palpable 
tumors approached 75%.  In men with non-palpable tumors, PSA < 20 and T1 stage prostate 
cancer the accuracy of TRUS biopsy decreased to 58%. 
Thus, it is evident that TRUS biopsy accuracy is not 100% representative and is largely 
determined by important variables such as palpable cancer, PSA level and stage of disease. 
No doubt TRUS biopsies are reliant on the operator technique and experience which will be 
a big factor in the outcome and accuracy of the biopsies performed.  
The combination of TRUS biopsy and MRI fusion shows an improved detection rate of 
clinically significant prostate cancer (37). 



The histology obtained following a radical prostatectomy is thought to result in negligible 
histological reporting bias as the whole prostate is assessed at the time of analysis. 
 
  



How does it impact the use of PI-RADS at GSH: 
We believe that this research answers the fundamental question with regards to the 
appropriate use of mpMRI and PI-RADS (v2.1) category 4 and 5 at GSH for the primary 
diagnosis of clinically significant prostate cancer and for further management of prostate 
cancer patients. 
The Urology department at GSH can draw confidence utilizing mpMRI prostate PI-RADS 5 
reports when deciding on further patient management or for additional prostate biopsies in 
patients with a previously negative biopsy. 
PI-RADS category 4 lesions need to be interpreted with caution and correlated with other 
patient and clinical parameters such as age, performance status, digital rectal examination, 
and previous biopsy results. 
The GSH management can use these results, particularly pertaining to PI-RADS 5 reports to 
justify the use and funding for mpMRI prostate imaging as a primary diagnostic pathway in 
the management of patients suspected of having prostate cancer. 
This research primarily looked at PI-RADS category 4 and 5 lesions and the rate of detecting 
significant prostate cancer, thus we suggest that further research should be conducted 
before extrapolated these findings to PI-RADS 1, 2 and 3 categories. 
 
Strength of this study 
Strength of this study lies in its regional and international reproducibility in terms of the 
strict adherence to PI-RADS v2.1 lexicon and that the standardized technical parameters with 
regards to acquisition of mpMRI prostate exams which aligned with the recommendations in 
the PI-RADS v2.1 white paper (2). 
 
Limitations of this study 
There were a few limitations to this study and largely related to the small sample sized after 
the strict inclusion and exclusion criteria was applied. A small sample size impacts data 
analysis with higher sampling error leading to a decreased accuracy of the data reflecting the 
true relationship between the variables measured and therefore reducing the statistical 
power of the study as is seen with our wide confidence intervals. 
Furthermore, the generalizability of a small sample size is limited as it may not reflect the 
true values that a larger study would demonstrate. 
We still believe that the study design, data obtained, and data interpretation is robust and 
can be used a framework to assess other large academic hospitals in South Africa where 
mpMRI prostate studies are performed. 
Lastly, this study did not evaluate PI-RADS 1, 2 and 3 lesions. 
 
 
 
 
 
 
 
 
 



Conclusion: 
 
The result of this study validates the reliable use of PI-RADS v2.1 category 5 at GSH radiology 
when measured against the expected cancer detection rates reported in large high powered 
international studies. 
PI-RADS v2.1 category 4 revealed lower than expected correlation to international 
performance standards and should not be utilized alone to inform further patient 
management or treatment. 
The Urology department, GSH management and prostate cancer patients can draw 
confidence in the performance mpMRI prostate examinations with a PI-RADS category 5 
designation reported by GSH radiology division. 
 
The strengths and limitations of this study should be carefully considered and extrapolating 
these findings to PI-RADS 1, 2 and 3 category lesions or to hospitals outside of GSH is not 
recommended.  
We hope that the recommendations made in this study is fulfilled as this will promote 
continued improvement in mpMRI prostate reporting service and patient management at 
GSH.  
 
Recommendations: 
We offer the following recommendations based on the findings in this research: 

- The radiology division at GSH should focus on implementing a dedicated curriculum 
with measured performance outcomes designed to enhance the skills and knowledge 
of mpMRI prostate reporting according to the PI-RADS v2.1 lexicon. 

- Repeat research on the performance of PI-RADS category 4 and 5 at GSH should be 
conducted after instituting the curriculum and training changes.  

- Within the GSH radiology division a small team dedicated to mpMRI prostate 
examinations and reporting should be created.  This will ensure continued 
reproducibility and progressive accuracy of the prostate mpMRI reports. This 
dedicated team can lead the drive for further education and training on mpMRI 
prostate interpretation and understanding as well as continually assess the outcomes 
of the PI-RADS reports. 

- Further research on this topic looking at PI-RADS 1, 2 and 3 lesions is required to 
further assess the performance of the PI-RADS v2.1 at GSH. 

- Adequate patient preparation in the form of pre-procedure enema and rectal 
evacuation, in addition to antispasmodic agent administration to enhance the quality 
of the mpMRI acquisition should be included in the pre-mpMRI checklist.   

- Lastly, further research into the accuracy of the prostate biopsies performed by the 
Urology department should be conducted to assess the impact a misrepresentative 
biopsy has on the measured outcomes of PI-RADS category 4 and 5 reports. 
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written in the past tense. The abstract should give a succinct account of the objectives, 
methods, results and significance of the matter. The structured abstract for an Original 
Research article should consist of six paragraphs labelled Background, Objectives, Method, 
Results, Conclusion and Contribution. 

• Background: Why do we care about the problem?  State the context and purpose of 
the study. (What practical, scientific or theoretical gap is your research filling?) 

• Objectives: What problem are you trying to solve? What is the scope of your work 
(e.g. is it a generalised approach or for a specific situation)? Be careful not to use too 
much jargon. 

• Method: How did you go about solving or making progress on the problem? State 
how the study was performed and which statistical tests were used. (What did you 
actually do to get the results?) Clearly express the basic design of the study; name or 
briefly describe the basic methodology used without going into excessive detail. Be 
sure to indicate the key techniques used. 

• Results: What is the answer? Present the main findings (that is, as a result of 
completing the procedure or study, state what you have learnt, invented or created). 
Identify trends, relative changes or differences in answers to questions. 

• Conclusion: What are the implications of your answer? Briefly summarise any 
potential implications. (What are the larger implications of your findings, especially 
for the problem or gap identified in your motivation?) 

• Contribution: What key insights into the research results and its future function are 
revealed? How do these insights link to the focus and scope of the journal? It should 
be a concise statement of the primary contribution of the manuscript; and how it fits 
within the scope of the journal. 

Do not cite references and do not use abbreviations excessively in the abstract. 
  
Introduction: The introduction must contain your argument for the social and scientific 
value of the study, as well as the aim and objectives: 

• Social value: The first part of the introduction should make a clear and logical 
argument for the importance or relevance of the study. Your argument should be 
supported by the use of evidence from the literature. 

• Scientific value: The second part of the introduction should make a clear and logical 
argument for the originality of the study. This should include a summary of what is 
already known about the research question or specific topic and should clarify the 
knowledge gap that this study will address. Your argument should be supported by 
the use of evidence from the literature. 



• Conceptual framework: In some research articles it will also be important to describe 
the underlying theoretical basis for the research and how these theories are linked 
together in a conceptual framework. The theoretical evidence used to construct the 
conceptual framework should be referenced from the literature. 

• Aim and objectives: The introduction should conclude with a clear summary of the 
aim and objectives of this study. 

Research methods and design: This must address the following: 

• Study design: An outline of the type of study design. 

• Setting: A description of the setting for the study; for example, the type of 
community from which the participants came or the nature of the health system and 
services in which the study is conducted. 

• Study population and sampling strategy: Describe the study population and any 
inclusion or exclusion criteria. Describe the intended sample size and your sample 
size calculation or justification. Describe the sampling strategy used. Describe in 
practical terms how this was implemented. 

• Intervention (if appropriate): If there were intervention and comparison groups, 
describe the intervention in detail and what happened to the comparison groups. 

• Data collection: Define the data collection tools that were used and their validity. 
Describe in practical terms how data were collected and any key issues involved, e.g. 
language barriers. 

• Data analysis: Describe how data were captured, checked and cleaned. Describe the 
analysis process, for example, the statistical tests used or steps followed in 
qualitative data analysis. 

• Ethical considerations: Approval must have been obtained for all studies from the 
author's institution or other relevant ethics committee and the institution’s name 
and permit numbers should be stated here. 

Results: Present the results of your study in a logical sequence that addresses the aim and 
objectives of your study. Use tables and figures as required to present your findings. Use 
quotations as required to establish your interpretation of qualitative data. All units should 
conform to the SI convention and be abbreviated accordingly. Metric units and their 
international symbols are used throughout, as is the decimal point (not the decimal 
comma). 
  
Discussion: The discussion section should address the following four elements: 

• Key findings: Summarise the key findings without reiterating details of the results. 

• Discussion of key findings: Explain how the key findings relate to previous research 
or to existing knowledge, practice or policy. 

• Strengths and limitations: Describe the strengths and limitations of your methods 
and what the reader should take into account when interpreting your results. 
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• Implications or recommendations: State the implications of your study or 
recommendations for future research (questions that remain unanswered), policy or 
practice. Make sure that the recommendations flow directly from your findings. 

Conclusion: Provide a brief conclusion that summarises the results and their meaning or 
significance in relation to each objective of the study. 
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Requirements page. 
  
Also provide the following, each under their own heading: 

• Competing interests: This section should list specific competing interests associated 
with any of the authors. If authors declare that no competing interests exist, the 
article will include a statement to this effect: The authors declare that they have no 
financial or personal relationship(s) that may have inappropriately influenced them in 
writing this article. Read our policy on competing interests. 

• Author contributions:  All authors must meet the criteria for authorship as outlined 
in the authorship policy and author contribution statement policies. 

• Funding: Provide information on funding if relevant 

• Data availability: All research articles are encouraged to have a data availability 
statement. 

• Disclaimer: A statement that the views expressed in the submitted article are his or 
her own and not an official position of the institution or funder. 
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self-interests. Refer to the journal referencing style downloadable on our Formatting 
Requirements page. 
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