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CHAPTER 1

1.1 The prostate

1

The human prostate is a small organ situated in the male pelvis. It is shaped like an inverted
pyramid, is located in front of the rectum just beneath the bladder, and it surrounds the
proximal urethra and consists of glandular and nonglandular components. Based on
histological findings, four different zones are distinguished, i.e. the peripheral zone, the
central zone, the transition zone, and the anterior fibromuscular stroma, as shown in fig.
1.1. The first three zones together form the glandular prostatic tissue. The latter zone is part
of the nonglandular prostatic tissue [1]. A mature prostate is between 20 and 25 grams.
From about age 50, the volume increases in most men; a process called benign prostatic
hyperplasia (BPH). Histopathologically, BPH is characterized by an increase in epithelial and
stromal cell number in the transitional zone [2].

Fig. 1.1: Zonal anatomy of the prostate

1.2 Prostate cancer
Disregarding nonmelanoma skin cancer, prostate cancer (PCa) is the cancer in men with the
highest incidence. In 2015, around 1.6 million men were diagnosed with PCa worldwide
[3]. PCa is the fifth leading cause of death from cancer in men. Incidence rates vary widely
between countries and are significantly higher in more developed countries, probably due
to screening and subsequent prostate biopsy (PBx) [4]. PCa is a disease of elderly men. The
median age at diagnosis is 72-74 years, with 85% diagnosed after age 65 [5]. However, a
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significant increase in PCa incidence was found in young adults between 2000 and 2011.
This increase includes mostly localized disease and is likely due to a higher rate of screening
[6]. In 68% of the cases, PCa arises in the peripheral zone, and in 24% the origin of PCa was
found in the transition zone and in 8% in the central zone [7].
First described in 1977, PCa is graded using the Gleason grading system. According to the
lesion’s differentiation and growth pattern, lesions are graded on a 1-5 scale. See fig. 1.2
for the Gleason grading system. Score 1 is indicating a well-differentiated lesion and score
5 is indicating a poor differentiated lesion. The Gleason score is the sum of the two most
common patterns and ranges from 2-10 [8].

Fig. 1.2: Gleasons histological grading system of adenocarcinoma of the prostate

Prostate cancer is staged by the Tumour (T), Node (N), and Metastasis (M) system, which is an
international staging system for all cancers developed in the 1940s [9]. The TNM-classification
for PCa is presented in table 1.1. Staging and grading of cancers is used in order to predict
important prognostic outcomes such as mortality, recurrence and metastasis, which are
important factors in treatment decisions. Based on the TNM-classification and several clinical
features, patients with a comparable prognosis are grouped. The European Association of
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Urology discriminates between low-risk, intermediate-risk, and high-risk PCa on biochemical
recurrence, see table 1.2. [10].
Because of the increasing use of prostate-specific antigen (PSA) testing, more small volume and
low-grade tumours are found. Approximately two decades ago, this resulted in the development
of the term insignificant PCa, which indicates indolent tumours in which immediate treatment
does not seem necessary and careful follow-up is most probably sufficient. Epstein was one of
the first who assessed clinical and pathological parameters to predict biological insignificant
tumour [11]. There is no generally accepted definition of insignificant PCa, but most commonly
used criteria are based on radical prostatectomy specimens and include Gleason score ≤ 6
without pattern 4 or 5, organ confined disease and tumour volume < 0.5 cm3 [12].
Table 1.1: TNM classification, 7th edition (13)

Evaluation of the (primary) tumour (‘T’)
TX: cannot evaluate the primary tumour
T0: no evidence of tumour
T1: tumour present, but not detectable clinically or with imaging
T1a: tumour was incidentally found in 5% or less of prostate tissue resected (for other reasons)
T1b: tumour was incidentally found in greater than 5% of prostate tissue resected
T1c: tumour was found in a needle biopsy performed due to an elevated serum PSA
T2: the tumour can be felt (palpated) on examination, but has not spread outside the prostate
T2a: the tumours is in half or less than half of one of the prostate gland’s two lobes
T2b: the tumours is in more than half of one lobe, but not both
T2c: the tumours is in both lobes but within the prostatic capsule
T3: the tumours has spread through the prostatic capsule (if it is only part-way through, it is still T2)
T3a: the tumours has spread through the capsule on one or both sides
T3b: the tumours has invaded one or both seminal vesicles
T4: the tumours has invaded other nearby structures
It should be stressed that the designation “T2c” implies a tumours, which is palpable in both lobes
of the prostate. Tumours which are found to be bilateral on biopsy only but which are not palpable
bilaterally should not be staged as T2c.
Evaluation of the regional lymph nodes (‘N’)
NX: cannot evaluate the regional lymph nodes
N0: there has been no spread to the regional lymph nodes
N1: there has been spread to the regional lymph nodes
Evaluation of distant metastasis (‘M’)
MX: cannot evaluate distant metastasis
M0: there is no distant metastasis
M1: there is distant metastasis
M1a: the cancer has spread to lymph nodes beyond the regional ones
M1b: the cancer has spread to bone
M1c: the cancer has spread to other sites (regardless of bone involvement)
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Table 1.2: EAU risk groups on biochemical recurrence
Low-risk
PSA < 10 ng/ml
And Gleason score < 7
And cT1-2a
Localized

Intermediate-risk
PSA 10-20 ng/ml
Or Gleason score 7
Or cT2b
Localized

High-risk
PSA > 20 ng/ml
Any PSA
Or Gleason score > 7 Any Gleason score
Or cT2c
cT3-4 or cN+
Localized
Locally advanced

1.3 Current prostate cancer diagnosis
To date, PCa is being diagnosed using digital rectal examination (DRE), prostate specific
antigen (PSA), and ultrasonography (US)-guided PBx [10]. DRE is performed in order to get
an impression of the consistency, surface, and volume of the prostate. In the presence of
PCa, the prostate might feel more solid, hard, or even nodular. In PCas found on PBx, 56%
of patients had an abnormal DRE, however, with a significant interobserver variability [14].
PSA is a glycoprotein secreted by the prostate and was first measured in serum of men in
1980 [15]. It has been used as a clinical marker for PCa since 1988. A 10-fold increase in
serum PSA level is suspicious for the presence of PCa, but the interpretation can be difficult
because BPH and inflammation can also lead to a rising serum PSA level [15]. This makes PSA
an organ specific marker and not a cancer specific marker. Determination of serum PSA for
diagnostic purposes lacks accuracy, with 15-25% false positives and 60% false negatives [16,
17]. The European Randomized Study of Screening for Prostate Cancer (ERSPC) evaluated
PCa screening. At 16 years of follow-up, it was demonstrated that PSA screening significantly
reduces PCa-related mortality, with a relative risk of 0.80. Number needed to screen was
570 and number needed to diagnose was 18 [18]. Because of this risk of overdiagnosis and
overtreatment, screening for PCa is still controversial.
Definitive diagnosis of PCa is always based on histological examination obtained by US-guided
PBx, or specimens from transurethral resection of the prostate (TURP) or prostatectomy
for BPH. To avoid side effects, overdiagnosis, and overtreatment due to unnecessary PBx,
further risk assessment should be offered to asymptomatic men with a serum PSA level
between 2-10 ng/ml. The current EAU guidelines on PCa recommend using either a risk
calculator, multiparametric magnetic resonance imgaging (mpMRI), or additional serum or
urine-based test such as Prostate Health Index test (PHI), four kallikrein (4K) score, Prostate
Cancer gene 3 (PCA3), SelectMDX or TMPRSS2-ERG fusion [19].
When performing PBx, a number of 10-12 18-gauge laterally directed cores are recommended
[10]. This can be performed either transrectally or transperineally. See figure 1.3 for TRUSguided PBx. No statistical significant differences are found regarding cancer detection rates
and most adverse events; however, some studies suggest reduced infection rates using
transperineal biopsy [20-22]. PBx cores are examined in the pathology laboratory using
the Gleason score as described earlier. In 2006, several risk calculators (RCs) based on the
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ERSPC data were developed. These RCs provide a risk assessment of the presence of PCa on
prostate biopsy and may be helpful in clinical practice.

Fig 1.3 Transrectal ultrasound-guided prostate biopsy

1.4 Prostate cancer imaging
Two-dimensional grayscale US has been the standard imaging method in the diagnosis of
PCa for decades. It is mostly performed transrectally, also known as transrectal ultrasound
(TRUS). Initially, TRUS was used guiding the needle taking PBx. Hypoechoic lesions, especially
in the peripheral zone of the prostate, are suspected for the presence of PCa. The value of
an additional hypoechoic lesion-directed biopsy core is small but not negligible, and thus
this is still recommended [23]. Next to two-dimensional grayscale US, nowadays threedimensional (3D) US is available. 3D US imaging is a technique in which 3D volumes are
reconstructed from multiple two-dimensional (2D) images [24]. This can be achieved by
using 2D matrix arrays, which results in direct reconstruction, or one-dimensional arrays
with mechanical scanning or free hand scanning with position sensing. Nonetheless, PCa is
hardly visible using grayscale US.
First used in staging of PCa, nowadays MRI is increasingly used in the detection of PCa. Several
anatomical and functional modalities are distinguished and combined in multiparametric
(mp)MRI. Generally, mpMRI consists of T2-weighted imaging, diffusion weighted imaging
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(DWI), and dynamic contrast enhanced (DCE) imaging. The signal received using DWI is
dependent on free motion of water molecules, which is compromised in highly cellular
tissue such as malignant tumours. In DCE, a gadolinium based contrast agent is administered
intravenously. An increased signal is perceived from areas with higher perfusion. However
the added value of DCE is limited and controversial whilst adding significantly to MR-scantime and costs [25, 26]. In the detection of clinically significant PCa, mpMRI has an accuracy
of 44-87% [27].
To standardize interpretation and scoring of mpMRI, the Prostate Imaging-Reporting and
Data System (PI-RADS) was developed. It is a structured reporting scheme based on findings
on different imaging modalities (T2, DWI and DCE) in the different zones of the prostate and
it provides five categories that summarize levels of suspicion of clinical significant PCa. In
2016, version 2 was presented [28]. Using PI-RADSv2, mpMRI still suffers from significant
false positives. For clinically significant PCa, detection rates for a lesion PI-RADS 4 or 5 are
22% and 72%, respectively [29].
In the path of diagnosing PCa, MRI could be used in two settings. The first setting is during
PBx, so that targeted biopsy can be performed in case of the presence of regions of interest.
There are different approaches for mpMRI-targeted biopsy (MR-TB). First is cognitive fusion,
in which the clinician cognitively navigates a needle to a suspicious lesion seen on imaging.
‘In-bore’ TB is performed in a radiology setting inside the MR magnet, with the advantage
of direct confirmation of the needle location. Several mpMRI-ultrasound fusion systems
are available on the market that merge mpMRI images and real-time ultrasound images.
Recent literature suggests higher detection rates of clinically significant PCa using MR-TB.
Sub analyses show that this only applies for the biopsy repeat setting and not biopsy naive
men [30, 31]. For the detection of clinically significant PCa, there is no advantage of any
of the three aforementioned techniques [32]. In the second setting, mpMRI is used as a
triage test. In this setting patients will only receive PBx in case of a positive mpMRI. Recent
literature suggests that such a strategy could avoid a significant amount of PBx sessions [33],
but more research is necessary to confirm these results.
Not only MRI, but also US has multiple modalities based on different characteristics of PCa.
Elastography is based on the concept of a difference in stiffness of malignant and benign
tissue. Two different methods of elastography are described, i.e. strain elastography and
shear-wave elastography (SWE) [34]. Strain elastography has some major drawbacks that
might be overcome by SWE and moreover, this relatively new technique shows promising
results in the diagnosis of PCa [35]. Doppler techniques are able to visualize blood flow
and being used for many years. However, these techniques do not improve PCa detection
compared to grey-scale TRUS prostate biopsy [36-38].
To better distinguish between benign and malign tissue, the concept of angiogenesis
drew attention. Both development and progression of PCa are associated with changes
in microvessel density (MVD) and microvascular structure [39]. These alterations in
microvascular structure are targeted by contrast-enhanced ultrasound (CEUS), in which
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ultrasound contrast agents are administered intravenously and are able to enhance Doppler
signals. Contrast specific imaging is possible due to non-linear backscattering of the contrast
agent, which can be differentiated from the linear backscattering of the tissue. In order to
decrease the inter-observer variability and increase accuracy of detection of PCa, several
quantification techniques for the above-mentioned US techniques were developed [40].

1.5 Scope of this thesis
The current diagnostic path for PCa lacks accuracy and remains a great challenge. Main
problems clinicians are facing are insufficient selection of men at risk, unreliable or no
visualization of the tumour within the prostate gland that leads to the use of random
systematic PBx, and the difficulty to distinguish between clinically insignificant and
significant PCa on imaging. Better detection and localization will result in less benign
biopsies, less overdetection and associated overtreatment, and better performance for
localized treatment in the future [41].
MpMRI with or without targeted biopsy is increasingly used in the diagnosis of PCa, first at
men after prior negative prostate biopsy, and now also in biopsy naive men. Studies regarding
mpMRI show promising results, but until now didn’t lead to a general implementation into
clinical practice in biopsy naive men.
Since US is cost-effective and accessible for almost every urologist, improvements regarding
the detection and localization using US would have a great impact on PCa diagnosis. Very
limited data about the performance of 3D TRUS guided PBx is available. The hypothesis is
that using 3D images will result in a better distribution of biopsy cores, and will subsequently
lead to a better cancer detection rate. Also, other US technologies are emerging, with the
intention making a more reliable distinction between benign and malign prostate tissue.
Because PSA and DRE lack accuracy in the diagnosis of PCa, selection of men at risk and
referral for PBx is challenging. Different risk calculators, such as the ERSPC risk calculators,
were designed to prevent overdetection. These risk calculators need external validation in
different populations to assess their value before general use is proposed.
In order to improve detection and localization of prostate cancer in secondary health care
clinics, the following research questions were investigated:
1. Does MRI/US guided PBx result in a higher cancer detection rate or higher Gleason
scores compared to random systematic prostate biopsy?
2. Does 3D transrectal ultrasound guided prostate biopsy result in a higher cancer
detection rate compared to 2D transrectal ultrasound guided prostate biopsy?
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3.
4.

What is the value of contrast ultrasound imaging for the localization of clinically
significant prostate cancer?
What is the diagnostic accuracy of the ERSPC risk calculators in our clinical setting?

1.6 Outline of this thesis
After a general introduction, part I of this thesis focuses on magnetic resonance imaging.
In part II, results of research on ultrasound are presented. Part III contains research on risk
calculators in the diagnosis of prostate cancer.

Part I: Magnetic resonance imaging

To gain insight in the current knowledge about the role of MRI in the diagnosis of prostate
cancer, literature regarding targeted MR-guided prostate biopsies was summarized in a
systematic review. Results are presented in chapter 2. Chapter 3 is a continuation of this
research. A prospective study was performed aiming the comparison of cancer detection
rates and pathology results in magnetic resonance imaging targeted biopsies and systematic
biopsies.

Part II: Ultrasound

In chapter 4, a comparison in cancer detection rates is made between conventional
systematic biopsies and systematic biopsies using a three-dimensional ultrasound model.
Another aspect of ultrasound was highlighted in chapter 5. In a prospective trial, localization
of prostate cancer was assessed using contrast enhanced ultrasound en contrast ultrasound
dispersion imaging.

Part III: Risk calculators

Risk calculators might be helpful tools in the diagnosis of prostate cancer. Chapter 6 shows
the results of an external validation of the European Randomized Study of Prostate Cancer
Risk Calculators in a clinical cohort. The same risk calculators were assessed in a clinical
setting of MRI targeted biopsies in biopsy naive men. Findings are presented in chapter 7.
In chapter 8, results of studies presented in this thesis and future perspectives for the
diagnosis of prostate cancer will be discussed.
A summary in English and Dutch will be provided in chapter 9.
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Abstract
Despite limitations considering the presence, staging and aggressiveness of prostate cancer,
ultrasonography (US)- guided systematic biopsies (SBs) are still the ‘gold standard’ for the
diagnosis of prostate cancer. Recently, promising results have been published for targeted
prostate biopsies (TBs) using magnetic resonance imaging (MRI) and ultrasonography (MRI/
US)-fusion platforms. Different platforms are USA Food and Drug Administration registered
and have, mostly subjective, strengths and weaknesses. To our knowledge, no systematic
review exists that objectively compares prostate cancer detection rates between the
different platforms available. To assess the value of the different MRI/US-fusion platforms
in prostate cancer detection, we compared platform-guided TB with SB, and other ways
of MRI TB (cognitive fusion or in-bore MR fusion). We performed a systematic review of
well-designed prospective randomised and non-randomised trials in the English language
published between 1 January 2004 and 17 February 2015, using PubMed, Embase and
Cochrane Library databases. Search terms included: ‘prostate cancer’, ‘MR/ ultrasound(US)
fusion’ and ‘targeted biopsies’. Extraction of articles was performed by two authors (M.G.
and A.A.) and were evaluated by the other authors. Randomised and non- randomised
prospective clinical trials comparing TB using MRI/US-fusion platforms and SB, or other
ways of TB (cognitive fusion or MR in-bore fusion) were included. In all, 11 of 1865 studies
met the inclusion criteria, involving seven different fusion platforms and 2626 patients:
1119 biopsy naive, 1433 with prior negative biopsy, 50 not mentioned (either biopsy naive
or with prior negative biopsy) and 24 on active surveillance (who were disregarded). The
Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool was used to assess
the quality of included articles. No clear advantage of MRI/US fusion-guided TBs was seen
for cancer detection rates (CDRs) of all prostate cancers. However, MRI/ US fusion-guided
TBs tended to give higher CDRs for clinically significant prostate cancers in our analysis.
Important limitations of the present systematic review include: the limited number of
included studies, lack of a general definition of ‘clinically significant’ prostate cancer, the
heterogeneous study population, and a reference test with low sensitivity and specificity.
Today, a limited number of prospective studies have reported the CDRs of fusion platforms.
Although MRI/US-fusion TB has proved its value in men with prior negative biopsies, general
use of this technique in diagnosing prostate cancer should only be performed after critical
consideration. Before bringing MRI/ US fusion-guided TB in to general practice, there is a
need for more prospective studies on prostate cancer diagnosis.

Introduction
Diagnostic tools for prostate cancer consist of DRE, serum PSA measurements, and definite
diagnosis is always based on pathological evaluation of TRUS-guided systematic biopsies
(SBs). However, TRUS-guided biopsy has several limitations. As 25–39% of the prostate
carcinomas are iso-echoic on grey scale TRUS, biopsies cannot be limited to lesion-directed
biopsies and therefore SBs have to be taken [1,2]. Limitations of SB include the low
negative predictive value (NPV) and poor correlation with pathology results after radical
prostatectomy (RP) [3].
To overcome these problems, in the last decade, the focus has been on developing more
accurate imaging methods for taking targeted biopsies (TBs). Research has been focused on
multiparametric MRI (mpMRI), elastography, dynamic contrast-enhanced ultrasonography
(DCEUS), histoscanning, and artificial neuronal network analysis (ANNA)/ computerised TRUS
(C-TRUS ). In general, mpMRI includes two or three MRI modalities: T2-weighted imaging ,
diffusion-weighted imaging (DWI), and in most cases dynamic contrast-enhancement MRI
(DCE-MRI), and sometimes four, adding MR-spectroscopy. mpMRI has been reported to have
a high accuracy for the detection of prostate cancer [4], and has already been recommended
for patients with a persistent clinical suspicion of prostate cancer after prior negative biopsies
in the European Society of Urogenital Radiology (ESUR) prostate MR guidelines 2012 [5] and
in the European Association of Urology guidelines on Prostate Cancer 2014 [6].
TRUS is a non-invasive procedure used to guide the needle for taking prostate biopsies.
Image fusion can combine advantages of both TRUS and mpMRI. Approaches of taking MRIguided TBs of the prostate include ‘in-bore’ MRI-guided biopsies, cognitive fusion, and MRI/
ultrasonography (MRI/US) software-based image-fusion techniques. In in-bore MRI-guided
techniques, TBs are taken during real-time MRI. With fusion techniques, MRI is performed
before taking US-guided TBs, using cognitive or software-based MRI–US image fusion. A
higher detection rate of clinically significant disease was assessed using any of the three
techniques [7]. Recently, a comparison has been made between MRI TBs and randomised
TRUS-guided SBs by Van Hove et al. [8]. They concluded that no clear advantage of TBs over
the current standard of SBs could be seen in biopsy naive men, but in cases of prior negative
biopsies, TBs tended to have improved prostate cancer detection rates (CDRs).
Eight fusion platforms were USA Food and Drug Administration (FDA) registered at the
time this review was performed. They all require a pre-biopsy MRI for real-time TRUS
fusion; however, great differences between the platforms exist. Of most importance is the
difference between ‘rigid’ and ‘elastic’ registration. Often, the shape of the prostate differs
significantly between MRI and TRUS imaging. Elastic methods stretch or warp one of the
image datasets, so that the shapes correlate with each other. Other differences include
mechanical vs manually controlled arm, patient movement compensation, and accuracy of
three-dimensional modelling. To the best of our knowledge, no systematic review has been
performed to compare different MRI/US-fusion platforms for taking prostate TBs.
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The aim of the present review was to assess the CDRs of different MRI/US-fusion platforms
for prostate cancer detection by comparing MRI/US-fusion TB to random SB and to the other
MRI/US-fusion techniques, in-bore and cognitive fusion-guided TB. Only well-designed and
prospective randomised and non-randomised trials were included in the review.

Patients and Methods
Eligibility Criteria
Randomised and non-randomised prospective clinical trials comparing prostate CDRs
between MRI/US fusion-guided TB or another way of MRI TB, such as cognitive or in-bore
MR/ US-fusion, and SB were selected. Participants of any age with a clinical suspicion on
prostate cancer because of high PSA level and/or abnormal DRE were considered. The
primary outcome measure was (clinically significant) prostate CDRs per patient.
Study Selection
Studies were identified by searching on-line databases. A systematic literature review of
PubMed, Embase and Cochrane Library was performed. The last search was conducted
on 17 February 2015. The following search terms were used: prostate cancer AND ((MR/
US fusion) OR (MRI/ US fusion) OR (MR/ultrasound fusion) OR (MRI/ultrasound fusion)
OR (ultrasound fusion) OR (targeted biopsy) OR (targeted biopsies)) with the limitations:
English, humans, 01 January 2004 till 17 February 2015, full text.
Eligibility assessment was performed by two reviewers (M.G. and A.A.). Disagreements were
resolved by consensus. All abstracts published before January 2004 were excluded, as in this
year the first MRI/US-fusion platform was FDA registered. Articles only including patients
on active surveillance were also excluded, because the objective was to assess CDRs for
prostate cancer diagnosis.
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# of records iden,ﬁed in
Cochrane Library
N = 28

# of records iden,ﬁed in
EMbase
N = 418

# of records iden,ﬁed in
PubMed
N = 1652

2

# of records iden,ﬁed through
database screening
N = 2098

# of records a9er duplicates
removed
N = 1865

# of abstracts screened
N = 130

# of full-text ar,cles assessed
for elegibility
N = 23

# of studies included in
systema,c review
N = 11

# of records excluded
N = 107

# of full-text ar,cles excluded
N = 12
Ac,ve surveillance: N = 1
No MR/US fusion plaJorm used: N = 2
Retrospec,ve: N = 6
Other outcome measure: N = 2
No full text available: N = 1

Fig. 2.1 Study selection flowchart

Data Extraction
One review author (M.G.) extracted the following data: type of fusion platform, number
and type of patients, method, comparison, outcome measures, and results, and entered
the information in a data extraction sheet. All other authors checked these data and
disagreements were resolved by discussion and consensus. The Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) tool [9] was used to assess the quality of included
the articles.
The primary outcome measure was the prostate CDR in MRI/US fusion platform-guided TB
compared with SB or another way of MRI-guided TB, such as cognitive or in- bore.

Results
Characteristics of Included Studies
In all, 2098 records were identified during the systematic literature search. After adjusting
for duplicates 1865 records remained, of which 130 titles seemed relevant. Of these, 107
records were excluded because after analysing abstracts the papers did not meet the
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inclusion criteria. Next, the content of 23 papers were screened on relevance, and finally
11 studies met all our inclusion criteria. A flowchart of study selection is provided in Figure
2.1. All 11 studies finally selected were prospective non-randomised controlled trials or
in-patient control studies published in English between January 2004 and February 2015.
Of the 11 included studies, there were eight studies comparing transrectal MRI/US-fusion
TBs with SBs and three studies comparing transperineal MRI/US-fusion TBs with SBs.
Unfortunately, no study comparing MRI/US-fusion TB with in-bore TB, was detected.
Participants
The included studies involved 2626 patients: 1119 biopsy naive men, 1433 after prior
negative biopsy, 50 not mentioned (either biopsy naive or after prior negative biopsy) and
24 on active surveillance. Despite active surveillance being an exclusion criterion, one study
including 125 patients of whom 24 patients were on active surveillance was included in the
present review, because the authors presented a separate analysis for the active surveillance
group, so that these men could be disregarded.
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Intervention
Table 2.1 shows the characteristics of the 11 included studies. For the intervention, a prebiopsy 1.5 T or 3.0 T mpMRI including at least T2-weighted imaging, DWI and DCE modalities,
with or without endorectal coil, was used. MRI/ US-fusion TBs were performed first in eight
studies, SBs were performed first in the other three studies. The physician taking SBs was
‘blinded’ to the MRI images in five studies. In two studies, the physician taking the SBs was
not blinded to the MRI images, and in the other four studies, blinding was not mentioned.
The mpMRI lesions were scored using the Prostate Imaging- Reporting And Data System
(PI-RADS), Likert score or National Institutes of Health (NIH) score. MRI/US-fusion TBs were
taken transrectally in eight studies and transperineally in three studies, with the mean
number of cores taken ranging from 1.5 to 8.9 per patient.
Outcomes
In all studies, the primary or secondary outcome assessed was the CDR of all prostate cancer
and/or the CDR of clinically significant prostate cancer. When clinically significant prostate
cancer based on prostate biopsies was mentioned, it was defined as:
1. Epstein criteria: any Gleason score ≥7 or Gleason score 6 with a lesion volume of
>0.2 mL (Borkowetz et al. [10], Rastinehad et al. [11], Salami et al. [12], Wysock et
al. [13]);
2. All cancers excluding microfocal cancer, defined as a single core with <5 mm of
Gleason score 6 cancer (Delongchamps et al. [14]);
3. At least one core with a Gleason score 3+4, or 6 with a maximum cancer core length
of ≥4 mm (Mozer et al. [15], Shoji et al. [16]);
4. Total serum PSA level of >10 ng/mL or clinical stage ≥T2b/or Gleason score ≥4 or
total cancer length on biopsy of ≥10 mm (Fiard et al. [17]).
Siddiqui et al. [18] did not mention clinically significant prostate cancer, but made a separate
analysis of high-grade prostate cancer, defined as Gleason score ≥4 + 3.
Kuru et al. [19] did not mention clinically significant prostate cancer either, but made
separate analyses for low vs high/ intermediate prostate cancers, defined according to the
National Comprehensive Cancer Network (NCCN) guidelines [20].
Risk of Bias Within Studies
For a transparent rating of bias and applicability of diagnostic accuracy studies, the
QUADAS-2 tool was used to assess the quality of included articles (Table 2.2). In all studies,
patient selection and index test were defined as low risk of bias. Risk of bias concerning
the reference test was assessed high in all included studies because of the low accuracy of
prostate SBs. Applicability of the index test was scored as a high risk of bias in all studies,
because of the different fusion platforms and strategies for MRI/US fusion-guided prostate
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TBs. The item ‘flow and timing’ was assessed as high risk of bias in a few studies, because
time from mpMRI until prostate TB was not mentioned.
Results of Individual Studies
The CDR of all prostate cancers and when mentioned, clinically significant prostate cancers,
per patient of individual studies are presented in Table 2.3. A sub-analysis with the CDRs for
low- vs moderate- to high-risk lesions, graded on mpMRI is presented in Table 2.4.
Table 2.2 QUADAS-2 results

Study

Patient
selection
Borkowetz et al. [10] Low risk
Delongchamps et al [14] Low risk
Fiard et al. [17]
Low risk
Junker et al. [21]
Low risk
Kuru et al. [19]
Low risk
Mozer et al. [15]
Low risk
Rastinehad et al. [11] Low risk
Salami et al. [12]
Low risk
Shoji et al. [16]
Low risk
Siddiqui et al. [18]
Low risk
Wysock et al. [13]
Low risk

Judgments on blas
Index Reference
test
standard
Low risk High risk
Low risk High risk
Low risk High risk
Low risk High risk
Low risk High risk
Low risk High risk
Low risk High risk
Low risk High risk
Low risk High risk
Low risk High risk
Low risk High risk

Flow and
timing
High risk
High risk
High risk
High risk
High risk
Low risk
High risk
High risk
High risk
Low risk
High risk

Judgments on applicability
Patient
Index Reference
selection
test
standard
Low risk High risk Low risk
Low risk High risk Low risk
Low risk High risk Low risk
Low risk High risk Low risk
Low risk High risk High risk
Low risk High risk Low risk
Low risk High risk Low risk
Low risk High risk Low risk
Low risk High risk Low risk
Low risk High risk Low risk
Low risk High risk Low risk

Syntheses of Results
In all, 11 studies were included in this systematic review, using Virtual Navigator (one study,
[14]), Urostation (three studies [14,15,17]), Logiq 9 (one study [21]), UroNav (three studies
[11,12,18]), Artemis (one study [13]), BiopSee (one study [19]) and BioJet (two studies,
[10,16]). The CDRs per patient were available for all 11 trials, including 2626 patients.
Excluding the 24 patients on active surveillance results for 2602 patients were available for
analysis.
Borkowetz et al. [10] compared transperineal MRI/US-fusion TB, using the BioJet platform,
to transrectal SB in 263 patients. The overall CDR was 52%. For both the CDRs of all prostate
cancers and clinically significant prostate cancer, MRI/US-fusion TB detected significantly
more cancer than SB (44.1% vs 34.6% and 35.7% vs 28.5% respectively).
Delongchamps et al. [14] made a comparison of the accuracy of visually estimated TB (VETB) vs MRI/US-guided TB using a rigid (Virtual Navigator) or elastic (Urostation) approach,
all compared to standard 12-core SB. In all, 391 biopsy naive men were included and
divided into three groups (VE-TB, rigid fusion, elastic fusion). In conclusion, MRI/US-guided
TB performed significantly better (CDRs of 79.5% and 75.6% for Virtual Navigator and
Urostation, respectively) than SB (ranging from 33.1% to 45.8% in all three groups), whereas
VE-TB did not (74.1%).
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Fiard et al. [17] included 30 patients with a clinical suspicion of prostate cancer, 17 men with
prior negative biopsy and 13 biopsy naive men. Suspicious area(s) were found on MRI in 20
cases. MRI/US-fusion TBs were performed using the Urostation. The CDRs of MRI/US-guided
TB and SB were 55.0% and 43.3%, no further statistical analysis was made. The NPVs of SB
and TB were 94% and 85%.
Junker et al. [21] analysed 50 patients using the Logiq 9 fusion system. The CDRs of TB and
SB were 46% and 36%, resulting in a sensitivity of 69.2% for SB (18/26) and 88.5% for TB
(23/26), respectively.
Kuru et al. [19] made a comparison between transrectal US- guided transperineal-fusion
TB, using the BiopSee platform, and transperineal SB. The CDRs of all prostate cancers were
equal in both SB and TB (50.4% and 50.6% respectively). However, there was a difference
in the CDR in favour of TB for clinically significant prostate cancers according to the NCCN
guidelines (41.1% for TB vs 38.0% for SB).
Mozer et al. [15] included 152 biopsy naive men. The CDRs of all prostate cancers for TB and
SB were 53.9% and 56.6%, respectively, but there was a statistical significant difference in
the CDRs of clinically significant prostate cancer between the two protocols in favour of TB
(43.3% vs 36.8%).
The value of the UroNav platform was examined by Rastinehad et al. [11]. In all, 105 patients
were included in their trial. The CDRs of all prostate cancers by TB vs SB were 50.5% and
48.8%, respectively. For clinically significant disease, the CDRs were 44.8% and 32.4%,
respectively, which was a statistically significant difference.
The UroNav platform was also used by Salami et al. [12] in 140 patients with prior negative
biopsy. The CDRs of MRI/US fusion-guided TB was 52.1% and 47.9% for all prostate cancers
and clinically significant prostate cancers, respectively. The CDR of standard 12-core SB
was 48.6% and 30.7% for all prostate cancers and clinically significant prostate cancers,
respectively. The CDRs of MRI/US-guided TB and SB were not statistically significantly
different, but MRI/US fusion- guided TBs detected more clinically significant prostate cancer
when compared with SBs.
Shoji et al. [16] made a comparison between transperineal TB and SB, using the BioJet
platform; 20 patients were included in their analysis, with CDRs for TB and SB of 70.0% vs
40.0%.
Siddiqui et al. [18] included 1003 patients in their prospective cohort study. SBs and TBs,
using the UroNav platform, were taken. The CDRs of all prostate cancers by TB vs SB were
not different (46.0% and 46.8%, respectively). However, TB diagnosed 30% more high-risk
cancers than SB (17.2% vs 12.2%, respectively).
Wysock et al. [13] included 125 patients, of whom 67 were biopsy naive, 34 had prior
negative biopsy and 24 were on active surveillance. Overall, the CDR per patient was
23.2% and 19.2% for MRI/US-guided TB and VE-TB, respectively, with the difference being
statistically insignificant. For the 101 biopsy naive patients or with prior negative biopsy
only, the total CDR was 33.7% vs 30.7% for the MRI/US-guided TBs vs VE-TBs. Pooled TBs
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(MRI/US-guided TB and VE-TB together) compared with SB in 67 biopsy naive men showed
a lower overall CDR (40.3% vs 55.2%) and less Gleason score 6 disease (7.5% vs 22.4%), but
detected an equivalent number of score ≥7 disease (32.8% vs 32.8%).
A sub-analysis was made of low- vs moderate- to high-risk lesions, graded on mpMRI.
Moderate- to high-risk lesions include 4–5 lesions on a 5- point scale and 2–3 lesions on
a 3-point scale. Four studies gave an overall sub-analysis, with CDRs for low-risk lesions
ranging from 24.2% to 47.5% and for moderate- to high-risk lesions from 41.6% to 83.3%.
Five studies made a sub-analysis for TB of low- vs moderate- to high-risk lesions, but only
two of these studies also gave a sub-analysis of SB. Within these two studies, including 245
patients, the CDRs in low-risk lesions were almost equal in TB and SB (CDRs of 26.5–32.5%
in TB and 35.0–36.8% in SB) with a difference in CDRs in moderate- to high-risk lesions in
favour of TB (CDRs 61.5–76.4% in TB and 56.9– 59.7% in SB).

Discussion
In the present review, the value of different MRI/US platforms in prostate cancer detection
was assessed by comparing the CDRs of MRI/US-fusion TBs with SB, and to other MRI/USfusion techniques, such as in-bore and VE-TB. Most importantly, seven of eight FDA registered
MRI/US- fusion platforms have been validated using prospective studies comparing CDRs of
MRI/US-guided TBs with VE-TBs or SBs in the diagnosis of prostate cancer.
To date, the diagnosis of prostate cancer has had substantial limitations. First of all, biopsy
Gleason score upgrading after pathological assessment of RP specimens shows a discrepancy
between grading in TRUS-guided SBs and RP specimens [22]. Because of this discrepancy
and due to the lack of large cohort studies, a good prediction of clinically significant disease
is hampered.
Secondly, there is an ongoing debate about the definition of ‘clinically significant’ disease
and in addition, with the introduction of TB, the question arises as to whether the same
definition for clinically significant prostate cancer should be maintained for cores obtained
with SB and TB. To overcome over-diagnosis and overtreatment, it is important to limit the
diagnosis of clinically insignificant prostate cancer. There is some evidence that the criteria
for clinically significant prostate cancer suggested by Epstein et al. [23] have a high likelihood
for identifying organ-confined disease but not clinically insignificant disease [24,25].
Therefore, the most ideal development in prostate cancer diagnosis would be a test with
high positive predictive values (PPVs) and NPVs for clinically significant disease. A recently
published systematic review by Fütterer et al. [26] showed NPVs and PPVs for clinically
significant prostate cancer with mpMRI ranging from 63% to 98% and 34% to 68%,
respectively. The overall sensitivity and specificity of mpMRI reported are promising, but the
additional value of DCE-MRI is still questioned [27]. Also, of great importance is the evidence
that there are statistically significant histological differences between detected and missed
prostate cancers on mpMRI [28], with detected prostate cancers on mpMRI showing more
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clinically significant features. The CDR in patients with prior negative biopsy with in-bore
MR-guided TB varies from 52% to 59% [29,30]. TB especially may play a role in improving
anterior prostate cancer detection [31].
In our present analysis, no clear advantage of MRI/US fusion- guided TBs could be seen for
the CDRs of all prostate cancers, but MRI/US fusion-guided TBs tended to give a higher CDR
for clinically significant prostate cancers. This is consistent with the results of the systematic
reviews of
Valerio et al. [32] and Van Hove et al. [8]. It would be interesting to see whether there is a
difference between CDRs in low- vs high-risk lesions on mpMRI when comparing TB with
SB. Unfortunately, only two studies made this sub- analysis, showing contradictory results.
While the study of Rastinehad et al. [11] showed no clear difference between TB and SB, the
study of Salami et al. [12] tended to give a higher CDR in high-risk lesions with TB.
There are some general limitations in assessing the value of MRI/US-fusion TBs. First of all,
the range in CDRs at SB suggests that there is a difference in the quality of taking biopsies.
Furthermore, it seems plausible that the strength of the MRI magnet and the use of an
endorectal or pelvic coils determine the quality of MR images and the experience of the
radiologist and physician performing the biopsy determines the quality of the biopsy cores,
which determines the CDR. However, this has not been properly studied. In most of the
included studies, men with negative mpMRI were disregarded, which creates selection bias
and makes the results less applicable to clinical practice. And although direct visualisation of
the biopsy needle inside the suspicious area is technically possible [33], in common practice,
it is almost never used.
The present systematic review has several limitations. First of all, 11 studies met our
inclusion criteria, including 2626 patients. Because of this limited number of included
studies, no statement can be made about the difference in the CDRs between the different
fusion platforms. Another important limitation is the lack of a general definition of clinically
significant prostate cancer. As shown in our present results, in the 11 included articles, four
different definitions are being used. The aim of our present systematic review was to assess
the CDRs in MRI/US-fusion TB vs SB in the diagnosis of prostate cancer. Patients included in
the original studies are heterogeneous, containing biopsy naive men and men with one, two
or sometimes more prior negative biopsies. Because previous studies show that the CDR is
dependent on biopsy session number [34,35], the included studies are difficult to compare.
On the other hand, these results are applicable to clinical practice. A general limitation
of studies using SB as a reference test is that it lacks accuracy, i.e. has low sensitivity and
specificity [3]. It is used because a good gold standard, such as RP, is unethical to use.
Conclusion
Although MRI/US-fusion TB has proved its value in men with prior negative biopsies, general
use of this technique in the diagnosis of prostate cancer should only be performed after
critical consideration because in our present analysis, no clear advantage of MRI/US fusion-
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guided TB could be found for CDRs of all prostate cancers; however, MRI/US fusion- guided
TBs tended to give a higher CDR for clinically significant prostate cancers. Before bringing
MRI/US fusion- guided TB in to general practice, there is a need for more prospective studies
on its effectiveness for prostate cancer diagnosis.
Parallel to our research question about CDRs, is the important question of whether SB can be
omitted, because this will have an impact on clinical practice. There is also a need for more
research into how many prostate cancers are missed by TB, and their clinical relevance.
Moreover, individual quality of taking prostate biopsies is an under reported problem that
causes bias.
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Abstract
Objective: To compare prostate cancer detection rates (CDRs) and pathology results with
targeted prostate biopsy (TB) and systematic prostate biopsy (SB) in biopsy naive men.
Methods: In-patient control study of 82 men undergoing SB and subsequent TB in case of
positive prostate MRI between 2015 and 2017 in the Jeroen Bosch Hospital, The Netherlands.
Results: Prostate cancer (PCa) was detected in 54.9% with 70.7% agreement between TB
and SB. Significant PCa (Gleason score ≥ 7) was detected in 24.4%. CDR with TB and SB were
35.4% and 48.8%, respectively (p=0.052). CDR of significant prostate cancer with TB and SB
were both 20.7%. Clinically significant pathology upgrading occurred in 7.3% by adding TB
to SB and 22.0% by adding SB to TB.
Conclusions: There is no statistical significant difference between CDRs of SB and TB. Both SB
and TB miss significant PCas. Moreover, pathology upgrading occurred more often by adding
SB to TB than vice versa. This indicates that the omission of SB in this study population might
not be justified.

Introduction
Because of the well-known limitations of systematic prostate biopsies (SB), there is an
increasing focus on different imaging techniques in the diagnosis of prostate cancer
(PCa) for the last decades [42, 43]. Merging anatomic and functional information using
multiparametric magnetic resonance imaging (mpMRI), consisting of T2-weighted imaging,
diffusion weighted imaging (DWI) and dynamic contrast enhanced (DCE) imaging, resulted in
improved accuracy for detection of PCa comparing to T2 images alone [44-46]. Standardized
mpMRI interpretation and reporting was proposed by the developers of PI-RADS and is used
internationally. Recently, the PI-RADS v2 was published [28]. Approaches of taking magnetic
resonance (MR)-guided biopsies of the prostate include direct ‘in-bore’ MR-guided biopsies,
cognitive fusion and MR/ultrasound (MR/US) software-based image fusion techniques. In
‘in-bore’ MR-guided techniques, biopsies are taken during real-time MRI. Concerning the
two other techniques, magnetic resonance imaging (MRI) is performed pre-biopsy, and
biopsies are taken using cognitive or software-based MR/ultrasound (US) image fusion
techniques.
To date, there is an on going debate whether adding DCE to T2-weighted imaging and DWI
is of additional value. DCE seems to be of limited value and biparametric MRI (bpMRI) is
considered to be a faster and cheaper alternative to mpMRI [25, 47]. Cancer detection rates
(CDRs) of MR TB and SB were compared in a systematic review and meta-analysis by Schoots
et al [31]. Men, either biopsy naive or after prior negative biopsy, with a clinical suspicion of
PCa and a subsequent positive mpMRI were included in the analysis. Comparing MR TB with
SB resulted in equal CDRs.
Regarding clinically significant PCa only, a higher CDR was found for MR TB. Moreover, less
clinically insignificant PCas were found using MR TB. These are promising results, however,
long term follow up of negative mpMRIs or negative TB is not available. Besides, most
studies are performed in large tertiary centers with a mixed population of biopsy naive men
and men after prior negative biopsy. It would therefore be premature to omit SB. Additional
prospective trials are urgently needed, especially in lower volume centers [48, 49].
For this reason, the aim of this study was comparing CDRs and pathology results of PCa in
MR/US fusion TB and SB in biopsy naive men in a secondary health care centre, using an inpatient study design in which SB is followed by TB.

Materials and methods
Study population
Between January 2016 and May 2017, 90 biopsy naive men were included in this prospective
in-patient control study. Subjects aged 50-75 years, had a clinical suspicion of PCa due to
an elevated PSA (4-30 μg/L for men aged 50-65 years and 10-30 μg/L for men aged 66-75
years). Men with a history of PCa or contra-indications for MRI were excluded. Patients
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were informed about study procedures, risks and benefits, and were included after written
informed consent had been obtained. Ethics committee approval was granted by ‘Medical
Ethical Committee Brabant’. The trial was registered in The Netherlands National Trial
Register with reference NTR5787.
Protocol
All bpMRI scans were performed in the Jeroen Bosch hospital pre-biopsy using a 3T MR
scanner (Magnetom Verio, Siemens) and a 6-channel body-coil for signal reception. MRI
consists of anatomical T2-weighted imaging coupled with Diffusion Weighted Images. Two of
three experienced MRI radiologists (one radiologist with one year experience and residency
in abdominal radiology, and two abdominal radiologists with 8 and 25 years of experience,
respectively) independently denoted regions of interest (ROI). Consensus was achieved in
case deviations occurred between the ROI determinations. In case of a positive MRI (PIRADS≥3), MR images were loaded into the Navigo™ system prior to the biopsy procedure.
Then, on the axial T2 images, prostate outlines and the outlines of ROI were marked by one
of the clinicians (MGa) in consultation with one of the radiologists (MGi).
A clinician with 5 to 10 years experience performed the prostate biopsy sessions. After
administration of prophylactic antibiotics (oral ciprofloxacin 500 mg), and with the patient
in lateral decubitus position, a BK medical ultrasound machine (type 2202), the Navigo™
system, and a sidefire BK medical probe (type 8808, 6-10 MHz) were used to image the
prostate transrectally. After volume measurement and contouring using the Navigo™
system, a peri-prostatic block was given. The SB protocol consisted of transrectal biopsies
in the lateral zones of the base, midzone and apex. In total, 12 cores per biopsy procedure
were taken using a Bard magnum gun with an 18-gauge needle and 22 mm cores. In case
of a hypoechoic lesion, an extra core was allowed. The clinician taking the SB was blinded
for the mpMRI results. Prostate cores were submitted to the pathology laboratory using the
Smart-BX™ device (UC-Care, Israel), which is a preservation technology, allowing supplying
cores in a stretched form on a cassette. Core specimens were divided in two containers (left
6 cores, right 6 cores). During the biopsy procedure, the first core from each zone was inked
for identification.
After the SB protocol, the clinician was unblinded for the MR images. A maximum of 4 ROIs
were marked in these images by the radiologist. When ROIs were marked in the Navigo™
fusion system, additional TB cores were taken, with a minimum of one core per ROI, with
a maximum of 4 cores in total. Core specimens were send to the pathology laboratory in
separate cassettes. Two definitions of clinically significant PCa were used in our analysis. The
first one was defined as Gleason score ≥ 7. The second one was defined as Gleason score ≥7
or ≥ 3 cores with a Gleason score 6.
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Statistics
Demographic features and baseline characteristics are summarized for all participating
patients. The McNemar test was used to compare the prevalences of PCa obtained with
each of the individual methods (SB versus TB). To assess whether TB results in a higher
Gleason score compared to SB, the percentage with 95% confidence interval is presented.
A p-value of less than 0.05 is considered statistical significant. All analyses were performed
with IBM Statistics Version 22.

Results
Patient demographics
During the study period, 91 men were included. After the exclusion of 9 men, 82 (90.1%)
men were included in final analysis; 67 (81.7%) in group 1 (age 50-65, PSA 4-30 μg/L) and 15
(18.3%) in group 2 (age 66-75, PSA 10-30 μg/L). A flow chart of the study is shown in Figure
3.1. Mean age was 62.0 years, mean PSA level was 6.6 μg/L, and mean prostate volume
was 44.5 cm3. In 20 subjects (24%), a hypoechoic lesion was found on TRUS. In all cases, this
lesion was sampled with one or two cores. Overall, a mean of 12.1 biopsy cores was taken
during SB. In 59 subjects (72%), at least one ROI (PI-RADS ≥ 3) was found on MRI, with a
mean of 1.1 lesions per subject. 16 subjects (20%) had an anterior lesion on MRI. 28% of the
subjects without a ROI on MRI underwent SB only. For all subjects together, a mean of 2.2
targeted biopsy cores was taken. For subjects with a ROI on MRI that underwent TB, a mean
of 3.0 biopsy cores was taken. Patient demographics for all patients and both subgroups are
listed in Table 3.1.
Comparison of TB and SB
Tables 3.2 and 3.3 present a summary of biopsy findings. Table 3.2 shows a comparison
between pathology outcomes of TB and SB using the first definition of csPCa. Table 3.3
shows the same comparison using the second definition of csPCa. Overall, PCa was detected
in 54.9%, with 70.7% agreement between TB and SB. Significant PCa (Gleason score ≥ 7) was
detected in 24.4%. CDR with TB and SB only were 35.4% and 48.8%, respectively (p=0.052).
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91 men met inclusion critera and
gave wri2en informed consent
6 withdrew a<er MRI scan was performed
91 MRI scans performed

85 biopsy sessions performed

Clinical reasons: 3
Pa@ent no longer wished to par@cipate: 1
MR quality: 2

3 withdrew a<er biopsy was performed
Protocol viola@on: 1
Clinical reasons: 2

82 men included in ﬁnal analysis
Figure 3.1 Flow chart

CDR of significant prostate cancer for both TB and SB was 20.7% (p=1.000). In patients with
a negative MRI (n=24), CDRs were 37.5% and 0.0% for all PCas and significant PCa only,
respectively.
The orange zone in table 3.2 denotes patients in whom there was an added clinical value of
SB above TB, due to an upgrade from ‘no cancer’ to ‘cancer’ or from ‘insignificant cancer’
to ‘significant cancer’. The blue zone indicates patients in whom an added value of clinical
importance of TB above SB was found. Clinically significant pathology upgrading took place
in 7.3% by TB to SB, designated by the blue zone, and 22.0% by adding SB to TB, designated
by the orange zone. Significant PCa was found with SB and not with TB in 3/17 (17.6%) of
the cases. Significant PCa was found with TB and not with SB in 3/17 (17.6%) of the cases.
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Table 3.1 Patient demographics

Variable
No. of men
Age, mean (SD), y
PSA, median (IQR), ug/L
Prostate volume, median (IQR), cm3
Men with lesion(s) on mpMRI, No. (%)
Number of lesions on mpMRI, mean (SD)
Patients with anterior lesions, No. (%)
Index lesion score on mpMRIa, No. (%)
PI-RADS 3
PI-RADS 4
PI-RADS 5
Tumor stagingb
<T2
T2
T3
T4
Systematic biopsy cores per patient, mean (SD)
Targeted biopsy cores per patient, mean (SD)
a
b

All
82
62.0 (5.2)
6.6 (5.6-10.1)
44.5 (31.8-59.3)
58 (71)
1.1 (0.9)
16 (20)

3

23 (28)
14 (17)
22 (27)
56 (68)
15 (18)
11 (13)
0 (0)
12.1 (0.4)
2.2 (1.6)

Highest PI-RADS score
Clinical staging based on digital rectal examination

Supplementary table 3.1 shows an additional comparison of Gleason scores between TB
and SB. 28.0% of subjects underwent SB only because of a negative MRI. Within this group
CDR for all PCa and significant PCa were 37.5% and 0.0%. In patients with an anterior lesion
(n=16) CDR for all PCa and significant PCa were 87.5% and 43.8%.
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Table 3.2 Whole group pathology outcomes of systematic biopsy and targeted biopsy. Pathology outcomes per
patient for systematic biopsy and targeted MR/US fusion biopsy.

Systematic biopsy
No cancer
Not performed
15
No cancer
22
Gleason 6
3
≥ Gleason 7
2
Total 42
Targeted biopsy

Gleason 6
9
6
7
1
23

≥ Gleason 7
0
1
2
14
17

Total
24
29
12
17
82

The orange zone indicates patients with a pathology upgrade of clinical importance with systematic biopsy.
The blue zone indicates patients with a pathology upgrade of clinical importance with targeted biopsy.

A sub analysis was performed in group 1 (age 50-65, PSA 4-30 μg/L) and group 2 (age 6675, PSA 10-30 μg/L). Supplementary tables 3.2 and 3.3 show pathology outcomes for both
group 1 and 2. Regarding group 1, CDRs for SB and TB were 43.3% and 31.1% respectively.
CDRs of significant PCas for SB and TB were 19.4% and 17.9%. Regarding group 2, CDRs for
SB and TB were 73.3% and 53.3%. CDRs of significant PCas for SB and TB were 26.7% and
33.3% respectively.
Per lesion analysis
In 82 patients, a total of 92 lesions were denoted on mpMRI. 27 patients had 1 lesion, 28
patients had 2 lesions, and 3 patients had 3 lesions on mpMRI. Table 3.4 shows detection
rates for clinically significant prostate cancer for both definitions per PI-RADS classification
score.
Table 3.3 Whole group pathology outcomes of systematic biopsy and targeted biopsy. Pathology outcomes per
patient for systematic biopsy and targeted MR/US fusion biopsy.

Systematic biopsy
Targeted biopsy
Not performed
No cancer
≤ 2 cores Gleason 6
≥ 3 cores Gleason 6
or
≥ Gleason 7
Total

15
22
2
3

≥ 3 cores Gleason 6
≤ 2 cores Gleason 6 or
≥ Gleason 7
6
3
3
4
4
4
0
16

42

13

No cancer

27

Total
24
29
10
19

82

The orange zone indicates patients with a pathology upgrade of clinical importance with systematic biopsy.
The blue zone indicates patients with a pathology upgrade of clinical importance with targeted biopsy.
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Discussion
We evaluated CDRs and pathology outcomes of TB versus SB in a secondary health care
centre. No significant differences between CDRs were found. However, both SB and TB
missed significant PCas depending of the definition used. In subjects with a negative MRI,
no ≥Gleason 7 PCas were found.
In 2015, Schoots et al. performed a meta-analysis and concluded that in men with a clinical
suspicion of PCa and a positive MRI, TB and SB did not differ in overall PCa detection [31]. In
a subgroup analysis of only biopsy naive men, a similar detection of overall PCa for TB and
SB was found. In men after prior negative biopsy, CDRs of 37% and 24% were found.
Table 3.4 biopsy yield based on PI-RADS stratitication

Index
lesion

PI-RADS 3
n
%
PI-RADS 4
n
%
PI-RADS 5
n
%

Results targeted biopsy only
Results total biopsy
No cancer ≥ 3 cores
≥ Gleason 7 No cancer ≥ 3 cores
Gleason 6
Gleason 6
or ≥
or ≥
Gleason 7
Gleason 7

≥ Gleason 7

Total

21
91.3%

0
0.0%

0
0.0%

18
78.3%

3
13.0%

2
8.7%

23

5
35.7%

5
35.7%

5
35.7%

4
28.6%

8
57.1%

6
42.9%

14

4
18.2%

14
63.6%

12
54.6%

1
4.5%

15
68.2%

13
59.1%

22

Furthermore, TB showed a lower detection of insignificant PCa compared to SB. In contrast
to Schoots et al., in our study a CDR with TB of 35.4% was found. There are several factors
that may explain this difference. First of all, and probably the most important one, the
majority of studies in the meta-analysis included patients with a positive MRI only. With a
negative MRI, the chance of finding (significant) PCa is most probably lower, and therefore,
in our study this could contribute to the lower total CDR found. Secondly, patients in the
meta-analysis were characterized by a higher mean PSA, which also increases the chance of
finding PCa. Our study design is not comparable to the one of the PROMIS trial, but a similar
percentage of positive MRIs was found, which suggests that the inferior CDR with TB in our
study is not caused by allocating too many lesions on MRI [50].
The present study has several strengths and weaknesses. Strengths are its in-patient design,
the contouring of the MR images by a radiologist and a clinician together in preparation
of the MR/US fusion, and the double reader MRI protocol. Furthermore, in assessing the
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clinical value of mpMRI, men with a negative MRI should not be disregarded and were
therefore included in our analysis. As in all comparable studies, one of the main limitations
of our study is the sub optimal reference test based on SB. This is a well-known limitation
in all studies concerning the diagnosis of PCa based on biopsy results only. In the recently
presented PROMIS study, template prostate mapping (TPM) was used as the reference test
[50]. TPM has an area under the curve of 90%. It is therefore superior compared to TRUS or
any other biopsy technique [51, 52]. Taking the burden of general or epidural anaesthesia
and transperineal biopsy into account, this reference test should therefore be considered
when comparing diagnostics of PCa. Another well-known limitation and discussion of
targeted biopsy studies is the definition for significant PCa. There are several definitions
for significant PCa based on the pathology results of SB. However, TB is very different from
SB, both in its number and its origin. By means of increasing experience and research, a
new definition should be developed. Because of lack of a commonly used definition for
significant PCa on TB, one of the definitions used in this study are the well-known Epstein
criteria [53]. Because more cores were taken using SB compared to TB, the endpoint of
the study is inherently biased towards SB. Therefore, analyses were also performed using
Gleason ≥ 7 as a cut off for clinically significance.
In 12 cases, pathology results of TB showed a Gleason 3+3=6 disease, of which two with
more than two cores which therefore were identified as clinically significant when using the
Epstein criteria [53]. The MR/US fusion system used is Navigo™, which is not widely used
and specific studies reporting the accuracy are still lacking. A recent study of Westhoff et al.
showed a median distance to the lesion center of 3.15 mm using a fusion system that uses
rigid fusion and transrectal prostate biopsy [54]. One of the main problems in MR/US TB is
that it is difficult to verify the exact location of the needle. Therefore, a negative targeted
core can also be due to a location error. However, also in negative MRIs with omission of
TB, in 9% significant tumours are found [31]. In the latter, a location error is obvious not
the cause. Finally, our study design, in which TB is performed after 12-core SB, might have
played a role in the results. It is assumed that prostate biopsy results in swelling of the
prostate gland. This volume change might lead to diminished accuracy of TB.
Another well-known limitation in PCa diagnosis is the absence of a clear PSA cut-off value for
prostate biopsy [55]. Because of lack of a clear guideline, this study contains two different agePSA groups based on the fact that age is independently associated with PSA level [56]. Both
in the PROMIS and PRECISION trial, a mpMRI-first workflow with or without TB is proposed
because of its noninferiority compared to the regular TRUS workflow [50, 57]. However, it is
unknown how many clinically significant PCas are missed using such a workflow compared
to mpMRI followed by SB. In the PROMIS study, the mpMRI-first workflow missed 9.3%
significant PCas (defined as Gleason score ≥4+3) using TPM as a reference test. In our study
we found 12.5% significant PCas (defined as Gleason score ≥3+4) on SB. mpMRI with or
without TB might be superior to SB, but the omission of SB should be considered carefully.
Moreover, recent studies about the cost-effectiveness of mpMRI show a clear benefit for
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mpMRI-first strategies compared to TRUS-biopsy first strategies [58, 59]. Concerning the
results, omission of SB in the initial diagnosis of PCa in our study population might not be
justified. Additional clinical trials using a study design in which a mpMRI-only workflow is
compared to a mpMRI-SB combination workflow are needed. Because of the current lack
of reliable diagnostic modalities, the next step to further improve prostate cancer diagnosis
will be finding the most accurate and cost-effective combination of various modalities.

Conclusions
In our study population, CDRs using TB are similar to CDRs of SB. Further, pathology
upgrading occurred more often by adding SB to TB than vice versa. This indicates that the
omission of SB in this study population might not be justified, and a combination of TB and
SB is therefore recommended.
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Appendices

Supplementary table 1: Whole group Gleason scores of systematic biopsy and targeted biopsy. Pathology
outcomes per patient for systematic biopsy and targeted MR/US fusion biopsy.

Targeted biopsy

Systematic biopsy
No cancer Gleason
3+3
Not performed 15
9
No cancer
22
6
Gleason 3+3
3
7
Gleason 3+4
0
0
Gleason 4+3
1
0
Gleason 8
1
1
> Gleason 8
0
0
Total 42
23

Gleason
3+4
0
1
1
5
1
0
0
8

Gleason
4+3
0
0
1
2
3
0
0
6

Gleason
8
0
0
0
0
0
2
0
2

Total

> Gleason
8
0
0
0
0
0
0
1
1

24
29
12
7
5
4
1
82

The orange zone indicates patients with a pathology upgrade with systematic biopsy. The blue zone indicates
patients with a pathology upgrade with targeted biopsy.

Supplementary table 2: Pathology outcomes of systematic biopsy and targeted biopsy in group 1. Pathology
outcomes per patient for systematic biopsy and targeted MR/US fusion biopsy.

Targeted biopsy
Not performed
No cancer
Gleason 6
Gleason ≥ 7

Systematic biopsy
No cancer
15
21
1
1
Total 38

Gleason 6
5
4
6
1
16

Gleason ≥ 7
0
1
2
10
13

Total
20
26
9
12
67

The orange zone indicates patients with a pathology upgrade of clinical importance with systematic biopsy. The
blue zone indicates patients with a pathology upgrade of clinical importance with targeted biopsy.

Supplementary table 3: Pathology outcomes of systematic biopsy and targeted biopsy in group 2. Pathology
outcomes per patient for systematic biopsy and targeted MR/US fusion biopsy.

Targeted biopsy
Not performed
No cancer
Gleason 6
Gleason ≥ 7

Systematic biopsy
No cancer
0
1
2
1
Total 4

Gleason 6
4
2
1
0
7

Gleason ≥ 7
0
0
0
4
4

Total
4
3
3
5
15

The orange zone indicates patients with a pathology upgrade of clinical importance with systematic biopsy. The
blue zone indicates patients with a pathology upgrade of clinical importance with targeted biopsy. Abstract
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Abstract
Introduction: To overcome the limitations regarding transrectal ultrasound (TRUS)-guided
biopsies in prostate cancer (PCa) detection, there is a focus on new imaging technologies.
The Navigo™ system (UC-care, Israel) uses regular TRUS images and electrospatial monitoring
to gen- erate a 3D model of the prostate. The aim of this study was to compare cancer
detection rates between the Navigo™ system and conventional TRUS, in patients without a
history of PCa.
Methods: We performed a retrospective study by collecting data from all patients who
underwent 12-core prostate biopsies from lateral peripheral zones between September
2013 and February 2015 at the Jeroen Bosch Hospital in ‘s-Hertogenbosch (Netherlands).
Results: A total of 325 patients met our inclusion criteria. 77.8 % of biopsy sessions were
performed using the Navigo™ system. There was no statistically significant difference in PCa
detection (39.9 vs 46.2 % with Navigo™ system and TRUS, respectively). Using the Navigo™
system for taking prostate biopsies proved not to be associated with the presence of PCa at
biopsy, likewise for clinically significant PCa and for both subgroups.
Limitations: The limitations of the study include its retrospective design, the limited number
of patients in the conventional TRUS group, the statistically significant different number of
biopsy sessions and the ones performed by an advanced physician in both groups.
Conclusion: In our study, there is no added value of 3D TRUS using Navigo™ system compared
to conventional 2D TRUS regarding PCa detection in biopsy-naive men and men with prior
negative biopsy.

Introduction
Serum prostate-specific antigen (PSA) and digital rectal examination (DRE) are being used
in the diagnosis of prostate cancer (PCa). However, definite diagnosis is always based on
pathological examination of biopsy cores. Until now, despite limitations, extended systematic
transrectal ultrasound (TRUS) biopsies are the gold standard [1]. Cancer detection rates
(CDRs) range widely (7.0–38.7 %), depending mainly on the biopsy session number, and
nearly 25 % of prostate cancers are missed by the initial biopsy [2, 3]. In addition, there
is a poor correlation with pathology after radical prostatectomy. A quarter (20–29 %) of
patients who met the active surveillance criteria were diagnosed with unfavourable disease
after radical prostatectomy [4, 5]. To overcome these limitations, there is a focus on new
imaging technologies. In the last decade, several groups developed 3D TRUS techniques and
reported prostate biopsy results using 3D imaging techniques in phantoms [6–9]. Sedelaar
et al. [10] published the first clinical study concerning 2D versus 3D TRUS in 2001. A total
of 100 patients underwent both 2D and 3D TRUS investigations, and the authors concluded
that 3D TRUS did not result in significant improvement in the detection and staging of
PCa. Cool et al. [9] compared the biopsy accuracy with 2D TRUS with that of conventional
3D TRUS (unguided) and guided 3D TRUS in a prostate biopsy simulator. Compared with
2D TRUS, the accuracy of biopsies improved with guided 3D TRUS, but did not improve
with conventional 3D TRUS (unguided). Peltier et al. [11] published the first clinical study
concerning 3D TRUS-guided prostate biopsies using the Urostation (Koelis) in 2013 and
concluded that computer-assisted 3D TRUS localization system improves PCa detection rate
in clinical practice compared to 2D TRUS-guided systematic biopsy in a comparable cohort
of patients and using the same biopsy schemes, with no statistically significant difference
when comparing both modalities for potentially clinically insignificant PCa.
In the Jeroen Bosch Hospital (’s-Hertogenbosch, Netherlands), prostate biopsy sessions were
conducted using the Navigo™ system (UC-care, Israel) when possible, i.e. the presence of the
instructed physician(s) and the absence of a pacemaker or hip prothesis, since September
2013. Two of 8 (25 %) physicians performing prostate biopsy sessions were trained to use
the Navigo™ system by UC-Care, which involved demonstrations and performing 10 biopsy
procedures. The Navigo™ system uses regular biplanar TRUS images and electrospatial
monitoring for adjusting movements to generate a 3D model of the prostate and was
designed to image and record the locations of prostate biopsy cores. In cases of negative
biopsy results and a persistent clinical suspicion of prostate cancer, integrating the exact
locations of previous biopsy cores could be helpful to sample other regions of the prostate.
Also it could be helpful to more accurately spread the 10–12 biopsy cores over the gland.
The 3D navigation of the biopsy needle towards a fiducial within a prostate phantom using
Navigo™ was studied by Cohen [12] and presented in an abstract. In all insertions, the
needle tip position was measured within 2–3 mm of the fiducial.
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Our hypothesis is that biopsy sessions performed with The Navigo™ system will yield a
higher CDR because of a better distribution of the biopsy cores, compared to conventional
TRUS. The aim of this retrospective study was to compare the CDRs between the Navigo™
system and conventional TRUS, in patients without a history of PCa.

Methods
We performed a retrospective study by collecting data from all patients who underwent
prostate biopsies from September 2013 until February 2015 at the Jeroen Bosch Hospital
in ‘s-Hertogenbosch (Netherlands). Medical records were consulted for information about
the biopsy procedure and pathology results. Inclusion criteria were: PSA between 4 and 10
μg/L, or PSA < 4 μg/L and suspicious DRE. The only exclusion criterion was a history of PCa,
for which the patient received either treatment or active surveillance. Clinically significant
prostate cancer was defined as Gleason score ≥7 or at least 2 cores with a Gleason score 6.
TRUS protocol
All prostate biopsy sessions were performed with the administration of prophylactic
antibiotics (oral ciprofloxacin 500 mg). We started procedures with the patient in left lateral
decubitus position. A BK medical ultrasound machine (type 2202) and a sidefire BK Medical
probe (type 8808, 6–10 MHz) were used to image the prostate transrectally in transversal
and longitudinal views. After volume measurement, a peri-prostatic block was given. A 12core biopsy protocol in which the lateral peripheral zone was sampled was performed. In
case of hypoechogenous lesions outside the regular biopsy areas, 1 or 2 extra cores were
taken. Biopsy was performed using a conventional spring-loaded gun with 18-gauge needles.
Prostate cores were submitted to the pathology laboratory using the Smart-Bx™ device.
SmartBx™ (UC-care, Israël) is a biopsy core preservation technology, which allows supplying
the cores in a stretched form on a cassette. The cassettes are placed within a formaldehyde
solution and processed in the pathology laboratory.
Navigo™ protocol
The Navigo™ protocol is basically similar to the TRUS protocol, only adding some proceedings.
The Navigo™ system is used as an adjunct to the ultrasound machine, which means that the
same ultrasound machine and probe were used. After prostate volume measurement, the
Navigo™ system builds a 3D model. In case of hypoechogenous lesions, these lesions were
marked as regions of interest (ROI). During prostate biopsies, both 2D and 3D images were
monitored to make sure the right areas were sampled. Navigo™ visualizes the locations of
cores taken (see Fig. 4.1) and shows whether a ROI was correctly sampled.
Descriptive statistics were used to summarize patient characteristics, such as patient age,
serum PSA, prostate volume and physician performing the biopsy session. Means and SDs
were presented for continuous variables and numbers and percentages for categorical
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variables. Physicians performing prostate biopsy sessions were split into experienced (more
than 10 years experience with prostate biopsy; at least 1500 procedures performed) and
less experienced (less than 10 years experience with prostate biopsy). Independent t test
was used to assess differences between groups for continuous variables, and Pearson Chisquare test was used for categorical variables.
To determine the association between PCa and the biopsy procedure, logistic regression
analysis was performed. Both crude and adjusted logistic regression models were constructed. Age, serum PSA, prostate volume, experienced/ less experienced physician and
performance of prior biopsy were included as independent covariates. A variable was
classified as confounder when the resulted variable resulted in at least 10% change in the
regression coefficient when included in the regression model [13]. In addition, possible
effect modification was assessed to investigate whether the association between PCa and
biopsy procedure is different for different subgroups (e.g. biopsy-naive men and men after
prior negative biopsy). When the p value of the interaction term was <0.1, stratified analyses
were performed and the results presented separately for both subgroups. Values of p < 0.05
were considered to be statistically significant. Statistical analysis was performed using IBM
SPSS Statis- tics for Windows, Version 22.0. Armonk, NY: IBM Corp.

Fig. 4.1 NavigoTM 3D prostate model (yellow), previous biopsy cores in this biopsy session (black) and current
biopsy core (blue)
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Results
Between September 2013 and January 2015, we performed 563 prostate biopsy sessions.
Of these sessions, 325 sessions met our inclusion criteria, containing 325 different patients.
Patients with a PSA > 10 μg/L or patients on active surveillance were disregarded. A total of
253 biopsy sessions (77.8%) were performed using the Navigo™ system, and the other 72
sessions (22.2%) were performed using TRUS. Of the 325 biopsy sessions, there were 263
(80.9%) biopsy-naïve men and 62 (19.1%) men with prior negative biopsy.
Descriptive statistics are presented in Table 4.1. Mean patient age was 64.3 years (SD 6.65),
mean prostate volume was 50.4 mL (SD 24.16), and mean PSA was 7.0 μg/L (SD 1.771),
showing no statistically significant differences between both groups (p values 0.300, 0.613,
and 0.430, respectively). 64.0% of all biopsy sessions were performed by our advanced
physician, who is also one of the two physicians trained to use the Navigo™ system, and
the other 36.0% by less advanced physicians. Our advanced physician performed 194 of
253 (76.7%) biopsy sessions using the Navigo™ system and 14 of 72 (19.4%) biopsy sessions
using TRUS, which is a statistically significant difference (p = 0.000). CRDs for all PCas were
38.7 and 44.4% (p = 0.383) and CDRs for clinically significant PCas were 23.3 and 30.6% (p =
0.210) in the Navigo™ group and TRUS group, respectively.
Results of logistic regression analyses are presented in Table 4.2. Crude logistic regression
analysis showed no significant association between the use of Navigo™ and the detection
of PCa (OR 0.79, 95 % CI 0.466–1.342). The association between the use of Navigo™ or
TRUS and PCa was not different for biopsy naive men and men after prior negative biopsy
(p = 0.207); therefore, a sub-analysis for these two groups was omitted. Adjusted logistic
regression models were constructed. Age, serum PSA, prostate volume, advanced/
less advanced physician and performance of prior biopsy were included as independent
covariates. Two variables (prostate volume and advanced/less advanced physician) resulted
in a >10% change in the regression coefficient when included in the regression model,
which means that these two variables were classified as confounders. The adjusted model
regression showed no significant association between the use of Navigo™ and the detection
of PCa, corrected for prostate volume and physician (OR 0.79, 95 % CI 0.411–1.504).
Identical analyses were performed for clinically significant PCa. Crude logistic regression
analysis showed no significant association between the use of Navigo™ and the detection
of clinically significant PCa (OR 0.69, 95 % CI 0.387–1.234). The association between the
use of Navigo™ or TRUS and clinically significant PCa was not different for biopsy naive
men and men after prior negative biopsy (p = 0.240); therefore, a sub-analysis for these
two groups was also omitted. In the clinically significant PCa subgroup, the same adjusted
logistic regression models were constructed, showing the same confounders as in the total
group. The adjusted regression model showed no significant association between the use
of Navigo™ and the detection of clinically significant PCa, corrected for prostate volume and
physician (OR 0.52, 95 % CI 0.248–1.094).
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Table 4.1 Descriptive statistics

Whole group
No. of patients
Mean age in years (SD)
Mean μ g/L PSA (SD)
Mean mL prostate volume (SD)
Physician
No. of advanced (%)
No. of not advanced (%)
Presence of PCa (%)
Presence of clinically significant PCa (%)
Biopsy naive
No. of patients
Mean age in years (SD)
Mean μ g/L PSA (SD)
Mean mL prostate volume (SD)
Physician
No. of advanced (%)
No. of not advanced (%)
Presence of PCa (%)
Presence of clinically significant PCa (%)
Prior negative biopsy
No. of patients
Mean age in years (SD)
Mean μ g/L PSA (SD)
Mean mL prostate volume (SD)
Physician
No. of advanced (%)
No. of not advanced (%)
Presence of PCa (%)
Presence of clinically significant PCa (%)

Total

Navigo

TRUS

Sig.

325
64.3 (6.65)
7.04 (1.771)
50.4 (24.16)

253
64.2 (6.52)
7.00 (1.754)
51.0 (24.18)

72
64.7 (7.12)
7.17 (1.836)
48.3 (24.15)

0.300
0.430
0.613

208 (64.0)
117 (36.0)
130 (40.0 %)
81 (24.9)

194 (76.7)
59 (23.3)
98 (38.7)
59 (23.3)

14 (19.4)
58 (80.6)
32 (44.4)
22 (30.6)

263
64.4 (6.84)
6.96 (1.773)
49.3 (24.07)

204
64.4 (6.76)
6.92 (1.754)
49.4 (23.54)

59
64.5 (7.15)
7.09 (1.847)
49.0 (26.06)

169 (64.3)
94 (35.7)
105 (39.9)
72 (27.4)

157 (77.0)
47 (23.0)
77 (37.7)
51 (25.0)

12 (20.3)
47 (79.7)
28 (47.5)
21 (35.6)

62
63.7 (5.81)
7.36 (1.741)
54.4 (24.30)

49
63.2 (5.35)
7.31 (1.738)
56.9 (26.07)

13
65.5 (7.25)
7.55 (1.809)
45.1 (12.79)

39 (62.9)
23 (37.1)
25 (40.3)
9 (14.5)

37 (75.5)
12 (24.5)
21 (42.9)
8 (16.3)

2 (15.4)
11 (84.6)
4 (30.8)
1 (7.7)

4

0.000
0.383
0.210
0.385
0.438
0.806
0.000
0.180
0.108
0.507
0.843
0.221
0.000
0.430
0.432

Discussion
Peltier et al. [11] published a clinical study concerning 3D TRUS prostate biopsies using the
Urostation (Koelis) and concluded that CDRs improved using 3D TRUS when compared with
regular 2D TRUS (50.0 vs 33.6 %, for 3D TRUS and 2D TRUS respectively). In addition, mean
cancer volume detected was significantly higher using 3D TRUS.
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Table 4.2 Statistical analysis using logistic regression analysis

All prostate cancers
Crude
Adjusted
Clinically significant prostate cancers
Crude
Adjusted

OR

95 % CI OR

0.79
0.79

0.466-1.342
0.411-1.504

0.69
0.52

0.387-1.234
0.248-1.094

Compared to the study of Peltier et al., in our study, there was no statistically significant
difference in CDRs concerning both all PCas and clinically significant PCas. As patient
characteristics in both studies are comparable, differences may be attributed to the use of
different 3D TRUS systems or may be caused by a difference in sample sizes. We included
263 biopsy naive men, with 204 men in the Navigo™ group and only 59 in the 2D TRUS
group, compared to 110 men in both groups in the study by Peltier et al.
In our study, there was no added value of Navigo™ system compared to conventional
TRUS regarding PCa detection in biopsy naive men and men with prior negative biopsy.
Our theory that we would be able to spread our biopsy locations better using the Navigo™
system compared to conventional TRUS does not hold regarding prostate cancer detection.
However, the Navigo™ system is developed to image and record prostate biopsy cores and
integrate exact locations of previous biopsy cores to plan current biopsy locations. Therefore,
it would be interesting to study the value of the Navigo™ system in the active surveillance
setting or in patients with ROIs on conventional TRUS for biopsy targeting. Perhaps, the
benefits of 3D TRUS in more accurate targeting of ROIs can be confirmed in the latter group.
This study has several limitations: first of all, retrospective design and secondly, the limited
number of patients, especially in the conventional TRUS group. Moreover, the number of
biopsy sessions and the ones performed by an advanced physician are statistically significant
different in both groups, in favour of the Navigo™ group. The latter is a result of having only
two physicians trained for the Navigo™ system, whereof one is our advanced physician.
What is commonly known is that there is a learning curve for TRUS-guided biopsy. This
learning curve includes 12–50 biopsy sessions, dependent on experience and biopsy quality
criteria [14, 15]. As stated by Peltier, this learning curve likely also applies to 3D TRUS [11].
This is potentially disadvantageous for the Navigo™ group, because of less experience with
3D TRUS compared to conventional 2D TRUS. All these factors potentially created bias in our
outcome measure.
However, logistic regression analyses show in all subgroups that the physician was not an
independent predictor of the outcome measure. Last, different phantom studies show better
biopsy accuracy using 3D compared to 2D TRUS [6, 8, 9]. For the Navigo™ system, Cohen [12]
reported a biopsy accuracy of fiducial markers of 2–3 mm. Whether a ROI is correctly sampled
is therefore plausible, but not certain. Only this also applies for conventional 2D TRUS.
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As described above, in the future, it would be of interest to assess the value of the Navigo™
system in a prospective, randomized study and in the active surveillance setting or in
patients with ROI. Besides recording biopsy locations, from now Navigo™ is able to fuse
ultrasound and mpMRI images. Targeted prostate biopsies using MR/ultrasound fusion in
other platforms tend to give a higher cancer detection rate, regarding clinically significant
prostate cancers [16, 17]. Therefore, a prospective study comparing MR/ultrasound-guided
prostate biopsies and systematic biopsies using Navigo™ would be of interest.

Conclusion
In our study, there is no added value of 3D TRUS using Navigo™ system compared to
conventional 2D TRUS regarding PCa detection in biopsy naive men and men with prior
negative biopsy.
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Abstract
Purpose: To determine the value of two-dimensional (2D) Contrast-enhanced Ultrasound
(CEUS) imaging and the additional value of Contrast Ultrasound Dispersion Imaging (CUDI)
for the localization of clinically significant prostate cancer (csPCa).
Methods: In this multicentre study, subjects scheduled for a radical prostatectomy underwent
2D CEUS imaging preoperatively. CUDI maps were generated from the CEUS recordings.
Both CEUS recordings and CUDI maps were scored on the likelihood of presenting csPCa
(any Gleason ≥ 4+3 and Gleason 3+4 larger than 0.5 mL) by five observers and compared
to radical prostatectomy histopathology. An automated three-dimensional (3D) fusion
protocol was used to match imaging with histopathology. Receiver Operator Curve (ROC)
analysis was performed per observer and imaging modality.
Results: 133 of 216 (62%) patients were included in the final analysis. Average area under
the ROC-curve for all 5 readers for CEUS, CUDI and the combination were 0.78, 0.79, and
0.78, respectively. This yields a sensitivity and specificity of 81 and 64% for CEUS, 83 and
56% for CUDI, and 83 and 55% for the combination. Interobserver agreement for CEUS,
CUDI, and the combination showed kappa values of 0.20, 0.18, and 0.18 respectively.  
Conclusion: Sensitivity and specificity of 2D CEUS and CUDI for csPCa localization are
moderate. Despite compressing CEUS in one image, CUDI showed a similar performance
to 2D CEUS. With a sensitivity of 83% at cut-off point 3, it could become a useful imaging
procedure, especially with 4D acquisition, improved quantification and combination with
other US imaging techniques such as elastography.
Key words: prostate cancer, contrast enhanced ultrasound, dispersion analysis, radical
prostatectomy, quantitative imaging

Introduction
There is a rising interest in imaging for the diagnostic pathway of men with suspected
prostate cancer (PCa) [1]. The possibility to selectively detect and localize clinically significant
PCa could prevent unnecessary benign biopsies, reduce overdetection of insignificant PCa
and guide localized treatments such as focal therapy (FT) [2-4]. Multiparametric Magnetic
Resonance Imaging (mpMRI) has a recognized value in the diagnostic pathway of PCa
[1, 4-6]. Strategies incorporating mpMRI in patient selection and monitoring for active
surveillance and guiding focal treatments are also emerging [2, 7]. However, there are also
concerns relating to large-scale availability, costs, and inconsistencies in reported reliability
despite the Prostate Imaging Reporting and Data System (PIRADS). The negative predictive
value (NPV) of mpMRI varies among studies and current guidelines do not yet recommend
excluding patients from prostate biopsies on the basis of a negative mpMRI [8-14].
Ultrasound (US) imaging has certain advantages (i.e. cost-effectiveness, portability, safety,
and compatibility with ferromagnetic biopsy and FT equipment), and novel US technologies
have emerged that allow improved PCa visualization [15, 16]. These US modalities target
different aspects of malignant tissue such as increased stiffness (US-elastography) and
altered vascularity (Contrast Enhanced Ultrasound or CEUS) [17-20]. Prostate cancer
requires angiogenesis to progress to clinically significant disease and the resultant macroand microvascular changes are targeted by CEUS [20]. In CEUS, intravascular microbubble
contrast agents are used, which allow visualization and quantification of blood flow patterns
associated with malignancy [21]. Typically, the inflow and outflow of a contrast bolus is
recorded one plane at a time after which the examiner looks for increased focal enhancement
[22]. These signs may be subtle and many aspects of the blood flow dynamics recorded
are simply not appreciable to the naked eye. Computer-aided quantification techniques
have been proposed to aid in the interpretation of CEUS, potentially improving accuracy,
speeding-up reading and decreasing user dependency [21]. Contrast Ultrasound Dispersion
Imaging (CUDI) is based on the fact that cancer-related angiogenetic vascular structures are
small in diameter, compressible, highly tortuous and lack normal endothelial lining, leading
to less efficient dispersion of blood/contrast [23]. Several studies in which CUDI parametric
analysis was used to estimate whether pixels belonged to a pre-defined malignant or benign
prostate region have shown a high classifying accuracy [24, 25]. However, the clinical value
of CEUS and CUDI maps is still unclear as a diagnostic reader assessment is lacking. The
aim of the present study is to determine the value of CEUS imaging and CUDI parametric
maps for the localization of csPCa using radical prostatectomy (RP) specimens as reference
standard. We also evaluate the inter-observer variability for scoring with and without CUDI
parametric maps.
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Methods
This analysis included data from two ethics board approved prospective studies in two Dutch
medical centres. Inclusion criteria for the studies were: Men, 18 years or older with biopsy
proven PCa and scheduled for RP. Exclusion criteria were inability to provide informed consent
or to safely undergo study procedures because of contraindications for the contrast agent.
All men provided written informed consent. All participants underwent CEUS imaging before
RP CEUS imaging was performed in the left-lateral decubitus position using a Phillips IU22
ultrasound scanner with a C10-3V endocavity probe (Philips Healthcare, Bothell, USA) in the
Academic Medical Center (AMC) in Amsterdam and a BK type 2202 Ultrasound System with
a type 8818 probe (BK Medical, Copenhagen, Denmark) in the Jeroen Bosch Hospital (JBZ) in
‘s Hertogenbosch. Normal B-mode scanning and volumetry was performed together with 2
perpendicular B-mode sweeps required for later 3D reconstruction of the prostate (base to
apex transversal view and left to right sagittal view). For CEUS recording, a contrast-specific
power modulation pulse scheme at 3.5MHz and a mechanical index of 0.06 were used on
the Philips scanner and 4.0MHz and 0.22 on the BK medical system [26]. CEUS recording
started after the intravenous administration of a 2.4mL bolus of the contrast agent SonoVue®
(Bracco, Geneva) followed by a 5mL saline flush. In each CEUS recording, the contrast inflow
and outflow in one plane was recorded during 2 minutes. No flash replenishment was
applied. To insure complete washout and proper evaluation of contrast inflow in the next
plane, a minimum interval of 5 minutes was observed before finding the next imaging plane
and administration of the next bolus. 2-4 CEUS recordings were available in each patient
depending on the hospital that enrolled the patient. By default the mid-base and mid-apical
plane were chosen when 2 planes were imaged. A basal and apical plane were included if 4
planes were imaged. Afterwards, CUDI maps were generated from the CEUS recordings. To
generate CUDI parametric maps, first per-pixel time-intensity-curves (TICs) reflecting contrast
dispersion dynamics are extracted from the CEUS recordings [21]. CUDI then measures the
cancer-related decrease in contrast dispersion by a spatiotemporal correlation analysis of the
TICs [27]. It also provides local estimates of the Peclet number, describing the ratio between
convection and dispersion [23]. Parametric maps are generated by plotting colour-coded maps
highlighting areas with low dispersion (high correlation coefficient among neighbouring TICs)
and high Peclet number, which indicate high tumour suspicion.
Five observers performed image interpretation. Two engineers dedicated to parametric
analysis of prostate CEUS, with 2 years (RW), and 3 years (RS) experience. Three clinicians
experienced in prostate biopsies and CEUS: AP (3 years of CEUS experience), MG (3 years of
CEUS experience) and CM (1 year of CEUS experience) All observers where blinded to each
other’s interpretations and pathology results. Each observer was presented with the CEUS,
CUDI and CEUS+CUDI images together with standard B-mode images of all patients in random
order by in-house built software. The observers were asked to draw any suspicious lesions and
score them on a 1-5 Likert-type scale for each imaging modality (CEUS, CUDI and B-mode).
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CEUS and B-mode sweeps
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3D reconstruc3on of pathology

Superposi3on of pathology lesions on
CEUS planes

Figure 5.1 Study procedures. CEUS = Contrast Enhanced Ultrasound, CUDI = Contrast Ultrasound Dispersion
Imaging, US = Ultrasound.

All patients underwent RP, after which the prostate specimen was formalin fixed, sliced
in 4-mm slices and cut to whole-mount or 2.5 by 2.5 cm coupes. Following Haematoxylin
and Eosin staining and immunohistochemistry when necessary, tumour outlines were then
drawn on the microscopy slides by uropathologists. Prostate slices were reconstructed from
the coupes and stacked to create a 3D histology model of the prostate with 3D tumour
delineation using custom software [28].
Using an adaptation of the procedures described in a paper of Schalk et al, a 3D model of
the prostate ultrasound was constructed using the transversal and sagittal B-mode sweeps
[29]. The recorded CEUS planes were placed in this model. Subsequently, the 3D models of
the histopathology and imaging were elastically registered (fused). Virtual pathology slices
with tumour delineation were then generated to match the recorded CEUS planes [30].
These combinations of imaging slice and virtual pathology slice were used for the imaging
performance analysis (see under Data analysis). By using 3D registration of imaging and
pathology, plane angulation mismatch and plane selection error, which usually occurs when
manually correlating US imaging with RP, was minimalized. To take into account registration
inaccuracies, we adopted a 3.6-mm error margin for matching the pathology results
with imaging results in the base-to-apex axis only. The 3.6-mm error margin is based on
previous experiments that showed a 1.5mm error in pathology reconstruction and 2.1mm
in registration error [29]. For an overview of the workflow see Figure 5.1. The workflow of
the study, including the in-house built software presenting the images to the observers, was
tested on the pilot cohort consisting of 6 randomly selected patients from the cohort (see
Figure 5.1).
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Data analysis
Axial imaging planes were divided into four quadrants by means of a consensus meeting
among observers resulting in up to 16 zones being defined per patient. For each zone,
the presence of csPCa was established (Gleason ≥ 4+3 lesion and Gleason 3+4 lesions
larger than 0.5 mL). Zones with insignificant PCa were excluded from the analysis. In both
imaging and pathology, tumours were allocated to a zone if at least 10% of their pixels with
a minimum surface of 3mm2 lie within that zone. The imaging score for CEUS and CUDI
readings was determined as follows: the 1-5 CEUS score (or CUDI score respectively) + 0.5 in
case of a B-mode suspicion of 3 or 4, and +1 for a B-mode suspicion of 5. For the combined
CEUS+CUDI reading, CEUS and CUDI scores were averaged, then 0.5 or 1 point was added
for a B-mode suspicion of 3 to 4, or 5 respectively. Imaging scores over 5 were maximized
to 5, resulting in a 1-5 suspicion score in 0.5 increments. For each zone, the highest imaging
suspicion score allocated by the observer was compared to the pathology results. Receiver
Operating Characteristic (ROC) curves were generated for all observers and readings (CEUS,
CUDI and CEUS+CUDI) separately and pooled. Interobserver variability was calculated by
means of a weighted Fleiss Kappa statistic.
Recordings in database
Pa0ents: 216, Planes: 506

median posterior SNR < 0 dB
Excluded: Pa0ents: 37, Planes: 73

Remaining: Pa0ents: 179, Planes: 433

other image protocol viola0ons (e.g.
inﬂow missing, severe shadowing in
peripheral zone or severe mo0on,
problema0c reconstruc0on)

Remaining: Pa0ents: 174, Planes: 394

Excluded: Pa0ents: 5, Planes: 39

pathological inconsistencies
Remaining: Pa0ents: 139, Planes: 309

Excluded: Pa0ents: 35, Planes: 85

used in pilot study
Remaining: Pa0ents: 133, Planes: 287

Excluded: Pa0ents: 6, Planes: 22

Figure 5.2 Flowchart. AMC = Academic Medical Center, JBZ = Jeroen Bosch Ziekenhuis, SNR = Signal to Noise
Ratio.

Results
216 patients (99 from the AMC and 117 from the JBZ) underwent pre-operative CEUS
scanning between 2013 and 2016. As presented in the flowchart, 133 patients could be
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included for final analysis (Figure 5.2). Of the 78 patients finally included in the AMC, 42
underwent their RP at the Antoni van Leeuwenhoek Hospital (Amsterdam, The Netherlands).
Table 5.1 Patient characteristics

Total Patients (n)
Mean age in years, (range) [y]
Median PSA in ng/mL, (range) [ng/mL]
Median prostate volume in ml, (range)
Clinical T-stage, n (%)
T1
T2
T3
Biopsy Grade group, n (%)
1
2
3
4
5
Pathological T stage, n (%)
pT2a
pT2b
pT2c
pT3a
PT3b
Prostatectomy Grade group, n (%)
1
2
3
4
5

AMC + JBZ
133
63 (64; 37-83)
5.8 (2.6-67)
37 (10-118)

5

52 (39%)
60 (45%)
21 (16%)
67 (50%)
41 (31%)
10 (8%)
8 (6%)
7 (5%)
18 (14%)
7 (5%)
73 (55%)
25 (19%)
10 (8%)
44 (33%)
51 (38%)
20 (15%)
9 (7%)
9 (7%)

The baseline descriptive statistics of the population are presented in Table 5.1. AUC
values are presented in Table 5.2. Average AUC for all 5 readers for CEUS, CUDI, and the
combination are 0.78, 0.79, and 0.78, respectively. A ROC curve for the pooled scores is
presented in Figure 5.3. Pooled sensitivity and specificity for all 5 readers, per cut off value
and imaging modality are presented in Table 5.3. Average performance for CEUS, CUDI,
and the combination of CEUS and CUDI were comparable. Kappa scores for interobserver
agreement for CEUS, CUDI, and CEUS+CUDI are 0.20, 0.18, and 0.18, respectively, indicating
poor interobserver agreement.
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Table 5.2 AUC values per observer.

CEUS
0.82
0.79
0.74
0.79
0.79
0.78

Observer 1
Observer 2
Observer 3
Observer 4
Observer 5
Average

CUDI
0.79
0.81
0.75
0.80
0.78
0.79

CEUS + CUDI
0.82
0.80
0.74
0.77
0.78
0.78

CEUS = Contrast Enhanced Ultrasound, CUDI = Contrast Ultrasound Dispersion Imaging.
1.0

0.8

Sensi&vity

0.6

0.4

CEUS

0.2

CUDI
Combi

0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-Speciﬁcity
Figure 5.3 Receiver-Operator-Characteristic Curve for all CEUS, CUDI and the combination using pooled data
from all 5 observers. Area under the curve is 0.78 for CEUS, 0.79 for CUDI and 0.78 for the combination. CEUS =
Contrast Enhanced Ultrasound, CUDI = Contrast Ultrasound Dispersion Imaging.

Discussion
In our study, employing quantitative analysis using CUDI maps resulted in similar tumour
localization performance as qualitative analysis using 2D CEUS recordings. Providing the
observers with both CEUS recordings and CUDI maps did not lead to a better performance.
However, the observers had gained considerable prior experience with CEUS interpretation
during image acquisition for the current study and other CEUS projects, while CUDI images
were relatively new to them. This might explain why (the addition of) CUDI did not result in
a better classifying performance above CEUS reading only.
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Table 5.3 Pooled sensitivity and specificity for 5 observers rating likelihood of significant PCa presence on a 1-5
Likert scale on CEUS imaging, CUDI and the combination of both.

CEUS
Sens 0.81
Spec 0.64

Cut-off value 3
CUDI
Combi
0.83
0.83
0.56
0.55

CEUS
0.77
0.68

Cut-off value 3.5
CUDI
Combi
0.77
0.77
0.63
0.62

CEUS
0.68
0.79

Cut-off value 4
CUDI
Combi
0.69
0.68
0.77
0.77

CEUS = Contrast Enhanced Ultrasound, CUDI = Contrast Ultrasound Dispersion Imaging.

Specificity was decreased by providing both CEUS and CUDI, which may be explained by a
higher number of false-positives resulting from more potentially suspicious visual cues being
presented. Inter-observer agreement was poor in general. Contrary to our expectations,
CUDI did not improve inter-observer agreement compared to CEUS imaging. The disparity
between the reasonably good AUC’s achieved by the individual reader but poor interobserver agreement points towards different accurate assessments and mistakes being
made by the readers. A structured training program might overcome this limitation in the
future. Besides equal performance in localizing PCa to 2D CEUS, there are several possible
advantages to CUDI compressing all the information of a CEUS video in a single image such
as possibly shorter reading time (not measured in current study), low data consumption on
storage devices/networks and easy file transfer.
Our results compare favourably with the very limited published data that compare CEUS
imaging results with RP pathology. Three limited studies comprising 12, 13 and 50 patients
report sensitivities of 38-42% but no specificities [31-33]. A 2011 study by Seitz et al. report
a per-patient sensitivity, specificity PPV and NPV of 71%, 50%, 92% and 18%, respectively
[22]. Since we performed a per-ROI analysis instead of a per-patient analysis, these results
cannot be directly compared. Biopsy based studies have shown improved detection rates
by adding CEUS targeted cores to systematic biopsy regimens, but insufficient accuracy to
obviate systematic cores altogether [4].
Because mpMRI is now the mainstay of PCa imaging, emerging imaging technologies like
CEUS should be compared with mpMRI. Unfortunately, in the current cohort, no standard
mpMRI was performed preoperatively. No direct comparison between CEUS and mpMRI
using RP specimens has been published to date. However, a biopsy study comparing CEUStargeted and MRI-targeted biopsy will be published shortly [34]. The reported performance
of mpMRI varies widely depending on study design, population, method of correlating
imaging with pathology and definitions in image interpretation. A meta-analysis including
studies using RP specimens of template biopsies as reference standard reports sensitivities
of 80-90% with specificities of 50-90% [35]. However some studies with a (considerably)
lower performance have been published [36, 37].
Our study was limited by the fact that we did not perform whole prostate imaging. For
logistical reasons, a varying number of planes were recorded per patient. The number of
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planes scanned was not influenced by PCa risk factors or tumour visualization but purely
dependent on protocolized trial logistics. Scanning the entire prostate was unfeasible
because with 2D CEUS inflow and outflow of contrast bolus have to be recorded per plane,
each plane requiring a new bolus and 5 minutes for contrast inflow and washout. Another
limitation lies in the statistical analysis that does not take clustering of the data on the perpatient and reader level into account. Moreover, 38% of patients had to be excluded from
final analysis, mainly because of pathology protocol violations and, in the JBZ, because of
insufficient ultrasound quality (especially shadowing).
The 3D fusion method we used had to cope with inconsistent manual slicing of the prostate
specimen and the suboptimal method of 3D reconstruction of the prostate images using
manual 2D sweeps. The 3.6-mm error margin we used in assigning the histopathology to
each quadrant was more conservative than similar strategies other authors have used to
compensate for imaging to pathology mismatch. However one cannot be certain whether
over- or under-compensation has occurred [36, 38]. Without this compensation, average
AUC would be 0.66, 0.65 and 0.65 for CEUS, CUDI and the combination respectively. There
are two additional limitations to our study that are likely to have supressed the classification
performance. 1) The observers received no systematic training with feedback to read
CEUS or CUDI. This may also have contributed to the high inter-observer variability. 2)
The algorithm we used to combine CEUS, CUDI and B-mode scores into a single imaging
score was arbitrarily chosen before data analysis. Further research will have to establish
and validate the optimal method of combining scores for different ultrasound imaging
modalities. As with most studies using radical prostatectomy specimens as the reference
standard, generalizability of results towards the pre-diagnosis population is limited due to
spectrum bias (all our included patients have PCa). We propose future work on (ultrasound)
PCa imaging to use an optimized method of correlating imaging with pathology. For example
the use of 3D molds or devices that ensure precise and consistent prostate slicing will
improve the accuracy of the gold standard for future studies [38]. Also, the acquisition of
imaging in 3D will likely improve ultrasound to pathology matching as the 3D reconstruction
of 2D images inevitably leads to error. Scanners that allow 4D (3D + time) CEUS acquisition
are now available. Since blood flow anomalies targeted by CEUS are a 4D phenomenon,
it is conceivable that recording and analysing these in 4D will also improve quantification
and diagnostic accuracy [39]. Furthermore, 4D CEUS will enable scanning the entire gland
using a single bolus of contrast making it easy to incorporate whole gland imaging in clinical
workflows.
With an average classification performance of approximately 0.78 (average AUC), our current
2D CEUS and CUDI imaging procedures seem to have insufficient diagnostic power to be used
as a stand-alone tool for PCa imaging. Besides the important beforementioned step towards
4D, ongoing research to improve CUDI is dedicated to developing new parameters that can
be extracted from CEUS and combining existing ones [24, 37]. Like in mpMRI, discrimination
between benign and malignant prostate tissue could be improved by assessing multiple
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tissue features besides (micro)vascularization. Combining CEUS/CUDI with complementary
features, such as tissue stiffness measured by ultrasound elastography, can be considered
to improve the diagnostic accuracy through a multiparametric Ultrasound (mpUS) approach
[40]. One study group has used CEUS to further characterize lesions found with elastography
cutting their false positives from 35% to 10% while only 7% of confirmed tumours showed
normal CEUS perfusion patterns [41]. Results of a more comprehensive study correlating
CEUS and shear wave elastography with RP specimens are expected shortly [42].

5

Conclusion
Sensitivity and specificity of 2D CEUS and CUDI for csPCa localization are moderate with
an average AUC of 0.78. Despite compressing CEUS in one image, CUDI showed a similar
performance to 2D CEUS. With a sensitivity of 83% at cut-off point 3, it could become a
useful imaging procedure. Future research should focus on 4D acquisition, improved
quantification and combination with other US imaging techniques such as elastography, and
direct comparison with mpMRI.
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Abstract
Background: The validity of prediction models needs external validation to assess their value
beyond the original development setting. Objective: To report the diagnostic accuracy of the
European Randomized Study of Screening for Prostate Cancer (ERSPC) risk calculator (RC)3
and RC4 in a contemporary Dutch clinical cohort.
Design, setting, and participants: We retrospectively identified all men who underwent
prostate biopsy (PBx) in the Jeroen Bosch Hospital, The Netherlands, between 2007 and
2016. Patients were included if they met ERSPC RC requirements of age (50–80 yr), prostatespecific antigen (PSA) (0.4–50 ng/ml), and prostate volume (10–150 ml). The probability of a
positive biopsy for prostate cancer (PCa) and significant PCa (Gleason score 7 and/or higher
than T2b) were calculated and compared with PBx pathology results. Outcome measurements
and statistical analysis: Evaluation was performed by calibration, discrimination, and clinical
usefulness using calibration plots, area under the receiver operating characteristic curves
(AUCs), and decision curve analyses (DCAs), respectively.
Results and limitations: A total of 2270 PBx sessions were eligible for final analysis.
Discriminative ability of RC3 (AUC) was 0.78 and 0.90 for any PCa and significant PCa,
respectively. For RC4 the calculated AUCs were 0.62 (any PCa) and 0.76 (significant PCa).
The calibration plots of RC3 showed good results for both any PCa risk and significant PCa
risk. In the repeat PBx group, RC4 tended to underestimate outcomes for PCa and showed
moderate calibration for significant PCa. DCA showed an overall net benefit compared with
PSA and digital rectal examination (DRE) alone. Limitations of this study are its retrospective
single-institution design, retrospectively assessed DRE outcomes, no time restrictions
between the first and repeat biopsy sessions, and no anterior sampling in the repeat PBx
protocol.
Conclusions: The ERSPC RCs performed well in a contemporary clinical setting. Most
pronounced in the biopsy naive group, both RCs should be favoured over a PSA plus DRE–
based stratification in the decision whether or not to perform PBx. Patient summary: We
looked at the ability of the existing European Randomized Study of Screening for Prostate
Cancer risk calculator (RC), using different clinical data to predict the presence of prostate
cancer in Dutch men. The RC performed well and should be favoured in the decision of
whether or not to perform prostate biopsies over the conventional diagnostic pathway.

Introduction
An estimated 1.1 million men worldwide were diagnosed with prostate cancer (PCa) in
2012, accounting for 15% of cancers in men, with 70% of them in more developed countries.
PCa accounts for 6.6% of the total male cancer mortality. Incidence rates diverge, mainly
because of serum prostate-specific antigen (PSA) testing [1]. First described in 1979, PSA
made large-scale screening for PCa feasible. However, determination of serum PSA for
diagnostic purposes lacks accuracy, with 15–25% false negatives and 60% false positives
[2,3]. The likelihood of the presence of PCa is therefore preferably estimated by using
additional clinical factors, such as digital rectal examination (DRE) and prostate volume (PV).
Although it has been shown that PCa-specific mortality can be reduced by 20% with PSAbased screening, population-based screening programs are not yet acceptable because
of the high number needed to screen and the high number needed to treat to avoid one
PCa death. More importantly, PSA-based screening results in a considerable number of
unnecessary prostate biopsies (PBx) with potentially serious adverse events and leads to
considerable overdiagnosis [4,5]. To achieve higher diagnostic accuracy, several nomograms
and artificial neural networks (ANNs) have been developed to predict the outcome of PBx.
These models have been shown to improve diagnostic accuracy compared with PSA alone
[6,7]. However, it is necessary to assess the validity of these models outside the original
development setting. Unfortunately, many of the published nomograms and ANNs lack
external validation.
In 2006, different risk calculators (RCs) based on the Dutch section of the European
Randomized Study of Screening for Prostate Cancer (ERSPC) were developed using data of
men with a purely PSA-driven biopsy indication and a random transrectal ultrasound (TRUS)guided sextant biopsy scheme [8]. ERSPC RC1 and RC2 are for patient use; RC3 (plus DRE),
RC4 (plus DRE), RC5, and RC6 are for use by health care professionals at different stages
of the testing process. Several external validation studies have been performed for these
RCs. In both European and non-European cohorts, the accuracy of prediction of positive
PBx in biopsy-naive or previously biopsied men using the ERSPC RC3 or RC4 was assessed,
showing area under the curve (AUC) values in the range of 0.71–0.88 [9–12]. Until now,
ERSPC RC3 plus DRE and RC4 plus DRE were externally validated using an extended biopsy
scheme instead of a sextant biopsy scheme in both a Swiss and Irish cohort, with AUC for
PCa and significant PCa of 0.66–0.77 and 0.85, respectively, and showing sufficient to good
calibration [13,14].
The aim of this study was to assess the accuracy of the ERSPC RC3 and RC4 in a contemporary
Dutch clinical cohort for which biopsy indications and number of biopsies differed from the
development cohort.
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Material and methods
Study population
We retrospectively identified all men who underwent PBx due to a clinical suspicion of PCa
between January 2007 and December 2015 at the Jeroen Bosch Hospital. In our institution
PBx was generally performed in patients with a serum PSA level ≥3.0–4.0 mg/l and/or an
abnormal DRE. A standardised 12-core biopsy protocol consisting of two biopsies of each
base, mid-gland, and apex in the peripheral zone of the prostate was performed, with
additional cores taken when needed (eg, in case of hypoechogenic lesions). We examined
patient files and obtained relevant clinical and pathologic data of each patient. Patients
were included in our study if PCa risk prediction was considered relevant and possible, thus
patients aged 50–80 yr with a PSA level between 0.4 and 50 mg/l, PV between 10 and
150 ml, and no previous positive PBx (ie, under active surveillance). Patients with a history
of PCa were excluded. For our analyses, we retrospectively converted the descriptively
documented DRE findings in our cohort to clinical T stages.
The patient database was blinded by PCa diagnosis and sent to one of the ERSPC RC designers
(M.J.R.) for risk outcome calculations. Probabilities of detection of PCa and significant prostate
PCa (Gleason score ≥7 and/or T stage higher than T2b) were calculated for each patient
individually using two ERSPC RCs (www.prostatecancer-riskcalculator.com). RC3 was used
to calculate probabilities in biopsy naive patients; RC4 was used for patients with previous
negative biopsy sessions undergoing a repeat PBx (Supplementary Table 1). The calculated
probabilities were subsequently compared with the actual biopsy results for the entire cohort.
Statistics
Differences between clinical and pathologic variables in the studied cohort were assessed
using the chi-square test for categorical variables and the Mann-Whitney U test for
continuous variables. The performance of both RCs in the clinical setting was assessed by
discrimination, calibration, and clinical usefulness.
Discrimination, that is, predictive accuracy, was quantified using the receiver operating
characteristics derived AUC. Calibration refers to the agreement between observed and
predicted outcomes with the extent of risk of over- or underestimation of the RCs evaluated
graphically using calibration plots [15].
Clinical usefulness of the RCs was evaluated by decision curve analyses (DCAs) as described
previously by Vickers and Elkin and by Steyerberg et al [16,17]. DCAs determine the value
(net benefit) of a prediction model by examining the theoretical relationship between the
threshold probability of an event (eg, PCa at biopsy) and the relative value of false-positive
and false-negative results. We compared the RC model with a PSA plus DRE–based model, also
developed on original ERSPC data. We also assessed the theoretical number of (significant)
cases of PCa missed, numbers of biopsies saved, and number of Gleason score 6 PCa diagnoses
saved at different RC thresholds. Statistical analyses were performed using SPSS v23.0 (IBM
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Corp, Armonk, NY, USA) and R v3.2.5 (R Foundation for Statistical Computing, Vienna, Austria)
A p < 0.05 was considered to indicate statistical significance in all analyses.

Results
We identified 2862 prostate biopsy sessions in 2124 men. Overall, 426 biopsy sessions were
omitted due to the predefined inclusion criteria. In 166 biopsy sessions (<6%), data were
incomplete (PSA, n = 2; DRE findings, n = 123; TRUS PV, n = 27; TRUS findings, n = 40) and
excluded from further analyses. As a result, 2270 prostate biopsy sessions (79.3%) in 1812
different men were eligible for final analysis: 73.0% biopsy naive men and 27.0% men with
a prior negative PBx.
Table 6.1 Clinical and pathologic characteristics of the biopsy-naive patient cohort
Variable

Total cohort

No. of patients, n (% total cohort)
Age, yr, median (IQR)

1658 (100)
64 (60-69)

Age, yr, n (%)
50 to <60
60 to <70
>70
PSA level, μ g/l, median (IQR)
PSA ranges, μ g/l, n (%)
<1
1 to <4.0
4.0-10.0
>10.0
DRE findings, n (%)
Normal
Abnormal
TRUS prostate volume, ml,
median (IQR)
TRUS findings, n (%)
Normal
Abnormal
Total cores taken at biopsy, n (%)
<12
12
>12

Positive biopsy
All PCa, p value
Significant PCa,
p value
732 (4.1)
337 (20.3)
66 (62-71),
68 (63-73),
<0.001
<0.001

Negative biopsy
926 (59.1)
64 (59-68)

369 (22.3)
904 (54.5)
385 (23.2)
7.6 (5.9-11.0)

128 (17.5)
377 (51.5)
227 (31.0)
8.6 (6.2-14.0),
<0.001

47 (13.9)
148 (44.0)
142 (42.1)
11.0 (7.6-20.0),
<0.001

241 (26.0)
527 (56.9)
158 (17.1)
7.1 (5.6-9.4)

6 (0.4)
91 (5.5)
1082 (65.2)
479 (28.9)

1 (0.1)
33 (4.5)
416 (56.9)
282 (38.5)

0 (0.0)
9 (2.7)
135 (40.0)
193 (57.3)

5 (0.5)
58 (7.3)
666 (70.9)
197 (21.3)

1198 (72.3)
460 (27.7)

386 (52.7)
346 (47.3),
<0.001
35.0 (28.0-46.0),
<0.001

73 (21.7)
264 (78.3),
<0.001
33.0 (27.0-44.0),
<0.001

812 (87.7)
114 (12.3)

1267 (76.4)
391 (23.6)

461 (63.0)
271 (37.0),
<0.001

147 (43.6)
190 (56.4),
<0.001

806 (87.0)
120 (13.0)

24 (1.4)
1379 (83.2)
255 (15.4)

13 (1.8)
609 (83.2)
110 (15.0), 0.504

7 (2.1)
269 (79.8)
61 (18.1), 0.653

11 (1.2)
770 (83.2)
145 (15.7)

40.0 (30.0-55.0)

46.0 (35.0-60.0)

DRE = digital rectal examination; IQR = interquartile range; PCa = prostate cancer; PSA = prostate-specific antigen;
TRUS = transrectal ultrasound.
The p values in bold indicate a statistically significant difference between two groups (positive biopsy; all PCa vs
negative biopsy and positive biopsy; significant PCa vs negative biopsy).

PCa and significant PCa were detected in 44.1% and 20.3% of the biopsy naive men (n = 1658).
Men with PCa and significant PCa were significantly older compared with men with no cancer
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detected, had higher PSA levels, lower PVs, and were more likely to have an abnormal DRE
and TRUS (Table 6.1). In the previously biopsied men (n = 612), 25.8% and 7.0% of men were
diagnosed with PCa or significant PCa, respectively. Men with PCa and significant PCa detected
were significantly older and had lower PVs compared with men in whom no PCa was detected.
Their PSA level did not differ from men with no PCa detected. Only men with significant PCa
disease were more likely to have an abnormal DRE or TRUS (Table 6.2).
AUC for the discrimination of (significant) PCa in the biopsy naive group (RC3) was 0.78 (95%
confidence interval [CI], 0.76–9.80) for PCa and 0.91 (95% CI, 0.89–0.92) for significant PCa.
The discriminative ability of the RC4 in the repeat PBx group was lower with an AUC of 0.62
(95% CI, 0.56–0.67) for any PCa and 0.74 (95% CI, 0.66–0.81) for significant PCa.
Table 6.2 Clinical and pathologic characteristics of the repeat prostate biopsy patient cohort
Variable
No. of patients, n (% total cohort)
Age, yr, median (IQR)
Age, yr, n (%)
50 to <60
60 to <70
>70
Repeat biopsy session
First
Second
Third
Fourth or more
Time interval, mo*, median (IQR)
Time interval, yr*, n (%)
<1 yr
>1 to <2 yr
>2 to <3 yr
>3 yr
PSA level, μ g/l, median (IQR)
PSA ranges, μ g/l, n (%)
<1
1 to <4.0
4.0-10.0
>10.0
DRE findings, n (%)
Normal
Abnormal
TRUS prostate volume, ml,
median (IQR)
TRUS findings, n (%)
Normal
Abnormal
Total cores taken at biopsy, n (%)
<12
12
>12

Total cohort
612 (100)
65 (61-69)

Positive biopsy
All PCa, p value
Significant PCa,
p value
158 (25.8)
43 (7.0)
66 (62-71), 0.002
69 (64-74), <0.001

Negative biopsy
454 (74.2)
64 (60-69)

122 (19.9)
347 (56.7)
143 (23.4)

24 (15.2)
83 (52.5)
51 (32.3)

3 (7.0)
19 (44.2)
21 (48.8)

98 (21.6)
264 (58.1)
92 (20.3)

440 (71.9)
121 (19.8)
34 (5.6)
17 (2.9)
16 (7-39)

122 (77.2)
26 (16.5)
7 (4.4)
3 (1.9)
16 (7-40)

32 (74.4)
10 (23.3)
1 (2.3)
0
10 (32-51)

318 (70.0)
95 (20.9)
27 (5.9)
14 (3.1)
16 (7-39)

257 (42.3)
116 (19.1)
72 (11.9)
162 (26.7)
9.6 (7.4-14.0)

65 (41.1)
31 (19.6)
20 (12.7)
42 (26.6)
8.9 (7.2-14.1),
0.369

12 (27.9)
6 (14.0)
8 (18.6)
17 (39.5)
10.0 (7.3-18.0),
0.323

192 (42.8)
85 (18.9)
52 (11.6)
120 (26.7)
9.6 (7.5-14.0)

1 (0.2)
7 (1.1)
327 (53.4)
277 (45.3)

0 (0.0)
1 (0.6)
91 (57.6)
66 (41.8)

0 (0.0)
1 (2.3)
20 (46.5)
22 (51.2)

1 (0.2)
6 (1.3)
236 (52.0)
211 (46.5)

431 (70.4)
181 (29.6)
48.0 (35.3-66.0)

107 (67.7)
51 (32.3), 0.388
43.0 (30.0-58.3),
<0.001

16 (37.2)
27 (62.8), <0.001
43.0 (30.0-52.0),
0.006

324 (71.4)
130 (28.6)
50.0 (38.0-68.0)

479 (78.3)
133 (21.7)

124 (78.5)
34 (21.5), 0.940

28 (65.1)
15 (34.9), 0.051

355 (78.2)
99 (21.8)

12 (2.0)
391 (63.9)
209 (34.1)

3 (1.9)
93 (58.9)
62 (39.2), 0.125

1 (2.3)
26 (60.5)
16 (37.2), 0.414

9 (2.0)
298 (65.5)
147 (32.5)

DRE = digital rectal examination; IQR = interquartile range; PCa = prostate cancer; PSA = prostate-specific antigen;
TRUS = transrectal ultrasound.
The p values in bold indicate a statistically significant difference between two groups (positive biopsy; all PCa vs
negative biopsy and positive biopsy; significant PCa vs negative biopsy).
* Time interval in months/years: Time in months/years between previous biopsy session used for the analysis.
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In the biopsy naive group, mean predicted outcomes were close to the observed outcomes
of PCa and significant PCa (Fig. 6.1). The calibration plots showed good results for both
outcomes over the whole prediction range, reflected in the calibration-in-the-large of
0.18 (95% CI, 0.08–0.31) and a calibration slope of 0.92 (95% CI, 0.81–1.02) for PCa and
calibration-in-the-large of -0.15 (95% CI, -0.30 to 0.01) and a calibration slope of 1.25 (95%
CI, 1.12–1.38) for significant PCa (Fig. 6.1).
In the repeat PBx group, the RC tended to underestimate outcomes for PCa and showed
moderate calibration for significant PCa in the low-risk range between 0 and 0.15.

6

Fig. 6.1 Calibration plots for the European Randomised Study of Screening for Prostate Cancer risk calculator (RC)
3 (left) and RC4 (right) demonstrating the agreement between observed and predicted probabilities for prostate
cancer (PCa) at biopsy (upper figures) or significant PCa at biopsy (lower figures). The ideal plot is showed with
a dashed line through the origin. The solid line reflects the relation between observed and predicted probability
with quintiles of grouped patients shown by triangles. The numbers of patients with and without the condition
are shown as spikes along the x-axis. PCa = prostate cancer; RC = risk calculator.
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Calibration-in-the-large was 0.49 (95% CI, 0.31–0.67) and 0.31 (95% CI, 0.01–0.62) with
a calibration slope of 0.64 (95% CI, 0.37–0.90) and 0.80 (95% CI, 0.55–1.06) for PCa and
significant PCa, respectively (Fig. 1).
The net benefit in the biopsy naive group, assessed with DCA, was highest for the RC over
the whole probability range, as compared with a PSA plus DRE–based strategy for PCa
and for significant PCa (Fig. 6.2). A threshold algorithm (≥20.0% for PCa at biopsy or 12.5–
20.0% for PCa at biopsy with >4% for significant PCa at biopsy) presented by the ERSPC RC
developers (www.prostatecancer-riskcalculator.com) would result in 20% (n = 337) fewer
biopsies in our cohort. As a consequence we would miss 7% (n = 52) of the PCa of which 12%
(n = 6) is significant PCa. The diagnosis of Gleason score 6 PCa would be spared in 46 men
(Supplementary Table 6.2).
Any cancer
No previous biopsy

Previous nega7ve biopsy

0.5

0.5

Treat none

Treat none

Treat all

0.4

Treat all

0.4

ERSPC RC3

0.2

0.2

0.1

0.1

0.0

0.0

0.00

0.25

0.50

0.75

ERSPC (PSA + DRE)

0.3
Net beneﬁt

Net beneﬁt

ERSPC RC3

ERSPC (PSA + DRE)

0.3

1.00

0.00

0.25

Threshold

0.50

0.75

1.00

Threshold

Signiﬁcant cancer
No previous biopsy

Previous nega?ve biopsy

0.5

0.5

Treat none

Treat none

Treat all

0.4

Treat all

0.4

ERSPC RC3
Net beneÞt

Net beneﬁt

ERSPC RC3

ERSPC (PSA + DRE)

0.3

0.2

0.2

0.1

0.1

0.0

0.0

0.00

0.25

0.50
Threshold

0.75

1.00

ERSPC (PSA + DRE)

0.3

0.00

0.25

0.50

0.75

1.00

Threshold

Fig. 6.2 Decision curve analysis demonstrating the net benefit of the risk calculator (purple line) and prostatespecific antigen plus digital rectal examination (blue line) for prostate cancer (PCa) at biopsy (upper curves) or
significant PCa at biopsy (lower curves). DRE = digital rectal examination; ESRPC = European Randomised Study
of Screening for Prostate Cancer; PCa = prostate cancer; PSA = prostate-specific antigen; RC = risk calculator.
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In the repeat PBx group, DCA provided a net benefit for the RC in the threshold probability
range from 20% to 35% but also a net harm compared with the ‘‘biopsy all’’ line at the lower
risk thresholds for PCa. For significant PCa, the RC provided a small net benefit in the lowest
threshold probability range compared with a PSA plus DRE–based strategy (Fig. 6.2). The
threshold algorithm (≥20.0% for PCa at biopsy or 12.5–20.0% for PCa at biopsy with >3%
for significant PCa at biopsy) presented by the ERSPC RC developers would result in 47% (n
= 285) fewer biopsies with 35%(n=55) of the PCa missed of which 18% (n=10) is significant
PCa. The diagnosis of Gleason score 6 PCa would be spared in 45 men (Supplementary Table
6.3).

6

Discussion
The ERSPC RCs quantify the chance of finding PCa on sextant biopsy by translating the
presence or absence of abnormal findings into a probability. PBx is recommended by the
ERSPC RC developers at a probability threshold ≥20% for PCa and can be considered in the
12.5–20.0% threshold range for PCa, especially if significant PCa probabilities reach >4%
or >3% for the RC3 and RC4, respectively. Both threshold groups were assessed using DCA
and showed good to moderate clinical benefit in biopsy naive and previously biopsied men,
respectively. The proposed threshold algorithm for biopsy naive men (≥20.0% for PCa or
≥12.5% for PCa and >4% for significant PCa) seems to be acceptable. Only 6 significant cases
of PCa (2%) are being missed as a result of saving 337 biopsy sessions (20%). However, the
threshold algorithm for previously biopsied men (≥20.0% for PCa or ≥12.5% for PCa and
>3% for significant PCa) is not optimal for our cohort. With 285 fewer biopsies (47%), 10
significant cases of PCa (23%) are being missed. A threshold algorithm ≥10% for PCa or >2%
for significant PCa seems optimal as only 1 significant PCa (2%) is being missed and 131
biopsy sessions (21%) are still saved (Supplementary Table 6.3).
AUCs of the original sextant biopsy scheme ERSPC data are 0.79 and 0.86 for RC3 and 0.68
and 0.80 for RC4 for all PCa and significant PCa, respectively [18]. In the present study,
diagnostic accuracy reaches that of the original ERSPC report, especially for RC3. This is in
contrast to previous external validation reports of these RCs that reported various, mostly
lower diagnostic accuracy results [9–12]. This may be partially the result of ethnic similarities
and (significant) PCa prevalence resemblance between the original development and
validation cohort [18]. Previous validation studies assessed a combined AUC for both RC3
and RC4, whereas our study demonstrates that accuracy of both RCs differed substantially.
Consequently, a suboptimally performing RC can mask the potentially high accuracy of
another RC.
In comparison with the new RC3 plus DRE and RC4 plus DRE, our present study also
demonstrates higher diagnostic accuracy [13,14]. One major reason for this may be the use
of TRUS-based PV measurements. Predictions of PCa using TRUS-based PV data have been
shown to outperform predictions using DRE-based data because PV was demonstrated to be
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an important predictor in the detection of PCa [18,19]. Redistribution of TRUS-based volume
in DRE-stated categories could therefore have negatively influenced predictive accuracy in
the external ERSPC validation by Poyet et al [13]. Trottier et al also demonstrated in their
external validation that, on multivariate analysis, TRUS-measured PV and TRUS lesion were
the most important risk model predictors for a positive (significant) PCa diagnosis at biopsy
[12].
In this study, calibration plots showed good outcomes for biopsy naive men. In the repeat PBx
group, mean predicted and mean observed outcome disagreed and tended to underestimate
the PBx results. However, there was moderate calibration for significant PCa in the clinically
relevant low-risk range between 0 and 0.15. One of the contributing components for this
moderate calibration (and the underestimation of PBx results) could be the fact that men
with a previous negative PBx were a higher risk cohort compared with the cohort within the
ERSPC, in which every man with PSA ≥3.0 ng/ml at repeat screening was biopsied again. In
addition, RC4 is developed using a cohort with at least 4 yr between initial and repeat PBx.
In our analysis, there was no minimal maintained time range between first and repeat PBx
with a median time of 16.5 mo (range: 7.0–39.0 mo) between both biopsy sessions.
PSA testing and screening remain a subject of debate. On the one hand, evidence indicates
that it reduces PCa mortality, but on the other hand, there is a risk of overdiagnosis and
overtreatment. Offering PSA in an organised way and combining it with other relevant risk
factors regarding PCa will most likely result in a more beneficial harm–benefit ratio [20–22].
Our study confirms that individual risk assessment using a multivariable prediction model
should be used in the consideration whether or not to perform PBx.
Limitations of this study are its retrospective single-institution design. Because of the lack of
documentation of T-stage DRE, DRE was retrospectively converted to T stage, which could
have created biases in either direction (understaging or overstaging). Also, as mentioned
earlier, there was no minimal maintained time range between the first and repeat biopsy
sessions. However, most early cases of PCa (T1–T2) have an indolent course for 10–15 yr
[23]. The difference in time range between the first and repeat biopsy sessions is unlikely to
have influenced our results. Lastly, in repeat PBx sessions, the initial sampling protocol and
not an extended sampling protocol including anterior PBx was used.
With new biomarkers and imaging techniques available, the field of diagnosis of PCa is
changing. In the last 2 yr, several groups combined new biomarkers and clinical features into
prediction models and compared accuracy of these models with ERSPC or Prostate Cancer
Prevention Trial RCs, and they concluded that diagnostic accuracy increased compared
with the conventional RCs [24–27]. ERSPC RC4 was also used to predict the outcome of
multiparametric magnetic resonance imaging (mpMRI) by Alberts et al [28]. Patient selection
using a RC can avoid half of the mpMRIs after a prior negative biopsy.
Hence, for future perspectives, it would be of interest to develop and validate RCs that
include new diagnostic means, such as biomarkers, or develop RCs that predict outcomes
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of mpMRI, for example. Such an individualized approach for PCa detection could reduce the
adverse effects of our diagnostic approaches and/or treatments.

Conclusions
In our external validation of the screening-based ERSPC RCs for both biopsy naive and
previously biopsied men, both RCs showed net benefit in our clinical setting compared
with a PSA plus DRE–based strategy that was most pronounced in the biopsy naive group.
Multivariate risk stratification should be favoured in the decision whether or not to perform
PBx.
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Appendices
Supplementary Table 6.1 European Randomised Study of Screening for Prostate Cancer risk calculator overview.

Risk calculator
3: Predicts the chance of a
positive sextant biopsy in a man
who has never been screened.

Variables
- Transrectal ultrasonography
(normal = 0/abnormal = 1)
- Rectal examination (DRE)
(normal = 0/abnormal = 1)
- Prostate volume (cc)
(minimum value: 10
maximum value 150
- PSA level (ng/mL)
(minimum value: 0.4
maximum value: 50)
4: Assessment of men who have - Transrectal ultrasonograhy
previously had PSA screening,
(normal = 0/abnormal = 1)
but have either had no biopsy or - Rectal examination (DRE)
one that was negative.
(normal = 0/abnormal = 1)
- Prostate volume (cc)
(minimum value: 10
maximum value 150)
- PSA level (ng/mL)
(minimum value: 0.4
maximum value: 50)
- Previous negative biopsy
( yes/no)

Result
- Chance of having a positive
biopsy (i.e. all PCA grades)
- Chance of having a high grade
or advanced prostate cancer*

- Chance of having a positive
biopsy (i.e. all PCA grades)
- Chance of having a high grade
or advanced prostate cancer*

*Defined as Gleason score ≥ 7 and/or T stage > T2B.
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Supplementary Table 6.2 Diagnosis rate and hypothetical rate of avoided biopsy and missed prostate cancer for
reference calculator thresholds in the biopsy naive group

Risk calculator threshold for finding PCa at biopsy
Threshold
(%)

1: N of men 2: N of biopsies 3: N of PCA
4: N of PCa
biopsied
saved (% of
detected
missed (% total
total 1)
of 3)
1658
732
≥ 10
1544
114 (7)
720
12 (2)
≥ 12.5
1463
195 (12)
706
26 (4)
≥ 15
1398
260 (16)
696
36 (5)
≥ 20
1261
397 (24)
662
70 (10)
≥ 25
1090
568 (34)
617
115 (16)
≥ 30
949
709 (43)
576
156 (21)
Risk calculator threshold for finding significant PCa at biopsy

5: N of significant
PCa missed (% total
of 3)
1 (0.1)
3 (0.4)
4 (0.5)
7 (1)
14 (2)
21 (3)

6

Threshold
(%)

1: N of men 2: N of biopsies 3: N of
4: N of
biopsied
saved (% of
significant PCA significant PCa
total 1)
detected
missed (% total
of 3)
1658
337
≥1
1634
24 (1)
337
0
≥ 2.5
1478
180 (11)
335
2 (0.6)
≥4
1325
333 (20)
332
5 (1)
≥5
1223
435 (26)
331
6 (2)
≥ 7.5
999
659 (40)
323
14 (4)
≥ 10
843
815 (49)
315
22 (7)
Risk calculator threshold algorithm
Threshold (%)

Required:
PCa ≥ 20
Optional:
PCa: ≥ 20.0% or
PCa: 12.5-20.0%
and
Sign. PCa: > 3%

1: N of men 2: N of
biopsied
biopsies
saved (% of
total 1)
1658
1261

397 (24)

3: N of PCA 4: N of
5: N
detected
significant PCa of PCa
detected
missed
(% total
of 3)
732
337
662
330
70 (10)

1321

337 (20)

680

331

52 (7)
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6: N of
sign. PCa
missed (%
total of 4)

6 (2)

7 (2)
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Supplementary Table 6.3 Diagnosis rate and hypothetical rate of avoided biopsy and missed prostate cancer for
reference calculator thresholds in the repeat prostate biopsy group

Risk calculator threshold for finding PCa at biopsy
Threshold
(%)

1: N of men 2: N of biopsies 3: N of PCA
4: N of PCa missed
biopsied
saved (% of
detected
(% total of 3)
total 1)
612
158
≥ 7.5
554
58 (9)
146
12 (8)
≥ 10
477
135 (22)
130
28 (18)
≥ 12.5
391
221 (36)
113
45 (28)
≥ 15
324
288 (47)
101
57 (36)
≥ 20
210
402 (66)
81
77 (49)
≥ 25
122
490 (80)
51
107 (68)
Risk calculator threshold for finding significant PCa at biopsy
Threshold
(%)

1: N of men 2: N of biopsies
biopsied
saved (% of
total 1)

612
≥1
543
69 (11)
≥2
414
198 (32)
≥3
335
277 (45)
≥4
263
349 (57)
≥5
215
397 (65)
≥ 7.5
132
480 (78)
Risk calculator threshold algorithm
Threshold (%)

Required:
PCa ≥ 20
Optional:
PCa: ≥ 20.0% or
PCa: 12.5-20.0%
and
Sign. PCa: > 3%
‘Optimal’:
PCa: ≥ 10.0%
or Sign. PCa: > 2%
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1: N of
men
biopsied

5: N of significant
PCa missed (%
total of 3)
0
2 (1)
8 (5)
11 (7)
15 (9)
24 (15)

3: N of
4: N of significant
significant PCA PCa missed (%
detected
total of 3)
43
43
40
35
32
29
22

402 (66)

3: N of PCA 4: N of
5: N of PCa 6: N of
detected
significant PCa missed (% sign. PCa
detected
total of 3) missed (%
total of 4)
158
43
81
28
77 (49)
15 (35)

327

285 (47)

103

33

55 (35)

10 (23)

481

131 (21)

131

42

27 (17)

1 (2)

612
210

2: N of
biopsies
saved (% of
total 1)

0
3 (7)
8 (19)
11 (26)
14 (33)
21 (49)
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Abstract
Background: The value of multiparametric magnetic resonance imaging (mpMRI) and
targeted biopsy (TBx) remains controversial for biopsy naive men when compared to
transrectal ultrasound (TRUS)-guided systematic biopsy (SBx). Risk-based patient selection
could help to selectively identify men with significant prostate cancer (PCa) and thus reduce
unnecessary mpMRI and biopsies.
Objectives: To compare PCa detection rates for mpMRI TBx with SBx and to determine the
rate of potentially avoided mpMRI and biopsies through risk-based selection using the
Rotterdam Prostate Cancer Risk Calculator (RPCRC).
Design, setting, and participants: Two-hundred consecutive biopsy naive men in two centres
underwent mpMRI scanning, 12-core SBx, and subsequent MRI-TRUS TBx in the case of
suspicious lesion(s) (Prostate Imaging-Reporting and Data System v.2 score 3). Outcome
measurements and statistical analysis: We measured the detection rate for high-grade
(Gleason score 3 + 4) PCa for TBx and SBx. We carried out a retrospective stratification
according to RPCRC biopsy advice to determine the rate of mpMRI and biopsies that could
potentially be avoided by RPCRC-based patient selection in relation to the rate of high-grade
PCa missed.
Results and limitations: TBx yielded high-grade PCa in 51 men (26%) and low-grade PCa in 14
men (7%), while SBx yielded high-grade PCa in 63 men (32%) and low-grade PCa in 41 men
(21%). Four out of 73 men (5%) with negative RPCRC advice and 63 out of 127 men (50%)
with positive advice had high-grade PCa. Upfront RPCRC-based patient selection for mpMRI
and TBx would have avoided 73 out of 200 (37%) mpMRI scans, missing two out of 51 (4%)
high-grade PCas. Limitations include the RPCRC definition of high- and lowgrade PCa and
different mpMRI techniques. Conclusions: mpMRI with TBx detected PCa with high Gleason
score and avoided biopsy in low-grade PCa, but failed to detect all high-grade PCa when
compared to SBx among biopsy naive men. Risk-based patient selection using the RPCRC can
avoid one-third of mpMRI scans and SBx in biopsy-naïve men.
Patient summary: Men with a suspicion of prostate cancer are increasingly undergoing
a magnetic resonance imaging (MRI) scan. Although promising, MRI-targeted biopsy is
not accurate enough to safely replace systematic prostate biopsy for now. Individualised
assessment of prostate cancer risk using the Rotterdam Prostate Cancer Risk Calculator
could avoid one-third of MRI scans and systematic prostate biopsies.

Introduction
Multiparametric magnetic resonance imaging (mpMRI) of the prostate and targeted biopsy
(TBx) of suspicious mpMRI lesions has improved the detection of clinically significant
prostate cancer (PCa) while reducing the number of biopsies and detection of insignificant
PCa, especially in the repeat biopsy setting [1–3]. Recent studies suggest that systematic
transrectal ultrasound (TRUS)-guided biopsy (SBx) in men with negative mpMRI can possibly
be omitted, thereby indicating mpMRI as a triage test [4–6]. However, especially for the
biopsy naive population, substitution of standard SBx for an MRI-TBx–only strategy remains
controversial. Recent trials demonstrated contradictory results regarding PCa detection
rates in such patients, while mpMRI-TBx seems to miss PCa in specific locations within the
prostate [7–9]. Moreover, a recent systematic review and metaanalyses demonstrated that
the negative predictive value (NPV) of mpMRI varied greatly, with a lower median NPV of
80% in the biopsy naive group compared to 88% in the repeat biopsy group [10]. To further
rationalise the use of mpMRI, which is relatively expensive, in the biopsy naive setting, prempMRI stratification of the risk of clinically significant PCa has been suggested. Numerous
tools are currently available for prebiopsy risk stratification, but unfortunately these tools
are not routinely applied [11,12]. It has been shown that the Rotterdam Prostate Cancer
Risk Calculator (RPCRC), incorporating prostate specific antigen (PSA) level, prostate volume,
digital rectal examination (DRE), and TRUS findings, can predict clinically significant PCa and
reduce the rate of unnecessary SBx by approximately 30% in various cohorts worldwide [13–
16]. Moreover, a recent study of patients with a prior negative biopsy demonstrated that
pre-mpMRI stratification using the RPCRC could avoid unnecessary mpMRI [17]. Therefore,
we compared PCa detection rates in a biopsy naive cohort of contemporary clinical patients
who underwent both mpMRI TBx and SBx, and determined the rate of potentially avoidable
mpMRI scans and biopsies by comparing risk-based patient selection using the RPCRC with
PSA/DRE–driven patient selection.

Patients and methods
Study population
From November 2015 until June 2017, a total of 200 consecutive biopsy naive men with
a clinical suspicion of PCa on the basis of PSA of 3.0 ng/ ml and/or abnormal DRE, in
accordance with the European Association of Urology guidelines [18], underwent mpMRI
before combined SBx and TBx in two institutions, the AMC University Hospital and Jeroen
Bosch Hospital. mpMRI was generally omitted for men with a high PSA level of >20 ng/ml.
mpMRI and biopsy findings were included in the prospective database approved by the
respective institutional review boards and reported according to the START criteria [19].
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mpMRI protocol
All patients underwent prebiopsy mpMRI at 1.5 or 3 T using a pelvic phased-array coil.
The institutional mpMRI protocols are presented in Supplementary Table 7.1. mpMRI
consisted of T2-weighted imaging (T2W), diffusion-weighted imaging (DWI), and dynamic
contrastenhanced (DCE) imaging according to the European Society of Urogenital Radiology
guidelines in AMC University Hospital, whereas the Jeroen Bosch Hospital did not perform
DCE imaging [20]. At least one uroradiologist with >10 yr of experience in mpMRI analysed
the images. Individual lesions were scored on Prostate Imaging Reporting and Data System
(PI-RADS) v.2 using the 5-point likelihood scale for significant PCa [21]. Individual lesions
with a PI-RADS score 3 were classified as suspicious.
Biopsy protocols
The SBx and TBx procedures were performed by two operators in a blinded fashion, with
the SBx operator unaware of the mpMRI result and TBx procedure planning. SBx consisted
of a systematic 12-core TRUSguided biopsy protocol. A second operator performed TBx
after SBx using MRI-TRUS fusion techniques. In AMC University Hospital this was done using
an Artemis system (Eigen, Grass Valley, CA, USA) consisting of a semirobotic mechanical
guidance system with a two-step fusion technique using rigid and elastic T2W registration
[22]. The Jeroen Bosch Hospital used a Navigo workstation (UC-Care Medical Systems,
Yokneam, Israel) with electrospatial monitoring and elastic T2W registration to fuse MRI
and three-dimensional TRUS models [23]. Suspicious MRI lesions (PI-RADS 3) were generally
targeted with two to four cores, depending on the lesion size. SBx and TBx cores were sent
separately for pathology.
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Table 7.1 Clinical characteristics stratified according to RPCRC biopsy advice
Variable

Total
(n = 200)

Patient
Median age at biopsy, yr (IQR)
64 (59-68)
Ethnicity, n (%)
Caucasian
168 (84.0)
Non-Caucasion
32 (16.0)
Median prebiopsy PSA, ng/ml (IQR)
6.4 (5.1-9.1)
Median PSA density, ng/ml/ml (IQR)
0.13 (0.10-0.22)
DRE findings, n (%)
Normal
132 (66.0)
Abnormal
68 (34.0)
Median TRUS prostate volume, ml (IQR)
46 (35-62)
TRUS findings, n (%)
Normal
136 (68.0)
Abnormal
64 (32.0)
mpMRI
Field strenght, n (%)
1.5 T
35 (17.5)
3T
165 (82.5)
Imaging sequences, n (%)
T2W + DWI +DCE
118 (59.0)
T2W + DWI
82 (41.0)
MRI findings per patient, n (%)
Suspicious
104 (52.0)
Not suspicious
96 (48.0)
PI-RADS score per patient, n (%)
1-2
96 (48.0)
3
39 (19.5)
4
29 (14.5)
5
36 (18.0)
MRI lesions per patient, n (%)
(n = 104)
1
66 (63.4)
2
35 (33.7)
>3
3 (2.9)
Biopsy
Biopsy session, n (%)
SBx with TBx
104 (52.0)
SBx only
96 (48.0)
SBx cores per patient, n (%)
<12
1 (0.5)
12
196 (98.0)
>12
3 (1.5)
MRI-TBx cores per patient, median (range)
2 (2-5)
MRI-TBx cores per lesion, n (%)
1
9 (6.3)
2
116 (79.2)
3
16 (11.2)
4
4 (2.8)
Biopsy complications, n (%)
Yes
10 (5.0)
Prostatitis
8 (4.0)
Urinary retention
1 (0.5)
Gross rectal bleeding
1 (0.5)
No
190 (95.0)

RPCRC advice
Positive
Negative
(n = 127)
(n = 73)

p value

64 (60-69)

62 (57-67)

0.004

106 (83.5)
21 (16.5)
7.4 (5.5-10.7)
0.18 (0.13-0.25)

62 (84.9)
11 (15.1)
5.6 (4.7-6.6)
0.09 (0.06-0.11)

0.441

63 (49.6)
64 (50.4)
40 (30-51)

69 (94.5)
4 (5.5)
61 (50-87)

<0.001

65 (51.2)
62 (48.8)

71 (97.3)
2 (2.7)

<0.001

23 (18.1)
104 (81.9)

12 (16.4)
61 (83.6)

0.765

72 (56.7)
55 (43.4)

46 (63.0)
27 (37.0)

0.382

81 (63.8)
46 (36.2)

23 (31.5)
50 (68.5)

<0.001

46 (36.2)
22 (17.3)
24 (18.9)
35 (27.6)
(n = 81)
50 (61.7)
28 (34.6)
3 (3.7)

50 (68.5)
17 (23.3)
5 (6.8)
1 (1.4)
(n = 23)
16 (69.6)
7 (30.4)
0

<0.001

81 (63.8)
46 (36.2)

23 (31.5)
50 (68.5)

<0.001

1 (0.8)
123 (96.9)
3 (2.4)
2 (2-5)

0
73 (100.0)
0
2 (2-4)

0.504

9 (7.8)
90 (78.3)
13 (11.3)
3 (2.6)

0
26 (86.7)
3 (10.0)
1 (3.3)

0.417

4 (3.1)
4 (3.1)
0
0
123 (96.9)

6 (8.2)
4 (5.5)
1 (1.4)
1 (1.4)
67 (91.8)

<0.001
<0.001

<0.001

<0.001

0.559

0.108

DCE = dynamic contrast-enhanced imaging; DRE = digital rectal examination; DWI = diffusion-weighted imaging;
IQR = interquartile range; (mp)MRI = (multiparametric) magnetic resonance imaging; PI-RADS = Prostate Imaging
Reporting and Data System; PSA = prostate specific antigen; RPCRC = Rotterdam Prostate Cancer Risk Calculator;
SBx = systematic biopsy; T2W = T2-weighted imaging; TBx = targeted biopsy; TRUS = transrectal ultrasound.
a
The highest PI-RADS score is given if more than one lesion was detected in a patient.
b
One TBx core per lesion was only sampled in secondary PI-RADS lesions or greater.
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Histopathology
All biopsy cores were examined by one uropathologist in each centre with 12 yr of experience.
For all biopsy sessions, the total number of (positive) cores, length of biopsy cores, tumour
percentage, and Gleason scores (GSs) were obtained according to the 2014 International
Society of Urological Pathology recommendations [24]. Biopsy specimens were not centrally
reviewed.
RPCRC biopsy advice
The RPCRC is a prediction model based on data from the European Randomized Study of
Screening for Prostate Cancer Rotterdam consisting of 3624 men initially screened and
2896 men with repeat screening [13]. The RPCRC is available online (www.prostatecancerriskcalculator.com) and as an app for iOS/Android. For biopsy naive patients, the RPCRC
uses PSA, DRE (abnormal findings), TRUS (hypoechoic lesions), and TRUS measured prostate
volume as prebiopsy variables and calculates the risk of finding PCa and the risk of finding
high-grade (GS 3 + 4) and/or locally advanced (stage T2c) PCa on SBx. The established PCa
cutoff values for advising SBx are a risk of any PCa of 20% and/or a risk of high-grade and/ or
locally advanced PCa of >4% [13]. RPCRC-based PCa risks and biopsy advice were calculated
retrospectively to determine the rate of potentially avoidable mpMRI scans and biopsies
after risk stratification.
Statistical analysis
Differences in clinical and pathological variables in the study cohort were assessed using
the x2 test for categorical variables and the MannWhitney U test for continuous variables.
Low-grade PCa was defined as GS 3 + 3, while GS 3 + 4 was classified as high-grade PCa.
The diagnostic accuracy of the RPCRC for (high-grade) PCa in TBx and SBx was quantified
using receiver operating characteristic (ROC) curve analysis. A subanalysis of the mpMRI
scanning technique (with and without DCE) for PCa detection was performed. Statistical
tests were two-sided and p < 0.05 was considered statistically significant. Statistical analyses
were performed using SPSS for Windows (v.23.0, IBM Corp., Armonk, NY, USA) and R v.3.4.1
(R Foundation for Statistical Computing, Vienna, Austria).

Results
Patient and procedure characteristics
A total of 200 biopsy naive men underwent prebiopsy mpMRI and prostate biopsy. The
median PSA was 6.4 ng/ml (interquartile range [IQR] 5.1–9.1; Table 1). Abnormal DRE was
found in 68 men (34%), and 64 (32%) had a hypoechoic lesion on TRUS. Of the mpMRI scans,
165 (83%) were performed at 3 T and 82 (41%) without DCE. Of the 200 men, 104 (52%) had
one or more suspicious lesions (PI-RADS 3). All these men underwent SBx and subsequent
TBx, with a median of two cores (IQR 2–5), while the remaining 96 men (48.0%) men with
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no suspicious mpMRI findings underwent SBx. After RPCRC stratification, men with positive
biopsy advice significantly more often had a suspicious mpMRI (64% vs. 32%) and a higher
overall PI-RADS score (PI-RADS 4, 19% vs 7%; PI-RADS 5, 28% vs 1%; all p < 0.001). Ten men
(5%) men had a biopsy-related complication; eight of these were infectious complications.
Overall biopsy outcomes: PCa detection rate, GS, and cancer core invasion
PCa on biopsy was found in 110 men (55%), of whom 67 (61%) were diagnosed with highgrade PCa and 43 (39%) with low-grade PCa (Table 7.2). TBx revealed high-grade PCa in 51
men (26%) and low-grade PCa in 14 (7%), while SBx revealed high-grade PCa in 63 men
(32%) and low-grade PCa in 41 (21%). GS 4 + 3 PCa was found via TBx in 27 men (14%)
compared to 25 men (13%) via SBx. Of the 96 men with a nonsuspicious mpMRI, 85 (89%)
did not have high-grade PCa on SBx, leaving 11 men (11%) with high-grade PCa (11 GS 3 + 4)
unidentified (Table 7.3). For 16 of the 69 men (23%) with high-grade PCa their disease was
only detected with SBx (15 GS 3 + 4 and 1 GS 4 + 3), while for four men (6%) their high-grade
PCa was only detected with TBx (1 GS 3 + 4, 1 GS 4 + 3, and 2 GS 4 + 4). TBx would have
omitted detection of low-grade PCa in 25 of the 41 men (61%) with low-grade PCa on SBx.
Supplementary Table 7.2 shows the overall PI-RADS scores for the 104 suspicious mpMRI
lesions and the PI-RADS score for the 145 individual lesions with the corresponding TBx GS.
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Table 7.2 Overall Bx outcomes: PCa detection rate, GS, and Bx core involvement
Combined approach

Biopsy protocol
MRI-TBx

PCa detection rate, n/N (%)
All PCa
110/200 (55.0)
65/200 (32.5)
Low-grade
43/200 (21.5)
14/200 (7.0)
High-grade
67/200 (33.5)
51/200 (25.5)
GS, n (%)
GS 3 + 3
43 (21.5)
14 (7.0)
GS 3 + 4
36 (18.0)
24 (12.0)
GS 4 + 3
15 (7.5)
13 (6.5)
GS >8
16 (8)
14 (7.0)
GS concordance in patients with MRI-TBx and SBx both PCa-positive (n = 59), n (%)
45 (76.3)
Concordant
Upgrading on TBx
6 (10.2)
SBx GS 3 + 3 -> TBx GS 3 + 4
1
SBx GS 3 + 3 -> TBx GS >8
1
SBx GS 3 + 4 -> TBx GS 4 + 3
3
SBx GS 4 + 3 -> TBx GS >8
1
Undergrading on TBx
8 (13.6)
TBx GS 3 + 3 -> SBx GS 3 + 4
2
TBx GS 3 + 4 -> SBx GS 4 + 3
1
TBx GS 3 +4 -> SBx GS 4 + 3
3
TBx GS 4 + 3 -> SBx GS >8
2
Combined approach
MRI-TBx
(n = 110)
(n = 65)
Maximum TCI in PCa-positive patients, n (%)
<10%
36 (32.7)
11 (16.9)
10-50%
29 (26.4)
19 (29.2)
>50%
45 (40.9)
35 (53.8)
Maximum TCI equality in patients with MRI-TB and SBx both PCa-positive (n = 59), n (%)
Equal percentage
44 (74.6)
Higher percentage on MRI-TBx
8 (13.5)
SBx <10% -> TBx 10-50%
2
SBx 10-50% -> TBx >50%
6
Lower percentage on MRI-TBx
7 (11.9)
TBx <10% -> SBx 10-50%
2
TBx <10% -> SBx >50%
2
TBx 10-50% -> SBx >50%
3
Combined approach
MRI-TBx
(n = 200)
(n = 104)
Proportion of positive Bx cores in patients undergoing Bx
Total cores (n)
2704
305
Positive PCa cores (n)
599
137
LG PCa, n (%)
126 (21.0)
26 (19.0)
HG PCa, n (%)
473 (79.0)
111 (81.0)
Ratio positive cores/total cores
0.22
0.45
LG PCa
0.05
0.09
HG PCa
0.17
0.36
Number of cores per HG PCa diagnosis, mean (median) (IQR)
SBx (n = 63)
12.0 [12] (12-12)
MRI-TBx (n = 51)
2.88 [3] (2-4)

SBx
104/200 (52.0)
41/200 (20.5)
63/200 (31.5)
41 (20.5)
38 (19.0)
12 (6.0)
13 (6.5)

SBx
(n = 104)
35 (33.7)
31 (29.8)
38 (36.5)

SBx
(n = 200)
2399
462
100 (21.6%)
362 (78.4%)
0.19
0.04
0.15

Bx = Biopsy; GS = Gleason score; HG = high grade; LG = low grade; MRI = magnetic resonance imaging; PCa =
prostate cancer; SBx = systematic Bx; TBx = targeted Bx; TCI = tumour core involvement.

Biopsy outcomes after RPCRC-based stratification
After RPCRC-based stratification, four of the 73 men (5%) with negative advice were
diagnosed with high-grade PCa (all GS 3 + 4), while ten men (14%) had low-grade PCa (Figs.
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7.1 and 7.2C). Of the 127 men with positive advice, 63 (50%) had high-grade PCa and 33
(26%) had low-grade PCa. Upfront RPCRC-based patient selection for mpMRI and TBx would
have avoided 73 out of 200 (37%) mpMRI scans, 20 out of 39 (51%) false-positive mpMRIs,
and one out of 14 (7%) lowgrade PCa diagnoses. However, this would have missed two out
of 51 (4%) high-grade PCa diagnoses (Fig. 7.2A) with a TBx only strategy. In addition, 16
(24%) high-grade PCas would be missed in a TBx-only strategy compared to the combined
strategy. Of the 46 men with positive biopsy advice and negative mpMRI, ten (22%) had
high-grade PCa and 18 (39%) had low-grade PCa on SBx. Results for upfront RPCRC-based
patient selection for SBx outcomes are shown in Figure 7.2B.
Table 7.3 Cross tabulation of the TBx outcome for the MRI strategy and SBx outcome
SBx
protocol

LG vs HG, n (%)

No Bx

No PCa on Bx

No PCa on Bx
Low-grade PCa
High-grade PCa
Total

60 (62.5)
25 (26.0)
11 (11.5)
96 (100)

30 (76.9)
7 (18.0)
2 (5.1)
39 (100)

Gleason score, n (%)
No PCa on Bx
GS 3 + 3 PCa
GS 3 + 4 PCa
GS 4 + 3 PCa
GS >4 + 4 PCa
Total

7

MRI TBx protocol
LG PCa
HG PCa
Total
4 (28.6)
7 (50.0)
3 (21.4)
14 (100)

No Bx No PCa on Bx GS 3 + 3
60 (62,5)
30 (76.9)
4 (28.6)
25 (26.0)
7 (18.0)
7 (50.0)
11 (11.5)
2 (5.1)
2 (14.3)
0
0
1 (7.1)
0
0
0
96 (100)
39 (100)
14 (100)

2 (3.9)
96 (48.0)
2 (3.9)
41 (20.5)
47 (92.2) 63 (31.5)
51 (100) 200 (100)
GS 3 + 4
0
1 (4.2)
20 (83.3)
3 (12.5)
0
24 (100)

GS 4 +3 GS > 4 +4
1 (7.7)
1 (7.1)
0
1 (7.1)
3 (23.1)
0
7 (53.8)
1 (7.1)
2 (15.4) 11 (78.6)
13 (100) 14 (100)

Total
96 (48.0)
41 (20.5)
38 (19.0)
12 (6.0)
13 (6.5)
200 (100)

Bx = biopsy; LG = low grade; GS = Gleason score; HG = high grade; MRI = magnetic resonance imaging; PCa =
prostate cancer; SBx = systematic Bx; TBx = targeted Bx.

Diagnostic accuracy of the RPCRC for high-grade PCa in SBx and TBx
With the established RPCRC cutoff values for positive biopsy advice, the sensitivity and
specificity of the RPCRC for high-grade PCa were 96% and 48% for TBx, and 95% and 51% for
SBx, respectively. The area under the curve (AUC) of continuous RPCRC scores for the TBx
outcome was 0.86 (95% confidence interval [CI] 0.79–0.93) for any-grade PCa and 0.81 (95%
CI 0.72–0.89) for high-grade PCa. For the SBx outcome, the AUC was 0.81 (95% CI 0.75–0.87)
for any-grade PCa and 0.85 (95% CI 0.80–0.91) for high-grade PCa.
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Nega(ve RPCRC biopsy advice
N = 73

Suspicious mpMRI
N = 23

Normal mpMRI
N = 50

Normal mpMRI
N = 46

NpMRI TBx
N = 23

SBx
N = 23

SBx only
N = 50

SBx only
N = 46

SBx
N = 81

High grade PCa in SBx
N=1

Low grade PCa in SBx
N=7

No PCa in SBx
N = 42

High grade PCa in SBx
N = 10

Low grade PCa in SBx
N = 18

No PCa in SBx
N = 18

High grade PCa in TBx
N=2

Low grade PCa in TBx
N=1

No PCa in TBx
N = 20

High grade PCa in SBx
N=2

Low grade PCa in SBx
N=4

No PCa in SBx
N = 17

High grade PCa in SBx
N = 50

Low grade PCa in SBx
N = 12

No PCa in SBx
N = 19

High grade PCa in TBx
N = 49

Low grade PCa in TBx
N = 13

No PCa in TBx
N = 19

Fig.
7.1 Multiparametric magnetic resonance imaging, targeted biopsy, and systematic biopsy outcomes according to the Rotterdam Prostate Cancer Risk
Abbrevia(ons: mpMRI = mul(parametric resonance imaging; PCa = prostate cancer; RPCRC = Ro<erdam Prostate Cancer Risk Calculator; SBx = Systema(c biopsy; TBx = Targeted biopsy
Calculator (RPCRC) biopsy advice. mpMRI = multiparametric resonance imaging; PCa = prostate cancer; SBx = systematic biopsy; TBx = targeted biopsy.

Suspicion of PCa
N = 200

Posi(ve RPCRC biopsy advice
N = 127

Suspicious mpMRI
N = 81

NpMRI TBx
N = 81

Figure 1. Mul,parametric magne,c resonance imaging, targeted biopsy outcomes and systema,c biopsy outcomes according to the Ro;erdam Prostate Cancer Risk Calculator biopsy advice

Discussion
mpMRI has evolved as an increasingly appealing tool in the PCa diagnostic setting and is
recommended for patients with a prior negative biopsy [18]. However, the exact role of mpMRI
in biopsy naive patients remains unclear, as the better relative sensitivity for significant PCa
compared to SBx in these patients is demonstrated to a lesser extent, and substitution of
an SBx strategy for a TBx-only strategy seems to miss significant PCa [1,10,25,26]. To further
rationalise the use of mpMRI in biopsy naive men, pre-mpMRI stratification of the risk of
clinically significant PCa has been suggested [10]. Pre-mpMRI stratification would lead to
a more standardised PCa prevalence population and could contribute to more realistic
implementation of mpMRI in terms of capacity and availability of radiology expertise, as
patients identified as having low risk would be spared mpMRI and biopsy. Recent studies
have shown that PSA density can be of additional value in combination with mpMRI data,
and have demonstrated that combining mpMRI and clinical parameters in noninvasive
risk assessment tools significantly improves the discrimination of men with a suspicion of
significant PCa [27–30]. A disadvantage of these studies is that unnecessary mpMRI scans
are not avoided.
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mpMRI and TBx outcomes

a
100%

2 1

80%

20

51
49
14

60%
40%

39

13
19

50

Low-grade PCa
Suspicious MRI but no PCa

96

20%

High-grade PCa

46

MRI not suspicious

0%
Nega,ve RPCRC
advice (N=73)

All men (N=200)

SBx outcomes

b
100%

3
11

80%

63
60

60%
40%

Posi,ve RPCRC
advice (N=127)

High-grade PCa

41
59

30

No PCa

96

20%

Low-grade PCa

37

0%
Nega,ve RPCRC
advice (N=73)

4
10

80%

67
63

60%
40%

Posi,ve RPCRC
advice (N=127)

Combined outcomes: TBx with SBx

c
100%

All men (N=200)

High-grade PCa

43
59

Low-grade PCa
33

90

20%

NO PCa

31

0%
Nega,ve RPCRC
advice (N=73)

All men (N=200)

Posi,ve RPCRC
advice (N=127)

Fig. 7.2 (A–C) Multiparametric magnetic resonance imaging, targeted biopsy, and systematic biopsy outcomes
Abbrevia(ons: mpMRI = (mul(parametric) resonance imaging; PCa = prostate cancer; RPCRC = Ro>erdam Prostate Cancer Risk Calculator; SBx =
according
to the
Rotterdam
Cancer Risk Calculator (RPCRC) biopsy advice. (mp)MRI = (multiparametric)
systema(c
biopsy;
TBx = targetedProstate
biopsy
magnetic resonance imaging; PCa = prostate cancer; SBx = systematic biopsy, TBx = targeted biopsy.
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However, Alberts et al [17] recently demonstrated that upfront RPCRC biopsy advice,
incorporating both PSA level and prostate volume, and thus PSA density, showed good
performance in a prior-negative mpMRI TBx cohort, potentially avoiding 50% of mpMRI scans
while retaining 90% sensitivity for high-grade PCa. Our biopsy naive cohort with TBx and SBx
outcomes per patient allowed us to determine the rate of avoidable mpMRI scans in relation
to the rate of missed high-grade PCa by risk stratification and the value of mpMRI after risk
stratification via comparison of TBx and SBx detection rates. The results show that upfront
patient selection according to RPCRC biopsy advice would have avoided approximately 37%
of mpMRI scans and biopsies in our cohort, with an acceptable number of risk-stratified men
with missed highgrade PCa (4 out of 200; 2%). However, the value of mpMRI and TBx in biopsy
naive patients after risk stratification remains controversial. Implementation of mpMRI as
a second-line tool after RPCRC positive biopsy advice in biopsy naive patients appears the
most appealing strategy, as it would not only lead to a reduction of 50 negative (25%) and 20
(10%) falsepositive mpMRI scans but would also provide accurate highgrade PCa prediction
in 49 out of 81 men (60%) with positive mpMRI findings with a median of three cores per
diagnosis of high-grade PCa. However, a TBx-only strategy after RPCRC would miss highgrade PCa in 18 of the 67 men (27%) with high-grade PCa in our cohort. Performing SBx in
men with a positive biopsy advice but negative mpMRI for maximum security reduces the
risk of missing high-grade PCa, but comes with an increased detection rate for low grade PCa
as a downside. Moreover, in our study this strategy compared to a SBx-only strategy would
have led to the same total number of high-grade (59 vs 60) and low-grade (31 vs 30) PCa
diagnoses. In our study, all GS 3 + 4 PCas were classified as highgrade, while all GS 3 + 3
PCas were considered low-grade, since solitary GS 3 + 3 PCa has low lethal potential and the
presence of Gleason pattern 4 or 5 is still the main determining factor for clinical decisionmaking [31]. Although the RPCRC calculates the risk of finding high-grade (GS 3 + 4) and/
or locally advanced (stage T2c) PCa, the latter definition was not included in the analysis to
allow comparison with previously published studies. Moreover, only two patients (both GS 3
+ 3 and stage T2c) would have been considered to have high-grade PCa solely based on this
definition, resulting in a minor impact on study outcomes. However, our chosen definition is
debatable, as there is still no standardised histological definition of “clinically significant” PCa
to date, thus influencing the distribution of PCa detection rates and precluding a definitive
conclusion on the ability of mpMRI as a second-line tool [10,19]. As a second-line tool after
RPCRC, mpMRI with TBx identified a similar proportion of men with GS 4 + 3 PCa (21% vs
20%), demonstrating a positive trend for increasing PI-RADS score and high-GS PCa. Of the 14
men with high-grade PCa missed with TBx, 13 (81%) had GS 3 + 4 PCa, of whom six (46%) had
PSA 10 ng/ml, PSA density 0.15 ng/ml/g, stage T1c, and two or fewer positive cores. Although
strictly selected men with limited GS 3 + 4 disease might be considered suitable for active
surveillance, a negative mpMRI scan in our cohort did not guarantee the absence of GS 3 + 4
disease [32]. Whether the extra costs and efforts associated with mpMRI and TBx would be
justified in biopsy naive patients should therefore be further investigated, with consideration
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of standardised histological definitions and the possible subsequent cost savings due to fewer
biopsies and reduction in the detection of insignificant PCa. Looking ahead, implementation of
tumour-specific information for GS 3 + 4 disease on biopsy, such as invasive cribriform growth
pattern and intraductal carcinoma, could be a first step. The addition of these histopathological
parameters seems to better reflect the disease burden in GS 3 + 4 PCa at biopsy and improves
upfront RPCRC selection of men who need biopsy [33,34]. With survival rates for GS 3 + 4
disease in the absence of a cribriform growth pattern and intraductal carcinoma similar to
those for GS 3 + 3 PCa, incorporation of these parameters could also possibly aid in reaching
a more definitive answer to the question of whether mpMRI in combination with TBx could
safely replace SBx [35]. The strength of this study lies in the fact that it adhered to the START
checklist and allowed for critical analysis of TBx and SBx outcomes in a blinded fashion with
biopsy operators, pathologists, and radiologists of sufficient experience (>200 mpMRI and
biopsy cases per year). It therefore represents the true performance of mpMRI and prostate
biopsy in daily practice outside mpMRI centres of excellence. Besides the modest sample
size and the definitions chosen for low-grade and high-grade PCa, our findings should be
interpreted in the context of some other limitations. First, SBx was used as the reference
standard, and it is known that SBx is inaccurate [4,18]. However, this study addressed the
more clinical question as to whether RPCRC risk stratification could rationalise the use of
mpMRI in biopsy naive patients in comparison to standard SBx. Second, one centre did not
perform DCE MRI while the other centre performed imaging at 1.5 T without an endorectal
coil in 18% of cases. Both influence mpMRI quality and reporting, with possible effects on TBx
outcomes. Although DCE should be included in all prostate mpMRI scans, its role in PI-RADS
v.2 is only marginal (for PI-RADS 3 lesions) owing to its limited value over and above T2W and
DWI. Although merely suggestive, subanalysis of the mpMRI scanning technique (with and
without DCE) did not show a statistically significant difference in the detection rate for PCa (p
= 0.471) or highgrade PCa (p = 0.197) in favour of mpMRI scanning with DCE MRI. Moreover,
mpMRI at 1.5 T is capable of yielding adequate and reliable diagnostic scans when acquisition
parameters are optimised with appropriate contemporary technology [21]. Third, the RPCRC
prediction model is only based on SBx outcomes. Adjustments to the model using mpMRI and
TBx data could further improve its performance for TBx outcome. Besides these adjustments
to the RPCRC, the results should be confirmed with larger validation studies.

Conclusions
mpMRI in combination with TBx alone, resulting in detection of high-GS PCa and avoidance
of biopsy in men with low-grade PCa, will miss a significant number of highgrade PCas when
compared to SBx. Multivariable risk–based patient selection using the RPCRC can safely
avoid one-third of mpMRI scans and SBx in biopsy naive men performed only on the basis of
elevated PSA and/or abnormal DRE.
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Supplementary Table 7.2 Targeted biopsy outcomes for the MRI-strategy stratified according to the overall
(whole prostate) PI-RADS score (a), individual mpMRI PI-RADS lesions score (b).

a; overall PI-RADS prostate score
Men with PI-RADS 3
No PCa, n (%)
28 (71.8)
Low-grade PCa
· GS 3+3=6 PCa, 3 (7.7)
n (%)
High-grade PCa
· GS 3+4=7 PCa, 6 (15.4)
n (%)
2 (5.1)
· GS 4+3=7 PCa, 0
n (%)
· GS >= 4+4=8
8 (20.5)
PCa, n (%)

4 (13.8)

7 (19.4)

14 (13.5)

8 (27.6)
6 (20.7)
4 (13.7)

10 (27.8)
5 (13.9)
10 (27.8)

24 (23.1)
13 (12.5)
14 (13.4)

18 (62.0)

25 (69.5)

51 (49.0)

29 (100)

36 (100)

104 (100)

PI-RADS 4 lesions

PI-RADS 5 lesions

Total

50 (74.6)

15 (39.5)

4 (10.3)

69 (47.9)

6 (9.0)

4 (10.5)

9 (23.1)

19 (13.2)

7 (10.4)
3 (4.5)
1 (1.5)

9 (23.7)
6 (15.8)
4 (10.5)

10 (25.6)
5 (12.8)
11 (28.2)

26 (18.1)
14 (9.7)
16 (11.1)

11 (16.4)

19 (50.0)

26 (66.6)

56 (38.9)

67 (100)

38 (100)

39 (100)

144* (100)

· All high-grade
PCa
Total, n (%)
39 (100)
b; individual PI-RADS lesion score*
PI-RADS 3 lesions
No PCa, n (%)
Low-grade PCa
· GS 3+3=6 PCa,
n (%)
High-grade PCa
· GS 3+4=7 PCa,
n (%)
· GS 4+3=7 PCa,
n (%)
· GS >= 4+4=8
PCa, n (%)
· All high-grade
PCa
Total, n (%)

Men with PI-RADS 4 Men with PI-RADS 5 Total
7 (24.1)
4 (11.1)
39 (37.5)

Abbreviations: GS = Gleason Score; MRI = magnetic resonance imaging; PCa = prostate cancer; PI-RADS = Prostate
imaging reporting and data system; SBx = systematic biopsy; TBx = targeted biopsy.
*one PIRADS 3 lesions (quaternary individual PI-RADS lesion) was not biopsied; 145 PI-RADS lesions in total.
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8.1 General conclusions and discussion
The aim of this thesis was to improve detection and localization of prostate cancer (PCa) in
treatment naive patients. The thesis was divided in three parts.
Part I elaborated on the current knowledge of multiparametric magnetic resonance imaging
(mpMRI) in the diagnosis of PCa and the question whether MRI/ultrasound (US) guided
prostate biopsy (PBx) results in a higher cancer detection rate or higher Gleason score
compared to systematic PBx.
Part II focused on US. Cancer detection rates on PBx, using a two-dimensional (2D) and
three-dimensional (3D) US model, were compared. Also, in a prospective trial, localization
of PCa was assessed using contrast enhanced ultrasound (CEUS) and contrast ultrasound
dispersion imaging (CUDI).
In part III, results of two external validations of the European Randomized Study of Prostate
Cancer (ERSPC) Risk Calculators in our clinical cohort were presented.
In this final chapter, before elaborating on the general discussion on PCa diagnosis, and
addressing the implications for clinical practice and future perspectives, first the different
diagnostic modalities will be discussed.

8.1.1. Part I: Magnetic resonance imaging (MRI)
Chapter 2 shows the results of a systematic review regarding MRI and targeted PBx. The
aim was to compare PCa detection rates of TB using different fusion platforms to a different
approach of biopsy, e.g. cognitive fusion TB and/or systematic biopsies (SB). Previous
systematic reviews focused on diagnostic accuracy of mpMRI in the detection of clinically
significant PCa, but did not compare the different fusion platforms available [1-3]. Results
of the included trials in our systematic review were variable and were in line with previous
systematic reviews. Broadly stated, for all different fusion platforms, no additional value of
MRI-guided TB could be demonstrated regarding all PCas including insignificant ones. For
clinically significant PCas only, MRI-guided TB tended to result in a higher cancer detection
rate, however, not in every study being a statistical significant. The main problem is that this
research field is very heterogeneous. Many different clinical trials and systematic reviews
regarding MRI-guided TB compared to SB have been performed. The general conclusion
is that MRI-guided TB results in the same or a better cancer detection rate for clinically
significant PCa, using fewer biopsy cores compared to SB [2, 4, 5].
Three approaches for MRI-guided TB are distinguished. In-bore TB enables biopsies with
visual validation of the needle hitting the region of interest. Furthermore, TB can be
performed using cognitive fusion or a MRI/US fusion platform. Because the latter are taken
with US guidance, direct confirmation of hitting the region of interest on MRI cannot be
obtained. However, a meta-analysis of Wegelin et al. showed no significant advantage of
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any of these three techniques for the detection of clinically significant PCa [6]. Furthermore,
according to a systematic review of Giganti et al., cancer detection rates varied more
between study populations than between the different biopsy approaches [7]. Besides the
fact that there are different fusion platforms on the market, they can be divided into rigid
and elastic fusion systems. In elastic fusion, correction for a possible deformation of the
prostate can be applied. Against expectations, no statistical significant difference in cancer
detection rate between elastic and rigid fusion targeted PBx was found [8].
MRI reading itself could lead to bias caused by intra- and interobserver variability. The
European Society of Urogenital Radiology developed a scoring system to objectify and
classify findings on mpMRI: the Prostate Imaging-Reporting and Data System (PI-RADS).
Version 2, an update, was presented in 2015 [9]. An excellent agreement for detecting index
lesions and a poor to moderate agreement for category assignment of lesions using PIRADSv2 was found [10, 11]. Last, with changing total biopsy core numbers and their origin
when using MRI-TB, there is an ongoing debate on the definition ‘clinically significant’ PCa.
A great variability in the interpretation of PBx reports by urologists regarding MRI-TB cores
is seen and a more uniform interpretation is needed [12]. Some authors propose reporting
multiple cores from a targeted area as one, as this has been found to better correlate with
radical prostatectomy specimens [13].
Nowadays, multiple platforms able to fuse MRI and US imaging are available. In chapter 3,
the results of a prospective study regarding TB versus SB using a MRI/US fusion platform
were presented. The aim of the study was to compare cancer detection rates and pathology
results of MRI-guided TB and SB. In this in-patient control study, no significant difference
between cancer detection rates of MRI-guided TB and SB was observed and both SB and TB
missed significant PCas. Moreover, pathology upgrading occurred more often by adding SB
to TB than vice versa, which indicates that the omission of SB is debatable.
Another source of heterogeneity is the MRI technique itself. Different mpMRI protocols are
used, with e.g. differences in magnet strength and use of coils. Furthermore, there is an
ongoing debate whether adding dynamic contrast enhanced (DCE) to T2-weighted imaging
and diffusion weighted imaging (DWI) is of value. Because of the evolving evidence on only
a very limited contribution of DCE in mpMRI, it was omitted in our trial. A recently published
meta-analysis concluded that biparametric(bp) MRI (DWI, T2-weighted imaging) is not
inferior to mpMRI (including DCE) in the detection of clinically significant PCa in treatment
naive patients and therefore bpMRI may be used as a faster and cheaper alternative to
mpMRI [14].
The cancer detection rate found on MRI-guided TB in our prospective study was significantly
lower compared to the ones in other studies. This is probably due to differences in study
population. In contrast to many previous studies, our study also included patients with a
negative MRI. As a result, in 28% of subjects in our study, only SB was performed. Due to
this difference in study population, not only TB numbers but also SB numbers cannot be
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compared. However, this particular study design was chosen due to its better reflection of
reality regarding prostate cancer diagnosis in Europe, especially with the new EAU guidelines
recommending to perform a MRI prior to PBx in biopsy naive men [15].

8.1.2. Ultrasound
Chapter 4 focused on 3D US-guided PBx. In the literature, the role of 3D transrectal
ultrasound (TRUS) in the diagnosis of PCa is controversial as limited studies report different
outcomes regarding e.g. staging and detection [16-18]. The aim of our study was to compare
cancer detection rates between 3D guided PBx and conventional 2D PBx in patients without
a history of PCa. No additional value of 3D PBx compared to 2D PBx for both biopsy naive
men and men with a prior negative biopsy was found. Only one other clinical study in
this field was performed and results were contradictive [19]. As baseline characteristics
corresponded, this discrepancy in results can be explained by the higher cancer detection
rate on 2D TRUS in our study and differences in ultrasound machines used.
Greyscale US, both 2D and 3D, cannot reliable visualize cancerous regions [20, 21]. Despite
the fact that 3D US can be helpful in spreading the biopsy cores through the peripheral zone
of the prostate, this might not be a useful addition for an experienced clinician. For more
accurate diagnostic US modalities, an improved differentiation between benign and malign
tissue is necessary. In order to be able to detect malignant regions within the prostate,
US and MRI imaging have to visualize the different characteristics of malignant tissue.
Angiogenesis is an important factor in the development of PCa and both microvessel density
and alterations in microvascular architecture are targets for improved imaging techniques
[22]. As both US colour and power Doppler visualize blood velocity, it was expected to detect
areas of increased perfusion, such as areas of PCa. Due to the low flow in small capillaries, it
is insufficient to detect the angiogenic microvessels [22]. Ultrasound contrast agents consist
of microbubbles and because their size is comparable to that of red blood cells, they are
able to pass the small microvessels. Aiming to detect angiogenesis, CEUS seems to be more
suitable than colour or power Doppler techniques.
Part II continues with chapter 5, focusing on contrast-enhanced ultrasound (CEUS) and in
particular on contrast ultrasound dispersion imaging (CUDI). In a multicenter prospective
study, CEUS and CUDI imaging were assessed for the localization of clinically significant PCa.
Sensitivity and specificity were found to be moderate. As CEUS is difficult to interpret with
the naked eye, CUDI was developed to increase accuracy, fasten the reading process, and
decrease the inter- and intra-observer dependency. However, CUDI did not outperform
CEUS. Compressing CEUS in one image, CUDI was also not inferior to CEUS.
Previous studies showed that CEUS is able to improve sensitivity of PCa detection, compared
to TRUS only [23-27]. However, a direct comparison with these previous studies is not
possible because our study was a localization study, showing a per-region analysis, and not
a detection study.
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Despite the fact that US was used in the diagnosis of PCa for several decades, it seems to
lag behind compared to MRI. But as in mpMRI, also US is going towards a multiparametric
approach, targeting different aspects of cancerous tissue at once. Usually CEUS and
shear-wave elastography (SWE) are combined into multiparametric ultrasound (mpUS).
Elastography aims at imaging tissue stiffness. It is based on the hypothesis that PCa lesions
are stiffer and deform less compared to benign tissue [28]. SWE shows a good performance
in the detection of PCa. Using it to guide TB, there is not enough evidence to demonstrate
that it can outperform SB, but the combination of SB and SWE guided TB may improve PCa
detection [29-31].
Currently, only a limited number of studies are performed on mpUS, but results are promising
when compared to the performance of mpMRI [32, 33]. Results of a prospective study
comparing mpUS with radical prostatectomy specimens are expected shortly [34]. Because
MRI is now the mainstay of PCa imaging, results of new techniques should be compared
with MRI results. The only direct comparison was performed by Drudi et al., and the study
concludes that mpMRI is more accurate than mpUS [35]. Additional studies are needed to
assess the real value of mpUS in the detection and localization of PCa.

8.1.3. Risk calculators
In order to prevent unnecessary PBx, risk calculators (RCs) were developed as a helpful tool
in the risk stratification and diagnosis of PCa. In 2006, several RCs based on the data of
The European Randomized Study of Screening for Prostate Cancer (ERSPC) were developed.
These RCs provide a risk assessment on the presence of PCa on PBx. To assess their value
beyond the setting that they were developed, external validation is needed.
The first study presented in Chapter 6 was such an external validation, reporting the
diagnostic accuracy of the ERSPC risk calculator on PBx results in our clinical cohort. Both
ERSPC RCs used, performed well in our clinical setting. The advantage of the RCs was most
pronounced in the biopsy naive setting. In the decision whether or not to perform PBx, both
RCs were preferred above a PSA- and DRE-based decision. Our results are in line with other
external validation studies. Compared to a PSA and/or DRE approach, ERSPC RCs proved to
be clinical useful, with at least 20% less biopsy procedures, but do not always meet original
ERSPC AUCs [36-40]. Our results did meet the accuracy of the original ERSPC RC reports,
probably because our study population resembles the population in which the RCs were
developed. Using RCs for risk stratification is recommended but not obligated in clinical
practice by the current EAU guidelines [15]. A study regarding compliance with biopsy
recommendations of a RC shows that both clinicians and patients complied with the RC
recommendations in 83% of cases, with the majority of the cases when positive regarding
the biopsy advise [41].
Different RCs and nomograms were developed in the past decade. Not one particular RC
or nomogram stands out regarding their performance [42, 43]. However, in a head-to-
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head comparison ERSPC RCs outperform the RCs of the Prostate Cancer Prevention Trial
(PCPT) [37, 39, 44]. When comparing RCs to MRI, limited evidence is available. One study
suggests that MRI outperforms the PCPT RC in predicting clinically significant PCa [44]. Such
a comparison has not yet been made for the ERSPC RCs.
A limitation of the ERSPC RCs used is that the model is based on sextant biopsy results, while
current biopsy strategies contain a 12-core scheme. The PCPT RCs were also developed
using sextant biopsy schemes, and they show suboptimal performance in 12-core biopsy
scheme cohorts [45, 46]. The PCPT RC was updated using data of a 12-core biopsy scheme
cohort in 2018, in which an external validation was performed with good performance [47].
In continuation of the previous study mentioned, these same RCs were tested in a setting
with biopsy naive men who received SB and mpMRI-guided TB. This study is presented
in Chapter 7. Prostate cancer detection rates were compared in patients who underwent
both mpMRI-guided TB and SB, and potentially avoided mpMRI scans and biopsies were
determined compared to a PSA/DRE-driven patient selection. In conclusion, upfront RCbased patient selection for mpMRI and TB would have avoided 73 (37%) out of 200 mpMRIs,
missing 2 (4%) out of 51 high-grade prostate cancers. To our knowledge, no comparable
studies have been performed.
As many patients undergo MRI-guided TB nowadays, an updated RC was published recently.
These MRI-ERSPC RCs predict the presence of PCa in 12-core SB plus TB and show a good
performance in both biopsy naive men and previously biopsied men [48]. Future research
will have to demonstrate whether accuracy is retained when using the RC in clinical practice.
The use of RCs in the diagnosis of PCa has certain advantages and the performance of the
ERSPC RCs is not inferior and in some studies even superior to other RCs of nomograms.
Before applying the RC in clinical practice, it is important to make sure the population is
similar to the study cohort in which the RC or nomogram was developed, and preferably,
accuracy was tested using an external validation study.

8.2. Future prospects
Because of lack of reliable diagnostic modalities, diagnosing PCa can be cumbersome and
deceitful. The landscape of PCa is changing because both diagnosis and therapy are evolving.
New diagnostic means should meet the requirements of future improved treatment
options. Current treatment options for localized PCa include either active surveillance or
whole-gland treatments such as radical prostatectomy, external beam radiotherapy (EBRT),
or brachytherapy. To reduce side effects of these whole-gland therapies, the way forward
regarding low- and intermediate risk groups should be focal therapy. Therefore, not only
accurate detection but also localization of clinically significant PCa is of utmost importance.
By reason of a focus on localization of PCa, imaging will play a key role in the diagnosis of
PCa in the near future.
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Since accuracies of individual diagnostic tests in PCa are mediocre, a single imaging modality
to fulfill this key role unfortunately does not yet exist. Different imaging modalities should
be combined into multiparametric approaches supplemented with clinical features. This
could lead to improvement of patient selection for targeted biopsy, localize malign tissue,
and diminish inter- and intra-observer variability in imaging [49, 50]. Not only diagnostic
performance of imaging techniques will improve, but interpretation of imaging will change
as well. In the past decade, the field of medical imaging analysis called ‘radiomics’ has grown
[51]. It can be applied to all kinds of imaging and is similar to the analysis performed on
CEUS described in Chapter 5.
These future diagnostic processes will be complicated due to the large quantities of data.
Artificial intelligence is an umbrella term referring to computing technologies that resemble
processes of human intelligence. It is defined as any device that perceives their environment
and takes actions that maximize its chance of successfully achieving its goals. It is not only
applied in everyday life but also for different healthcare and research purposes, also in the
field of urology [49]. Machine learning and deep learning belong to the field of artificial
intelligence. These techniques use algorithms to parse data, learn from it, and make a
determination or prediction about something. The difference between machine and deep
learning is that in deep learning artificial neural networks with many layers and connections
are used. Machine and deep learning could be used to optimally combine clinical information
and different imaging features and therefore enhance individualized medicine.

8.2.1 Future research
In contrast to the study presented in this thesis using 2D CEUS, 3D CEUS recently became
available and allows visualization of the whole prostate gland with only one bolus injection.
The same applies for CUDI [52, 53]. The implementation of 3D CUDI enables clinical
application because it will speed up the process when the whole prostate gland is being
visualized with only one bolus injection of the ultrasound contrast agent. Moreover, it is
expected to result in better diagnostic performance for limiting the assumptions being
made in the process of analysis of 2D images. For the very near future, the combination
of 3D CUDI in combination with other US modalities, resulting in mpUS in 3D should be
assessed for clinical applicability. First steps in future clinical studies could be 3D mpUS TB
versus MRI TB in the detection of PCa. Direct comparison with MRI is highly recommended
in the same patient group and using the same validation protocol.
In order to create more reliable imaging techniques regarding the diagnosis of PCa, the
present knowledge of radiomics in this field has to be expanded. A better understanding of
characteristic features of benign and malign tissue is essential and should help distinguish
between them. Moreover, moving towards radiomics results in a more quantitative reading
without dealing with interobserver variability. First steps towards radiomics in the prediction
of localization, aggressiveness, and staging of PCa are already made [54-58]. Moreover,
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intensive work has been started on machine learning and deep learning in order to improve
diagnosis and localization of PCa [55, 59, 60]. Additionally, not only imaging data but also
clinical features can serve as data for machine learning or deep learning. In this way, the risk
calculators used today will be combined with imaging data. In future studies, big datasets
including imaging data (US and/or MRI-derived) together with data on 3D histpathology and
clinical data such as age, PSA level, DRE, PBx results, and family history of PCa could serve
as input for machine or deep learning in order to find the best combination of parameters
to predict PBx outomes and final histopathology. At short notice, this could lead to a higher
yield of PBx. In the long term, hopefully this leads to a workflow in which PCa can be ruled
out by an accurate risk prediction based on imaging and clinical data, and TB is necessary to
confirm the diagnosis in case of a suspicion of PCa.
In conlusion, in the next era, the field of PCa will change drastically. Using radiomics and
machine and deep learning, diagnostic performance will increase. And hopefully, this leads
to the omission of random systematic PBx at short notice. Many more trials are needed to
find the best diagnostic path and its clinical applicability.
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CHAPTER 9

Summary
Prostate Cancer: clinical implications of new diagnostic means
Disregarding skin cancers, prostate cancer has the highest incidence of all cancers among
men. In the past decades, the incidence of prostate cancer has increased, especially because
of the introduction of prostate-specific antigen (PSA). To date, diagnosing prostate cancer
is challenging because of unreliable diagnostic modalities. A digital rectal examination and
PSA level both lack diagnostic accuracy and are therefore not reliable enough to select men
for additional tests. Subsequently, clinicians are facing the same issue when using imaging
modalities and prostate biopsy in order to achieve a definitive diagnosis. Current imaging
modalities such as greyscale ultrasound (US) and multiparametric magnetic resonance
imaging (mpMRI) are not accurate enough to visualize cancerous lesions within the prostate
gland, wherefore randomly taken, systematic prostate biopsies are performed.
In the past decade, there was a shift from these systematic biopsies to a more targeted
approach, in a setting in which systematic biopsies are still performed.
Moreover, it is necessary to be able to differentiate between clinically insignificant and
significant prostate cancers on imaging, as the former don’t need immediate treatment
and are thus considered as overdiagnosis. Overdiagnosis and overtreatment can cause
unnecessary mental stress, side effects, and complications.
Current treatment options for localized prostate cancer include whole-gland treatments.
Reliable localization could enable focal treatments in the future. To this end, not only
detection, but also localization of prostate cancer is of great importance. The aim of this
thesis was to assess the clinical implication of new diagnostic modalities in the detection
and localization of prostate cancer in treatment naive patients.
In the first part of this thesis, it is questioned whether MRI/US guided prostate biopsy
results in better cancer detection rate compared to systematic prostate biopsy. It was shown
that for all different MRI/US fusion platforms, no additional value of MRI-guided TB could
be demonstrated regarding all prostate cancers including insignificant ones. However, for
clinically significant prostate cancers only, in some studies, MRI-guided targeted biopsy
tended to result in a better cancer detection rate. But both targeted and systematic biopsies
missed significant prostate cancers. Therefore, omission of systematic biopsies is currently
not justified.
Part two of this thesis is focussing on US. Greyscale US lacks accuracy in the visualization
of malignant regions. First, the hypothesis that a three-dimensional (3D) model of twodimensional (2D) greyscale US images could result in a better spreading of the systematic
biopsies and would lead to better cancer detection rates was assessed. An additional value
of 3D prostate biopsy compared to 2D prostate biopsy could not be determined.
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Directed by the theory of angiogenesis, this part of the thesis continues with a localization
study using contrast-enhanced ultrasound (CEUS) and a quantitative method based on time
intensity curves called contrast ultrasound dispersion imaging (CUDI). It was shown that
these imaging modalities are promising despite that they are assessed in a two-dimensional
setting.
In order to prevent unnecessary prostate biopsies, different ERSPC risk calculators were
developed as a helpful stratification tool. In part three of this thesis, the results of two
external validations of the European Randomized Study of Prostate Cancer (ERSPC) Risk
Calculators were presented. The risk calculators showed a good performance in both
settings, i.e. with and without prebiopsy MRI, avoiding overdiagnosis without missing too
many significant prostate cancers.
In conclusion, this thesis presents the clinical implications of MRI targeted prostate biopsy,
3D greyscale US, CEUS and the addition of the CUDI quantification method, and risk
calculators, in the diagnosis and localization of prostate cancer. It points out the advantages
of using a risk calculator for stratification for additional tests. Furthermore, it shows the
current value and shortcomings of imaging modalities mentioned. This knowledge can guide
future research to improve detection and localization of prostate cancer.
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Nederlandse samenvatting
Prostaatkanker: de klinische toepassing van nieuwe diagnostische middelen
Prostaatkanker heeft de hoogste incidentie van alle kankers onder mannen, wanneer
huidkanker buiten beschouwing wordt gelaten. In de afgelopen decennia is de incidentie
van prostaatkanker toegenomen, voornamelijk door de introductie van het prostatespecific antigen (PSA). Tot op heden is het diagnosticeren van prostaatkanker uitdagend
omdat de diagnostische middelen niet betrouwbaar genoeg zijn. Een rectaal toucher en het
PSA komen beiden diagnostische accuraatheid tekort en hierdoor zijn ze niet betrouwbaar
genoeg om mannen te selecteren voor aanvullend onderzoek. Daarnaast doet zich hetzelfde
probleem voor bij het gebruik van beeldvormende technieken en prostaatbiopten. Huidige
beeldvormende technieken, zoals grijswaarde echografie (US) en multiparametrische
magnetic resonance imaging (mpMRI), zijn niet accuraat genoeg in het visualiseren van
de kwaadaardige laesies in de prostaat. Hierdoor is het noodzakelijk om systematische
prostaatbiopten te nemen. In het laatste decennium is er een shift naar meer gerichte
prostaatbiopten, maar wel in een setting waarin de systematische prostaatbiopten nog
steeds worden verricht.
Niet alleen het vaststellen van prostaatkanker is belangrijk maar ook het kunnen maken
van het onderscheid tussen klinisch significant en insignificant prostaatkanker. Insignificant
prostaatkanker hoeft niet direct behandeld te worden en kan dus worden gezien als
overdiagnostiek. Overdiagnostiek en overbehandeling kan leiden tot onnodige mentale
stress, bijwerkingen en complicaties.
De huidige behandelopties bij gelokaliseerd prostaatkanker betreffen therapieën waarbij
de gehele prostaat wordt behandeld. Betrouwbare lokalisatie van de prostaatkanker zou
in de toekomst focale therapie mogelijk kunnen maken. Dat is de reden waarom niet
alleen verbeterde detectie, maar ook lokalisatie van prostaatkanker van belang is. Het doel
van deze thesis is het onderzoeken van de klinische implicatie van nieuwe diagnostische
middelen in de detectie en lokalisatie van prostaatkanker in mannen die nog niet behandeld
zijn voor deze ziekte.
In het eerste gedeelte van deze thesis wordt de vraag gesteld of MRI/US-fusie geleide
prostaatbiopten resulteren in een betere kankerdetectie vergeleken met systematische
prostaatbiopten. Het blijkt dat er geen betere kankerdetectie is met MRI/US-fusie geleide
prostaatbiopten wanneer we kijken naar alle prostaatkankers, inclusief klinisch insignificante
vormen. Dit geldt voor alle verschillende fusieplatformen. Wanneer we kijken naar alleen
klinisch significante prostaatkankers, lijkt het erop dat MRI/US-fusie geleide prostaatbiopten
in een betere kankerdetectie resulteren, echter een statistisch significant verschil kon niet
worden aangetoond. Zowel gerichte als systematische prostaatbiopten missen klinisch
significante vormen van kanker en daarom kunnen de systematische prostaatbiopten nog
niet achterwege worden gelaten.
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Deel twee van deze thesis is focust op US. Grijswaarde echografie is niet accuraat
genoeg in het visualiseren van kwaadaardige laesies. Allereerst werd onderzocht of een
driedimensionaal (3D) model van tweedimensionale (2D) beelden kon helpen in een betere
spreiding van de prostaatbiopten en derhalve zou leiden tot een betere kankerdetectie. Het
bleek dat er geen additionele waarde van deze 3D prostaatbiopten was.
Geleid door de angiogenese theorie, wordt deel twee van deze thesis vervolgd met een
lokalisatie studie waar gebruikt gemaakt wordt van contrast-enhanced ultrasound (CEUS)
en een kwantitatieve methode gebaseerd op time-intensity curves die contrast ultrasound
dispersion imaging (CUDI) heet. Er wordt geconcludeerd dat deze beeldvormende technieken
veelbelovend zijn, ondanks dat ze alleen in een tweedimensionale setting werden getest.
Om onnodige prostaatbiopten te voorkomen werden er verschillende risico calculators
ontwikkeld gebaseerd op het European Randomized Study of Prostate Cancer (ERSPC)
cohort. In het laatste gedeelte van deze thesis worden twee externe validatie studies
van deze ERSPC risico calculators gepresenteerd. De twee geteste risico calculators tonen
en goede betrouwbaarheid in zowel een setting met en zonder MRI voorafgaand aan de
biopten, waardoor overdiagnostiek zonder het missen van vele significante prostaatkankers
kan worden voorkomen.
In conclusie presenteert deze thesis de klinische implicatie van MRI gerichte biopten, 3D
grijswaarde echografie, CEUS en de toevoeging van de kwantificatie methode CUDI en risico
calculators in de diagnostiek en lokalisatie van prostaatkanker. Het toont de voordelen van
het gebruik van een risico calculator voor het stratificeren voor aanvullende, meer invasieve
diagnostiek. Bovenal toont het de huidige waarde en tekortkomingen van de genoemde
beeldvormende technieken. De kennis van de huidige tekortkomingen kan een leidraad
zijn voor toekomstig onderzoek ter verbetering van de diagnostiek en lokalisatie van
prostaatkanker.
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List of abbreviations
2D
3D
4D
4K
AMC
ANN
ANNA
AUC
BPH
bpMRI
C-TRUS
CDR
CEUS
csPCa
CUDI
DCA
DCEUS
DRE
DWI
EAU
EBRT
ERSPC
FT
GS
HG
IQR
JBZ
LG
mpMRI
mpUS
MR
MRI
MVD
NPV
PBx
PCa
PCA3
PHI
PI-RADS
PPV
PSA
QUADAS-2
RC
ROC
ROI
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Two-dimensional
Three-dimensional
Four-dimensional
Four Kallikrein
Academic Medical Center
Artificial Neural Network
Artificial Neuronal Network Analysis
Area Under the receiver operating characteristic Curves
Benign Prostatic Hyperplasia
Biparametric Magnetic Resonance Imaging
Computerised Transrectal Ultrasound
Cancer Detection Rate
Contrast Enhanced Ultrasound
Clinically significant Prostate Cancer
Contrast Ultrasound Dispersion Imaging
Decision Curve Analyses
Dynamic Contrast-Enhanced Ultrasonography
Digital Rectal Examination
Diffusion Weighted Imaging
European Association of Urology
External Beam Radiotherapy
European Randomized Study of Screening for Prostate Cancer
Focal Therapy
Gleason Score
High Grade
Interquartile Range
Jeroen Bosch Hospital
Low Grade
Multiparametric Magnetic Resonance Imaging
Multiparametric Ultrasound
Magnetic Resonance
Magnetic Resonance Imaging
Microvessel Density
Negative Predictive Value
Prostate Biopsy
Prostate Cancer
Prostate Cancer gene 3
Prostate Health Index
Prostate Imaging Reporting and Data System
Positive Predictive Value
Prostate-Specific Antigen
Quality Assessment of Diagnostic Accuracy Studies
Risk Calculator
Receiver Operating Characteristic
Region Of Interest
Radical Prostatectomy
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SD
START
SWE
T2W
TB
TBx
TIC
TNM
TPM
TRUS
TURP
US

Rotterdam Prostate Cancer Risk Calculator
Systematic Biopsy
Systematic Biopsy
Standard Deviation
Standards of Reporting for MRI-targeted Biopsy Studies
Shear-wave Elastography
T2-weighted
Targeted Biopsy
Targeted Biopsy
Time-Intensity-Curves
Tumour Node Metastasis
Template Prostate Mapping
Transrectal Ultrasound
Transurethral Resection of the Prostate
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Dankwoord
Eindelijk is het zover, het proefschrift is af! Hoewel misschien geen levenswerk, toch is het
het resultaat van zes jaar werk. Een proefschrift schrijven lijkt een eenzaam proces, maar is
alleen mogelijk met de hulp van velen. In het meest gelezen hoofdstuk van het proefschrift
wil ik eenieder bedanken die een bijdrage heeft geleverd aan de totstandkoming ervan. Een
aantal mensen wil ik graag in het bijzonder bedanken:
Alle patiënten die hun medewerking hebben verleend aan de onderzoeken beschreven in
dit proefschrift. Dit onderzoek was nooit mogelijk geweest zonder jullie bijdrage.
Mijn eerste promotor, prof. dr. ir. Wijkstra. Beste Hessel, bedankt voor de kansen die je mij
hebt gegeven. Ik bewonder je enorme kennis, geduld en jouw gave een brug te slaan tussen
techniek en kliniek. Jouw optimisme en relativerende woorden zorgden ervoor dat ik na elk
overleg weer met nieuwe en positieve energie aan de slag kon. Ik heb onze samenwerking
als zeer prettig ervaren.
Mijn tweede promotor, prof. dr. Beerlage. Beste Harrie, na een coschap op jullie afdeling in
het Jeroen Bosch Ziekenhuis gaf jij mij een kans om mijzelf te ontplooien als arts-assistent
en promovendus. Daarnaast dacht jij toen al na over de toekomst, iets waar ik nog niet mee
bezig was, namelijk een opleidingsplaats urologie. Het is fijn om te merken dat jij vertrouwen
in mij hebt. Het meest dankbaar ben ik je voor je bemoedigende en motiverende woorden
op momenten dat ik de moed bijna had opgegeven.
Mijn copromotor, prof. dr. Mulders. Dank dat u mijn copromotor wilde zijn. Uw snelle en
kritische feedback was zeer waardevol.
Geachte manuscriptcommissie, prof. dr. C.H. Bangma, prof. dr. ir. J.M.J. Den Toonder, dr. ir.
M.M. Paulides, prof. dr. ir. M. Mischi, dr. B.Ph. Schrier en dr. I.G. Schoots, hartelijk dank voor
het beoordelen van mijn proefschrift.
Mijn onderzoeksmaatjes van de Technische Universiteit Eindhoven en het Academisch
Medisch Centrum Amsterdam: Arnoud Postema, Christophe Mannaerts, Ruud van Sloun,
Rogier Wildeboer en Stefan Schalk. Als promovendus in een perifere kliniek mis je soms
“lotgenotencontact”. Gelukkig hebben we urenlang samen mogen werken tijdens onze
contrast echo sessies of consensus meetings. Ik voel me zeer bevoorrecht met dit team.
Jullie kritische blik, inzicht en doorzettingsvermogen zijn bewonderingswaardig. Dank voor
alles wat jullie mij hebben geleerd. Ik had dit niet gekund zonder jullie!
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Mijn paranimfen, Jolien en Eva. Jolien, vriendin, ex-huisgenoot, jij maakt van elke dag een
feestje. Jouw nuchtere kijk en gevoel voor humor relativeren ongeveer alles en het leven is
beter met jou erbij.
Lieve Eva, toen we tijdens onze geneeskunde studie werden ingedeeld in hetzelfde intro
groepje had ik nooit gedacht dat dit zou leiden tot de vriendschap die we nu hebben en dat
we samen onze studie zouden doorlopen. Het is prettig om met jou als collega huisarts te
sparren.
Fijn dat jullie mij willen bijstaan tijdens het verdedigen van mijn proefschrift!
Urologen en (voormalig) ANIOS/AIOS urologie van het Jeroen Bosch Ziekenhuis, teveel
om bij naam te noemen. Met jullie is bijna elke werkdag in de kliniek een feestje. Er zijn
maar weinig dagen dat ik niet hardop heb gelachen tijdens onze overdrachtsmomenten.
Ik ben ook dankbaar voor de tijd die ik kon opnemen om te werken aan mijn proefschrift
en het begrip hiervoor. Beste Anouk, dank voor het meedenken en het helpen uitvoeren
van de klinische onderzoeken in het Jeroen Bosch Ziekenhuis. Dankzij jou heb ik ook mijn
prostaatpunctie skills ontwikkeld.
Tevens wil ik de verpleegkundigen, doktersassistenten, physician assistants en secretaresses
van de afdeling en polikliniek urologie bedanken voor jullie praktische ondersteuning en
interesse in mijn onderzoek. Dit heeft veel voor mij betekend.
Dames van het wetenschapsbureau in de bibliotheek van het Jeroen Bosch Ziekenhuis,
bedankt dat ik jarenlang onderdeel mocht zijn van het interieur.
Collega’s chirurgie uit het Jeroen Bosch Ziekenhuis. Dank voor alles wat jullie mij hebben
geleerd tijdens mijn vooropleiding chirurgie, het is zeer waardevol! In het bijzonder dank ik
mijn “chirurgievriendinnen” Vera, Tesse, Jacqueline en Lisa, jullie zijn, elk op je eigen wijze,
een enorme steun voor mij geweest.
Mijn vriendinnen. Lieve Martine, Lysanne, Simone en Lotte. Dank voor alle keren dat jullie
er voor mij waren op moeilijke momenten, mij een hart onder riem staken en alle keren
dat jullie hebben geluisterd naar verhalen over mijn wetenschappelijke onderzoeken, maar
ook voor de keren dat jullie zorgden voor de zeer welkome afleiding en ontspanning. Onze
vriendschap heeft mij in de laatste jaren gevormd als persoon. Ik ben blij dat jullie deel
uitmaken van mijn leven en hoop dat dat nog lang zo mag zijn.
Crossfitters van Crossfit Den Bosch, samen afzien schept blijkbaar een band. Dank voor
alle aanmoediging, gezelligheid en interesse in mijn werk, ook al was het misschien soms
lastig voor te stellen wat het precies inhoudt. Speciale dank gaat uit naar Bas. Inmiddels zijn
we meer vrienden dan sportmaatjes/concurrenten . Bedankt voor jouw onuitputtelijke
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interesse en levensadviezen. En natuurlijk coach Wijnand. Door jou ben ik zowel fysiek als
mentaal sterker geworden.
Lieve oma, dank voor het warme thuis dat jullie de hele familie bieden. Vandaag precies op
de sterfdag van opa hoop ik dat hij heel trots op mij is. En ja, opa, ik mag al snijden!
Mijn zusjes, Maureen en Milou. Fysiek zijn we niet altijd dichtbij elkaar door jouw verhuizing
naar Zweden, Maureen. Maar ik weet dat jullie er altijd voor mij zijn. Ik ben zo trots op jullie!
Lieve papa en mama, dank voor alle mogelijkheden die jullie mij hebben geboden en jullie
enorme steun, aanmoediging en trots. Woorden schieten hier tekort.
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