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PREFACE

Prostate cancer is a disease with a tremendous individual, societal and economic impact. 

The overall burden of this entity and its associated treatments have been shown to 

be extremely high in both human and financial terms. Optimising prostate cancer 

staging can lead to higher treatment benefits for the patient with regard to oncological 

control, while retaining quality of life by minimizing intervention-related morbidity. 

Improved understanding of the disease stage also helps to successfully avoid or postpone 

interventions and associated side-effects in those with indolent tumours, while ensuring 

patients in whom active treatment is indicated are successfully identified.

In this thesis, we describe the main findings of our search towards optimised prostate 

cancer outcomes by means of improving initial tumour staging, combined with further 

exploring non-invasive prostate cancer management by expanding our knowledge on 

active surveillance.
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10 CHAPTER 1

PROSTATE CANCER

Prostate cancer: the importance of accurate staging

Patients with newly diagnosed prostate cancer are confronted with a disease that can 

present itself in a wide heterogeneity of forms. Initial presentation can vary from 

indolent cancer with very limited impact on life expectancy without need for immediate 

treatment, to subtypes that are characterized by rapid progression with potential lethal 

outcome, demanding a timely and invasive treatment strategy. The more accurately 

the aggressiveness and stage of disease are characterized at diagnosis, the higher 

the likelihood of selecting the treatment option providing the best value in terms of 

oncological and health-related quality of life outcomes.

Accurate staging of prostate cancer can be established by combining the most relevant 

baseline characteristics and by incorporating those into risk classification systems and 

prediction tools, enabling personalized treatment advice. Given the developments in the 

field of medical imaging (e.g. magnetic resonance imaging [MRI]), regular validation and 

updates of these tools and classification systems are essential to ensure prognostication 

and choice of treatment are done as accurate as possible given the current state of 

knowledge.

Prostate cancer epidemiology

Prostate cancer is a very common disease and is currently the second most frequently 

diagnosed cancer and third most common cause of cancer death among males worldwide. 

In 2019, a total of 13557 new diagnoses and 2896 prostate cancer-related deaths were 

reported in the Netherlands.1 Taking into account expected population growth and aging, 

incidence is expected to increase between 40 and 60% in 2040.2 Of all newly diagnosed 

Dutch patients, approximately 65% are affected with prostate cancer that is limited to 

the prostate.1 Another 20% of the patients are diagnosed with locally advanced cancer 

(extension of the disease outside the prostate capsule and/or metastasis limited to the 

pelvic lymph nodes), whereas 15% constitutes of patients with distant metastasis (distant 

lymph node, bone and/or visceral metastasis).1

History of prognostic factors established at initial diagnosis

Several clinical, biochemical and histological characteristics found at initial diagnosis of 

prostate cancer have been evaluated as potential factors providing information regarding 

the expected disease course. Currently, the most established factors include clinical stage 

of the tumour (cT), serum prostate-specific antigen (PSA) level at diagnosis and highest 

Gleason score found on prostate biopsy.
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11General Introduction and Thesis Outline

Clinical T-stage

The cT describes the primary tumour’s size and extent. In prostate cancer, the 

conventional modality to establish cT of the tumour is by digital rectal examination (DRE). 

Findings established by DRE, such as palpation of a nodule or extraprostatic extension, 

were considered valuable to establish disease stage.3 Ever since the first prostate cancer 

staging system was established, information regarding primary tumour size, assessed 

by digital rectal examination, was included as an essential component.3 Throughout 

the years, staging systems have evolved and the cT is now part of the widely accepted 

tumour, nodal and metastasis (TNM) classification of malignant tumours.4 At present, 

the 8th Edition of the AJCC is used to define the cT (Table 1).5

Histological grading of prostate cancer

The first structured approach to grade prostate cancer based on the underlying histological 

architecture was developed in 1966 by Donald Gleason, who proposed a morphologic 

classification of prostate cancer.6 The grading system showed to contribute significantly 

to the mortality rate prediction information, in addition to that provided by the clinical 

staging of the tumour.7 To establish the Gleason score, the pathologist assigns a primary 

score and a secondary score. The primary score includes the most dominant pattern of 

the tumour, that has to be greater than 50% of the total pattern observed. The secondary 

score is based on the next-most frequent pattern, less than 50% of the total pattern, 

and at least 5%. Subsequently, the total score is summed resulting in the Gleason sum 

score, with a range of 2 to 10. Contemporarily referred to as the Gleason grading system, 

this scoring system has gained worldwide recognition allowing a more individualized 

approach to patients with prostate cancer. In 2005, the International Society of Urologic 

Pathology (ISUP) made the first revisions to the grading system. Modifications are based 

on novel insights regarding the prognostic implications of different histological patterns 

that can be found in prostate cancer specimens. Most recent updates were established 

during the ISUP consensus conference in 2014, wherein various grade patterns were 

defined and a new grading system of prostate cancer was proposed (Table 2).8

1
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12 CHAPTER 1

TABLE 1. The AJCC UICC 8th edition prostate cancer clinical T-stage classification

Clinical T (cT)

TX Primary tumour cannot be assessed

T0 No evidence of primary tumour

T1 Clinically inapparent tumour that is not palpable

T1a Tumour incidental histologic finding in 5% or less of tissue resected

T1b Tumour incidental histologic finding in more than 5% of tissue resected

T1c Tumour identified by needle biopsy found in one or both sides, but not palpable

T2 Tumour is palpable and confined within prostate

T2a Tumour involves one-half of one side or less

T2b Tumour involves more than one-half of one side but not both sides

T2c Tumour involves both sides

T3 Extraprostatic tumour that is not fixed or does not invade adjacent structures

T3a Extraprostatic extension (unilateral or bilateral)

T3b Tumour invades seminal vesicle(s)

T4 Tumour is fixed or invades adjacent structures other than seminal vesicles such as 

external sphincter, rectum, bladder, levator muscles, and/or pelvic wall

TABLE 2. The ISUP 2014 New Grading System Morphologic Patterns and Grade Group Pattern 

Composition

Grade Group Histopathological pattern

Grade Group 1 (Gleason score 3+3=6) Only individual discrete well-formed glands

Grade Group 2 (Gleason score 3+4=7) Predominantly well-formed glands with a lesser 

component of poorly formed/fused/cribriform glands

Grade Group 3 (Gleason score 4+3=7) Predominantly poorly formed/fused/cribriform glands 

with a lesser component of well-formed glands

Grade Group 4 (Gleason sum score 8) Only poorly formed/fused/cribriform glands, or 

Predominantly well-formed glands with a lesser 

component lacking glands, or

Predominantly lacking glands with a lesser 

component of well-formed glands

Grade Group 5 (Gleason sum scores 9–10) Lacks gland formation (or with necrosis) with or w/o 

poorly formed/fused/cribriform
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13General Introduction and Thesis Outline

Prostate-specific antigen

Serum blood markers have always played an important role in prostate cancer screening 

and diagnosis. The first important serum tumour marker was prostate acid phosphatase 

(PAP), discovered in 1938 by Gutman.9 PAP is a glycoprotein synthesized in lysosomes 

of prostate epithelial cells, of which increased levels can be found in the circulation of 

patients with prostate cancer. Since its discovery, it has been used as a prostate cancer 

screening marker and as an important component of prostate cancer classification 

systems.3 However, clinical use of PAP drastically decreased since Wang et al in 1979 

managed to purify and characterize an antibody against a human antigen that was 

prostate specific for the first time, known as prostate-specific antigen (PSA).10 In several 

comparative analyses, PSA was shown to be a more sensitive marker than PAP for prostate 

cancer screening.11,12 PSA is also shown to be a superior follow-up tool, as PSA levels 

routinely fall to undetectable levels after a radical prostatectomy; whereas PAP always 

remains detectable.13 Even though PSA was advised not to be used in a population-based 

screening programme, due to a low positive predictive value of only 47%, its use as a 

screening tool increased significantly over the years.12 The following “PSA screening era” 

subsequently led to a drastic increase in number of prostate cancer diagnoses, along with 

migration toward higher detection of indolent disease at diagnosis.14

Because the balance between benefits and harms is still not well established, a PSA-

based population screening programme is currently not recommended. The European 

Randomised Study of Screening for Prostate Cancer showed that although PSA testing 

resulted in a 21% relative reduction in prostate cancer mortality in favour of screening, 

overall mortality rates in the screening and non-screening study arms were comparable.15 

In addition, the main downside of screening is the high detection rate of clinically 

irrelevant cancer, which occurs in approximately 40% of the screen-detected cases.16 

The current EAU guidelines therefore recommend not to subject men to PSA testing 

without counselling them on the potential benefits and harms.17 In addition to its role 

in screening and treatment follow-up, PSA was shown to be a valuable prognostic 

variable. For example, high preoperative PSA values are associated with increased odds 

of extracapsular extension, seminal vesicle invasion and risk of biochemical progression 

after radical prostatectomy.18

Risk classification systems

Prostate cancer risk classification systems provide a qualitative assessment of the 

likelihood of progression after initial therapy. The most commonly used risk classification 

system for prostate cancer is the D’Amico risk classification.19 The D’Amico classification 

divides men into low-, intermediate- and high-risk categories of progression after initial 

radical treatment, based on cT, biopsy Gleason grade, and pre-treatment levels of PSA.19 

The D’Amico risk classification has been adopted by clinicians worldwide and forms the 

1
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14 CHAPTER 1

basis of the classification system recommended by the European Association of Urology 

(Table 3).17

Information regarding the likelihood of prostate cancer progression after initial 

radical therapy can facilitate tailored treatment approaches, wherein treatment intensity 

can be either increased or decreased based on the expected disease course. For instance, 

in patients with high-risk prostate cancer selected for radical prostatectomy, a wide 

resection can be preferred over a nerve sparing approach, in order to minimize the risk 

of positive surgical margins and thus the risk of disease recurrence.17

Clinical nomograms

Besides risk classification systems, clinical nomograms are also frequently used for 

disease prognostication. A nomogram is based on a mathematical formula that can be 

used to calculate the probability of an event to occur. It is used as a graphical display 

of a prediction model or calculation tool in such way that multiple variables can be 

taken into account. In the traditional implementation of the nomogram, the user 

draws pencil lines between axes, counts up points, and then reads off a prediction.20 An 

advantage of nomograms over risk classification systems is the ability of establishing 

an individualized risk prediction, wherein the probability for a specific outcome is based 

on the characteristics of the individual patient.

An example of an established nomogram, based on PSA, clinical T-stage and Gleason 

score is the preoperative nomogram for prediction of disease recurrence after radical 

prostatectomy, developed by Kattan et al.21 Another well-established nomogram based on 

the same parameters includes a nomogram for prediction of pelvic lymph node invasion.22 

Over the years, several novel nomograms have emerged such as the Memorial Sloan 

Kettering Cancer Center (MSKCC) pre-radical prostatectomy nomogram and the Briganti 

nomogram, which can be used to predict presence of pelvic lymph node metastasis.23,24 

The nomograms include additional prognostic factors such as relative number of positive 

biopsy cores taken on systematic biopsy at diagnosis.23,24 For prostate cancer staging and 

treatment selection, several nomograms are recommended by the current EAU guidelines 

to support clinical decision-making.17

TABLE 3. EAU risk groups for biochemical recurrence of localised and locally advanced prostate cancer

Definition

Low-risk Intermediate-risk High-risk

PSA < 10 ng/mL PSA 10-20 ng/mL PSA > 20 ng/mL any PSA

and GS < 7 (ISUP grade 1) or GS 7 (ISUP grade 2/3) or GS > 7 (ISUP grade 4/5) any GS (any ISUP grade)

and cT1-2a or cT2b or cT2c cT3-4 or cN+

Localised Locally advanced
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15General Introduction and Thesis Outline

MAGNETIC RESONANCE IMAGING

Introduction of magnetic resonance imaging in risk prediction

The first generation of prediction models and risk classification systems for prostate 

cancer, based on baseline PSA, biopsy Gleason score and cT have substantially improved 

risk stratification and disease prognostication.25,26 However, the utility of these tools can 

be further improved by incorporating additional specific tumour characteristics, such 

as tumour size, location and EPE. Novel prognostic indicators can be collected using 

advanced imaging modalities such as magnetic resonance imaging (MRI). Moreover, 

improved visualization of the prostate cancer lesion at initial diagnosis can also lead 

to more accurate estimation of the predictor variables. For example, targeting MRI-

identified suspicious lesions using MRI-guided target biopsy can reduce the risk of 

tumour sampling error, resulting in a more accurate estimation of the prostate cancer 

Gleason grade.

Prostate cancer detection

Since its first application for prostate cancer imaging in the mid-1980s, MRI has evolved 

from a promising technique into a mature prostate imaging modality.27 MRI can provide 

functional tissue information along with anatomic information. To increase the accuracy, 

anatomic T2-weighted MRI and imaging techniques such as dynamic contrast agent-

enhanced imaging and diffusion-weighted imaging can be combined in an integrated 

multiparametric magnetic resonance (mpMRI) examination.28

Use of mpMRI has increased substantially in the last decade, fulfilling the unmet 

need of a non-invasive accurate screening tool for prostate cancer in men with elevated 

PSA.29 MpMRI-visualized lesions can be targeted using mpMRI-guided biopsy, decreasing 

the risk of sampling error compared with traditional transrectal ultrasonography guided 

systematic biopsy. Studies on this subject, including the PROMIS, PRECISION, and 4M 

study, have shown that use of prebiopsy MRI and subsequent target biopsy leads to 

higher detection rates of clinically significant prostate cancer, and lower detection rates 

of clinically insignificant prostate cancer.30–32 The current EAU guidelines therefore 

recommend that mpMRI should be performed before prostate biopsy.17 In case of a positive 

mpMRI (PI-RADS ≥3), MRI target and systematic biopsies should be combined. In case 

of a negative mpMRI, combined with a low clinical suspicion for prostate cancer, biopsy 

may be omitted based on shared decision-making with the patient.17

Local tumour staging

Besides prostate cancer detection, MRI can be used for local staging of the tumour. 

Information regarding the localization, diameter and presence of extraprostatic 

extension (EPE) is crucial for determining the optimal treatment strategy. For instance, 

1
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16 CHAPTER 1

MRI can help localize the side of present EPE so that only the ipsilateral neurovascular 

bundle has to be resected in order to achieve negative surgical margins following robot-

assisted radical prostatectomy (RARP).33 Although a recent meta-analysis of prior studies 

on this subject did not show nerve sparing to be associated with increased risk of positive 

surgical margins, it is generally assumed that preservation of the neurovascular bundle 

increases the risk of positive margins.34 This assumption is best supported by reviewing 

the anatomy during the surgical procedure (Figure 1). As shown in Figure 1, preservation 

of the neurovascular bundle requires close dissection to the prostate. Therefore, when 

nerve sparing is preferred by the patient, accurate risk estimation of EPE should be 

performed to ensure the safety of the procedure. Since there are two neurovascular 

bundles crossing both posterolateral sides of the prostate, EPE risk assessment should 

be performed in a side-specific manner.

Although mpMRI has the potential to overcome the limitations of DRE with regard to 

local tumour staging, the technique still has its limitations. This is reflected by a recent 

meta-analysis, showing that the pooled sensitivity of mpMRI for the detection of EPE 

is 57%.35 The low sensitivity is mainly attributable to the very limited ability of mpMRI 

to detect microscopic EPE. An example derived from routine clinical care is presented in 

Figure 2A & 2B. In Figure 2A, the index tumour lesion is visualized via mpMRI, interpreted 

by the radiologist as “organ-confined”. However, on histopathological evaluation, 

microscopic EPE was present (Figure 2B).

FIGURE 1. Nerve sparing robot-assisted radical prostatectomy

A: Procedure of preserving the left neurovascular bundle (NVB) (arrow) during prostatectomy.
B: After removal of the prostate; resulting in preserving neurovascular bundle tissue or greater 
thickness (spared NVB), compared to the residual neurovascular tissue after a wide excision  
(non-spared NVB).
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17General Introduction and Thesis Outline

FIGURE 2. Extraprostatic extension on magnetic resonance imaging and histopathological whole 
mount section

  

A. Magnetic resonance imaging (T2), tumour 
stage classified as “organ confined”.	  

B. Whole mount section after radical prosta-
tectomy revealing extraprostatic extension 
(arrow).

Value of MRI in risk classifications and nomograms

The current EAU guidelines recommend the use of a risk classification system, based on 

the D’Amico classification, using DRE to determine cT.17 The outcomes of DRE are crucial, 

and subtle differences in DRE findings determine the risk group a patient is assigned to 

(e.g. cT2a [low-risk] vs. cT2b [intermediate-risk]). Because MRI enables visualization of 

the prostate gland in total, whereas with DRE the prostate can only be evaluated dorsally, 

definition of the cT may be more accurate when using MRI information. For example, risk 

classification by means of cT assessed by DRE is associated with the risk of understaging 

and subsequent undertreatment of prostate cancer.36 Although MRI may eventually 

improve local tumour staging, there is a lack of suitable studies providing information 

on the impact of using the cT assessed by prostate MRI. Therefore, the current standpoint 

includes that although MRI provides significant additional information, it cannot replace 

DRE as the clinical staging standard.37

The most established clinical nomograms used for the prediction of unfavourable 

histopathological outcomes after surgery, including prediction of EPE and pelvic lymph 

node involvement (LNI), also include cT assessed by DRE.38 MpMRI information could also 

improve clinical risk prediction models; as mpMRI local staging information is potentially 

more robust compared to local staging information assessed by DRE. Thus, the combined 

value of mpMRI information and the traditional clinical parameters in nomograms may 

enhance risk prediction of unfavourable histopathological outcomes. Preliminary findings 

on this topic are promising, as two separate study groups observed significant increases 

in model discrimination in terms of area under the curve after incorporation of MRI 

information, for commonly used tools including the MSKCC pre-radical prostatectomy 

nomogram.39,40 The potential benefit of using mpMRI clinical staging information, 

1
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18 CHAPTER 1

compared with DRE, on existing and novel prediction models includes an important 

research area that deserves further exploration.

ACTIVE SURVEILLANCE

Contemporary state of knowledge on active surveillance

In the mid-twentieth century, prostate cancer was mostly detected when it had reached 

an advanced and incurable stage.3,41 Nowadays, the most common presentation includes 

screen-detected asymptomatic localised prostate cancer.42 Although detection of the 

disease in an earlier stage by screening leads to an overall higher likelihood of curation, 

it also increases diagnosis of indolent cancers which may not have caused any harm.43 To 

prevent unnecessary treatment-related morbidity in newly diagnosed patients, expectant 

management strategies can be initiated. Expectant management can grossly be divided 

into two strategies: watchful waiting (WW) or active surveillance (AS). WW refers to 

conservative management for patients deemed unsuitable for treatment with a curative 

intent because of limited life expectancy. Within this context, patients are “watched” for 

the development of local or systemic progression. Palliative treatment can eventually be 

initiated according to their symptoms. AS aims to avoid unnecessary treatment in men 

who have prostate cancer who do not need immediate treatment, but at the same time 

aims to achieve the correct timing for curative treatment in those who eventually do.17

Since the introduction of AS, significant progression has been made in reducing 

unnecessary treatment in patients who harbor prostate cancer showing to follow an 

indolent course. Based on the current ongoing AS registries, using AS can lead up to 58% 

of patients that remain untreated at 15 years of follow-up.44,45 Several prospective cohort 

studies have been initiated showing favourable results.46

However, AS outcomes have been described for a specific selected subgroup of patients 

with very low-risk disease characteristics. Although there is some variation regarding 

eligibility criteria used in AS studies, the selection criteria generally include: clinical 

stage T1c, Gleason sum score ≤6 (Gleason grade group 1), PSA <10 ng/ml, maximum of 

two biopsy cores with cancer and ≤50% involvement in any core.47 Strictly adhering 

to these selection criteria leads to, potentially unjustified, exclusion of a substantial 

number of low-risk patients from AS. For instance, patients are advised against AS if in 

more than two biopsy cores prostate cancer is found, even if this includes ISUP 1 grade 

disease; the least aggressive form of prostate cancer of which it is known to only rarely 

metastasize.48 It is attainable that AS can also be a safe strategy in patients with higher-

risk tumour characteristics, not fulfilling all very low-risk criteria. Given the potential 

benefit of AS in terms in quality of life outcomes, applicability of AS in patients that 

harbor higher-risk tumour characteristics should be explored. Unfortunately, due to the 

strict inclusion criteria used in the ongoing AS studies, the number of patients with higher 

risk characteristics on AS in a trial setting is limited. Only few studies have described 
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19General Introduction and Thesis Outline

the outcomes of AS in patients not fulfilling one or more of the traditional AS inclusion 

criteria.44,49 More data are urgently needed to assess whether the inclusion criteria can 

be expanded.

To enable timely detection of disease progression, intensive follow-up schemes are 

used to ensure the safety of AS. Although different AS follow-up protocols have been 

described, follow-up is generally characterized by periodical repeat prostate biopsies 

(every 1-3 years) and PSA monitoring (every 3-6 months) to assess if the disease 

progresses to a stage for which active treatment is indicated.46 Strict adherence to AS 

follow-up protocols requires commitment of the urologist and the patient, especially 

since prostate biopsies are associated with pain, hematuria and an increased risk of 

urinary tract infections.50 When applied in clinical practice, AS follow-up may not be 

compliant with current AS protocols. For instance, Loeb and colleagues evaluated the 

frequency of PSA testing and repeat biopsies in 5,192 patients on AS, and concluded that 

although over 80% of patients had 1 or more prostate specific antigen tests per year, 

fewer than 13% underwent prostate biopsy beyond the first 2 years follow-up.51 Question 

remains whether this lack of compliance results in unfavourable outcomes for the patient, 

or if lower-intensive follow-up is safe in specific patient subgroups.

To conclude, although prior studies have demonstrated that AS is an effective and 

safe strategy to reduce overtreatment of prostate cancer, it remains to be determined 

if AS is also a safe when applied outside the strict trial setting. Areas that remain to 

be explored include the compliance with AS protocols regarding patient selection and 

follow-up intensity in real-world practice. In addition, it should be further evaluated in 

which patients, and to what extent, follow-up intensity and invasiveness can be reduced 

to further minimize treatment-related burden. Lastly, it should be established if selection 

for AS can be widened, by evaluating the outcomes of AS in patients not fulfilling all 

standard eligibility criteria.

SANTEON

The Santeon Prostate Cancer Value Based Healthcare programme

The Santeon consortium consists of seven hospitals including OLVG Amsterdam, Maasstad 

Hospital Rotterdam, St. Antonius Hospital Utrecht/Nieuwegein, Canisius Wilhelmina 

Hospital Nijmegen, Catharina Hospital Eindhoven, Martini Hospital Groningen and the 

Medisch Spectrum Twente Enschede (in close collaboration with the Hospital Group 

Twente Almelo/Hengelo).

Within the context of the Santeon Prostate Cancer Value Based Healthcare (VBHC) 

project, the hospitals have worked together intensively for over 10 years, comparing 

clinical and patient-reported outcomes. Since the initiation of the VBHC project, a 

data-infrastructure has been organized. The designed data-infrastructure facilitates 

short-cyclic feedback loops to improve clinical outcomes. In addition, the collected data 

1
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enabled the initiation of several scientific projects and quality improvement initiatives, 

including “Care for Outcome”.52 Collaborations of the Santeon hospitals are growing and 

are extending beyond the Dutch border. For instance, Santeon contributes to the True 

NTH Prostate Cancer global registry, an initiative funded by the Movember foundation.53 

The present thesis, describing the outcomes of Santeon prostate cancer research, further 

builds on the prior work of the Santeon VBHC prostate cancer project.

THESIS OBJECTIVES AND STRUCTURE

Thesis objectives

The objectives of this thesis are to evaluate the outcomes of a large real-world cohort of 

prostate cancer patients with regard to: (1) the outcomes of active surveillance, focusing 

on patient selection criteria and follow-up intensity, (2) the impact of MRI on staging 

as well as consequences of staging such as extent of surgery, (3) implementation of MRI 

information into available and novel prediction models.

This thesis is structured into five parts, including 10 chapters.

Chapter 1 includes a general introduction and summary of the current state of knowledge.

Part I

Optimising Active Surveillance

In Part I of this thesis, we report the outcomes of AS in a real-world multi-centre cohort. 

In Chapter 2, we will describe patient selection patterns for AS in daily practice. We 

test the hypothesis that selection for AS in real-world practice may be less stringent 

compared with AS performed in a strict trial setting, by determining the percentage of 

patients not meeting one or more AS eligibility criteria used in the largest ongoing AS 

study (PRIAS). In addition, we will assess the outcomes of patients meeting all criteria 

(PRIAS-eligible), and those not meeting one or more criteria (PRIAS-ineligible); assuming 

that PRIAS-ineligible patients have an increased risk of disease progression as well as 

development of metastasized disease.

The second chapter of Part I (Chapter 3) regards an analysis of the same cohort, 

focusing on the compliance with the follow-up protocol of the PRIAS study. Besides 

less stringent patient selection for AS, we assumed that follow-up intensity may also be 

less strict in daily clinical practice, compared to the trial setting. We will determine the 

compliance with the PRIAS follow-up protocol, with regard to repeat biopsy testing and 

PSA monitoring. In addition, we will test the hypothesis that non-compliant monitoring 

increases the risk of unfavourable outcomes, by comparing rates of metastasis of patients 

with PRIAS non-compliant and PRIAS compliant monitoring.
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Part II

Impact of MRI on Prostate Cancer Risk Classification

Performing MRI to assist prostate cancer detection and staging is becoming standard of 

care. However, to what extent MRI local staging information can be incorporated into 

existing risk classification systems remains unclear. Due to the potentially improved local 

staging of the tumour by MRI, compared with DRE, cT of the tumour could be established 

more accurately. It remains unclear how this impacts the currently used D’Amico risk 

classification system. To evaluate whether MRI can replace DRE for determining cT, 

the accuracy of MRI as a local staging tool, as well as its impact on prostate cancer 

risk classification in terms of stage migration, needs further exploration. We assumed 

that use of MRI would lead to upstaging when used for determining cT, due to higher 

detections rates of EPE and seminal vesicle invasion, compared with DRE. To determine 

the correctness of the established cT by MRI and DRE, we will compare cT assessed by 

both modalities with definite surgical pathology. Comparison of the cT assessed by both 

strategies will provide insight into which entity should be used to determine the cT and 

prostate cancer risk classification (Chapter 4).

Part III

Association Between Nerve Sparing and Positive Surgical Margins

Preservation of the neurovascular bundles during radical prostatectomy can be performed 

to optimise the probability of retaining postoperative erectile function and urinary 

continence. It is generally assumed that nerve sparing increases the risk of positive 

surgical margins. However, the majority of prior studies have resulted in contra-intuitive 

results, showing that nerve sparing is not associated with an increased risk of positive 

margins compared to non-nerve sparing surgery. These findings could be consequential 

to methodological limitations of prior studies, not exempt of selection bias. We assumed 

that by performing a study including an analysis with a side-specific approach, adjusting 

for a large number of covariates (including MRI staging information), would lead to 

more reliable results. Our findings regarding the association between side-specific nerve 

sparing and ipsilateral positive surgical margins are presented in Chapter 5.

Part IV

Incorporation of MRI into Clinical Prediction Models

Accurate determination of the local extent of the prostate cancer tumour is regarded to 

be crucial for determining the eligibility for preservation of the neurovascular bundles 

during radical prostatectomy. However, available tools that can be used for side-

specific prediction of EPE are limited. The majority of these tools also do not include 

MRI local staging information. As MRI may improve local staging, we hypothesized 

that a nomogram including side-specific MRI staging information can lead to accurate 

1
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prediction of side-specific EPE. At the time of our study, a nomogram including side-

specific MRI information was developed by Martini and colleagues, showing good model 

performance when applied in the development cohort.54 To determine if this nomogram 

can be used safely in external populations, we will perform an external validation study 

(Chapter 6).

To further investigate our assumption that inclusion of MRI may improve the accuracy 

of nomograms for the prediction of EPE, we aimed to develop and externally validate novel 

nomograms for the prediction of side-specific EPE. The nomograms will include MRI 

information, biochemical parameters and histopathological biopsy characteristics. The 

performance of four nomograms, each including different combinations of parameters, 

will be established and compared (Chapter 7).

In Chapter 8, we will evaluate if cT assessed by MRI can replace cT assessed by DRE 

as an impute parameter of two established nomograms used for LNI risk prediction 

(MSKCC 2018 preoperative nomogram and the Briganti 2012 nomogram). We assumed 

that cT assessed by MRI could potentially be more accurate compared with DRE. However, 

question remains if this would also lead to improved LNI risk prediction; since both 

nomograms are originally developed using cT assessed by DRE. Therefore, we will assess 

how the incorporation of cT assessed by MRI impacts the accuracy of nomogram-based 

risk prediction of prostate cancer LNI.

Part V

General Summary and Discussion

Part V includes the General Summary (Chapter 9), the Discussion of the main findings 

presented in chapter 2-8 and Future Perspectives (Chapter 10).
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ABSTRACT

Background: In daily practice, a wider range of patients with prostate cancer (PCa) are 

selected for active surveillance (AS) compared to those in AS trials, including higher-

risk patients. However, less is known about the outcomes for off-protocol selected PCa 

patients who opt for AS. The aim of this study is to compare AS outcomes of higher-risk 

patients and very low-risk patients in a large cohort of patients diagnosed with PCa.

Methods: Patients diagnosed with PCa between 2008 and 2015, with clinical stage 

≥T1c and treated with AS at six large teaching hospitals were included for analysis. AS 

constituted of regular prostate-specific antigen (PSA) testing (every 3-6 mo), combined 

with a confirmatory biopsy 1 yr after diagnosis and every 3 yr thereafter. Using the 

inclusion criteria of the Prostate Cancer Research International Active Surveillance 

(PRIAS) study, outcomes of PRIAS-eligible patients (clinical stage T1c-T2, Gleason sum 

score ≤6, ≤2 positive biopsy cores, PSA ≤10 ng/mL and PSA density ˂0.2 ng/ml/ml) were 

compared with outcomes of PRIAS-ineligible patients. Rates of unfavourable outcomes 

following deferred surgery, biochemical recurrence, and metastasis were established 

using univariate and multivariate Cox regression analysis.

Results: Of the 1000 patients included and treated with AS, almost half of the patients 

(49%) had higher-risk disease characteristics than the PRIAS inclusion criteria. PRIAS-

ineligible patients discontinued AS, due to tumour progression, significantly earlier 

than PRIAS-eligible patients (HR 1.74, 95% confidence interval [CI] 1.44 - 2.11). PRIAS-

ineligible patients also had a higher risk of positive surgical margins (odds ratio [OR] 

2.15, 95% CI 1.11 - 4.17) and unfavourable pathological findings (OR 3.20, 95% CI 1.61 

- 6.35) after deferred radical prostatectomy. PSA density ≥0.2 ng/ml/ml was the most 

important individual predictor and, in addition to a higher risk of tumour progression 

and unfavourable surgical outcomes, was associated with a significant higher risk of 

biochemical progression following deferred radical prostatectomy (OR 3.26, 95% CI 1.23  

- 8.64). In the overall population, PSA density ≥0.2 ng/ml/ml was associated with a higher 

risk of metastasis (HR 2.71, 95% CI 1.23 – 5.96).

Conclusions: In this cohort, approximately half of the patients did not meet the inclusion 

criteria of the PRIAS study. These patients had a twofold higher risk of opting out of AS 

due to tumour progression and a threefold higher risk of unfavourable outcomes following 

deferred prostatectomy. PSA density is an important individual predictor of unfavourable 

outcomes and should be taken into account when selecting patients for AS.
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BACKGROUND

To be selected for active surveillance (AS) in the largest prospective cohort studies, 

patients with prostate cancer (PCa) need to meet several inclusion criteria. However, 

men who harbour higher-risk disease and do not meet all these selection criteria, may 

also opt for AS. Selecting higher-risk patients for AS may be based on various reasons 

including, for example, a patient’s strong motivation to preserve urinary continence 

and erectile function.1 The AS course and outcomes in (very) low-risk patients included 

in the ongoing AS studies are well described and understood. By contrast, less is known 

about the outcomes for patients with PCa who would not qualify for inclusion in one of 

the AS studies because of a higher-risk profile. To adequately inform higher-risk patients 

opting for AS about their prognosis, more information on intermediate- and long-term 

outcomes of “off-protocol” selected patients is required.

In this study we evaluated the outcomes for a large cohort of men, including patients 

with higher-risk PCa, managed with AS. The inclusion criteria of the Prostate Cancer 

Research International Active Surveillance (PRIAS) study were used as a reference, since 

this protocol is acknowledged as standard practice in the Netherlands.2

METHODS

Study setting and data collection

This study was conducted within the Santeon consortium, which comprises seven large 

nonacademic teaching hospitals. Patients were selected from the Santeon prostate 

cancer database, which consists of data retrospectively collected as a part of quality 

improvement initiatives. Data from six out of seven hospitals were available during the 

study period, since the seventh hospital recently joined the collaboration and data from 

this centre were not yet available.

Included in the present study were patients diagnosed with PCa between January 

1, 2008 and December 31, 2014 and treated with AS. Additional data on biochemical 

follow-up after radical treatment, histological and surgical outcomes of deferred radical 

prostatectomy, and metastasis rates were collected by abstractors with an academic 

background who were trained by the principal investigator (T.F.W.S.). Study data were 

collected and managed using the REDCap electronic data capture tool.3 After data insertion 

by the data abstractors, all cases were verified by the principal investigator (T.F.W.S.).

Patient population and outcome measures

Patients were included if they were on AS, clearly distinguishing these patients from 

those who were managed conservatively without curative intent (“watchful waiting”).4 

Excluded from the study were patients aged ≥80 yr at diagnosis, patients with incidental 

2
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tumours (T1a/b), patients with treatment strategies other than AS, and those initially 

treated at a hospital outside the Santeon group.

Active surveillance follow-up

AS was performed according to the PRIAS follow-up regimen. The protocol includes 

prostate-specific antigen (PSA) testing and digital rectal examination every 3-6 months, 

and a confirmatory biopsy one year after diagnosis and every three years thereafter.5 AS 

could be discontinued due to disease progression (e.g. Gleason upgrading), or for non-

oncological reasons (e.g. patient’s preference, or onset of other diseases with a worse 

prognosis).

Outcome measures

The primary outcome measure was the proportion of patients who did not meet one or 

more of the PRIAS inclusion criteria: clinical stage T1c–T2, Gleason sum score >6, two 

or fewer positive biopsy cores, PSA <10 ng/ml, and PSA density (PSAD) <0.2 ng/ml/ml.

Secondary outcome measures evaluated in the overall population included the 

percentage of patients with metastasis (bone and/or local or distant lymph node) and 

rates of AS discontinuation because of tumour progression. In addition, outcomes for 

patients who underwent deferred radical prostatectomy were analysed separately. In 

this subgroup we evaluated the number of patients who underwent a non-nerve sparing 

procedure, had positive surgical margins and had unfavourable pathological findings 

(defined as a pathological T-stage ≥T3 and/or Gleason sum score ≥8). The incidence of 

biochemical recurrence was also assessed for these patients, defined as PSA ≥0.2 ng/ml 

two consecutive times after radical prostatectomy.6

Statistical analysis

Univariate and multivariate Cox regression analysis with backward elimination were used 

for comparisons between PRIAS-eligible and PRIAS-ineligible subgroups. Analysis of time 

to tumour progression (progression-free survival) was performed with the Kaplan-Meier 

method. To replace missing values, the multiple imputations package for SPSS V.24.0 (IBM 

Corp, Armonk, NY, USA) was used.
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RESULTS

Patient population

A total of 1181 patients were evaluated; this included 181 patients with incidental tumours 

who were subsequently excluded. The remaining 1000 patients with biopsy-detected PCa 

included 79 patients (8%) with one or more missing baseline values that were imputed. 

In this cohort, approximately half of the patients would not meet the PRIAS criteria: 

490/1000 (49%). Among all the separate criteria, PSAD <0.2 ng/ml/ml was most often not 

met (31%; Figure 1). The baseline characteristics for PRIAS-eligible and PRIAS-ineligible 

patients are provided in Table 1.

TABLE 1. Baseline characteristics

PRIAS-eligible PRIAS-ineligible p

No. of patients 510 490

Age (years) 66.3 ± 0.3 68.2 ± 0.3 <0.001

PSA (ng/ml) 6.1 ± 1.9 10.2 ± 5.5 <0.001

PSA densitya (ng/ml/ml) 0.12 ± 0.04 0.25 ± 0.14 <0.001

cT-stageb (%)

T1c

T2a

T2b

T2c

T2

T3

407 (80)

40 (8)

4 (1)

6 (1)

53 (10)

0 (0)

381 (78)

24 (5)

10 (2)

9 (2)

55 (11)

11 (2)

Total no. biopsy cores 9.2 ± 1.9 8.9 ± 2.0 0.009

No. positive cores 1.3 ± 0.4 2.1 ± 1.3 <0.001

Gleason score

2 + 2

2 + 3 / 3 + 2

3 + 3

3 + 4

4 + 3

2 (0)

3 (1)

505 (99)

0

0

3 (1)

7 (1)

434 (89)

42 (9)

4 (1)

aPSA density: PSA divided by prostate volume (assessed with transrectal ultrasonography or MRI).
bClinical stage based on digital rectal examination.

*All variables are in number (%) or mean ± SD.

*Percentages may not total 100% due to rounding.
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FIGURE 1. Percentages of patients not meeting the overall and individual PRIAS selection criteria

PSA = prostate-specific antigen, PSAD = PSA density, PRIAS = Prostate Cancer Research Interna-
tional Active Surveillance.

FIGURE 2. Kaplan-Meier curves of time to tumour progression
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TABLE 2. Reasons for discontinuation of active surveillance in the overall population (n = 1000)

Reason Category Patients (%)

Tumour progression

(N = 437)

PSA kineticsa 66 (11)

DREb 1 (0)

Gleason upgrading 82 (14)

Biopsy volume ↑c 65 (11)

MRI findingsd 19 (3)

Other 10 (2)

Combination of two or more 194 (33)

Non-oncological

(N = 151)

Comorbidity / Agee 41 (7)

Patient’s preference 24 (4)

Otherf 30 (5)

Lost to follow-up 56 (10)

Total 588 (100)

aE.g.: PSADT <3 years and/or PSA >10.
bDRE = digital rectal examination.
C>50% tumour volume per core or ≥3 positive cores.
dE.g.: extracapsular extension, increased tumour volume.
eComorbidity determining patient’s prognosis or reaching an age whereby the clinical relevance of 

the tumour is not significant.
fIncluding urinary symptoms, or follow-up continued by general practitioner.

Time to tumour progression

In this cohort, 588 patients discontinued AS (59%), of whom 437 (74%) discontinued 

due to significant tumour progression. Reasons for discontinuation of AS are listed in 

Table 2. Figure 2 shows that PRIAS-ineligible patients experienced tumour progression 

significantly earlier than PRIAS-eligible patients. This increased risk was confirmed by 

univariate Cox regression analysis (hazard ratio [HR] 1.74, 95% confidence interval [CI] 

1.44 - 2.11) (Table 3). In addition, PSAD ≥0.2 ng/ml/ml and positive biopsy cores >2 were 

both significant predictors of tumour progression. Of these two criteria, PSAD ≥0.2 ng/

ml/ml was the strongest predictor in the multivariate Cox regression model (HR 2.01, 95 

CI% 1.67 - 2.44) (Table 3).

2
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TABLE 3. Correlation between clinical stage, PRIAS criteria and time to tumour progression

Kaplan-Meier Cox regression
Univariate

Cox-regression
Multivariate

Median AS 
timea (years)

Hazard 
ratio

95% CI p Hazard
ratio

95% CI p

Age years 0.99 0.98–1.01 0.397 0.99 0.97–1.00 0.088

PSA >10

≤10

5.4

6.0

1.12 0.88–1.41 0.361 - - -

PSAD ≥0.2

<0.2

3.1

7.3

2.03 1.67–2.45 <0.001 2.01 1.67–2.44 <0.001

Gleason ≥7

≤6

5.3

6.0

1.35 0.89–2.05 0.165 - - -

Positive 

cores

>2

≤2

3.6

5.6

1.62 1.28–2.06 <0.001 1.57 1.24–2.00 <0.001

PRIASb No

Yes

3.7

6.4c

1.74 1.44–2.11 <0.001 - - -

No. of 

criteria

≥2

≤1

3.0

6.8

1.78 1.42–2.22 <0.001 - - -

T3 or 

higher

≥cT3

≤cT2d

3.6

5.9

1.28 0.48–3.44 0.621 - - -

aMedian follow-up time on active surveillance (time to event).
bPRIAS: complying with all PRIAS criteria (≤cT2, PSA ≤10, PSA density <0.2, Gleason score ≤6 and 

positive cores ≤2).
cMean value; median value could not be calculated since no more than 50% of patients discontinued.

TABLE 4. Risk of unfavourable outcomes after delayed prostatectomy	  

Non-nerve 
sparinga

OR (95% CI)

P Positive 
margin
OR (95% CI)

P Unfavourable 
histologyb

OR (95% CI)

P Biochemical 
progression
OR (95% CI)

P

Non-

PRIAS vs. 

PRIAS

1.49

(0.73 – 3.03)

0.269 2.15

(1.11 – 4.17)

0.023 3.20

(1.61 – 6.35)

0.001 1.98

(0.75 – 5.23)

0.168

PSAD 

≥0.2

1.23

(0.59 – 2.59)

0.586 1.97

(1.03 – 3.79)

0.042 3.61

(1.85 – 7.05)

<0.001 3.26

(1.23 – 8.64)

0.018

Positive 

cores >2

1.59

(0.61 – 4.17)

0.342 2.96

(1.26 – 6.94)

0.013 1.89

(0.83 – 4.34)

0.132 3.69

(1.32 – 10.35)

0.013

aNon-nerve sparing (including partial, unilateral and non-nerve sparing).
bUnfavourable pathology defined as presence of pT ≥T3 and/or pathological Gleason score ≥8.
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Unfavourable outcomes after deferred radical prostatectomy

Of all 588 patients who discontinued AS, 420 (71%) underwent curative treatment. Of 

these, 182/420 (43%) underwent radical prostatectomy. PRIAS-ineligible patients had a 

significantly higher risk of unfavourable histological outcomes (pathological T-stage ≥T3 

and/or Gleason sum >7) and positive surgical margins after deferred prostatectomy (Table 

4). Patients with a PSAD ≥0.2 had a higher risk of unfavourable pathological findings 

(OR 3.61, 95% CI 1.85 - 7.05), positive surgical margins (OR 1.97, 95% CI 1.03 - 3.79) and 

biochemical progression (OR 3.26, 95% CI 1.23 - 8.64) (Table 4).

Association between off-protocol selection and risk of metastasis

Median follow-up (period between date of diagnosis and last hospital visit/contact) of the 

cohort was 5.0 (IQR 3.5 - 6.6) years. During this follow-up period, 25 of the 1000 patients 

(2.5%) developed metastatic PCa. In contrast to our earlier results, PRIAS-ineligible 

patients did not have a higher risk of metastasis compared with the PRIAS-eligible 

patients (HR 1.37, 95% CI 0.62 - 3.01).

However, the results for PSAD were in line with earlier outcomes, since patients with 

PSAD ≥0.2 also had a higher risk of metastasis compared with patients with a PSAD <0.2 

ng/ml/ml (HR 2.71, 95% CI 1.23 - 5.96). Patients not complying with ≥2 PRIAS criteria 

also had a higher risk of metastasis (Table 5). In this cohort, at baseline, 57 patients had 

a PSAD ≥0.2 and >2 positive biopsy cores. In 7/57 (12%) of these patients, metastatic PCa 

was diagnosed.

TABLE 5. Metastasis rates per predictor

Predictor HR 95% CI p

PSA >10 1.33 0.53 – 3.33 0.546

PSAD ≥0.2 2.71 1.23 – 5.96 0.014

Gleason sum ≥7 2.25 0.53 – 9.56 0.273

Positive cores >2 2.17 0.90 – 5.19 0.083

Non-PRIAS 1.37 0.62 – 3.01 0.438

Two or more criteriaa 3.04 1.37 – 6.78 0.006

PSAD ≥0.2 and positive cores >2 6.17 2.57 – 14.82 <0.001

PSAD ≥0.2 and PSA >10 2.11 0.84 – 5.28 0.112

PSA >10 and positive cores >2 3.48 1.04 – 11.64 0.043

 aNot meeting two or more of the PRIAS selection criteria at initial diagnosis.

 HR = hazard ratio.
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DISCUSSION

In the present cohort of 1000 patients on AS, 49% did not meet one or more of the PRIAS 

criteria for (very) low-risk PCa. These PRIAS-ineligible patients experienced tumour 

progression significantly earlier compared with the PRIAS-eligible subgroup. In addition, 

PRIAS-ineligible patients had a higher risk of unfavourable histological and surgical 

outcomes following deferred radical prostatectomy. Baseline PSAD ≥0.2 ng/ml/ml was 

a strong individual predictor of (unfavourable) AS outcomes, and was associated with 

earlier tumour progression, a higher risk of unfavourable outcomes after deferred surgery, 

and a higher risk of metastasis.

A major issue related to AS is the extent to which AS eligibility criteria may be 

expanded.7,8 Although there is limited evidence on the safety of AS for patients with 

higher-risk PCa, the present results indicate that the selection criteria are already being 

expanded in daily practice. These findings suggest that patients (and their treating 

clinicians) might be willing to trade off a survival benefit to avoid treatment-related 

comorbidities such as urinary incontinence and erectile dysfunction. It is also possible 

that urologists may not be fully aware of the potential consequences of selecting higher-

risk patients. Either way, this study provides additional information that is highly 

relevant for clinicians counselling these patients.

Three previous studies evaluating AS outcomes for patients with lower- and higher-

risk PCa reported a significantly higher rates of metastasis among intermediate-risk 

patients. For example, Bul et al reported a 10-year metastasis-free survival of 99.7% 

in low-risk patients and 96.4% in intermediate-risk patients (log-rank p = 0.03).9 In 

the second study, Godtman et al reported that patients with low and intermediate-risk 

disease had a higher risk of AS failure (defined as death from PCa, PCa metastasis and/or 

biochemical progression and/or initiation of hormonal therapy after radical treatment) 

compared with very low-risk patients: HR 4.8 (95% CI 2.44 - 9.33).10 A higher risk of 

metastasis in intermediate-risk patients was also observed in the Sunnybrook cohort. 

Musunuru et al reported an inferior 15-year metastasis-free survival in the intermediate-

risk group compared with the low-risk group (HR 3.14, 95% CI 1.51 - 6.53).11 Conflicting 

results were reported by Nyame et al, as they did not observe a significant difference in 

metastasis-free survival comparing men with intermediate/high-risk PCa and very low/

low-risk (HR 1.50, 95% CI 0.16 - 14.5).12

The present study is unique in that we compared patients selected according to strict 

AS criteria based on the PRIAS protocol, with higher-risk off-protocol selected patients. 

In addition, we performed univariate analysis for all the separate criteria, which provided 

relevant information regarding the predictive value of each factor.

Comparison of PRIAS-eligible and PRIAS-ineligible patients showed no significant 

difference regarding rates of metastasis. However, when evaluating all the criteria 

separately, PSAD ≥0.2 ng/ml/ml was a strong individual predictor for the risk of metastasis 

and was also strongly associated with higher rates of other unfavourable outcomes. This 

suggests that in this patient cohort, using the PRIAS criteria classification overall was 
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less predictive compared to PSAD as an individual indicator. One out of three patients in 

the present cohort did not meet the PRIAS criterion PSAD <0.2 ng/ml/ml. This indicates 

that urologists may not regard this as an important AS eligibility criterion. Moreover, 

the vast majority of ongoing prospective AS studies (i.e. 7/9; 78%) did not include PSAD 

as a selection criterion.13 However, given the strong association between PSAD and AS 

outcomes, the importance of PSAD as a predictor of AS outcomes might be currently 

underestimated. Furthermore, the higher number of patients not meeting the PSAD <0.2 

ng/ml/ml criterion could be an alternative explanation for the strong association found 

for this clinical factor compared with the other PRIAS inclusion criteria. Because the 

numbers of patients were also lower in the other subgroups (e.g. patients with Gleason 

sum >6), this analysis might be susceptible to a higher probability of type II errors. In 

addition, owing to the limited statistical power, we cannot conclude that not meeting 

other criteria (including Gleason sum score ≤6 and clinical stage >T2), does not lead to a 

higher risk of unfavourable outcomes. We recommend further exploration of the potential 

correlations of the individual PRIAS criteria in AS cohorts including higher numbers of 

patients not fulfilling these criteria.

Nevertheless, we regard our findings regarding PSAD to be valid, since they are in line 

with results of previous studies. For instance, in a population-based study of predictors 

of adverse pathology after radical prostatectomy among AS candidates, a PSAD >0.15 ng/

ml/ml was predictive for Gleason upgrading or pathological pT stage ≥T3 (OR 2.04, 95% 

CI 1.91 - 2.31).14 In addition, another group found that PSAD >0.15 ng/ml/ml was strongly 

associated with adverse pathological findings on radical prostatectomy.15 In four studies 

focusing on the association between baseline factors and disease progression in patients 

with PCa on AS, PSAD was also found to be a strong predictor for disease progression.16–19 

These previous results on the predictive value of PSAD for disease progression and 

prostatectomy outcomes in AS candidates, combined with our findings on the risk of 

metastasis, emphasise that PSAD should be taken into account when selecting patients 

with PCa for AS.

The question remains whether or not we can safely expand the eligibility criteria for 

AS based on earlier results and our findings and, if so, to what extent this might be safe. 

From the present data, we conclude that AS is less safe for patients with a PSAD ≥0.2 ng/

ml/ml and >2 positive biopsy cores at baseline, since 12% of these patients eventually 

developed PCa metastases. In addition, since we found that 5% of patients with PSAD 

>0.2 ng/ml/ml developed metastasized PCa and thus exceeded the window of curability, 

we think that PSAD >0.2 ng/ml/ml should also be considered as a serious risk factor that 

should be taken into account during shared decision-making on treatment.

The present study has several strengths, most notably being a multicentre study 

with a large population and describing the real-life AS situation for patients with PCa. 

However, some limitations also need to be addressed. First, most of the data were 

collected retrospectively, which may have led to information bias. For instance, there 

is a possibility that because of our retrospective evaluation patients were labelled as 

AS patients while they actually were on watchful waiting. However, the percentages of 
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patients undergoing radical treatment following AS discontinuation were comparable 

between the PRIAS-eligible and PRIAS-ineligible subgroups (73% vs 73%). Some 11% of 

PRIAS-eligible patients who discontinued AS switched to watchful waiting, while this 

percentage was 14% in the PRIAS-ineligible group. Given the comparable percentages in 

both groups, we concluded that the presence of bias that would affect our study results 

was very unlikely. In addition, to guarantee data quality, all data inserted by abstractors 

were checked by the principal investigator. In case of uncertainty, the treating urologist 

involved in the clinical process was consulted. Furthermore, the number of missing 

values was within an acceptable range, since 8% of patients had one or more missing 

baseline values that were inserted using multiple imputation. Sensitivity analyses of 

the original dataset and imputed datasets showed no significant differences regarding 

outcomes and, therefore, did not alter our final conclusions. Second, the study has a 

risk of measurement bias, since not all patients underwent the same diagnostic testing 

during follow-up. Thus, metastasis could only be confirmed in patients undergoing, for 

example, pelvic lymph node dissection or imaging; therefore, the number of patients 

with metastasis may in fact be underestimated. Third, other factors that may influence 

AS outcomes, such as pursuing AS despite significant tumour progression and follow-up 

intensity, were beyond the scope of this study.

CONCLUSIONS

Weighing the advantages of potentially avoiding radical treatment against the risk of 

the tumour progressing to a stage with worse prognosis remains the most important 

dilemma when selecting (higher-risk) patients with PCa for AS. In the present cohort, 

half of all patients on AS did not meet the PRIAS criteria. These selected “off protocol” 

patients have earlier disease progression and a higher risk of unfavourable outcomes 

following deferred surgery. PSAD ≥0.2 ng/ml/ml was an important individual predictor 

of tumour progression and was associated with worse disease prognosis.
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ABSTRACT

Background: Active surveillance (AS) is a safe treatment strategy for men with very low-

risk prostate cancer (PCa), when performed in a research setting using strict follow-up. 

However, less is known about the protocol adherence and outcomes of AS in real-world 

practice. In this study, we will evaluate the Prostate Cancer Research International Active 

Surveillance (PRIAS) protocol adherence in a real-world cohort and relate follow-up 

intensity to oncological safety.

Methods: Patients with biopsy-detected prostate cancer (PCa), diagnosed from 2008 

until 2014, treated with active surveillance at six teaching hospitals in the Netherlands, 

were included. Proportions of patients complying with the PRIAS follow-up protocol 

(including PSA testing every 3-6 months combined with a confirmatory biopsy one year 

after diagnosis and every three years thereafter) were determined. We assessed if PRIAS-

discordant follow-up was associated with a higher risk of metastasis compared with 

PRIAS-concordant follow-up using Cox regression analysis. Analysis was performed 

for separate risk groups (PRIAS-eligible and PRIAS-ineligible) on the basis of the PRIAS 

inclusion criteria.

Results: Of all patients on AS for >6 mo, 706/958 (74%) had PRIAS-concordant PSA 

monitoring. Overall concordant follow-up (PSA and repeat biopsy) was observed in 

415/958 patients (43%). The percentage of patients with overall concordant follow-up 

varied between hospitals (range 34–60%; p < 0.001). Among PRIAS-ineligible patients, 

PRIAS-discordant PSA monitoring was associated with a higher risk of developing PCa 

metastases during AS compared with patients with concordant follow-up (hazard ratio 

5.25, 95% confidence interval 1.02–27.1). In the PRIAS-eligible population, we found no 

significant differences regarding rates of metastases between patients with discordant 

and concordant follow-up.

Conclusions: We observed substantial variation in AS follow-up intensity between large 

urological practices in the Netherlands. Overall, 43% of patients on AS in daily clinical 

practice receive PRIAS-concordant follow-up. Noncompliance with the PRIAS follow-up 

protocol was associated with a higher rate of metastasis among PRIAS-ineligible patients, 

indicating that strict protocol adherence is important when these patients opt for AS.
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BACKGROUND

The principle of active surveillance (AS) is to avoid overtreatment of clinically 

insignificant prostate cancer (PCa) and to defer treatment until objective evidence 

of disease progression.1 Favourable outcomes of AS in a trial setting have led to its 

widespread acceptance.2–4 However, it remains challenging to identify men with indolent 

disease among those with progressive PCa at risk of missing the window of curability.

The protocols of published AS studies adhere to the same principles: repeat prostate 

biopsies (intensity varying per protocol from yearly to every 3-4 yr) combined with 

regular prostate specific antigen (PSA) testing every 3–6 mo.5 However, these monitoring 

protocols can be burdensome for patients, are time-consuming and costly. Moreover, 

repeat biopsies are unpleasant for the patient and bear a risk of bleeding and infection. It 

is therefore conceivable that AS protocols are not followed as strictly in daily practice as 

recommended by the prevailing guidelines. This hypothesis is supported by an inventory 

of real world practice patterns in the USA, which revealed that less than 13% of PCa 

patients undergo repeat biopsy beyond the first two years of AS.6 Furthermore, a survey 

among European urologists indicated that 47% of those practicing AS do not use an 

official AS protocol nor is involved in a clinical AS trial.7 Also, a nationwide survey in 

Japan showed that only 40.6% of the urologists performed a scheduled repeat biopsy 

at 1 yr after AS initiation.8 The possible consequences of these AS protocol deviations 

with regard to oncological safety are for the most part unknown. This calls for research 

assessing the safety of lower-intensity AS monitoring.

In the present study, we evaluated AS follow-up strategies for PCa in six large 

Dutch teaching hospitals covering up to 15% of PCa patients in the Netherlands. We will 

determine the proportions of patients that underwent follow-up testing according to 

the Dutch guidelines, which are based on the follow-up protocol of the Prostate Cancer 

International Active Surveillance (PRIAS) study.9 Furthermore, we assessed if patients 

with low-intensity monitoring had a higher risk of missing the window of curability 

because of the development of metastatic PCa during AS.

METHODS

Study setting and data collection

This study was conducted within the Santeon consortium, which consists of seven large 

nonacademic teaching hospitals in the Netherlands. During the study period, data for the 

AS cohorts from six of these seven hospitals were available. The study focuses on the same 

cohort of PCa patients on AS diagnosed between January 1, 2008 and December 31, 2014 

on which we reported previously.10 Data collection and analysis included initial age and 

tumour characteristics at diagnosis, dates of follow-up serum PSA tests, repeat biopsies, 

magnetic resonance imaging (MRI) of the prostate and metastasis rates.11

3
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Variation in follow-up strategy and compliancy with PRIAS

The Dutch PCa guidelines recommend that AS follow-up should be in accordance with 

the study protocol of PRIAS.12 This includes a PSA test every 3 months in the first 2yr 

and every 6 mo thereafter. Scheduled repeat biopsies should be performed at 1, 4, 7 and 

10 yr following diagnosis. Definitions used for follow-up compliance with the PRIAS 

protocol were comparable to those published by the PRIAS study group.13 PSA follow-up 

was regarded as concordant if a patient had undergone ≥75% of the recommended number 

of PSA tests for their follow-up duration. For example, a patient with an AS duration of 

14 mo should have undergone three or more PSA tests to be regarded as compliant.

To assess compliance with repeat biopsy testing, we evaluated the percentage of 

patients who underwent the first (1 yr), second (4 yr), and third biopsy (7 yr) among men 

with follow-up of >1.5, >4.5, and >7.5 yr, respectively. We also determined the percentage 

of patients who received all scheduled biopsies according to the protocol, taking AS 

duration into account. Follow-up was scored as discordant if a patient should have 

undergone one or more biopsies according to the follow-up scheme, but missed one or 

more. A separate analysis was performed to determine in how many cases MRI of the 

prostate were performed instead of a prostate biopsy. Protocol adherent follow-up was 

assessed in patients with an AS duration of >6 mo. We assessed whether discordant 

follow-up was associated with an higher rate of metastasis during AS follow-up using 

risk classification based on the PRIAS inclusion criteria: PSA ≤10 ng/ml, PSA density 

(PSAD) <0.2 ng/ml/ml, Gleason ≤6, fewer than three positive biopsy cores, and clinical 

stage ≤T2.9 Patients were classified as “PRIAS-eligible” if they met all these inclusion 

criteria at baseline and as “PRIAS-ineligible” if they did not.

Outcome measures

Our primary outcome measure was the total percentage of patients who received PSA 

monitoring, repeat biopsy testing, and overall follow-up (PSA and biopsies combined) 

concordant with the PRIAS follow-up protocol. Differences between hospitals in the 

proportion of patients with concordant follow-up were determined. A secondary outcome 

measure was the rate of metastasis (bone and/or lymph node) during AS monitoring. 

A patient was considered to have developed metastatic PCa during AS follow-up (time 

between the date of diagnosis and discontinuation of AS) if metastases were detected 

via diagnostic imaging (MRI, choline or prostate-specific membrane antigen positron 

emission tomography/computed tomography for lymph node metastasis and/or visceral 

metastasis and a bone scan for bone metastasis) or lymph node metastasis detected by 

lymph node dissection.
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Statistical analysis

Possible significant differences in mean values between hospitals were assessed using 

using one-way analysis of variance. We evaluated differences in the proportions of 

patients using the Fisher’s Exact Test. Hazard ratios (HRs) and 95% confidence intervals 

(CIs) were calculated using univariable cox-regression. Analysis was performed using 

SPSS for Windows v.24.0 (IBM Corp., Armonk, NY, USA). A p-value of <0.05 was considered 

significant.

RESULTS

Study population

A total number of 1181 patients were diagnosed with PCa and included for AS between 

January 1, 2008 and December 31, 2014 at six Santeon hospitals. This included an initial 

181/1181 (15%) of patients with incidental tumours (cT1a/b), who were later excluded. 

Baseline characteristics for the 1000 patients with screen-detected PC on AS are presented 

in Table 1. The table shows the differences between hospitals with regard to baseline 

serum PSA, PSAD, number of positive biopsy cores and proportions of PRIAS-eligible 

and PRIAS-ineligible patients.

PSA follow-up testing

A total of 958 patients had treatment-free follow-up of more than 6 mo. The percentages 

of patients receiving PRIAS-concordant and -discordant PSA testing are presented in 

Figure 1. The variation between hospitals was considerable. Hospital 1 had the highest 

compliance, as 83% of patients had PRIAS-concordant PSA monitoring. The least strict 

monitoring occurred in hospital 4, where only 55% of the patients had PRIAS-concordant 

PSA monitoring. Overall, 706/958 patients (74%) had PRIAS-concordant PSA monitoring. 

The proportion of patients with a PSA doubling time (PSADT) of <3 yr did not differ 

significantly between the groups with discordant and concordant PSA follow-up (42% vs 

48%; p = 0.156). The group of patients with discordant PSA testing was slightly younger 

(mean age 66.8 vs 68.7 yr; p < 0.001).

3
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TABLE 1. Baseline characteristics of the AS patient population by hospital

Hospital  
1

Hospital 
2

Hospital 
3

Hospital 
4

Hospital  
5

Hospital  
6

p

Patients (N) 248 144 166 178 78 186

Age, SD (years) 67.9 ± 6.4 67.3 ± 6.5 68.1 ± 6.6 67.4 ± 5.6 67.6 ± 5.7 65.3 ± 6.8 <0.001

PSA (ng/ml) 8.2 ± 5.4 7.4 ± 3.4 7.0 ± 3.3 9.2 ± 4.8 8.2 ± 4.1 8.6 ± 4.9 <0.001

PSAD (ng/ml/ml)a 0.17 ± 0.14 0.18 ± 0.11 0.14 ± 0.07 0.21 ± 0.12 0.19 ± 0.11 0.18 ± 0.12 <0.001

cT stage, N (%)b

T1c

T2a

T2b

T2c

T2

T3/T4

200 (81)

11 (4)

2 (1)

4 (2)

24 (10)

7 (3)

110 (76)

10 (7)

1 (1)

3 (2)

19 (12)

1 (1)

104 (63)

25 (15)

4 (2)

0 (0)

31 (19)

2 (1)

144 (81)

8 (5)

7 (4)

4 (2)

15 (8)

0 (0)

74 (95)

1 (1)

0 (0)

0 (0)

3 (3)

0 (0)

156 (84)

9 (5)

0 (0)

4 (2)

16 (9)

1 (1)

Total biopsy cores 9.4 ± 2.1 9.5 ± 1.7 8.9 ± 2.2 8.7 ± 2.4 9.9 ± 0.7 8.1 ± 1.2 <0.001

No. positive cores 1.8 ± 1.1 1.6 ± 1.0 1.6 ± 0.9 1.8 ± 1.2 1.6 ± 1.1 1.4 ± 0.8 <0.001

Gleason score

N (%)

4

5

3 + 3

3 + 4

4 + 3

0 (0)

0 (0)

230 (93)

15 (6)

3 (1)

3 (2)

5 (4)

126 (88)

10 (6)

0 (0)

0 (0)

0 (0)

165 (99)

1 (1)

0 (0)

0 (0)

0 (0)

171 (96)

6 (3)

1 (1)

0 (0)

2 (3)

74 (95)

2 (3)

0 (0)

2 (1)

3 (2)

169 (91)

12 (7)

0 (0)

Risk Group N (%)c

PRIAS-eligible

PRIAS-ineligible

123 (50)

125 (50)

85 (59)

59 (41)

104 (63)

62 (37)

60 (34)

118 (66)

36 (46)

42 (54)

102 (55)

84 (45)

aPSAD; PSA density = PSA / prostate volume measured by TRUS or MRI.
bClinical T stage based on digital rectal examination and transrectal ultrasonography.
cRisk classification based on PRIAS:

PRIAS-eligible: PSA≤10 ng/ml, PSAD <0.2, Gleason ≤6, <3 positive biopsy cores and clinical stage 

≤T2.

PRIAS-ineligible: not complying to one or more of the abovementioned PRIAS inclusion criteria.
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FIGURE 1. Percentages of patients with PRIAS compliant PSA testing

*PRIAS concordant PSA testing: patients underwent between 75% and 100% of the recommended. 
PSA tests. Discordant: patients underwent less than 75% of total PSA tests recommended by the 
PRIAS protocol.

FIGURE 2. Percentages of patients with PRIAS concordant follow-up biopsies

RB 1 = % of patients that underwent a first repeat biopsy at 1 year after diagnosis; Overall = % of 
patients that were compliant to all scheduled biopsies given their AS length.

3
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FIGURE 3. Percentages of patients with overall PRIAS-concordant follow-up (PSA monitoring and 

biopsy testing)

*Patients underwent the minimum number of scheduled repeat biopsies depending on their 
follow-up time. PSA testing was regarded as PRIAS compliant if ≥75% of required PSA tests were 
performed depending on AS follow-up time.

Repeat biopsies and overall PRIAS concordant follow-up

Protocol adherence regarding scheduled prostate biopsies also differed between hospitals. 

As can be seen in Figure 2, the highest percentage of patient compliance with the first 

scheduled repeat biopsy was observed in hospital 2 (79%), while the lowest was in 

hospital 1 (48%). In the overall population, 473/912 patients (52%) were compliant with 

all scheduled repeat biopsies during their follow-up. At an institutional level, the highest 

percentage was found in hospital 2 (68%) and the lowest in hospital 1 (40%). There was 

also great variation between hospitals regarding the percentage of patients with overall 

PRIAS concordant follow-up; hospital 4 had the lowest proportion of patients with overall 

concordant follow-up (34%) and hospital 2 had the highest (60%; Figure 3).

MRI for follow-up

MRI of the prostate was performed during follow-up in 449/1000 patients (45%). The 

proportion of patients undergoing prostate MRI during AS varied significantly among 

institutions. The highest percentage was observed in hospital 6 (104/186, 56%) and the 

lowest in hospital 5 (22/78, 28%; p < 0.001). In some cases, MRI was performed instead of 

repeat biopsy. In a total of 41 patients, MRI of the prostate was performed instead of the 

first repeat biopsy. If we consider patients as compliant if MRI was performed instead of 

the scheduled biopsy, the total number of patients with PRIAS-concordant repeat biopsy 

(or MRI) follow-up would increase from 473/912 (52%) to 537/912 (59%). Prostate MRI 

increasingly replaced prostate biopsies over time. Of all patients diagnosed in 2008, 2/90 

(2%) underwent MRI instead of the first repeat biopsy. Among patients diagnosed in 2014, 

this was performed in 15/126 cases (12%).
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Follow-up intensity and oncological outcome

A total of 13 patients developed metastatic PCa (positive lymph nodes and/or bone 

metastasis) while on AS, and thus missed the window of curability during monitoring. 

The median duration of AS was 40.8 mo (interquartile range 16.8–59.1). The baseline 

characteristics for these patients are presented in Table 2. To evaluate the potential 

association between follow-up intensity and unfavourable oncological outcomes, data 

for men who developed metastatic PCa during AS follow-up were analysed. The rate of 

metastasis was significantly higher among men who had low-intensity PSA monitoring 

(<75% of recommended; Table 3). In the PRIAS-ineligible risk group, the HR for developing 

metastasis during AS was significantly higher among patients with discordant PSA 

monitoring than the concordant PSA monitoring group (HR 5.25, 95% CI 1.02 – 27.10). 

We found no significant correlation between discordant biopsy testing and the rate of 

metastasis for both the PRIAS-eligible and PRIAS-ineligible subgroups (p = 0.6). However, 

among all the patients with discordant biopsy testing, 35% had rapidly increasing PSA 

levels (defined as PSADT <3 yr), which is significantly lower than for the concordant 

biopsy group (54%; p < 0.001). In the PRIAS-ineligible group, overall discordant follow-up 

(discordant PSA monitoring and/or discordant biopsy testing) was also associated with 

a higher rate of metastatic PCa (2% vs 0%; p = 0.047).

TABLE 2. Patients who developed metastasized prostate cancer during AS follow-up

Hosp cT PSA Positive 
cores

Grade 
Group

Risk 
group

PRIAS
Eligible

PSADT
(years)

Meta- 
stasis sitea

AS FU
(months)

PSAb

PRIAS
RBc

PRIAS

1 T2 23.0 1 1 High risk No 3.4 LN 26 No No

T2 11.4 7 2 Intermed No 1.4 LN 19 Yes No

2 T2 7.4 2 1 Low-risk Yes 0.9 Bone 13 Yes Yes

T1c 6.3 1 1 Low-risk Yes 9.3 LN 84 Yes Yes

3 T1c 9.0 1 1 Low-risk No 4.6 Bone 49 No Yes

4 T1c 16.0 1 1 Intermed No 0.3 LN 25 No Yes

T2b 5.9 2 1 Low-risk Yes 1.9 Bone, LN 39 No No

T1c 17.0 1 1 Intermed No 0.9 Bone, LN 11 No Yes

5 T1c 10.0 3 1 Low-risk No 1.3 LN 13 No Yes

T1c 5.8 1 1 Low-risk Yes 1.2 LN 7 Yes Yes

T1c 4.9 1 1 Low-risk Yes 1.1 LN 4 Yes Yes

T1c 7.0 1 1 Low-risk No 7.5 Bone 73 Yes No

6 T2 7.0 1 1 Low-risk Yes 2.1 LN 24 No No

aLocation where metastastized prostate cancer was found (no distinction between distant or pelvic 

lymphnodes); bPSA testing performed concordant with the PRIAS protocol; cRepeat biopsies performed 

concordant with the PRIAS protocol. PSADT = PSA doubling time, FU = follow-up, LN = lymph node.

3
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TABLE 3. Risk of metastasis due to low intensity monitoring per risk group

  Follow-up Patients who 
developed 
metastasized 
PCa during 
AS (%)

p OR (95% CI)

PSA PRIAS-eligible

(N = 495)

Discordant PSA 

monitoringa

2/104 (2) 0.611 2.39 (0.42 – 13.50)

Concordant PSA 

monitoring

4/391 (1)

PRIAS-ineligible

(N = 463)

Discordant PSA 

monitoring

5/148 (3) 0.037 5.25 (1.02 – 27.10)

Concordant PSA 

monitoring

2/315 (1)

Biopsy PRIAS-eligible

(N = 481)

Discordant repeat 

biopsy testing

2/210 (1) 0.701 0.36 (0.06 – 2.08)

Concordant repeatb 

biopsy testing

4/271 (2)

PRIAS-ineligible

(N = 431)

Discordant repeat 

biopsy testing

3/229 (1) 0.711 0.32 (0.07 – 1.51)

Concordant repeat 

biopsy testing

4/202 (2)

Overall PRIAS-eligible

(N = 495)

Overall discordantc 

follow-up

2/257 (1) 0.434 0.30 (0.05 – 1.69)

Overall concordant 

follow-up

4/238 (2)

PRIAS-ineligible

(N = 463)

Overall discordant 

follow-up

7/286 (2) 0.047 32.9 (0.02 – 51163)

Overall concordant 

follow-up

0/177 (0)

aPatients underwent ≥75% of recommended PSA tests according to the PRIAS protocol given their 

AS duration.
bPatients underwent all scheduled repeat biopsies given their AS duration.
cPatients underwent PRIAS concordant PSA monitoring as well as concordant repeat biopsy testing.
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DISCUSSION

In this study, we observed significant variation in AS protocol adherence between six 

large teaching hospitals in the Netherlands. In the overall population, 43% of the patients 

on AS received follow-up concordant with PRIAS. These are important findings, as they 

confirm our hypothesis that AS follow-up is less strict in daily clinical practice.

Results from a large number of prospective AS cohorts have been published in the 

literature.12,14–21 However, results for compliance rates with the respective follow-up 

protocols are limited. We identified two other study groups that performed comparable 

research. Our findings are in line with their results, as Luckenbaugh et al22 also observed 

limited protocol adherence in a real-world cohort treated with AS at collaborating 

urological practices in Michigan (MUSIC). The authors reported that 26.5% of the patients 

who remained on AS for a minimum of 2 yr had follow-up compliant with the National 

Comprehensive Cancer Network guidelines.22 The PRIAS study group reported that 91% 

of patients complied with all PSA visits and that 81% of men complied with the 1-yr 

prostate biopsy.13 Overall percentages in our cohort were lower, as we observed that 74% of 

patients (706/958) had concordant PSA testing and 63% (570/912) complied with the first 

repeat biopsy. The differences between the PRIAS cohort and the real-world populations 

described in the present study and the MUSIC study indicate that there is a substantial 

gap regarding AS protocol adherence between the research setting and daily practice. 

The size of this gap may also differ at an institutional level, as significant differences 

between institutions were observed in both studies.

Noncompliance with AS protocols is understandable, as biopsies are often considered 

painful by patients.13 Moreover, biopsies are associated with several complications such 

as pain, hematuria, urinary tract infections and even urosepsis.23 Given the significant 

burden, costs, and time associated with frequent monitoring, we have to deliberate on 

the intensity of AS follow-up schedules. However, it remains challenging to determine for 

whom and to what extent the intensity of AS follow-up schedules can be reduced. Given 

the higher risk of missing the window of curability, low-intensity monitoring may not be 

a safe option for PRIAS-ineligible patients. However, we found no significant difference 

in the rate of metastasis between discordant and concordant monitoring in the PRIAS-

eligible group. This suggests that patients who can be classified with the lowest risk at 

diagnosis might be candidates for a less intensive follow-up schedule without being at 

risk of worsening their prognosis.

We did not observe a higher rate of metastasis among patients noncompliant with the 

PRIAS repeat biopsy schedule in comparison to compliant patients. The lack of association 

between biopsy noncompliance and prognosis can be partly explained by the fact that 

most of these men did not have rapidly increasing PSA (65% had a PSADT of >3 yr). Of the 

patients who were compliant, 54% had a PSADT of <3 yr, indicating that repeat biopsies 

were performed more frequently in cases with faster rising PSA. This indicates that the 

decision to repeat prostate biopsy was partly based on serial serum PSA results instead 

of what the protocol advised. This can be further explained by taking hospital 1 as an 

3
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example. Hospital 1 had the lowest percentage of patients complying with 1-yr repeat 

biopsy (48%) but the highest percentage of patients with concordant PSA monitoring 

(83%). The rate of metastasis was relatively low in this hospital (2/248, 1%) in comparison 

to the other clinics. These findings suggest that deviating from the repeat biopsy protocol 

may be safe as long as PSA kinetics are monitored closely.

The strengths of our study include the large sample size, a study population 

representing the real-world clinical situation, and evaluation of AS management 

strategies including a wide range of follow-up tests. Besides the strengths of the study, 

some limitations should be acknowledged. First, the retrospective nature of the study 

is a limitation and carries a risk of bias due to confounding by indication, especially 

concerning allocation of patients to a low- or high-intensity monitoring strategy. 

However, given the fact that it is possible that patients with more aggressive tumours 

received closer monitoring than patients with less aggressive tumours, we still found 

significant differences regarding rates of metastasis. Thus, this form of bias has not 

altered our conclusions. Second, we only evaluated whether AS follow-up was concordant 

with the PRIAS follow-up guidelines. We did not evaluate deviations from the PRIAS 

protocol regarding recommendations for discontinuation of AS (ie, Gleason sum score ≥7 

on repeat biopsy or >2 cores positive). Therefore, we cannot assess the potential impact 

of this on our observed outcomes, as it was unclear which patients remained on AS 

despite Gleason upgrading or a substantial increase in tumour volume. However, we did 

collect data for an individual’s PSA course, which also provides important information 

on tumour aggressiveness.

CONCLUSIONS

Compliance with the PRIAS protocol in a real-world cohort is low: 43% of patients on AS 

in daily clinical practice receive PRIAS-concordant follow-up. Noncompliance with the 

PRIAS follow-up protocol was associated with a higher rate of metastasis among PRIAS-

ineligible patients. Higher rates of metastasis were found in patients with discordant 

PSA monitoring, but not among patients not complying with the biopsy schedule. This 

suggests that low biopsy compliance seems to be “compensated” by high PSA compliance. 

The fact that discordant follow-up was not associated with a higher rate of metastasis 

among PRIAS-eligible patients suggests that less strict monitoring may be safe in this 

subgroup.
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ABSTRACT

Background: The currently recommended prostate cancer risk classification system, 

including digital rectal examination (DRE) for local staging, is the cornerstone to guide 

clinical decision-making. Although multiparametric magnetic resonance imaging 

(mpMRI) has potential benefits over DRE with regard to local tumour staging, its impact 

on risk group classification and treatment selection is unclear. Therefore, we will assess 

the impact of mpMRI local tumour staging on prostate cancer risk stratification and 

choice of treatment.

Methods: Prostate cancer patients, newly diagnosed from 2017 to 2018 at 7 Dutch teaching 

hospitals were included. Risk group classification was done twice, using either DRE 

or mpMRI information. Risk group migration and rates of treatment intensification 

associated with mpMRI upstaging were established. Diagnostic accuracy measures for 

the detection of non-organ-confined disease (stage ≥T3a), for both DRE and mpMRI, were 

assessed in patients undergoing robot-assisted radical prostatectomy.

Results: A total of 1683 patients were included. Upstaging due to mpMRI staging occurred 

in 493 of 1683 (29%) patients and downstaging in 43 of 1683 (3%) patients. Upstaging was 

associated with significant higher odds for treatment intensification (odds ratio [OR]: 

3.5 95% confidence interval [CI] 1.9 - 6.5). Stage ≥T3a on mpMRI was the most common 

reason for risk group upstaging (77%). Sensitivity for the detection of stage ≥T3a was 

higher for mpMRI compared to DRE (51% vs 12%, p < 0.001), whereas specificity was 

lower (82% vs 97%, p < 0.001). mpMRI resulted in a significantly higher cumulative rate 

of true positive and true negative stage ≥T3a predictions compared with DRE (67% vs 

58%, p < 0.001).

Conclusions: Use of mpMRI tumour stage for prostate cancer risk classification leads to 

migration to a higher risk group in 1 of 3 patients. mpMRI enables superior detection of 

non-organ-confined disease compared with DRE and should be the preferred tool for 

determining clinical tumour stage.
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BACKGROUND

In 1998, D’Amico and colleagues proposed the D’Amico classification, stratifying patients 

with prostate cancer into low-, intermediate-, or high-risk disease to predict disease 

progression following radical treatment based on pretreatment clinical T-stage, Gleason 

score and serum prostate-specific antigen (PSA) level.1 The classification forms the basis 

for both the National Comprehensive Cancer Network and the European Association of 

Urology staging systems and is therefore commonly used by urologists to assist patient 

counselling.2,3

Multiparametric magnetic resonance imaging (mpMRI) of the prostate is one of the 

most influential emerging diagnostic modalities within the field of prostate cancer of the 

last 2 decades, establishing an important role in the detection of clinically significant 

disease4,5 and local tumour staging.6,7 With regard to local staging of prostate cancer, 

mpMRI potentially enables more accurate estimation of the local tumour size and 

extent compared with digital rectal examination (DRE),8 and thus may improve risk 

stratification and treatment selection. However, it is recommended that imaging alone 

should not replace the DRE for defining clinical tumour stage due to lack of interobserver 

reproducibility, issues with patient selection and contradictory results.9,10

Previous studies have shown that use of mpMRI information for risk group 

classification leads to substantial upstaging of patients to a higher risk group.11,12 In 

addition, these studies have demonstrated that mpMRI use may lead to alterations in 

treatment advice. However, these studies regarded both relatively small, single-centre 

populations, including solely patients that underwent radical prostatectomy. Therefore, 

results may not be generalisable to the overall population of newly diagnosed prostate 

cancer patients. In addition, the possible stage migration due to mpMRI could impact 

the prognostic characteristics of the original D’Amico classification system, due to migration 

of patients with more favorable characteristics to higher risk groups. For instance, it remains 

unclear whether mpMRI stage ≥T3 is prognostically equivalent to clinical stage ≥T3 assessed 

by DRE.12

In this study, we aim to establish the impact of mpMRI use for local staging on 

prostate cancer risk stratification and treatment assignment in a large real-world multi-

centre cohort of newly diagnosed prostate cancer patients. In addition, we will evaluate 

the accuracy of both DRE and mpMRI for the detection of non-organ-confined disease 

in a subset of patients undergoing robot-assisted radical prostatectomy (RARP).

4

Timo BNW V4.indd   63Timo BNW V4.indd   63 05-10-2021   13:5305-10-2021   13:53



64 CHAPTER 4

METHODS

Study population and data collection

This study was conducted within the Santeon consortium, which consists of 7 teaching 

hospitals in the Netherlands. After receiving institutional review board approval, data 

was extracted from the prospectively maintained Santeon database containing baseline 

tumour characteristics (baseline PSA, biopsy International Society of Urological 

Pathology [ISUP] grade,13 clinical T-stage assessed by DRE, mpMRI T-stage, prostate 

volume, choice of treatment, surgical outcomes and PSA follow-up). Patients newly 

diagnosed with clinically localised or locally advanced prostate cancer (any T, any N, 

M0), between January 1st, 2017 and December 31st, 2018 who underwent mpMRI were 

included for analysis.

Variable and outcome definitions

The DRE was performed by a senior resident or urologist during the primary staging 

work-up. MpMRI T-stage was retrieved from the radiology reports. MpMRI was 

performed either pre-biopsy or a minimum of 6 weeks after biopsy. The MRI protocols 

of the seven Santeon hospitals are presented in Table S1. Radiological reporting was 

done according to the PI-RADS Version 2.14 Presence of non-organ-confined disease 

included reported suspicion of extraprostatic extension, seminal vesicle invasion and/

or invasion to organs adjacent to the prostate (stage ≥T3a). Surgical pathology reporting 

was performed according to the ISUP guidelines.15

Impact of mpMRI on risk group classification and treatment intensification

Patients were classified into risk groups according to the European Association of Urology 

(EAU) classification system, using clinical T-stage assessed by DRE: low-risk (T1 or T2a, 

PSA ≤ 10 ng/mL and ISUP 1), intermediate-risk (T2b, PSA 10 – 20 ng/mL, ISUP 2 or 3), 

localised high-risk (T2c or higher, PSA > 20 ng/mL or ISUP > 3) and locally advanced 

high-risk (T3a or higher and PSA > 20 ng/mL or ISUP > 3). Patients were also classified 

using the mpMRI T-stage. Number of patients that migrated to either a lower or higher 

risk group based on mpMRI findings was established. In patients who underwent external 

beam radiation therapy (EBRT), the consequence of upstaging by mpMRI results for 

treatment advice was defined as addition of androgen deprivation therapy to EBRT. Rates 

of treatment intensification were compared for patients with and without upstaging due 

to mpMRI information.
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Accuracy of DRE and MRI for detection of non-organ-confined disease

Sensitivity, specificity, negative predictive value and positive predictive value were 

assessed for DRE as well as mpMRI for prediction of non-organ-confined disease 

(pathological tumour stage ≥T3a). Analysis was done in the subset of patients that 

underwent RARP as primary treatment (within 6 months of performed DRE as well as 

MRI), using histopathological evaluation of the prostate specimen as the gold standard.

Prognostic impact of non-organ-confined disease observed on mpMRI

Potential prognostic impact of non-organ-confined disease (stage ≥T3a) on mpMRI was 

assessed in patients undergoing RARP, between January 1, 2017 and July 1, 2018. Patients 

treated from July and onwards were excluded due to limited follow-up time. Biochemical 

recurrence (BCR) rates were assessed per D’Amico risk group, stratifying for presence 

of stage ≥T3a on mpMRI per risk group. BCR after RARP was defined as a postoperative 

PSA ≥ 0.2 ng/ml.

Statistical analysis

Diagnostic accuracy measures (sensitivity, specificity, positive predictive value [PPV] and 

negative predictive value [NPV]) were established for the detection of stage ≥T3a for both 

DRE and mpMRI, using McNemar’s Test to assess statistical significance of differences. 

Diagnostic accuracy of both modalities, in terms of area under the receiver operating 

curve (AUC), was also evaluated. Biochemical progression-free survival was assessed by 

Kaplan-Meier using the log-rank test for assessing statistical significant differences. 

A p-value of < 0.05 was considered significant. Statistical analysis was done using IBM 

SPSS for windows, Version 24.0 (IBM Corp., Armonk, N.Y., USA).

RESULTS

Study population

A total of 2383 patients were identified fulfilling the inclusion criteria. In total, 1740 (73%) 

underwent mpMRI during diagnostic work-up, of which 1683 of 1740 (97%) had complete 

baseline data, who were included for analysis (Figure S1). Patient baseline characteristics 

are presented in Table 1.

4
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TABLE 1. Baseline characteristics of the overall population

N (%)

Patients 1683

Age (median, IQR) 68 (64 - 73)

PSA (mean) 8.5 (6.0 – 13.7)

Clinical T-stage

T1

T2a

T2b

T2c

T3/T4

928 (55)

488 (29)

46 (3)

62 (4)

159 (9)

Highest biopsy

ISUP grade

1

2

3

4

5

664 (40)

448 (27)

255 (15)

274 (16)

42 (3)

Risk group (DRE)

Low

Intermediate

High (localized)

High (locally advanced)

447 (27)

658 (39)

350 (21)

228 (14)

MRI T-stage

T1c

T2a

T2b

T2c

T3a

T3b

T4

239 (14)

682 (41)

51 (3)

164 (10)

363 (17)

159 (3)

25 (2)

Risk Group (mpMRI)

Low

Intermediate

High (localized)

High (locally advanced)

368 (22)

435 (26)

301 (18)

579 (34)

Clinical N stage

N0

N1

NX

1327 (79)

103 (6)

253 (15)
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TABLE 2 Risk group migration patterns in patients undergoing mpMRI in the overall population

Risk group based on MRI

Low
N (%)

Intermediate
N (%)

High
(localized)
N (%)

High
(locally advanced)
N (%)

Total
N (%)

Based on 
DRE

Low 357 (80) 9 (2) 39 (9) 43 (10) 448 (27)

Intermediate 5 (1) 409 (62) 66 (10) 178 (27) 658 (39)

High
(localized)

3 (1) 7 (2) 181 (52) 158 (45) 349 (21)

High
(locally 
advanced)

3 (1) 10 (4) 15 (7) 200 (88) 228 (14)

368 (22) 435 (26) 301 (18) 579 (34) 1683 (100)

EAU risk group migration

Percentages of patients classified according to the EAU risk classification based on 

DRE as well as mpMRI are presented in Table 2. Risk group migration based on mpMRI 

findings occurred in 536 of 1683 (32%) of patients. Respectively 493 (29%) patients 

migrated to a higher risk group and 43 (3%) patients to a lower risk group. Upstaging 

occurred respectively among 21% of patients initially classified as low-risk, 37% of the 

intermediate-risk and 45% of the localised high-risk. Presence of stage ≥T3a disease 

on mpMRI (and subsequent migration to locally advanced high-risk) was the reason 

for upstaging in 378 of 493 (77%). Migration to locally advanced high-risk occurred in 

respectively 10% of the low-risk, 27% intermediate-risk and 45% of the localised high-

risk patients (Table 2).

Accuracy of DRE and MRI for detection of non-organ-confined disease

RARP was the primary choice of treatment in 552 of 1683 (33%) patients. Of these, 509 of 

552 (92%) underwent mpMRI within 6 months before surgery, including 3 patients that 

underwent surgery elsewhere with unavailable pathology reports. A total of 506 patients 

with complete study data treated with RARP were included for the analysis (Table S2). 

Stage migration patterns in the RARP subset where comparable to those observed in the 

overall population (Table S3). Sensitivity of mpMRI and DRE for the detection of stage 

≥T3a in this subset were respectively 51% and 12%, p < 0.001 (Table 3). Specificity rates 

were respectively 97% and 82% for DRE and mpMRI (p < 0.001). Cumulative rate of true 

positive and true negative stage ≥T3a predictions was higher for mpMRI compared to 

DRE (341 of 506 [67%] vs 294 of 506 [58%], p < 0.001). Diagnostic accuracy measures of 

both DRE and mpMRI for detection of nonorgan-confined disease (stage ≥T3a) per EAU 

risk group are presented in Table 3.

4
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TABLE 3. Diagnostic accuracy measures of DRE and mpMRI for the detection of non-organ-confined 

disease

DRE Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (95% CI)

Low 0/15 (0) 54/54 (100) N/A 54/69 (78) 0.50 (0.33 – 0.67)

Intermediate 8/116 (7) 159/164 (97) 8/13 (62) 159/267 (60) 0.52 (0.34 – 0.59)

High 21/103 (20) 52/54 (96) 21/23 (91) 52/134 (39) 0.58 (0.49 – 0.67)

Overall 29/234 (12) 265/272 (97) 29/36 (81) 205/470 (44) 0.55 (0.50 – 0.60)

MRI Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (95% CI)

Low 6/15 (40) 44/54 (82) 6/16 (38) 44/53 (83) 0.61 (0.44 – 0.78)

Intermediate 59/116 (51) 136/164 (83) 59/87 (68) 136/193 (71) 0.67 (0.50 – 0.74)

High 54/103 (52) 42/54 (78) 54/66 (82) 42/91 (46) 0.65 (0.56 – 0.74)

Overall 119/234 (51) 222/272 (82) 119/169 (70) 222/337 (66) 0.66 (0.61 – 0.71)

DRE = digital rectal examination, MRI = magnetic resonance imaging, Low: ISUP 1 and PSA ≤10 ng/

mL, intermediate: ISUP 2 or 3 and/or PSA between 10 – 20 ng/mL, high: ISUP >3 and/or PSA > 20 ng/mL.

Impact of mpMRI on Treatment Intensification

The cohort included 193 patients low- and intermediate risk patients treated with EBRT. 

Among these, 101 of 193 (53%) migrated to a higher risk group after mpMRI. Upstaging 

was also associated with a higher percentage of patients with treatment intensification 

(addition of androgen deprivation therapy): 52 of 101 (52%) of patients with upstaging 

versus 23 of 92 (25%) patients without upstaging, p <0.001. Upstaging was also associated 

with a higher OR for treatment intensification (OR: 3.5 95% CI 1.9-6.5).

Association of DRE- and mpMRI T-stage with biochemical recurrence 
after RARP

A total of 300 patients underwent RARP between 2017 and mid-2018. Of these, PSA follow-

up data was available in 293 (98%) patients. BCR occurred in 46 (16%) of these patients. 

Median overall follow-up was 567 days (IQR 432-706 days). BCR-free survival patterns 

for both DRE- and mpMRI-based risk classification are presented in Figure 1A and B. As 

shown, migration of patients to different risk groups led to a change in BCR-free survival 

patterns. Although log-rank tests showed statistically significant difference for both risk 

group stratification systems (p < 0.001 for both DRE and mpMRI), relative differences 

regarding progression-free survival between risk groups decreased if mpMRI T-stage 

was used. (Figure 1B). Stratifying for organ-confined (stage ≤T2) and stage ≥T3a disease 

on mpMRI within the EAU risk groups did not show any significant differences regarding 

BCR-free survival (Figure S2).
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FIGURE 1. Impact of DRE and mpMRI based risk classification on biochemical-free survival  
patterns in 293 patients undergoing RARP. (A) DRE-based classification, Log-rank test: p < 0.001. 
(B) mpMRI-based classification, Log-rank test: p < 0.001.

A.					     B.

DISCUSSION

Our study demonstrates that use of mpMRI for local staging has a major impact on 

prostate cancer risk group classification, as stage migration to a higher disease stage 

occurred in one-third of the evaluated patients. In addition, mpMRI information impacts 

treatment assignment, as upstaging due to mpMRI findings was associated with a 3 times 

higher odds for treatment intensification in patients treated with EBRT. A comparative 

analysis of DRE and mpMRI for the detection of tumour extension outside the prostate 

showed that with mpMRI more cases of non-organ-confined disease were detected 

(sensitivity: 51% vs 12%, p < 0.001), countered by higher rates of false positive test 

results (specificity: 82% vs 97%, p < 0.001). Since mpMRI outperformed DRE in terms of 

cumulative rates of true negative and positive test results for non-organ-confined disease 

(67% vs 58%, p < 0.001), it should be preferred over DRE for local staging. The present 

findings results are consistent with those reported by Draulans et al, who evaluated the 

impact of mpMRI on the EAU risk classification in 180 patients undergoing RARP.11 The 

authors reported comparable upstaging (31%) and downstaging (4%) of risk grouping, as 

well as the need for treatment intensification due to mpMRI information (27%).11 Marcus 

et al also previously evaluated the impact of mpMRI on risk stratification, adhering to the 

NCCN risk classification.12 In their study including 71 patients, they observed upstaging 

in 17% of the patients, as well as significant differences between pre-MRI and post-MRI 

risk group classifications. Impact on change of management as a direct result of mpMRI 

was observed in 13 of 71 (18%) patients. Main limitations of both studies were their 

single-centre nature, including a relatively small sample of patients undergoing RARP 

and a relatively low number of patients with low-risk disease (4% and 16%, respectively).

4
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What our study adds is that we have validated their previously reported findings in a 

large multi-institutional cohort of newly diagnosed prostate cancer patients, including a 

far larger number of low-risk patients (N = 447, 27%). Our data confirms that additional 

use mpMRI for risk stratification results in stage migration to higher risk groups in one-

third of the patients, and also assignment of patients to intensified treatment regimens. 

Furthermore, our analysis showed that the subsequent stage migration of patients to 

higher risk groups resulted in a more favorable prognosis of the high-risk subgroup 

as a whole, in terms of prolonged recurrence-free survival (Figure 1). This observed 

evolvement of cancer prognosis, due to change of tumour stage as a consequence of use of 

newly developed diagnostic modalities, is described as the “Will Rogers phenomenon.”16

Our additional findings regarding the diagnostic accuracy of mpMRI and DRE for 

the detection of non-organ-confined disease may further guide clinicians in the way 

they should incorporate mpMRI information for risk group classification. As shown, the 

positive predictive value of mpMRI for stage ≥T3a increases in case of a higher PSA and 

ISUP biopsy grade, reaching 82% in patients with either PSA above 20 ng/mL or ISUP 

> grade 3. Opposite findings were observed regarding the NPV, as the NPV declined 

inversely proportional to the risk classification from low to locally advanced high-risk, 

respectively from 83% to 46%.

Our study shows that solely relying on mpMRI potentially leads to overtreatment 

given the relatively high false positive rates for non-organ-confined disease compared 

with DRE, especially in patients with a PSA below 10 ng/mL and biopsy ISUP grade 1. 

Presence of non-organ-confined disease on mpMRI is extremely rare in ISUP grade 

1 prostate cancer, with a reported prevalence of 7 of 7817 (0.3%) in a series of patients 

undergoing radical prostatectomy.17 Thus, if stage ≥T3a is present on mpMRI in patients 

with ISUP 1 on biopsy, this may either indicate a false positive test result or biopsy 

sampling error. In addition, our study revealed that lower specificity of mpMRI for the 

detection of stage ≥T3a is countered by a far higher sensitivity, compared with DRE. 

Among patients undergoing RARP with a serum PSA <20 ng/mL and ISUP grade ≤ 3, 

sensitivity and specificity for detection of stage ≥T3a were respectively 8 of 131 (6%) and 

213 of 218 (98%) for DRE versus 65 of 131 (50%) and 180 of 218 (83%) for mpMRI. Use of 

mpMRI thus resulted in correctly classifying an additional 57 of 131 (44%) patients as 

high-risk, countered by additionally over staging solely 38 of 218 (17%) patients with 

organ-confined disease as high-risk.

These results confirm that mpMRI outperforms DRE with regard to local staging, 

and reduces the risk of understaging and potential undertreating those who harbor non-

palpable stage ≥T3a prostate cancer. However, the lower specificity of mpMRI for the 

detection of stage ≥T3a tumours, and thus its increased risk overstaging, shows the 

technique is still not perfect. Combining mpMRI information with other baseline factors 

including detailed (target) biopsy information and baseline PSA can further improve 

prediction of unfavorable histopathology.18 At present, several nomograms have been 

developed which can be used for this purpose.19,20
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As extraprostatic extension is a strong independent predictor for biochemical recurrence 

following radical prostatectomy,21,22 presence of stage ≥T3a on mpMRI can potentially be 

a valuable prognostic factor indicating the potential need for treatment intensification 

(eg, non-nerve sparing prostatectomy and additional pelvic lymph node dissection). 

In this cohort, mpMRI stage ≥T3a was not associated with decreased progression-free 

survival when compared with mpMRI stage ≤T2. Graphically, most noticeable difference 

was seen in the intermediate-risk group (Figure S2B). However, this difference was not 

statistically significant (p = 0.099). Absence of an association may be explained by either 

a lack of prognostic relevance of non-organ-confined disease on mpMRI or the fact 

that patients with stage ≥T3a on mpMRI were accurately assigned to a more intensive 

treatment regimen (eg, non-nerve sparing during RARP). The second hypothesis is 

the most attainable explanation, as this is an observational study wherein patients 

are assigned to certain treatments based on their prognostic risk factors. In addition, 

present study was limited by a relatively small sample size and short follow-up duration, 

and significant findings could still occur following study prolongation. Moving forward, 

further research is needed regarding the harms and benefits of mpMRI as a staging tool.

Despite the relevance of our findings, some important limitations need to be 

acknowledged. First, a limitation of our study is that we did not account for the potential 

impact of mpMRI target biopsy on stage migration. Only the highest ISUP grade found on 

either systematic or either mpMRI-targeted biopsy was registered. Thereby, there were 

differences regarding use of prebiopsy MRI between the hospitals. Fact that prebiopsy 

MRI was not performed standard in all patients may limit the generalisability of our 

results to cohorts in which prebiopsy MRI is standardly performed, as upstaging occurs 

less in hospitals who use prebiopsy mpMRI potentially resulting in lower rates of biopsy 

sampling error compared to only systematic biopsies.23 Other limitations of our study 

are the heterogeneity of mpMRI protocols used, the wide variety of urologists and 

residents performing the DRE and radiologists performing mpMRI reading. However, 

the heterogeneity reflects a real-world situation and as we used multi-centre data, our 

results might provide an accurate overview of the clinical impact of mpMRI local staging 

in newly diagnosed patients.

4
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CONCLUSIONS

Use of mpMRI information for prostate cancer risk stratification leads to upstaging in 

one-third of the patients, mainly due to superior detection of non-organ-confined disease 

compared with DRE. Since mpMRI results in a higher overall diagnostic accuracy for the 

detection of non-organ-confined disease, it should be preferred over DRE for determining 

clinical tumour stage. However, due to its limited specificity for the detection of non-

organ-confined disease clinicians should be aware that mpMRI can lead to overstaging 

and potential overtreatment of patients who harbor genuine low-risk disease.
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SUPPLEMENTAL SECTION

SUPPLEMENTARY FIGURE S1. Patient inclusion flowchart

4
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SUPPLEMENTARY FIGURE S2. Impact of mpMRI stage ≥T3a (EPE) on biochemical recurrence-free 
survival per risk group

A. Low-risk (N = 36)				    B. Intermediate-risk (N = 158)

Log-rank test: N/A (no events)			  Log-rank test: p = 0.099

C. High-risk (localized) (N = 74)		  D. High-risk (locally advanced) (N = 25)

Log-rank test: p = 0.83			   Log-rank test: p = 0.23
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SUPPLEMENTARY TABLE S1. MRI prostate protocols used in the seven hospitals during the study 

period

Hospital 1 2 3 4 5 6 7

Field of 

strength of 

magnet

3T 3T 3T 3T 3T 3T 3T

Coils use Body coil Body coil Body coil Body coil Body coil Body-array 

coil

Body coil

Slice thickness 3mm 3mm 3mm 3mm 3mm 3mm 3mm

Acquired 

planes for 

T2-weighted 

imaging

Axial, 

sagittal, 

coronal

Axial, 

sagittal, 

coronal

Axial, 

sagittal, 

coronal

Axial, 

sagittal, 

coronal

Axial, 

sagittal, 

coronal

Axial, 

sagittal, 

coronal

Axial, 

sagittal, 

coronal

For DWI, the 

b-values, 

image sets 

analyses

B 50-400-

800-1400 

and ADC 

map

B 0-50-

400-800-

2000 and 

ADC map

B 0-50-

100-200-

250-800 

and ADC 

map

B 0-50-

400-800-

1500 and 

ADC map

B 0-50-

1000-1500 

and ADC 

map

B 0-50-

400-800-

1400

and ADC 

map

B 0-50-

1000-

1500 and 

ADC map

Scoring system 

used

PI-RADS 

v2

PI-RADS 

v2

PI-RADS 

v2

PI-RADS 

v2

PI-RADS 

v2

PI-RADS 

v2

PI-RADS 

v2

Experience of 

radiologists 

reporting 

prostate MRI 

in the period

2->5 years >5 years 6 years 2->5 years 2-10 years 2->5 years >5 years

Intravenous 

administration

Gadolinium

1.0 mg/kg 

(Dotarem)

Gadolinium 

1.0 mg/kg 

(Dotarem)

Gadolinium 

1.0 mg/kg 

(Dotarem)

No Gadolinium 

1.0 mg/kg

(Dotarem)

No No

4
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SUPPLEMENTARY TABLE S2. Patient characteristics of RARP subpopulation included for analysis

N (%)

Patients 506

Age (mean, SD) 65.8 (6.1)

PSA (mean, SD) 11.9 (15.9)

Clinical T-stage

T1c/T2

≥T3

470 (93)

36 (7)

Risk group (DRE)

Low

Intermediate

High (localized)

High (locally advanced)

63 (12)

252 (50)

132 (26)

59 (12)

MRI T-stage

Organ-confined

≥T3

337 (66)

169 (34)

Pathological T-stage

T2

≥T3a

272 (54)

234 (46)

SUPPLEMENTARY TABLE S3. Risk group migration patterns in patients undergoing mpMRI in the 

RARP subset

Risk group based on MRI

Low

N (%)

Intermediate

N (%)

High
(localized)
N (%)

High
(locally advanced)
N (%)

Total

N (%)

Based 
on DRE

Low 46 (73) 0 (0) 6 (10) 11 (17) 63 (13)

Intermediate 0 (0) 144 (57) 33 (13) 75 (30) 252 (50)

High
(localized)

0 (0) 3 (2) 83 (63) 46 (35) 132 (26)

High
(locally 
advanced)

0 (0) 3 (5) 5 (9) 51 (86) 59 (12)

46 (9) 150 (30) 127 (25) 183 (36) 506 (100)
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SUPPLEMENTARY TABLE S4. Baseline characteristics of patients that did not undergo mpMRI

N (%)

Patients 646

Age (median, IQR) 73 (67 - 78)

PSA (median, IQR) 10.5 (6.6 – 25.0)

Clinical T-stage

T1

T2a

T2b

T2c

T3/T4

Unknown

256 (40)

177 (27)

38 (6)

41 (6)

128 (20)

6 (1)

Highest biopsy

ISUP grade

1

2

3

4

5

Unknown

206 (32)

159 (25)

87 (13)

161 (25)

25 (4)

8 (1)

Risk group (DRE)

Low

Intermediate

High (localized)

High (locally advanced)

Unknown

137 (21)

191 (30)

148 (23)

151 (23)

19 (3)

Clinical N stage

N0

N1

NX

Unknown

222 (34)

57 (9)

365 (57)

2 (0)

4
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SUPPLEMENTARY TABLE S5. Diagnostic accuracy for the detection of non-organ-confined 

disease of pre- and post-biopsy mpMRI 	 

mpMRI 
timepoint

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (95% CI)

Pre-biopsy 63/133 (47) 140/210 (85) 63/87 (72) 140/210 (67) 0.66

Post-biopsy 56/82 (55) 82/127 (76) 56/82 (68) 82/127 (65) 0.66

SUPPLEMENTARY TABLE S6. Concordance of risk group classification with final surgical pathology

Risk group based on surgical 
pathology
(N = 426)

Based on DRE
N (%)

Based on mpMRI
N (%)

Low-risk
(N = 2)

Low-risk 1 (50) 1 (50)

Intermediate 1 (50) 1 (50)

Localized high-risk 0 0

Locally advanced high-risk 0 0

Intermediate-risk
(N = 31)

Low-risk 4 (13) 3 (10)

Intermediate 24 (77) 18 (58)

Localized high-risk 3 (10) 6 (19)

Locally advanced high-risk 0 (0) 4 (13)

Localized high-risk
(N = 151)

Low-risk 30 (20) 21 (14)

Intermediate 80 (53) 55 (36)

Localized high-risk 33 (22) 49 (33)

Locally advanced high-risk 8 (5) 26 (17)

Locally advanced high-risk
(N = 242)

Low-risk 13 (5) 10 (4)

Intermediate 102 (42) 45 (19)

Localized high-risk 80 (33) 54 (22)

Locally advanced high-risk 47 (19) 133 (55)

*Total population of patients undergoing RARP analyzed in this study included 506 patients, however, 

in respectively 80 patients no pT2 sub classification (T2a, T2b or T2c) was reported.
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ABSTRACT

Background: Available published studies evaluating the association between nerve 

sparing robot-assisted radical prostatectomy (RARP) and risk of ipsilateral positive 

surgical margins were subject to selection bias. In this study we aim to overcome these 

limitations by using multivariable regression analysis.

Methods: Patients undergoing RARP for prostate cancer at 4 institutions from 2013 to 

2018 were included in the study. A multilevel logistic random intercept model, including 

covariates on patient level and side-specific factors on prostate lobe level, was used to 

evaluate the association between nerve sparing and risk of ipsilateral positive margins.

Results: A total of 5148 prostate lobes of 2574 patients who underwent RARP were 

analysed. Multivariable analysis showed nerve sparing was an independent predictor 

for ipsilateral positive margins (OR 1.42, 95% CI 1.14 - 1.82). Other significant predictors 

for positive margins were prostate specific antigen density (OR 3.64, 95% CI 2.36 - 5.90) 

and side-specific covariates including highest preoperative biopsy International Society 

of Urological Pathology (ISUP) grade (OR 1.58, 95% CI 1.13 - 2.53; OR 1.62, 95% CI 1.13 - 2.69; 

OR 2.11, 95% CI 1.39 - 3.59 and OR 4.43, 95% CI 3.17 - 10.12 for ISUP grade 2, 3, 4 and 5, 

respectively), presence of extraprostatic extension on magnetic resonance imaging (OR 

1.42, 95% CI 1.03 - 1.91) and percentage of positive cores on systematic biopsy (OR 3.82, 

95% CI 2.50 - 5.86).

Conclusions: Nerve sparing was associated with an increased risk of ipsilateral positive 

surgical margins. The increased risk of positive margins should be taken into account 

when counselling patients who opt for nerve sparing RARP.
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BACKGROUND

Radical prostatectomy (RP) is a treatment modality for localised prostate cancer shown 

in a prospective randomized trial to significantly increase life expectancy compared 

with conservative management.1 Together with radiation therapy, it is one of the most 

established treatment options for patients with localised prostate cancer and a life 

expectancy of more than 10 years.2

Erectile dysfunction and urinary incontinence are unfortunately common 

consequences of RP that have a severe impact on quality of life, affecting approximately 

80% and 20% of patients, respectively.3,4 Preservation of the neurovascular bundles 

can potentially decrease the risk of erectile dysfunction and to a lesser extent urinary 

incontinence.5, 6 Because the neurovascular bundles are adjacent to the prostate, it is 

highly possible that nerve sparing increases the risk of positive surgical margins.

Although the European Association of Urology guidelines state that nerve bundle 

preservation is contraindicated in case of tumours with a high risk of extracapsular 

disease, it is assumed that it can be performed safely in most men with localised disease.2 

A systematic review and meta-analysis confirmed the safety of nerve sparing in patients 

with localised prostate cancer, as it was not associated with an increased risk of positive 

margins among patients with pT2 tumours (RR 0.92, 95% CI 0.72 - 1.13). Remarkably, 

in patients with pT3 disease nerve sparing was even associated with a decreased risk 

of positive margins (RR 0.83, 95% CI 0.71 - 0.96).7 However, these results should be 

interpreted with caution as the observational studies previously performed on this subject 

were susceptible to selection bias.

The available published studies that support current guidelines may have insufficiently 

accounted for case-mix differences due to patient selection. Therefore, these confounders 

may have consequently masked the actual association between nerve sparing and the risk 

of positive margins. Since a positive margin is associated with a higher risk of biochemical 

recurrence and even cancer specific mortality,8,9 proper surgical planning for nerve 

sparing with a minimum risk of positive margins should be undertaken.

Given the importance of the issue and the limitations of the previous research, there is 

a remaining need for studies of higher methodological quality on this subject. Obviously, 

a randomised controlled trial would be the most methodologically sound approach. 

However, randomising patients for nerve sparing and non-nerve sparing surgery would 

not likely be done based on ethical grounds as assignment to non-nerve sparing could be 

regarded as unnecessarily harmful for patients randomised into the non-nerve sparing 

arm. As there are several studies reporting the benefits of nerve sparing during RP, 

these patients will not have the opportunity to retain erectile function.10 Therefore, the 

aim of this study is to evaluate the association between nerve sparing RP and the risk 

of a positive surgical margin by retrospectively analysing a large multicentre patient 

population, adjusting for a large number of patient-related and prostate side-specific 

covariates using multivariable regression analysis.

5
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METHODS

Patients and data collection

Patients diagnosed with prostate cancer undergoing robot-assisted radical prostatectomy 

(RARP) as primary treatment at 4 Dutch teaching hospitals (Martini Hospital Groningen, 

Hospital Group Twente, St. Antonius Hospital Nieuwegein/Utrecht and the Canisius 

Wilhelmina Hospital Nijmegen) from 2013 to 2018 were included in the study (IRB No. 

Z18.023). Data were captured in a prospective manner. Patients were excluded from 

analysis if they underwent salvage RARP or were treated with up-front androgen 

deprivation therapy. Baseline characteristics (age, clinical T-stage based on DRE, 

radiological T-stage based on multiparametric magnetic resonance imaging (mpMRI), 

preoperative serum PSA, total biopsy cores taken and number of positive cores at 

diagnosis, biopsy International Society of Urological Pathology (ISUP) grade, prostate 

volume measured using transrectal ultrasonography (TRUS) or mpMRI, treatment 

information (date of surgery, surgeon, nerve sparing as mentioned in the surgical report) 

and definitive pathology data (pathological T-stage, Gleason score, margin status) were 

documented. In addition, prostate side-specific radiological, surgical and pathological 

data were retrospectively collected.

Predictor and outcome definitions

The most recent preoperative PSA and prostate volume measured by TRUS or MRI 

were used to calculate PSAD (serum PSA [ng/ml] divided by prostate volume [ml]). DRE 

was subdivided into the 3 stages of T1 (benign), T2 (nodule) or T3 (EPE). All radical 

prostatectomies performed in the study period were robot-assisted. Interfascial nerve 

sparing was performed using an antegrade approach. After the upward traction of the 

vas deferens and seminal vesicles, the prostatic pedicle was observed and controlled 

athermally at the base of the prostate. Then the prostate was pulled to the opposite side 

and the lateral pelvic fascia was exposed. The triangular space between the lateral pelvic 

fascia, Denonvilliers’ fascia and the prostate was observed and the neurovascular bundle 

was defined. Subsequently, the lateral pelvic fascia was exposed and the interfascial 

dissection was performed. The non-nerve sparing technique included dissection posterior 

to Denonvilliers’ fascia and incision on to the perirectal fat lateral to the neurovascular 

bundles. RARP was performed by 14 surgeons. Surgical experience per surgeon varied 

from 0 procedures (least experienced) to 500 procedures (most experienced) at the 

beginning of the study period. For the analysis the most experienced surgeon was used 

as the reference category. Prostatic carcinoma was graded using the 2014 ISUP grading 

system.11 A positive surgical margin, assessed by dedicated uropathologists, was defined 

as tumour cells present at the inked margin.12
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Statistical analysis

Each prostate lobe was considered as a separate case. A multilevel regression model was 

used to evaluate the association between nerve sparing and positive surgical margins. 

Side-specific factors included nerve sparing, DRE, mpMRI local stage (organ confined 

vs EPE), highest ISUP grade found on biopsy and percentage of positive cores. Covariates 

available on patient level included PSAD, surgeon, hospital and age. To adjust for the 

consequential data clustering on patient level a random intercept was included in the 

model. Missing data were assumed to be missing at random, based on the missing data 

patterns, and were imputed using multiple imputations.13 Analysis was performed using 

R Studio.14

RESULTS

Study population

A total number of 2574 patients underwent RARP from 2013 to 2018 at the 4 hospitals. 

The baseline characteristics and surgical outcomes on prostate lobe level are presented 

in Table 1. Patient-level baseline characteristics and surgical outcomes are presented in 

Supplementary Table S1 and S2. Positive surgical margin rates were observed in 844 (33%) 

of 2574 cases. The positive margin rate was 23% in pT2 (353 of 1533) and 47% in pT3 or 

greater (491 of 1041) tumours. A total of 1774 (69%) patients underwent interfascial nerve 

sparing surgery (unilateral or bilateral).

Nerve sparing vs Non-nerve sparing

Nerve sparing status was not available in 97 patients and, thus, these patients could not 

be categorized. Baseline characteristics of 4954 prostate lobes of the remaining 2477 

patients with known nerve sparing status are presented in Table 1. Overall, the nerve 

sparing group had relatively more favourable tumour characteristics compared with the 

non-nerve sparing group (Table 1).

Missing data

Of the 2574 patients who underwent RARP during the study period, data relevant for 

analysis were missing in 889. This was mainly attributable to the fact that 364 patients 

(14%) did not undergo preoperative mpMRI and 263 (10%) underwent targeted biopsies 

without systematic biopsies. Thus, radiological T-stage and prostate side-specific 

percentage of positive cores were not available in these cases. In addition, preoperative 

prostate volume was not determined in 86 (3%) cases. Extensive information regarding 

missing data is given in a patient flow chart (Supplementary Figure).

5
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TABLE 1. Baseline characteristics of 4954 prostate lobes of 2477 patients

Nerve sparing
(no. of lobes [%], mean [SD])

Non-nerve sparing
(no. of lobes [%], mean [SD])

No. of prostate lobes 2711 2243

Age 63.9 (6.0) 66.4 (5.4)

PSA (ng/ml) 9.4 (7.3) 11.9 (12.2)

PSAD (ng/ml/ml) 0.23 (0.19) 0.29 (0.27)

DREa

T1

T2

T3

Unknown

2356 (87)

273 (10)

10 (0)

72 (3)

1465 (65)

572 (26)

126 (6)

80 (4)

EPE on MRIa

EPE absent

EPE present

Unknown

2182 (80)

108 (4)

421 (16)

1431 (64)

451 (20)

361 (16)

ISUP biopsy gradea

Benign

1

2

3

4

5

Unknown

829 (31)

1009 (37)

444 (16)

127 (5)

52 (2)

12 (0)

238 (9)

264 (12)

570 (25)

618 (28)

291 (13)

248 (11)

161 (7)

91 (4)

Percentage positive coresa 0.29 (0.31) 0.54 (0.35)

Surgical margin statusa

Negative

Positive

Unknown

2201 (81)

484 (18)

26 (1)

1716 (77)

505 (23)

22 (1)

aSide-specific covariates on prostate lobe level.

Abbreviations: PSA = prostate-specific antigen, SD = standard deviation, MHG = Martini 

Hospital Groningen, PSAD = prostate-specific antigen density, DRE = digital rectal examination, 

MRI = magnetic resonance imaging, TRUS = transrectal ultrasonography, ISUP = International 

Society of Urological Pathology.
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Evaluation of Predictors for Positive Surgical Margins

The results of the multivariable analysis predicting positive margins are presented 

in Table 2. Model 1 included solely complete cases. Additional analysis was done after 

accounting for missing data using multiple imputation (model 2). Overall, model 2 

resulted in more precise estimation of coefficients, with narrower 95% confidence 

intervals compared with the complete case analysis (model 1). In both models, nerve 

sparing was associated with significantly higher odds of ipsilateral positive margins. 

Other covariates found to be significant predictors for positive margins in models 1 and 

2 were PSAD, highest ipsilateral biopsy ISUP grade 2 and higher, percentage of positive 

cores on systematic biopsy and presence of EPE on preoperative mpMRI (Table 2).

TABLE 2. Multivariable logistic regression analysis predicting positive surgical margins

Model 1a

(N = 3325)
OR (95% CI)

p Model 2b

(N = 5148)
OR (95% CI)

p

Age 0.98 (0.96 – 1.0) 0.038 0.98 (0.97 – 1.00) 0.105

PSAD 2.72 (1.57 – 4.72) <0.001 3.64 (2.36 – 5.90) <0.001

ISUP grade

Benign

1

2

3

4

5

Referent

1.15 (0.79 – 1.68)

1.48 (0.97 – 2.27)

1.65 (0.99 – 2.73)

2.09 (1.20 – 3.66)

5.56 (2.90 – 10.63)

0.4675

0.0687

0.053

0.0097

<0.001

Referent

1.24 (0.93 – 1.81)

1.58 (1.13 – 2.53)

1.62 (1.13 – 2.69)

2.11 (1.39 – 3.59)

4.43 (3.17 – 10.12)

0.204

0.015

0.037

0.002

<0.001

DRE

T1

T2

T3

Referent

1.33 (0.99 – 1.79)

1.45 (0.81 – 2.60)

0.0618

0.2143

Referent

1.21 (0.93 – 1.62)

1.66 (0.93 – 3.01)

0.173

0.075

MRI stage

Organ-confined

EPE

Referent

1.48 (1.05 – 2.07) 0.024

Referent

1.42 (1.03 – 1.91) 0.031

% Positive cores 3.50 (2.23 – 5.49) <0.001 3.82 (2.50 – 5.86) <0.001

Nerve sparing

Non-nerve sparing

Nerve sparing

Referent

1.53 (1.15 – 2.03) <0.001

Referent

1.42 (1.14 – 1.82) 0.005

aModel 1: complete case analysis.
bModel 2: imputed case analysis using multiple imputations.
*The analysis also included the covariates: hospital (N=4) and surgeon (N=14), ORs are not shown.

Abbreviations: PSAD = prostate-specific antigen density, DRE = digital rectal examination, 

EPE = extraprostatic extension.

5
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DISCUSSION

In this study, we explored the association between side-specific nerve sparing RP and the 

risk of ipsilateral positive margins using a large, multi-institutional, real-world patient 

cohort. On multivariable logistic regression analysis nerve sparing was associated with 

significantly higher odds of positive margins compared with non-nerve sparing (OR 1.42, 

95% CI 1.14 – 1.82). Our study results call into question the classic assumption that nerve 

sparing is not associated with an increased risk of positive surgical margins.

Our main findings are relevant for clinical practice as patients and their urologists 

need to be aware of the fact that nerve sparing does increase the risk of positive margins. 

This effect was masked in previous studies, apparently due to methodological limitations 

and insufficient unadjusted residual confounding by indication. Also, as nerve sparing 

does not guarantee preservation of erectile function,10 patients unlikely to benefit from 

nerve sparing should not be unnecessarily exposed to its risks.

Several studies on this topic have been performed previously, reporting conflicting 

results. Coelho et al reported comparable positive margin rates of 876 patients regardless 

of nerve sparing type.15 For bilateral, unilateral and non-nerve sparing, respectively, the 

positive margin rates in pT2 tumours were 8.2%, 6.1% and 8.5% (p = 0.93) and 27.7%, 

26.7% and 30.8% (p = 0.93) in pT3. Comparable findings were reported in a study by 

Moore et al, including 945 patients.16 The authors reported no significant differences in 

positive margin rates between nerve sparing groups on multivariable analysis adjusting 

for age, PSA, Gleason score, percentage of positive biopsy cores and clinical stage. The 

reported relative risks were 0.58 (95% CI 0.30 - 1.40, p = 0.11) for unilateral nerve sparing 

and 0.64 (95% CI 0.35 - 1.17) for bilateral nerve sparing. Choi et al evaluated functional 

outcomes and positive margin rates in their series of 602 consecutive RARPs.17 Nerve 

sparing improved 24-month urinary control without an increase in positive margin rates 

compared to non-nerve sparing RARP. Lastly, a study on the SEARCH (Shared Equal Access 

Regional Cancer Hospital) database including 1018 cases echoed the previously stated 

findings, and reported that neither bilateral nor unilateral nerve sparing techniques were 

associated with a higher risk of a positive margin.18

Our findings are inconsistent with those reported in previous studies, for which 

we have two possible explanations. The potential confounders adjusted for during 

analysis in previous studies were prostate-specific and not prostate side-specific. To 

determine causality between a nerve sparing approach and ipsilateral positive margins, 

each prostate lobe should be considered as a separate case. For example, it is likely that 

among patients in whom unilateral nerve sparing was performed the ipsilateral side had 

favourable tumour characteristics compared to the contralateral side. Disregarding the 

side-specific factors in the analysis limits the ability to evaluate the causality between 

nerve sparing and an ipsilateral positive surgical margin and, therefore, the effects of 

side-specific covariates remain masked. The second reason regards the type and number 

of covariates for which was adjusted during multivariable analysis in previous studies. 

In this study, the large sample size and side-specific nature of the majority of covariates 
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enabled inclusion of a large number of potential confounders in the multivariable 

analysis, including the influence of the individual surgeon (and, thus, experience) on 

the occurrence of positive margins. To our knowledge, none of the previous studies 

performed an analysis including all of the most important potential predictors, including 

MRI stage, for positive margins.

In two previously performed studies on this subject comparable conclusions were 

reported.19,20 Zorn et al reported significantly higher posterolateral positive margin 

rates among patients with pT3 tumours who underwent interfascial nerve preservation 

compared to patients with pT3 tumours undergoing non-nerve sparing RARP (73% 

vs 33%, p = 0.05).19 Fact this study had comparable results may be explained by the 

methodological approach, as their analysis was also done on the prostate lobe-level. In 

addition, the nerve sparing technique performed was comparable to ours, as interfascial 

nerve sparing was performed.19 Liss et al also reported nerve sparing to be associated with 

an increased risk of positive margins on multivariable analysis (OR 5.58, 95% CI 1.176 - 

26.46).20 However, the calculated ORs (and large corresponding 95% CIs) on multivariable 

analysis should be interpreted with caution as the number of events was relatively low 

(21) for the total number of covariates included (6).20

The positive margin rates, especially those observed for pT2 tumours (23%), were 

relatively high compared to those reported in other series. In a recent meta-analysis by 

Nguyen et al an absolute risk of positive margins of 8.1% for any nerve sparing and 7.7% 

for non-nerve sparing was reported.7 The higher rates of positive margins observed in 

this study may be explained by the selection of higher-risk patients for surgery, with 

relatively higher biopsy Gleason scores (65% Gleason 7 or higher) and relatively high pT3 

rates (40%) compared to those reported in other series (42% Gleason 7 or higher and 19% 

pT3).10 Surgeon experience was previously reported to be associated with positive margins 

after RARP, and could also explain the higher positive margin rates in our cohort.21 Of 

all surgeons performing RARP in this study a large proportion were novice, with 8 of 14 

(57%) having performed fewer than 50 RARPs.

Our study has a number of strengths, as it is a multicentre study with a large sample 

size, enabling inclusion of a relatively large number of covariates into the multivariable 

logistic regression model. However, some potential limitations must be acknowledged. 

Our study lacks central review regarding histopathological findings on prostate biopsy 

and final pathology after RARP. However, we assume this has no large impact on our 

main findings as positive surgical margin interpretation by uropathologists generally 

shows a high degree of interobserver agreement.22 In addition, data regarding the degree 

of interfascial nerve sparing were lacking in the surgery reports, which could have led 

to measurement bias. Finally, inclusion of the location of positive surgical margins was 

outside the scope of the present study. Evaluation of the specific locations of the positive 

margins should be the subject of future research as the association between location and 

nerve sparing remains poorly understood.

5

Timo BNW V4.indd   93Timo BNW V4.indd   93 05-10-2021   13:5305-10-2021   13:53



94 CHAPTER 5

CONCLUSIONS

Preservation of the neurovascular bundles during robot-assisted radical prostatectomy is 

associated with an increased risk of ipsilateral positive surgical margins when adjusting 

for patient and side-specific covariates on multivariate analysis. The increased risk of 

ipsilateral positive margins should be taken into account when counselling patients who 

opt for nerve sparing RARP.
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SUPPLEMENTAL SECTION

SUPPLEMENTARY TABLE S1. Baseline characteristics on patient level 

N (%), mean (SD)
No. of patients 2574

Age 65.0 (5.9)

Preoperative PSA (ng/ml) 10.6 (10)

PSA density (ng/ml/ml) 0.26 (0.19)

Hospital

MHG

HGT

SAH

CWH

261 (10)
515 (20)
746 (29)
1052 (41)

Clinical T stage

T1a/b/c

T2/T2a

T2b

T2c

T3

Unknown

1533 (60)
686 (27)
133 (5)
66 (3)
134 (5)
22 (1)

Preoperative MRI

Yes

No
2210 (86)
364 (14)

Radiological T stage (N=2210)

T0

T2a

T2b

T2c

T3a

T3b

T4

Unknown

212 (10)
1017 (46)
102 (5)
278 (13)
466 (21)
96 (4)
5 (0)
34 (2)

Biopsy type

TRUS-guided systematic

MRI-guided

TRUS + MRI-guided

Incidental

Unknown

1799 (70)
265 (10)
496 (19)
9 (0)
5 (0)

Highest biopsy ISUP Grade

1

2

3

4

5

Unknown

887 (35)
875 (34)
370 (14)
276 (11)
148 (6)
18 (0)

SD = standard deviation, PSA = prostate-specific antigen, MRI = magnetic resonance imaging, 

TRUS = transrectal ultrasonography, MHG = Martini Hospital Groningen, HGT = Hospital Group 

Twente, SAH = St. Antonius Hospital Nieuwegein, CWH = Canisius Wilhelmina Hospital Nijmegen.
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SUPPLEMENTARY TABLE S2. Surgical outcomes on patient level

N (%)

No. of cases 2574

Year of surgery

2013

2014

2015

2016

2017

2018

307 (12)

271 (11)

357 (14)

492 (19)

539 (21)

608 (24)

Nerve sparing

Non-nerve sparing

Unilateral

Bilateral

Unknown

703 (27)

837 (33)

937 (36)

97 (4)

Pathological stage

pT2

pT2a

pT2b

pT2c

pT3a

pT3b

pT4

96 (4)

234 (9)

55 (2)

1148 (45)

751 (29)

283 (11)

7 (0)

Gleason sum score

≤6

7

8

9

10

486 (19)

1732 (67)

171 (7)

179 (7)

6 (0)

Surgical margin status

pT2

Negative

Positive

Unknown

pT3

Negative

Positive

Unknown

1177 (77)

353 (23)

3 (0)

550 (53)

491 (47)

0 (0)
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SUPPLEMENTARY FIGURE. Missing data flowchart
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ABSTRACT

Background: To establish oncological safe nerve sparing robot-assisted radical 

prostatectomy (RARP), accurate assessment of extraprostatic extension (EPE) is critical. 

A recently developed nomogram including magnetic resonance imaging parameters 

accurately predicted side-specific EPE in the development cohort. The aim of this study 

is to assess this model’s performance in an external patient population.

Methods: Model fit was assessed in a cohort of 550 patients who underwent robot-assisted 

radical prostatectomy in 2014 to 2017 for prostate cancer. Model calibration was evaluated 

using calibration slopes. Discriminative ability was quantified using the area under the 

receiver operating characteristic curve. Model updating was done by adjusting the linear 

predictor to minimize differences in predicted and observed risk for EPE.

Results: A total of 792 prostate lobes were included for model validation. Discriminative 

ability expressed in terms of area under the receiver operating characteristic curve was 

0.78, 95% confidence interval 0.75 − 0.82. Graphical evaluation of the calibration showed 

poor fit with high disagreement between predicted and observed probabilities of EPE in 

the population. Model updating resulted in excellent agreement between mean predicted 

and observed probabilities. However, calibration plots showed substantial miscalibration; 

including both under- and overestimation.

Conclusions: External validation of the novel nomogram for the prediction of side-

specific EPE developed by Martini and co-workers showed good discriminative ability 

but poor calibration. After updating, substantial miscalibration was still present. Use of 

this nomogram for individualized risk predictions is therefore not recommended.
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BACKGROUND

In patients with prostate cancer who undergo robot-assisted radical prostatectomy 

(RARP), the trade-off between optimal oncological results versus an attempt to retain 

erectile function using nerve sparing techniques is an important feature in medical 

decision-making.1 The decision to use a nerve sparing approach is particularly based 

on the probability of present extraprostatic extension (EPE), as this increases the risk 

of a positive surgical margin during nerve sparing on this ipsilateral side. To exclude 

the presence of EPE and to ensure the oncological safety of a nerve sparing approach, 

multiparametric magnetic resonance imaging (mpMRI) of the prostate for local staging is 

recommended by the European Association of Urology Guidelines, especially in high-risk 

prostate cancer.1 However, the sensitivity of mpMRI for detection of EPE is low, which 

potentially makes a nerve sparing procedure, planned using solely mpMRI information, 

oncologically unsafe.2

To improve preoperative estimation of the presence or absence of side-specific EPE 

and thus the safety of an ipsilateral nerve sparing procedure, several nomograms have 

been developed.3–5 The predictors included per model vary, but generally serum prostate-

specific antigen (PSA), clinical tumour stage assessed by digital rectal examination, 

highest International Society of Urological Pathology (ISUP) grade and other biopsy 

characteristics (e.g., highest percent tumour involvement, number of positive cores) 

are included. In addition, these models include specific biopsy features of transrectal 

ultrasonography-guided systematic biopsies. However, due to current developments and 

recommendations regarding the use of prebiopsy MRI with subsequent target biopsies, 

these nomograms are becoming less applicable in modern urological practice.6–9

In a recent study of Martini et al, a nomogram with a potentially higher applicability 

in daily practice was developed.10 Besides mpMRI information, the model includes 

oncological parameters such as serum PSA level, highest ISUP, and highest percent 

tumour involvement of the corresponding biopsy core. Due to these features, the model 

can be applied in urological practices that use either transrectal ultrasonography- guided 

systematic, solely MRI-guided target biopsies or the combination of both techniques. The 

authors observed that inclusion of these parameters into a prediction model, combined 

with mpMRI results, improves EPE prediction.10 Reported discriminative ability after 

internal validation was good, with an area under the receiver operating characteristic 

curve (AUC) of respectively 82.11% (95% confidence interval [CI] 78.49 − 85.73). Also, 

calibration was reported to be good given the excellent concordance of predicted 

probabilities and observed prevalence of EPE.

To determine the performance of the Martini model in another population cohort, 

and thus its generalisability, we performed an external validation study using data of a 

large cohort of Dutch prostate cancer patients that underwent RARP.

6
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METHODS

Study population and setting

The validation cohort was derived from the population of 625 prostate cancer patients 

that underwent RARP in 2014 to 2017 at the Canisius Wilhelmina Hospital in Nijmegen, 

The Netherlands. Data from the prospectively collected local RARP database including 

preoperative characteristics such as age, initial serum PSA level, highest ISUP grade on 

biopsy, and postoperative characteristics such as pathologic tumour stage, ISUP grade, 

and margin status were used. Additional variables specifically needed for the validation 

(e.g. side of EPE on MRI, side of EPE during pathological evaluation) were collected 

retrospectively.

Radiological reporting was done according to the European Society of Uro-Radiology 

(ESUR) guidelines and from 2015 PI-RADS v2.11,12 Presence of EPE on MRI was defined as 

loss of prostate capsule and irregularity of the capsule. Presence of reported “uncertain 

EPE”; e.g. presence of solely capsule abutment or broad capsular contact, were regarded as 

EPE-negative. These definitions were consistent with those used for model development.10

The cohort consisted of patients diagnosed locally and referred patients (tertiary 

centre and other regional [teaching] hospitals), reflecting a real-world population. 

Patients with complete cases were included for analysis. Derivation of the study sample 

from the overall population was further clarified using a patient inclusion flow chart 

(Figure 1).

Assessment of present EPE

All radical prostatectomy specimens were formaldehyde fixed and completely imbedded 

in paraffin. All specimens were standardized inked in 3 ink colors for optimal orientation 

and cut in a standardized way. From the apical region and bladder neck region a 5 mm 

thick section was taken and sectioned perpendicular to the inked surface and totally 

embedded. EPE was defined as tumour that bulges beyond the prostatic contour, tumour 

that is admixed with periprostatic fat tissue or in the posterolateral area, as tumour 

within connective tissue or between nerve bundles of the neurovascular bundle. In the 

bladder neck region, the presence of tumour between thick smooth muscle bundles in 

the absence of benign prostatic glands was considered as bladder neck invasion.13 In case 

information on EPE was missing, slides were revised by a single uropathologist (H.K.V.).
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FIGURE 1. Patient inclusion flowchart
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Model performance, recalibration and clinical usefulness

Model calibration, which refers to the agreement between observed endpoints and 

predictions, was assessed using calibration-in-the-large and the Hosmer-Lemeshow 

goodness-of-fit test. Calibration was further evaluated in a graphical matter using 

calibration plots, wherein the agreements between predicted probabilities and observed 

outcomes in the dataset were visualised. Discrimination, which refers to the ability of 

the model to distinguish a case with the endpoint (EPE) from a case without EPE, was 

quantified using the AUC.14 In case of poor model fit, the potential need for adjustment 

of the intercept and/or slope (and if needed, the degree of adjustment necessary) 

was determined by inserting the linear predictor as the only predictor in the logistic 

regression formula.15 To determine clinical usefulness, sensitivity and specificity were 

determined for different risk thresholds (0.07, 0.10, 0.15, 0.20, 0.25, 0.30, 0.40 and 0.50). We 

also calculated the net benefit for a range of threshold probabilities, using decision curve 

analysis. The net benefit was calculated as the proportion of “net” true positives (true 

positives corrected for the false positives weighted by the odds of the risk cut-off, divided 

by the sample size).16,17 Statistical analysis was performed using RStudio Version 1.1.456.

RESULTS

Patient population

As pointed out in Figure 1, 625 patients underwent RARP, and a total of 792 prostate 

lobes were derived for analysis. EPE was reported on pathological evaluation in 250/792 

(32%) lobes, resulting in an adequate number of events for validation (events per 

variable [EPV] = 41).18 Baseline characteristics on a patient level are presented in Table 1. 

Descriptive statistics of the predictors and outcome variable of all prostate lobes included 

for analysis are reported in Table 2.
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TABLE 1. Baseline characteristics of the validation cohort (N = 550)

Validation cohort
Mean (SD, min/max) or N (%)

No. of patients 550

Age (years) 64.6 (5.6, 42 - 76)

Preoperative PSA (ng/ml) 10.4 (8.6, 0.5 – 77)

Clinical T-stagea

T1c

T2a

T2b

T2c

T2

T3

Missing

317 (58)

107 (18)

16 (3)

17 (3)

44 (8)

43 (8)

6 (1)

MRI T-stage

T0

T2a

T2b

T2c

T2

T2/T3 (EPE uncertain)

T3a

T3b

T4

Missing

49 (9)

147 (27)

27 (5)

74 (14)

39 (7)

55 (10)

127 (23)

26 (5)

4 (1)

2 (0)

Biopsy type

TRUS-guided systematic

MRI-guided target

TRUS + MRI-guided

335 (61)

53 (10)

162 (29)

Pathological T-stage

T2

T2a

T2b

T2c

T3a

T3b

T4

1 (0)

62 (11)

7 (1)

208 (38)

202 (37)

69 (13)

1 (0)

Surgical Margin

Positive

Negative

187 (34)

363 (66)

aBased on digital rectal examination, bIn case of uncertain EPE. Percentages may not add up to 100% 

due to rounding.

6
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TABLE 2. Baseline characteristics of included cases (N=792)

Mean (min/max) or N (%)

Preoperative PSA (ng/ml) 9.3 (0.5 – 20)

ISUP biopsy grade

ISUP 1

ISUP 2

ISUP 3

ISUP 4+5

271 (34)

274 (35)

104 (13)

143 (18)

Percent highest biopsy tumour involvement

>50%

≤50%

352 (44)

440 (56)

EPE on MRI

Present

Absent

160 (20)

632 (80)

EPE on pathological evaluation

Present

Absent

250 (32)

542 (68)

FIGURE 2 AND TABLE 3 - Calibration plot and table of the original Martini Nomogram	

Group Predicted 
risk (%)

Patients
(N)

Mean 
predicted 
(%)

Mean 
observed 
(%)

1 2 – 3 64 3 9

2 3 – 3 60 3 8

3 3 – 4 60 4 13

4 4 – 9 60 6 8

5 10 – 12 61 11 13

6 12 – 15 61 14 21

7 15 – 17 62 16 34

8 17 – 21 64 19 33

9 21 – 29 57 24 30

10 29 – 39 63 34 35

11 39 – 49 59 43 61

12 49 – 65 61 57 72

13 65 – 88 60 78 73
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Model performance

The area under the receiver operating characteristic curve (AUC) was 0.78 (95% CI 0.75 

– 0.82), indicating fair discriminative ability of the model in the study population. 

Calibration-in-the large showed substantial underestimation of mean predicted risk: 

24% vs. 32% mean observed risk. The underestimation of present EPE of the model was 

confirmed in a graphical matter using the calibration curve (Figure 2). As shown in both 

calibration plot and table, the underestimation of the predicted risk was systematic and 

was present in 12 of 13 groups (Table 3). The outcome of the Hosmer-Lemeshow test was 

in line with these findings regarding calibration of the model, as it was statistically 

significant (p < 0.001); indicating poor model fit. 

FIGURE 3 AND TABLE 4 - Calibration plot and table of the updated Martini nomogram

     	    

Group Predicted 
risk
(%)

Patients
(N)

Mean 
predicted 
(%)

Mean 
observed 
(%)

1 7 – 8 64 7 9

2 8 – 9 60 8 8

3 9 – 10 60 9 13

4 10 – 19 60 13 8

5 19 – 22 61 20 13

6 22 – 25 61 24 21

7 25 – 28 62 27 34

8 28 – 32 64 30 33

9 32 – 40 57 35 30

10 40 – 49 63 44 35

11 49 – 57 59 52 61

12 57 – 69 61 63 72

13 69 – 87 60 79 73
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Recalibration

Insertion of the original linear predictor as the only variable in the original model resulted 

in the following coefficients; 1.42 for the intercept and 0.8258 for the beta coefficients. 

Adding 1.42 to the original intercept and multiplying all separate beta coefficients with 

0.8258 corrected the original linear predictor, leading to a new model:

Ln (odds EPE) = -2.77 + 0.049*PSA + 1.18*ISUP2 + 1.44*ISUP3 + 2.12*ISUP4 + 0.31*Tumour 

involvement >50% + 1.21*EPE present on MRI

Recalculation of the AUC using the update formula showed no change in discriminative 

ability, since the AUC remained 0.78 (95% CI 0.75 − 0.82). As shown in the new calibration 

plot, agreement between predicted probability and prevalence of the outcome improved 

(Figure 3). Also, calibration-in-the-large showed similar mean values of predicted and 

observed probabilities (respectively, 32% and 32%). Although calibration improved 

graphically after the model adjustment, the Hosmer-Lemeshow test was still statistically 

significant (p = 0.0007). As shown in Figure 3 and Table 4, agreement between predicted 

and observed probability was excellent in group 1 and 2 and fair in groups 6 and 8. In the 

other groups we observed substantial miscalibration; both under- and overestimation 

of the predicted risk (Table 4).

Clinical usefulness

Sensitivity and specificity per risk threshold were presented in Table 5. As shown in 

this table, sensitivity was excellent if a threshold of 7% was used (prostate lobes with 

predicted risk ≥7% were regarded as EPE positive). However, this would lead to high false 

positive rates as specificity was low (2%). Highest cumulative optimum (respectively 

140%) would be reached if risk thresholds of either 25% or 40% were used.

Decision curve analysis showed that use of the updated version of the nomogram 

would be superior to relying on MRI, with regard to prediction of side-specific EPE, for 

all clinically relevant thresholds (Figure 4). Highest net benefit would be achieved if risk 

thresholds between 20% and 30% would be used (Figure 4).
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TABLE 5. Sensitivity and specificity of the updated nomogram per risk threshold

Risk threshold (%) Sensitivity (%) Specificity (%)

7 100 2

10 92 30

15 91 39

20 90 44

25 82 58

30 67 70

40 58 82

50 46 90

FIGURE 4. Decision curve analysis of the updated nomogram

6
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DISCUSSION

In this study, we assessed the performance of a nomogram predicting side-

specific EPE, using data from an external patient population undergoing RARP. The 

discriminative ability of this nomogram observed in our study was fair, given the AUC 

of 0.78. However, calibration of the nomogram was poor, as the nomogram resulted 

in systematic underestimation of side-specific EPE risk. Although model updating 

improved the agreement between overall mean predicted and observed risk, substantial 

and unsystematic disagreement between predicted and observed probabilities on the 

calibration plot persisted. Use of this model for individualized patient EPE risk prediction 

is therefore not recommended. Based on the superior net benefit of this nomogram 

compared to use of MRI alone, the nomogram could potentially be of value if risk 

thresholds were used to determine side-specific present EPE. Based on the high net 

benefit and acceptable sensitivity of 82%, the most optimal results would be reached 

if a risk threshold of 25% is used. However, clinicians who aim to use this model in 

daily practice should realize that specificity for this threshold is low (58%). Using a 25% 

threshold would thus lead to overtreatment, as the nomogram would advise against nerve 

sparing in a large number of cases with ipsilateral organ-confined disease.

Our findings concerning calibration (underestimation) of the original nomogram were 

consistent with those reported by Sighinolfi et al.19 These authors also observed poor 

model fit of the Martini nomogram in their external validation study.19 Findings regarding 

discrimination were inconsistent, as their reported AUC was substantially lower (0.68 

versus 0.78). It should be noted that this previous external validation study consisted of 

a retrospective series of only 106 patients, accounting for a total of 137 biopsy-positive 

lobes of which 40 lobes contained EPE. Given this relatively small population with low 

number of events and subsequent low EPV (<7), sample size could be too small for a 

reliable validation.

Generalisability of a prediction model strongly depends on a number of factors, of 

which case mix is crucial. When comparing this validation cohort with the derivation 

cohort, a number of important differences can be addressed that may explain the 

poor fit. First, prevalence of EPE on final pathology was much higher in the validation 

cohort compared to the development cohort (250/792 [32%] vs. 142/829 [17%]). This 

may partially explain the systematic underestimation of the predicted probabilities on  

initial calibration.

Also, evaluation of the distribution of the predictors revealed that presence of EPE on 

mpMRI was more common in the external validation cohort (20% vs. 14%), as well as the 

number of cases with maximum % core involvement >50 (44% vs. 34%), compared with 

the development cohort. The prevalence of predictors in the study sample is important 

for the generalisability of the model since they establish the total variance that is being 

explained by the model. Compared with the validation cohort, the prevalence of predictors 

were lower in the development cohort. The relatively low prevalence of the predictors 

also explains the relatively wide 95% CI around the odds ratios of the original model, 
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(e.g. Gleason grade group 3) OR: 26.7 95% CI: 13.5 - 53.1 and EPE on MRI present OR: 7.27 

95% CI 4.7 – 11.2), indicating a lack of precision of the estimated coefficients. This lack 

of precision and the fact that the validation cohort comprises of more patients with 

higher-risk disease could explain the observed miscalibration.

The lack of precision of this model may be also explained from another methodological 

viewpoint. What characterizes the study cohort is that it comprises clustered data. Each 

prostate lobe is considered as an independent case. However, if prostate cancer is found 

bilaterally, both lobes derived from a single patient are included in the sample, leading to 

clustering within the study population. Prediction models based on clustered data require 

a slightly different development approach and may require use of a random intercept. If 

this methodological approach was used for the development of the model, it may have 

been more precise.20

The poor model fit can also be explained by the definition of the selected predictors 

and the used outcome. First, our patient cohort comprises of patients diagnosed and 

staged at our own centre and referred patients staged elsewhere. There was no central 

review of MRI and pathological evaluation (the endpoint EPE), leading to a wide range 

of different radiologists and pathologists evaluating MRI/prostate specimen, which 

could induce interobserver variability. Lastly, the outcome of EPE on MRI was binary. 

In our population, radiologists used a subclass in their reports defined as “indefinite” 

or “uncertain” EPE in a substantial percentage of patients (10%). By dichotomizing this 

predictor, a lot of explained variance is lost. To overcome this problem, the use of a Likert 

scale for the probability of EPE presence may improve the model’s accuracy.21,22

The strengths of this study include a large sample size with a high EPV rate, resulting 

in a study population suitable for external validation. The limitations of this study are 

its retrospective nature and the lack of central review regarding MRI and histological 

features. However, we assume that the present case mix variation reflects a real-world 

clinical situation.

CONCLUSIONS

External validation of the novel nomogram developed by Martini and co-workers in 

a large real-world cohort showed fair discriminative ability of this model, but poor 

calibration. After updating, substantial miscalibration was still present. Use of this 

nomogram for individualized risk predictions is therefore not recommended.

6
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ABSTRACT

Background: Prediction of side-specific extraprostatic extension (EPE) is crucial in 

selecting patients for nerve sparing radical prostatectomy (RP). The aim of this study 

is to develop and externally validate nomograms including multiparametric magnetic 

resonance imaging (mpMRI) information to predict side-specific EPE.

Methods: A retrospective analysis of 1870 consecutive prostate cancer patients that 

underwent robot-assisted RP from 2014 to 2018 at three institutions was performed. 

Four multivariable logistic regression models were established, including combinations 

of patient-based and side-specific variables including: prostate-specific antigen (PSA)-

density, highest ipsilateral biopsy International Society of Urological Pathology (ISUP) 

grade, ipsilateral percentage of positive cores on systematic biopsy and side-specific 

clinical stage assessed by both digital rectal examination and mpMRI. Discrimination 

(area under the curve [AUC]), calibration and net benefit of these models were assessed 

in the development cohort and two external validation cohorts.

Results: On external validation, AUCs of the four models ranged from 0.80 (95% CI 0.68 

– 0.88) to 0.83 (95% CI 0.72 – 0.90) in validation cohort 1 and from 0.77 (95% CI 0.62 

– 0.87) to 0.78 (95% CI 0.64 – 0.88) in validation cohort 2. The three models including 

mpMRI staging information resulted in relatively higher AUCs compared with the model 

without mpMRI information. No major differences between the four models regarding 

net benefit were established. The model based on PSA-density, biopsy ISUP grade and 

mpMRI T-stage was superior in terms of calibration. Using this model with a cut-off of 

20%, 1980/2908 (68%) of all prostatic lobes without EPE would be found eligible for nerve 

sparing, whereas non-nerve sparing would be advised in 642/832 (77%) lobes with EPE.

Conclusions: Our analysis resulted in a simple and robust nomogram for the prediction 

of side-specific EPE which should be used to select patients for nerve sparing RP.
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BACKGROUND

A challenging aspect of performing the radical prostatectomy (RP) for prostate cancer 

includes balancing the risk of positive margins versus optimisation of quality of life 

by maximising the probability of retaining the patient’s erectile function and urinary 

continence. In 1982, the first purposeful nerve sparing radical prostatectomy was 

performed, resulting in a normal postoperative sexual function and retained quality of 

life of the patient.1 Following the introduction of this technique, its therapeutic effect has 

been evaluated in several other studies. A recent meta-analysis showed nerve sparing to 

be associated with a lower risk of postoperative incontinence (relative risk [RR] 0.75, 95% 

confidence interval [CI] 0.65 - 0.85) and erectile dysfunction (RR 0.77, 95% CI 0.70 – 0.85).2

Preoperative assessment of extraprostatic extension (EPE) is a long-established 

strategy to guide patient selection for nerve sparing. If there is a high risk of EPE, nerve 

sparing should be discouraged due to the increased risk of positive surgical margins.3 

EPE risk prediction is often done using nomograms such as the Partin tables and the 

MSKCC nomogram.4,5 However, these models do not provide information on the laterality 

of EPE. Since EPE is mostly one-sided (85%), localisation is essential as unilateral nerve 

sparing surgery remains possible in the majority of patients.6 Nomograms predicting 

side-specific EPE have also been developed. However, these models lack the inclusion of 

multiparametric magnetic resonance imaging (mpMRI) information.6-8

Adoption of mpMRI to guide clinical decision-making in prostate cancer has 

drastically increased recent years.9 MpMRI alone has limited ability to guide patient 

selection for nerve sparing, due to a low per-patient sensitivity for the detection of 

EPE of 57%.10 However, its predictive potential when combined with other clinical 

parameters remains poorly understood. Previous studies have shown that combining 

mpMRI information with traditional preoperative clinical parameters including biopsy 

information and serum prostate-specific antigen, can improve the prediction of adverse 

surgical pathology including EPE.11,12 The number of available nomograms including a 

combination of both mpMRI and clinical parameters for the prediction of side-specific 

EPE, however, is scarce. The need for further exploration of the additional value of using 

mpMRI information for the prediction of side-specific EPE is emphasised by the results of 

a recent external validation study; showing that mpMRI-naive nomograms are inaccurate 

when applied in external populations.13

Therefore, we aim to develop a nomogram that enables accurate prediction of side-

specific EPE, applicable in current state of clinical practice, including readily available 

clinical and MRI input parameters. Generalisability of the tool will be assessed by 

performing external validation using two separate hospital populations.

7
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METHODS

Patient population and study data

After receiving institutional review board approval, data from 1871 consecutive patients 

diagnosed with prostate cancer that underwent robot-assisted radical prostatectomy 

(RARP) at three teaching hospitals were extracted from prospectively maintained 

databases. Of these, one patient was excluded due to prior treatment with androgen 

deprivation therapy. The cohort of patients that underwent RARP from 2014-2018 at the 

Canisius Wilhelmina Hospital (CWH) Nijmegen, was used for nomogram development. 

This cohort was selected for model derivation due to the population size and its multi-

centre nature. Since 2013, regional prostate cancer surgery has been centralised and 

patients from two other hospitals (Catharina Hospital Eindhoven and Radboud University 

Medical Centre Nijmgen) all undergo RARP at CWH. The cohorts of patients undergoing 

RARP at the Hospital Group Twente in Almelo-Hengelo (validation cohort 1) and St. 

Antonius Hospital Nieuwegein-Utrecht (validation cohort 2) from 2015 – 2018 were used 

for external validation.

Predictor selection

We used a clinically driven, evidence-based approach for prediction selection. First, a 

very recent literature review was used to identify significant predictors for side-specific 

EPE.13 Second, three consensus meetings were organized with clinical experts including 

urologists (HvM, JW, SS, and JPvB), an expert uro-radiologist (IS) and uro-pathologist 

(HKV). Predictors were selected based on relevance, availability and usefulness. Patient-

based (prostate-specific antigen [PSA] density [PSAD]) and side-specific covariates 

(digital rectal examination [DRE] local staging, mpMRI-based local staging, highest 

International Society of Urological Pathology (ISUP) biopsy grade and percentage of 

positive systematic cores) were included.

MRI protocol

MRI was performed using 3 Tesla scanners and a body coil. Gadolinium (1 mg/kg) was 

intravenously administrated. Radiological reporting was done by dedicated radiologists 

with at least two years of experience with prostate MRI reading. MRI reporting in 2013 

and 2014 was done according to the European Society of Urogenital Radiology (ESUR) 

guidelines.14 From 2015 and onwards, the principles of PI-RADS v2 were followed.15 

Imaging-based T-stage was defined according to the American Joint Committee on Cancer 

TNM classification.16
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TABLE 1. Baseline characteristics of the separate patient cohorts

Development Validation 1 Validation 2

No. of patients N (%) 887 513 470

Age (median, IQR) 66 (61 – 69) 66 (61 – 70) 66 (62 – 70)

PSA (ng/ml)

Mean (SD) 7.9 (5.9 – 11.0) 8.0 (5.9 – 11) 8.3 (5.9 – 12.5)

PSA density (ng/ml/ml)

Mean (SD) 0.18 (0.12 – 0.27) 0.17 (0.12 – 0.28) 0.20 (0.13 – 0.32)

Clinical T-stage N (%)

T1c

T2a

T2b

T2c

T3

Unknown

509 (57)

240 (27)

34 (4)

29 (3)

64 (8)

11 (1)

338 (66)

93 (18)

45 (9)

16 (3)

19 (4)

2 (0)

288 (61)

148 (32)

9 (2)

8 (2)

14 (3)

3 (0)

Preoperative MRI N (%)

Yes

No

879 (99)

8 (1)

496 (97)

17 (3)

387 (82)

83 (18)

Radiological T-stage N (%)

T0

T2/T2a

T2b

T2c

T2/T3 (uncertain EPE)

T3a

T3b

T4

Unknown

66 (7)

285 (32)

46 (5)

117 (13)

94 (11)

200 (23)

48 (5)

5 (1)

26 (3)

57 (11)

130 (25)

27 (5)

60 (12)

62 (12)

133 (26)

25 (5)

0 (0)

19 (4)

38 (8)

216 (46)

10 (2)

48 (10)

12 (3)

53 (11)

3 (1)

0 (0)

90 (19)

Biopsy type N (%)

TRUS-guided systematic

MRI-guided

TRUS + MRI-guided

497 (56)

140 (16)

250 (28)

313 (61)

66 (13)

134 (26)

380 (81)

17 (4)

73 (15)

Pathological stage N (%)

T2

T2a

T2b

T2c

T3a

T3b

T4

36 (4)

86 (10)

8 (1)

303 (34)

338 (38)

112 (13)

4 (0)

1 (0)

49 (10)

11 (2)

256 (50)

142 (28)

53 (10)

1 (0)

35 (8)

37 (8)

16 (3)

237 (50)

99 (21)

46 (10)

0 (0)

IQR = interquartile range, PSA = prostate specific antigen, SD = standard deviation,

MRI = magnetic resonance imaging, EPE = extraprostatic extension, TRUS = transrectal 

ultrasonography.
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Predictors and outcome definitions

Patient-based PSA and prostate volume, necessary for calculation of PSAD, were based on 

the most recent available measurements preoperatively. Prostate volume was measured 

by transrectal ultrasonography or mpMRI. Side-specific DRE staging information was 

collected before biopsy by the treating urologist during routine clinical care. Side-specific 

DRE and mpMRI staging information were both subdivided in three subclasses. These 

included non-palpable disease (T1), organ-confined nodal disease (T2) and EPE (T3) for 

DRE. As for mpMRI, these included non-visible lesions (T1), organ-confined lesions (T2) 

and lesions with EPE (T3).

Imaging features used to assess EPE included thickening or suspicion for invasion 

of the neurovascular bundle, bulging of the prostatic contour, capsule irregularity, 

obliteration of the recto-prostatic angle, presence of a hypo-intensive signal in a 

periprostatic area and length of tumour contact with the capsule.17-19 Explicit statements 

about presence or absence of EPE in the radiological report were scored accordingly. In 

less explicit cases a strong suspicion of EPE was classified as positive. Cases in which 

EPE could not be ruled out were classified as negative.19

Side-specific biopsy information, including highest percentage of positive cores on 

systematic biopsy and highest ISUP grade, were documented during routine clinical 

care for both right and left lobe separately. Final surgical histopathological information 

including pathological tumour stage and highest ISUP grade found in the resected 

prostate specimen was documented on a whole-gland level. If EPE was observed, the 

laterality (left, right or both lobes) was reported. EPE was defined as a tumour that 

bulges beyond the prostate contour, tumour that is admixed with periprostatic fat tissue 

or, in the posterolateral area, as tumour within connective tissue or between nerves 

of the neurovascular bundle. EPE was distinct from microscopic bladder neck invasion 

(presence of tumour between thick smooth muscle bundles in the absence of benign 

prostate glands) and seminal vesicle invasion, which were not considered as EPE in our 

study.20 The RP specimens were processed with conventional sections in 1810 (97%) cases 

and using whole-mount sections in 60 (3%) cases.

Model building

Four models were built according to the “full model” principle,21 including combinations 

of five predictors corresponding with different staging work-up strategies. Model 1 

consisted of PSAD, DRE, biopsy ISUP grade and percentage positive cores on systematic 

biopsy. Model 2 included PSAD, mpMRI and biopsy ISUP grade. Model 3 included PSAD, 

mpMRI, DRE and biopsy ISUP grade. Model 4 included all five predictors. For analysis 

purposes, the right and left prostatic lobe of each patient were regarded as separate cases. 

That is, for calculating the probability of EPE in the right lobe: patient-based PSAD, right-

sided biopsy information, right-sided DRE staging information and right-sided mpMRI 

staging information were used.
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Model performance, external validation and clinical usefulness

Performance of all models was assessed in the development cohort and two validation 

cohorts. Discrimination, which refers to the ability of the model to distinguish a prostate 

lobe with the endpoint (EPE) from a lobe without EPE, was quantified using the area under 

the receiver operating characteristic curve (AUC).14 Model calibration, which refers to the 

agreement between observed endpoints and predictions, was assessed using calibration 

in the large and calibration slopes.14 The net benefit per risk threshold was determined 

using decision-curve analysis. The net benefit is calculated as the proportion of “net” 

true positives (true positives corrected for the false positives weighted by the odds of the 

risk cut-off, divided by the sample size).22

Missing data

Missing data patterns were explored using response matrix and correlation plots. 

Missing data was assumed to be missing at random, as their missingness was related 

to the diagnostic work-up (e.g. selection of patients for mpMRI and biopsy protocols) of 

the hospitals. Missing data were handled by using multivariate imputation by chained 

equations including pooling using Rubin’s rules.23

RESULTS

Patient populations

Overall, respectively 887 patients (development cohort), 513 patients (validation cohort 

1) and 470 patients (validation cohort 2) were included. The values of EPE prevalence on 

prostatic lobe level of these cohorts were respectively 458/1774 (26%), 225/1026 (21%) and 

148/940 (16%). Baseline characteristics on patient and prostatic lobe level are presented 

in respectively Table 1 and 2.

Performance of the four multivariable logistic regression models in the 
development cohort

At multivariable analyses, PSAD, DRE staging, mpMRI staging, ISUP grades 3-5, and 

percentage positive cores were all found to be significant predictors of EPE (Table 3). 

Model 4, which includes all available predictors, resulted in the highest AUC (0.82). The 

AUCs of the other three models ranged from 0.80 to 0.81 (Table 3).
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TABLE 2. Baseline characteristics on prostate lobe level

Development
(N = 1774)

Validation 1
(N = 1026)

Validation 2
(N = 938a)

No EPE at 
histopatho-
logy

EPE at  
histopatho-
logy

No EPE at 
histopatho-
logy

EPE at  
histopatho-
logy

No EPE at 
histopatho-
logy

EPE at  
histopatho-
logy

No. of lobes 1316 458 801 225 790 148

PSA density 

Median

(IQR)

Unknown (%)

0.17

(0.12 - 0.17)

19 (1)

0.21

(0.14 – 0.33)

9 (2)

0.16

(0.11 – 0.25)

14 (2)

0.23

(0.14 - 0.43)

8 (4)

0.19

(0.13 – 0.30)

13 (2)

0.21

(0.14 – 0.33)

5 (3)

ISUP grade N (%)

Benign

1

2

3

4

5

Unknown

341 (26)

365 (28)

296 (22)

93 (7)

58 (4)

36 (3)

127 (10)

31 (7)

65 (14)

147 (32)

75 (16)

58 (13)

71 (16)

11 (2)

213 (26)

315 (39)

119 (15)

54 (7)

22 (3)

12 (2)

66 (8)

10 (4)

54 (24)

79 (35)

33 (15)

27 (12)

13 (6)

9 (4)

204 (26)

306 (39)

151 (19)

55 (7)

27 (3)

17 (2)

30 (4)

9 (6)

38 (26)

41 (28)

20 (14)

21 (14)

17 (11)

2 (1)

Percentage positive 

cores

Median

(IQR)

Unknown N (%)

0.20

(0 – 0.50)

242 (18)

0.67

(0.33 – 1.0)

57 (12)

0.20

(0 – 0.60)

112 (14)

0.80

(0.40 -1.0)

29 (13)

0.33

(0 – 0.60)

47 (6)

0.75

(0.40 – 1.0)

5 (6)

Clinical stage 

assessed by DRE 

N (%)

T1

T2

T3

Unknown

1107 (84)

134 (10)

20 (2)

55 (4)

236 (51)

133 (29)

54 (12)

35 (8)

697 (87)

71 (9)

7 (1)

26 (3)

134 (60)

61 (27)

14 (6)

16 (7)

644 (81)

101 (13)

6 (1)

39 (5)

85 (57)

39 (26)

7 (5)

17 (12)

Clinical stage 

assessed by MRI 

N (%)

No lesion visible

Lesion but no EPE

EPE

Unknown

622 (47)

551 (42)

101 (8)

42 (3)

66 (14)

209 (46)

169 (37)

14 (3)

395 (50)

306 (38)

66 (8)

34 (4)

28 (13)

92 (41)

93 (41)

12 (5)

315 (40)

265 (33)

31 (4)

179 (23)

23 (16)

68 (46)

28 (19)

29 (19)

aIn this cohort presence of EPE was unknown in one patient / two prostatic lobes. PSA = prostate 

specific antigen, DRE = digital rectal examination, EPE = extraprostatic extension, IQR = interquartile 

range, ISUP = International Society of Urological Pathology.
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128 CHAPTER 7

Performance of the four models when applied in two external patient cohorts

Overall, higher AUCs were observed when applied in validation cohort 1 compared with 

those observed in cohort 2 (Table 4). As shown in Table 4. and Figure 1., discrimination 

and calibration of all models were both excellent when applied in cohort 1. In cohort 2, 

model 2 had the best performance with both fair AUC and relatively highest agreement 

between predicted and observed probabilities (Figure 1 and 2). In cohort 2, substantial 

miscalibration was observed for the other three models (Figure 2A, 2C and 2D).

TABLE 4. Performance of all models when applied in two external cohorts

Validation cohort 1 Validation cohort 2

Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4

AUC

(95%CI)

0.80

(0.68-0.88)

0.83

(0.71–0.90)

0.83

0.71–0.90)

0.83

(0.72–0.90)

0.77

(0.62–0.87)

0.77

(0.64–0.87)

0.78

(0.64–0.88)

0.78

(0.64–0.88)

FIGURE 1. Calibration plots of all 4 models when applied in validation cohort 1

A. Model 1					    B. Model 2

C. Model 3				    D. Model 4
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129Development of a novel EPE nomogram

FIGURE 2. Calibration plots of all 4 models when applied in validation cohort 2

A. Model 1					    B. Model 2

C. Model 3				    D. Model 4

7
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TABLE 5. Systematic analysis of outcomes for model 2 per threshold using all three cohorts

Threshold 
(%)

Below the cut-off
(Nerve sparing recommended)

Above the cut-off
(Nerve sparing not recommended)

Total (%) Without EPE (%) With EPE (%) Total (%) Without EPE (%) With EPE (%)

5 256 (7) 251 (98) 5 (2) 3484 (93) 2657 (76) 827 (24)

7.5 922 (17) 883 (96) 39 (4) 2818 (83) 2025 (72) 793 (28)

10 1141 (31) 1082 (95) 59 (5) 2599 (69) 1826 (70) 773 (30)

12.5 1346 (36) 1271 (94) 75 (6) 2394 (64) 1637 (68) 757 (32)

15 1612 (43) 1497 (93) 115 (7) 2128 (57) 1411 (66) 717 (34)

17.5 2044 (55) 1876 (92) 168 (8) 1696 (45) 1032 (61) 664 (39)

20 2170 (58) 1980 (91) 190 (9) 1570 (42) 928 (59) 642 (41)

22.5 2235 (60) 2035 (91) 200 (9) 1505 (40) 873 (58) 632 (42)

25 2306 (62) 2085 (90) 221 (10) 1434 (38) 823 (57) 611 (43)

27.5 2508 (67) 2250 (90) 258 (10) 1232 (33) 658 (53) 574 (47)

30 2692 (72) 2379 (88) 313 (12) 1048 (28) 529 (50) 519 (50)

FIGURE 3. Net benefit of model 2 determined in all three cohorts using decision curve analysis

A. Development				    B. Validation

C. Validation 2
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131Development of a novel EPE nomogram

Clinical usefulness

A systematic analysis of the event status of patients who would fall above and below the 

risk threshold between 5% and 30% is provided in Table 5. At a risk threshold of 20%, 

a non-nerve sparing approach would be advised in 642/832 (77%) of the prostatic lobes 

with EPE. Nerve sparing would be recommended in 1980/2908 (68%) of all prostatic lobes 

without EPE.

Risk thresholds ranging from 0% to 30% were regarded as clinically most relevant, 

for which net benefits of all four models are presented in Figure 3. All models can be 

regarded clinically useful for risk thresholds between 6% and 30%, as net benefits were 

found to be higher compared to the “treat all” and “treat none” approach. On external 

validation, DCA revealed relatively lower net benefits for model 1 compared with models 

2,3 and 4, respectively. (Figure 3B and 3C).

DISCUSSION

Our analysis showed that the three nomograms (model 2, 3 and 4) based on clinical 

information combined with mpMRI staging information outperformed the nomogram 

without mpMRI staging information (model 1), in terms of AUC, calibration and net 

benefit. Among these three nomograms, discrimination and net benefit were comparable. 

However, model 2 outperformed both model 3 and 4 in terms of agreement between 

predicted and observed probabilities. Therefore, this nomogram should be the preferred 

tool for side-specific EPE risk prediction. Besides the fact model 2 outperformed all other 

models in terms of calibration, it was also the most minimalistic, since the model consists 

solely of three predictor variables (PSAD, highest biopsy ISUP grade and mpMRI T-stage). 

In addition, this model is applicable in a wide range of clinical situations, independent of 

prostate biopsy protocol used. The model can be accessed online at https://www.evidencio.

com/models/show/2142.

A common explanation for the miscalibration observed when a nomogram is applied 

in an external population is the case-mix severity. In this study, this is also the most 

likely cause of the systematic overestimation of the predicted EPE risk in validation cohort 

2. As an example, suspicion of EPE on mpMRI was reported in 15% of the lobes in the 

development cohort, compared with 6% in validation cohort 2. In addition, the prevalence 

of EPE on final pathology was substantially higher among cases in the development 

cohort compared to validation cohort 2: 26% versus 16%. As stated previously, highest 

agreement between predicted and observed probabilities was achieved when using model 

2. However, overestimation of the predicted risk was still observed when applied in 

validation cohort 2. Overestimation was predominantly observed for predicted risks 

>30%. This was possibly due to the fact that a substantial lower number of patients with 

relatively high risk for EPE were selected for RARP in validation cohort 2, compared to 

the development cohort. For example, only the relative proportion of patients with low 

7
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suspicion of (extensive) EPE, on mpMRI or DRE were selected for RARP. Whereas patients 

with a high risk of (extensive) EPE, were more likely to be treated with radiation therapy. 

This assumption is supported by positive predictive value (PPV) rates for EPE established 

by DRE and mpMRI. The PPV for EPE assessed by DRE was respectively 54% in validation 

cohort 2, whereas this was 73% in the development cohort. PPV of mpMRI for EPE detection 

was 48% in validation cohort 2, compared to 63% in the development cohort.

Interestingly, model discrimination was found to be higher for model 2, 3 and 4 when 

applied in validation cohort 1, compared with the development cohort (0.83 vs. 0.80, 0.81 

and 0.81). These differences might be explained by the heterogeneity of the patient cohort 

used for model development. As mentioned previously, a large proportion of the patients 

undergoing RARP at CWH underwent diagnostic staging work-up elsewhere. Owing 

to the referral pattern, there was a larger variation in used prostate biopsy protocols, 

mpMRI readings and histopathological biopsy evaluation as patients came from different 

hospitals. However, we assume that the multi-centre nature of this cohort enabled 

accurate model estimation leading to robust tools which can be applied in different 

patient settings. Another explanation for the observed improved discrimination could 

stem from the fact a large prospective prostate biopsy trial (4M study) was ongoing in 

validation cohort 1 during the study period.24 As of part of the protocol, higher rates of 

patients underwent MRI target biopsy as well as concomitant systematic biopsies in a 

protocolled trial setting, potentially leading to more accurate tumour sampling.

To our knowledge, two other nomograms for prediction of side-specific EPE 

including mpMRI features have been developed previously. One of these was derived 

using data of 264 consecutive men undergoing RP between 2012 and 2015. The authors 

reported excellent model discrimination (AUC: 0.86) and excellent calibration.25 The 

model, however, includes a number of complex features, which may not always be 

readily available in a real-world clinical setting, such as ESUR classification for EPE 

and capsule contact length on MRI. In addition, this model has not yet been externally 

validated and thus the performance when applied in other populations remains unclear. 

The other nomogram, developed by Martini et al, was based on data from 589 patients 

who underwent RARP between February 2014 and October 2015. The authors reported 

excellent discrimination in terms of AUC (0.82) and high agreement between predicted 

and observed probabilities.26 Sighinolfi et al also externally validated The Martini model.27 

In this external validation study, moderate-low discriminative ability (AUC 0.68) and 

low sensitivity (20%) and specificity (54%) at the 20% cutoff were reported.27 In another 

recently published external validation study, good discrimination in terms of AUC (0.78) 

but poor calibration, even after model updating, were reported.28 What our study adds 

to this previous work is that we have shown that our developed nomogram not only 

provides accurate EPE risk prediction in the development cohort, but also when applied 

in external patient populations.

Implementation of tools that facilitate shared decision-making may improve 

quality of prostate cancer care, as active involvement of patients is associated with less 

decision conflict and less decision regret.29 Our proposed nomograms can facilitate this, 
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as demonstrated by the net benefit over a range of risk thresholds within a suitable 

range for clinical decision-making. Besides the potential of improving quality of care in 

terms of patient experience, our nomogram may also improve quality of care in terms of 

clinical outcomes. Using the nomogram with a risk threshold set at 20%, accurate patient 

selection for nerve sparing RP is possibly leading to the relatively highest clinical benefit. 

With a 20% risk threshold, 2170/3740 (58%) of the prostatic lobes of the development 

cohort would fall below the cut-off and nerve sparing would be advised for these. Of 

these however, 190 cases (9%) would have EPE. Although nerve sparing can be safely 

performed in the majority of patients with risk of EPE below this threshold, it remains 

critical to relate these risks to the patient’s preferences and willingness to trade-off 

between the potential quality of life benefit of nerve sparing and the increased risk of 

positive surgical margins. In addition to optimising preoperative staging, surgeons could 

consider other tools, such as intraoperative frozen section technology (NeuroSafe), to 

further optimise surgical outcomes.30 Moreover, since NeuroSafe is a time-consuming 

and costly procedure, our nomogram as a triage test for NeuroSafe could contribute to 

the cost-effective deployment of NeuroSafe.

Although this study has a number of strengths, such as a large number of cases 

and external validation in two separate patient cohorts, some limitations have to be 

acknowledged. Firstly, the majority of the study data was derived from daily clinical 

practice and there was no central histopathologic or radiologic review. However, fact 

real-world clinical data were used for model development and validation could also be a 

potential strength since these features reflect the real-world clinical situation, for which 

this nomogram is designed. Secondly, although accounted for using multiple imputations, 

the percentage of prostatic lobes with one or more missing covariates (27%) in this study 

is a limitation. However, results from our additional analysis performed using complete-

case data (data not shown) would not alter the study’s main conclusions. Lastly, model 

development and external validation were both performed by the same study group 

and solely concerned Dutch patients. We therefore encourage other (international) study 

groups to also externally validate our nomogram as well.

CONCLUSIONS

We developed a simple and robust nomogram, including mpMRI information and readily 

available clinical parameters, for the prediction of side-specific EPE. This nomogram 

can be safely used to optimise patient selection for nerve sparing radical prostatectomy.

7
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SUPPLEMENTAL SECTION

SUPPLEMENTARY TABLE S1. Coefficients of all four models

Model 1 Model 2 Model 3 Model 4

Intercept -2.717 -3.065 -2.976 -2.988

PSA density 0.497 0.819 0.563 0.530

Clinical stage

at DRE

T1

T2

T3

0.978

1.625

0.679

1.200

MRI

No lesion

Organ-confined

EPE

0.857

2.134

0.796

1.932

0.671

1.653

ISUP Grade

Benign

1

2

3

4

5

-0.111

0.687

0.957

1.211

1.597

0.393

1.109

1.494

1.790

2.295

-0.301

0.261

0.661

1.026

1.297

-0.227

0.364

0.644

0.963

1.289

% Positive cores 1.557 1.561 1.345

SUPPLEMENTARY TABLE S2. Association between patient-based EPE on MRI and EPE at final 

histopathology

No EPE at histopathology 
(%)

EPE at 
histopathology (%)

Total (%)

No EPE on MRI 981 (71) 410 (29) 1391 (100)

EPE on MRI 181 (38) 298 (62) 479 (100)

SUPPLEMENTARY TABLE S3. Association between side-specific EPE on MRI and side-specific EPE 

at final histopathology (prostate lobe level)

No EPE at histopathology 
(%)

EPE at 
histopathology (%)

Total (%)

No EPE on MRI 2693 (84) 525 (16) 3218 (100)

EPE on MRI 215 (41) 307 (59) 522 (100)

Timo BNW V4.indd   136Timo BNW V4.indd   136 05-10-2021   13:5305-10-2021   13:53



137Development of a novel EPE nomogram

7

Timo BNW V4.indd   137Timo BNW V4.indd   137 05-10-2021   13:5305-10-2021   13:53



CHAPTER 8

Timo BNW V4.indd   138Timo BNW V4.indd   138 05-10-2021   13:5305-10-2021   13:53



External validation of the MSKCC and  
Briganti Nomograms For Prediction of  

Lymph Node Involvement of Prostate Cancer 
Using Clinical Stage Assessed by Magnetic 

Resonance Imaging

T.F.W. Soeterik

T.A. Hueting

B. Israël

H.H.E. van Melick

L.M. Dijksman

S. Stomps

D.H. Biesma

H. Koffijberg

M. Sedelaar

J.A. Witjes

J.P.A. van Basten

BRITISH JOURNAL OF UROLOGY INTERNATIONAL. 2021;128:236-243.

Timo BNW V4.indd   139Timo BNW V4.indd   139 05-10-2021   13:5305-10-2021   13:53



140 CHAPTER 8

ABSTRACT

Background: Two established prediction tools that can be used to assess the probability 

of pelvic lymph node involvement (LNI) in patients with primary prostate cancer are the 

Memorial Sloan Kettering Cancer Centre (MSKCC; 2018) and Briganti (2012) nomograms. 

However, these nomograms include DRE-based clinical tumour stage (T-stage) as impute 

parameter. It is unclear if using T-stage assessed by multiparametric magnetic resonance 

imaging (mpMRI) improves predictive performance. Therefore, the aim of this study is to 

assess the impact of mpMRI T-stage on the model performance of two well-established 

nomograms for the prediction of LNI.

Methods: Patients undergoing robot-assisted extended pelvic lymph node dissection 

(ePLND) from 2015 to 2019 at three teaching hospitals were retrospectively evaluated. 

Risk of pelvic LNI was calculated four times for each patient, using T-stage assessed by 

digital rectal examination (DRE) and by mpMRI, in the MSKCC (2018) and Briganti (2012) 

nomograms. Discrimination (area under the curve [AUC]), calibration, and net benefit of 

these four strategies were assessed and compared.

Results: A total of 1062 patients were included, of whom 301 (28%) had histologically 

proven LNI. Using DRE T-stage resulted in AUCs of 0.71 (95% CI 0.70 - 0.72) for the MSKCC 

and 0.73 (95% CI 0.72 – 0.74) for the Briganti nomogram. Using mpMRI T-stage, the AUCs 

were 0.72 (95% CI 0.71 – 0.73) for the MSKCC and 0.75 (95% CI 0.74 – 0.76) for the Briganti 

nomogram. The mpMRI T-stage resulted in equivalent calibration compared with DRE 

T-stage. Combined use of mpMRI T-stage and the Briganti 2012 nomogram was shown 

to be superior in terms of AUC, calibration, and net benefit. Use of mpMRI T-stage led 

to increased sensitivity for the detection of LNI for all risk thresholds in both models, 

countered by a decreased specificity, compared with DRE T-stage.

Conclusions: Clinical T-stage assessed by mpMRI is an appropriate alternative for T-stage 

assessed by DRE to determine nomogram-based risk of LNI in patients with prostate 

cancer, and was associated with improved model performance of both the MSKCC 2018 

and Briganti 2012 nomograms.
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BACKGROUND

Assessment of pelvic lymph node involvement (LNI) by extended pelvic lymph node 

dissection (ePLND) is an essential component of the general staging work-up in patients 

with newly diagnosed prostate cancer selected for radical prostatectomy, and is indicated 

in patients with a risk of LNI above 5%.1 Even minimal tumour involvement of the 

lymphatic system is thought to have pivotal impact on disease prognosis, and should be 

established to identify patients with an increased risk of disease recurrence.2

Currently, the field of clinical imaging, particularly prostate-specific membrane 

antigen (PSMA) positron-emission tomography/computer tomography (PET-CT), is 

rapidly evolving. However, since the sensitivity of PSMA PET-CT for the detection of LNI 

in primary prostate cancer is only moderate, it cannot yet replace ePLND to exclude LNI.3,4 

Thus, ePLND remains the preferred option for nodal staging in primary prostate cancer.1

However, performing ePLND in patients undergoing radical prostatectomy is 

associated with unfavourable intraoperative and perioperative outcomes, including 

symptomatic lymphocele development (in up to 18%), bleeding (2.7%), infections 

(3.6%), and ureteral damage (0.8%), whereas there is no high-level evidence for a direct 

therapeutic effect.5,6 Therefore, ePLND should be reserved for carefully selected patients.

Both the European Association of Urology (EAU) and the National Comprehensive 

Cancer Network (NCCN) guidelines recommend the use of nomograms to guide patient 

selection for ePLND.1,7 Several of these prediction tools have been developed over the 

years.8 The Memorial Sloan Kettering Cancer Centre (MSKCC) pre-radical prostatectomy 

(update 2018) and Briganti 2012 nomograms are the two most established models.9,10 

In a recent validation study using a contemporary cohort of patients with Prostate 

cancer, the 2012 Briganti and the 2018 MSKCC nomograms were identified as the most 

accurate prediction tools available, with a reported area under the curve (AUC) of 0.76 

and 0.75, respectively.8 Both the MSKCC 2018 and Briganti 2012 nomograms include 

clinical tumour (T-stage) assessed by digital rectal examination (DRE) as one of the 

input parameters.9,10 However, recent guideline updates include the recommendation for 

performing multiparametric MRI (mpMRI) prior to prostate biopsy.1,11 As a result, mpMRI 

staging information will become standardly available in newly diagnosed patients. In 

addition, mpMRI potentially enables a more accurate estimation of local tumour extent 

compared with DRE.12 However, it is not clear if the use of T-stage assessed by mpMRI 

(mpMRI T-stage) results in more accurate nomogram-based LNI risk prediction.

In the present study, therefore, we evaluate whether replacing DRE T-stage by mpMRI 

T-stage results in a more accurate LNI risk prediction by the MSKCC 2018 and Briganti 

2012 nomograms.

8
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METHODS

Study population

After receiving institutional review board approval, patients diagnosed with prostate 

cancer undergoing ePLND between January 2015 and September 2019 at three Dutch 

teaching hospitals (St. Antonius Hospital Nieuwegein/Utrecht, Hospital Group Twente 

Almelo/Hengelo, and Canisius Wilhelmina Hospital Nijmegen), were included. Patients 

underwent ePLND combined with radical prostatectomy or prior to radiation therapy. 

In general, patients with a risk of LNI >5% (based on DRE T-stage), calculated using the 

MSKCC web calculator, were considered as candidates for ePLND.9 However, deviations 

were allowed at the discretion of the treating urologist. DRE T-stage, mpMRI T-stage, 

preoperative prostate-specific antigen (PSA), highest International Society of Urological 

Pathology (ISUP) grade observed on most recent preoperative biopsy, total number of 

biopsy cores taken on systematic biopsy and the relative number of cores containing 

prostate cancer on systematic biopsy were collected. Patients were included if they 

underwent systematic biopsies with or without MRI-guided target biopsy and mpMRI 

for local staging prior to ePLND. Patients undergoing salvage ePLND or those who received 

androgen deprivation therapy prior to ePLND were excluded.

Covariates and endpoints

Prostate-specific antigen, DRE T-stage, mpMRI T-stage, total number and relative 

number of positive biopsy cores as well as pathological lymph node status were collected 

during standard clinical practice. Biopsy grading was performed according to the new 

Gleason Grade group classification.13

Digital rectal examination was performed during the primary diagnostic evaluation 

by urologists with >5 years of experience in diagnosing and staging prostate cancer. DRE 

consisted of systematic palpation of all prostate regions including both lateral sides, 

the posterior region and the sulcus. DRE was performed in either the dorsal lithotomy 

or lateral position. Findings were reported according to the clinical classification of the 

American Joint Committee on Cancer.14

During the study period, 3-Tesla MRI scanners were used at the three institutions. 

Radiological reporting was performed by dedicated uro-radiologists. Reporting was done 

according to the Prostate Imaging – Reporting and Data System (PI-RADS) v2 guidelines.15 

MpMRI T-stages were defined as T1c (non-visible lesion), T2a (unilateral suspicious 

lesion, involving <50% of the prostatic lobe), T2b (unilateral suspicious lesion, involving 

>50% of the prostatic lobe) T2c (bilateral suspicious lesion), T3a (definite or high degree 

of suspicion for extraprostatic extension, T3b (definite or high-degree of suspicion of 

seminal vesicle invasion) and T4 (invades adjacent structures). The MRI protocols used 

at the three institutions are presented in the Supplemental Section (Table S1).
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The ePLND template included removal of nodes overlying the external iliac vessels, 

internal iliac artery, and the nodes located within the obturator fossa.16

All resected nodal tissue was submitted for pathologic evaluation, performed by 

experienced uro-pathologists. The total number of lymph nodes found in the tissue, 

as well as the number of nodes containing prostate cancer metastasis were assessed. 

Histopathological evaluation was performed in accordance with the ISUP consensus 

statement on handling and staging of radical prostatectomy specimens.17

Statistical analysis

The risk of LNI was estimated a total of four times per patient: using both the MSKCC 

2018 and Briganti 2012 nomograms, with both DRE- and mpMRI T-stage. Other covariates 

used for LNI risk calculation included most recent preoperative serum PSA level, highest 

ISUP grade found on either systematic or target biopsy, as well as the number of positive 

cores and the total number of cores taken on systematic biopsy. Model discrimination 

was quantified using the AUC, and refers to the probability of a random patient with 

histologically proven LNI (pN1) having a higher predicted risk than a random patient 

without histologically proven LNI (pN0).18 Classification plots showing the true and false 

positive rates per risk threshold were used to visualize discriminatory ability.19 Model 

calibration, which refers to the agreement between observed and predicted LNI, was 

assessed by plotting calibration curves and by determining calibration-the-large and 

calibration slopes.18 Calibration-in-the-large indicates whether predicted probabilities 

are systematically too low or too high. Perfect calibration is characterized by an intercept 

of 0, and a calibration slope of 1.18 The scaled Brier score, which is the average squared 

difference between the actual outcomes (i.e. LNI) and predicted probabilities, was also 

determined. A scaled Brier score close to 1 shows overall poor predictive ability, whereas 

a scaled Brier score of 0 corresponds with perfect risk prediction of the model.18 Decision-

curve analysis was performed to determine net benefit of the models over multiple 

clinically relevant thresholds. The calculated net benefit of the models was compared to 

the scenarios of treating either all or no patients.20 A systematic analysis was performed 

to determine the number of patients (with or without LNI) in whom ePLND would be 

advised, for LNI risk thresholds between 1% and 15%. Missing data were handled by using 

multiple imputations by chained equations.21 A total of 10 imputed datasets were created. 

Model performance measures were estimated by bootstrapping each imputed dataset 500 

times. To select the best performing approach, the different approaches were compared 

head-to-head by estimating in how many bootstrap samples a specific approach resulted 

in the highest pooled AUC measure. Statistical analysis was performed using R v3.6.3. (R 

Project for Statistical Computing, www.r-project.org).

8
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RESULTS

Study population

A total of 1062 patients fulfilled the inclusion criteria. Overall, 301 (28%) patients had 

histologically confirmed LNI. The median number of lymph nodes removed was 20 

(interquartile range 13-25). A total of 21 patients (2%) had one or more covariates missing 

including DRE T-stage (N = 11), mpMRI T-stage (N = 2), and biopsy data (N = 8). Baseline 

characteristics of the study cohort are presented in Table 1.

Model performance using DRE or mpMRI T-stage

Initial validation included use of DRE T-stage. Discrimination in terms of AUC was 0.71 

(95% CI 0.70 – 0.72) for the MSKCC and 0.73 (95% CI 0.72 – 0.74) for the Briganti nomogram. 

Mean predicted probability for LNI was respectively 24% for the MSKCC and 21% for the 

Briganti nomogram, where the observed LNI rate was 28% (Table S2). On visual exploration 

of calibration plots, we also observed systematic underestimation of the predicted risk of 

both nomograms, particularly for risk thresholds between 0% and 30% (Figures 1a and 1b).

FIGURE 1. Calibration plots of both nomograms based on DRE T-stage (A and B) and mpMRI T-stage 
(C and D). MSKCC, Memorial Sloan Kettering Cancer Centre. A histogram displayed at the top of each 
calibration plot shows the distribution of predicted risks for pN0 and pN1 cases. pN0 is indicated by 
the 0 (top side of the histogram), and pN1 is indicated by the 1 (bottom side of the histogram)
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TABLE 1. Baseline characteristics of the validation cohort

Overall pN0 pN1

No. of patients 1062 (100) 761 (72) 301 (28)

Hospital N (%)

SAH

HGT

CWH

258 (24)

246 (23)

558 (53)

186 (24)

159 (21)

416 (55)

72 (24)

87 (29)

142 (47)

Median (IQR) age, years 67 (63 - 71) 68 (63 - 71) 67 (63 - 71)

Median (IQR) PSA, ng/mL 10 (6.6 – 18) 9.3 (6.2 – 16) 13 (7.8 – 22)

Median (IQR) total cores

Data on total cores missing N (%)

10 (10 - 12)

5 (0)

10 (9 – 12)

4 (1)

10 (10 – 12)

1 (0)

Total positive cores

Data on positive cores missing N (%)

5 (3 – 8)

6 (1)

5 (3 – 7)

5 (1)

7.1 (3.3)

1 (0)

Percentage of positive cores (%) 

Data on percentage of positive cores 

missing N (%)

0.50 (0.33 – 0.75)

7 (1)

0.50 (0.25 – 0.67)

6 (1)

0.75 (50 - 100)

1 (0)

Biopsy ISUP grade N (%)

1

2

3

4

5

Missing

78 (7)

245 (23)

280 (26)

253 (24)

201 (19)

5 (0)

65 (9)

191 (25)

202 (27)

189 (25)

110 (14)

4 (0)

13 (4)

54 (18)

78 (26)

64 (21)

91 (30)

1 (0)

DRE T-stage N (%)

T1c

T2a

T2b

T2c

T3a

T3b

T4

Missing

384 (36)

328 (31)

84 (8)

77 (7)

169 (16)

7 (1)

3 (0)

10 (1)

301 (40)

248 (33)

57 (7)

52 (7)

103 (14)

3 (0)

1 (0)

6 (1)

83 (28)

80 (27)

27 (9)

35 (12)

66 (22)

4 (1)

2 (0)

4 (1)

mpMRI T-stage N (%)

T1c

T2a

T2b

T2c

T3a

T3b

T4

Missing

40 (4)

301 (28)

41 (4)

120 (11)

376 (35)

160 (15)

22 (2)

2 (0)

36 (5)

250 (33)

29 (4)

103 (14)

261 (34)

69 (9)

12 (2)

1 (0)

4 (1)

51 (17)

12 (4)

17 (6)

115 (38)

91 (30)

10 (3)

1 (0)

8
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TABLE 1. Continued

Overall pN0 pN1

Biopsy type N (%)

TRUS-guided SB

TRUS-SB+ MRI-TB

694 (65)

368 (35)

479 (63)

282 (37)

215 (71)

86 (29)

Median (IQR) total nodes resected 20 (13 - 25) 17 (12 - 24) 20 (14 - 28)

SAH: St. Antonius Hospital, HGT: Hospital Group Twente, CWH: Canisius Wilhelmina Hospital, SD: 

standard deviation, IQR: interquartile range, TRUS: transrectal ultrasonography, SB: systematic 

biopsy, MRI-TB: magnetic resonance image-guided target biopsy. Percentages may not total 100 

due to rounding.

When using mpMRI T-stage, discrimination in terms of AUC, increased to 0.72 (95% CI 

0.71 – 0.73) for the MSKCC and 0.75 (95% CI 0.74 – 0.76) for the Briganti nomogram (Table 

S2). Mean predicted probability for LNI changed to 30% for the MSKCC and 27% for the 

Briganti nomogram (Table S2). As shown in the calibration plots, the agreement between 

predicted and observed probabilities was comparable (both moderate calibration) for 

both DRE T-stage and mpMRI T-stage. Calibration intercepts were closer to 0 when using 

mpMRI instead of DRE for both the MSKCC (0.04 [95% CI: 0 – 0.08] versus 0.08 [95% CI: 

0.04 – 0.12]), and the Briganti nomogram (0.05 [95% CI: 0 – 0.08] versus 0.10 [95% CI: 

0.06 – 0.13]); (Table S2). In a head-to-head comparison, calculating the LNI risk using 

mpMRI T-stage with the Briganti nomogram led to higher AUCs in all bootstrap samples, 

compared with Briganti DRE T-stage as well as both DRE T-stage and mpMRI T-stage 

with the MSKCC nomogram.

Clinical usefulness

Using mpMRI T-stage resulted a in higher true-positive rate and a higher false-positive 

rate for the detection of positive lymph nodes for all risk thresholds, compared to 

using DRE T-stage (Figure 2). Use of mpMRI T-stage led to increased sensitivity for the 

detection of LNI for all risk thresholds in both models, countered by a lower specificity, 

compared with DRE T-stage. In Tables S3 and S4, total numbers of missed LNI cases per 

risk threshold are presented, combined with rates of performed ePLND and number of 

positive LNI cases. For all thresholds, the number of missed LNI cases was lower

when mpMRI T-stage was used, countered by higher rates of unnecessary ePLND (pN0).

Decision curve analysis revealed that use of mpMRI T-stage in both nomograms 

resulted in higher net benefits, compared with DRE T-stage, for the risk thresholds 

between 5% and 20%. Net benefits for both the MSKCC and Briganti nomograms, using 

mpMRI T-stage, were comparable for this range of risk thresholds. For risk thresholds 

ranging from 20% and 30%, the combined use of mpMRI T-stage with the Briganti 

nomogram would lead to the highest net benefit (Figure 3).
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FIGURE 2. Classification plots of both nomograms displaying false positive rate (FPR) and true 
positive rate (TPR) established using both DRE T-stage and multiparametic MRI (mpMRI) T-stage 
with (A) the Memorial Sloan Kettering Cancer Centre 2018 and (B) the Briganti 2012 nomogram

A.

B.
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FIGURE 3. Decision curves for the four performed validation scenarios compared to the default 
strategies

DISCUSSION

Use of mpMRI T-stage for nomogram-based LNI risk assessment resulted in higher 

AUC, comparable agreement between predicted and observed probabilities, and higher 

net benefit compared with DRE T-stage, in both the MSKCC 2018 and Briganti 2012 

nomograms. In our study population, use of DRE T-stage would lead to overall LNI 

risk underestimation in the clinically relevant range of risk thresholds (0-30%). In the 

head-to-head comparison, combined use of the mpMRI T-stage with the Briganti 2012 

nomogram resulted in the most accurate LNI risk prediction.

Our study acknowledges the robustness of both the MSKCC 2018 and Briganti 2012 

nomograms, since model performance was still fair to good, even when the model was 

applied in a patient population with a considerably higher prevalence of the predicted 

outcome compared with the development populations. In our cohort, LNI prevalence 

(28%) was substantially higher compared to both MSKCC (7% [internal communication 

MSKCC research team]) and Briganti (8%) populations.10 Therefore, our results show 

both models are applicable in a contemporary patient cohort. In addition, our analysis 

confirmed that mpMRI T-stage can be safely used as impute parameter for these 

nomograms, even leading to improved accuracy of the predicted LNI risk compared 

with DRE T-stage.

The present study’s main findings add up to the available body of literature supporting 

the additional value of mpMRI information for predicting presence of LNI in prostate 

cancer. For example, Porpiglia et al. showed MRI has an important role in LNI risk 

prediction in patients with a nomogram-predicted risk <5%.22 Huang et al. demonstrated 
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that addition of PI-RADS score improved model discrimination in terms of AUC for both 

nomograms, increasing from 75% to 86% for Briganti and from 79% to 88% for MSKCC, 

respectively.23

Recently, two new nomograms have been introduced, including mpMRI and target 

biopsy features such as maximum diameter of the index lesion and maximum percentage 

of tumour involvement in one core.24,25 Of these, the 2019 Briganti nomogram was recently 

externally validated showing excellent characteristics, including an AUC of 79% and 

high agreement between predicted and observed probabilities for risk thresholds below 

35%.26 In their head-to-head comparison, the 2019 Briganti nomogram outperformed the 

Briganti 2017 and MSKCC 2018 in terms of discrimination, calibration and net benefit.26 

Although these new nomograms potentially enable improved LNI risk prediction due to 

the addition of mpMRI guided target biopsy, they both include complex features which 

may not be always available in clinical practice, such as maximum diameter of the index 

lesion on mpMRI and highest tumour length in millimetres of all biopsy cores taken.24,25 

In addition, more external validation studies are warranted to confirm the accuracy of 

these new nomograms in external patient populations, as model transportability needs 

to be adequate to prevent systematic wrong decision-making.

Our results do not support the statements in a recent position paper on prostate cancer 

staging by Paner et al., who suggested that DRE should not be replaced by mpMRI for 

establishing clinical T-stage.27 In the present study, mpMRI outperformed DRE in terms 

of AUC for nomogram-based LNI risk prediction, as the use mpMRI T-stage resulted in 

higher AUCs for all bootstrap samples. This is most likely the consequence of the main 

advantage that mpMRI has over DRE for determining local tumour extent, which is the 

visualisation of the prostate gland as a whole and improved detection of non-organ-

confined disease. Our study group has confirmed this in a recent study, as the reported 

sensitivity for the detection of non-organ-confined disease was significantly lower for 

DRE compared with mpMRI (12% vs. 51%, p < 0.001).28

Although our main study results favour the use of mpMRI T-stage for nomogram-

based LNI risk prediction, there are arguments against replacing DRE with mpMRI T-stage 

that should be mentioned. First, disadvantages of MRI include reader interobserver 

variability and quality differences regarding mpMRI reading.27 However, a previous study 

by Angulo et al showed interobserver inconsistency also to be an issue for DRE, resulting 

in a low ability to reproduce clinical staging by DRE among multiple examiners.29

Second, use of mpMRI compared with DRE would lead to upstaging of clinical 

T-stage in one-third of the patients.28 Although mpMRI can provide valuable prognostic 

information for specific patients, including those with non-organ-confined disease 

which was not detected during DRE, the high upstaging rates bear the risk of overstaging 

and hence overtreatment in patients with genuine low-risk disease.28

To select patients for ePLND, it remains important to take into account patient’s 

preferences, age and prognostic tumour parameters other than those included in the 

nomograms to distinguish the patients who would benefit from additional ePLND, from 

those in whom this intervention would potentially do more harm than good.

8
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In addition, the trade-off between subjecting node-negative patients to the concomitant 

risks of ePLND vs the potential advantages of ePLND in the specific node-positive 

subgroup, remains to be explored. Future studies should focus on finding the optimum 

risk threshold at which the benefits of ePLND, at best, outweigh the harms.

Although this study has several strengths, such as the inclusion of a multicentre 

cohort representing a real-world prostate cancer population and a large study sample 

with a sufficient number of events for adequate external validation, it also has some 

limitations. Firstly, the data used in the study were derived from routine clinical practice, 

and no central review of DRE, mpMRI and histopathological evaluation was performed. 

Secondly, the majority of the data were collected retrospectively, which could have led 

to measurement bias. Lastly, the indication to perform an ePLND in this patient cohort 

was done using nomogram-based LNI risk estimation (risk of LNI >5%). Even though 

this is according to current EAU guideline recommendations, and reflects contemporary 

clinical practice, this could have introduced bias due to the selection of patients for 

ePLND with higher risk of LNI (reflected by the relatively high LNI prevalence). For 

instance, selecting patients with higher risk of LNI (and prevalence) could explain the 

counterintuitive finding on decision-curve analysis, showing that a “treat all” approach 

would lead to higher net benefit compared with nomogram-based selection for risk 

thresholds between 0% and 15%.

CONCLUSIONS

The MSKCC 2018 and Briganti 2012 nomograms were found to be adequate models for 

the prediction of LNI in patients with prostate cancer when using either mpMRI T-stage 

or DRE T-stage. The use of mpMRI T-stage led to improved model discrimination, equal 

calibration, and lower rates of missed LNI cases. Using the mpMRI T-stage with the Briganti 

2012 nomogram was shown to be the most accurate strategy for LNI risk prediction.
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SUPPLEMENTAL SECTION

SUPPLEMENTARY TABLE S1. MRI protocols used at each hospital

SAH CWH HGT

Field of strength of magnet 3T 3T 3T

Coils used? Body coil Body coil Pelvic coil

Slice thickness 3mm 3mm 3mm

For T2-weighted imaging, which 

planes were acquired?

Axial, sagittal, 

coronal

Axial, sagittal, 

coronal

Axial, sagittal, 

coronal

For DWI, the b-values, image sets 

analyses (e.g. high b-value image, 

ADC map, or both)

B 50-400-800 and 

calculated B1400 

and ADC map

B 0-50-100-200-

250-800 and ADC 

map

B 50-400-800 and 

calculated B1400 

and ADC map

Scoring system used

(if different were used, indicate  

per year)

PI-RADS v2 PI-RADS v2 PI-RADS v2

Experience of radiologists reporting 

prostate MRI in the period

2-5 years 6 years >5 years

Intravenous administration? 

(dosage, type e.g. Gadolinium + 

manufacturer)

Gadolinium 

0.1 mmol/kg 

(Dotarem)

Gadolinium 1.0 

mg/kg intravenous 

(Dotarem)

Gadolinium 0.1 

mmol/kg  

(Dotarem)

SUPPLEMENTARY TABLE S2. Model performance parameters after pooling for DRE T- and mpMRI 

T- stage

MSKCC 2018 Briganti 2012

DRE T-stage mpMRI T-stage DRE T-stage mpMRI T-stage

AUC (95% CI) 0.71 (0.70 – 0.72) 0.72 (0.71 – 0.73) 0.73 (0.72 – 0.74) 0.75 (0.74 – 0.76)

Mean predicted 

probability (%)

24 30 21 27

Calibration slope 0.84 (0.71 – 0.99) 0.83 (0.69 – 0.95) 0.90 (0.77 – 1.02) 0.88 (0.76 – 1.00)

Calibration intercept 0.08 (0.04 – 0.12) 0.04 (0 – 0.08) 0.10 (0.06 – 0.13) 0.05 (0 – 0.08)

Scaled Brier score 0.13 (0.08 – 0.18) 0.14 (0.08 – 0.19) 0.13 (0.07 – 0.18) 0.18 (0.12 – 0.24)

* Overall prevalence of LNI on final histopathological evaluation was 28%.
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162 CHAPTER 9

Prostate cancer is a common disease, which can present in a wide variety of stages. 

Accurate staging of prostate cancer is crucial for determining the most suitable treatment 

strategy, resulting in the best possible outcomes. Optimising primary tumour staging and 

consequent treatment indication for either invasive or non-invasive therapeutic strategies 

are therefore crucial to ensure patients are offered the best treatment.

In this thesis, we explored a number of scientific topics within the context of prostate 

cancer, including: the evaluation of real-world active surveillance (AS) outcomes, focusing 

on patient selection criteria and follow-up intensity, the impact and value of magnetic 

resonance imaging (MRI) on staging as well as consequences of staging such as extent 

of surgery and implementation of MRI information into existing and novel prediction 

tools. In the following chapter, the findings of the performed studies presented in this 

thesis are summarized.

PART I. OPTIMISING ACTIVE SURVEILLANCE

In Chapter 2, we conclude that patient selection for AS in the real-world clinical setting 

substantially differs from the selection of patients in a trial setting. Our analysis revealed 

that 49% of the patients in a real-world Dutch AS cohort did not meet one or more of 

the inclusion criteria used in the largest ongoing AS study (Prostate Cancer Research 

International Active Surveillance Study [PRIAS]). We observed large differences in AS 

outcomes comparing PRIAS-eligible and PRIAS-ineligible patients. PRIAS-ineligible 

patients experienced tumour progression during AS significantly earlier and had 

a three-fold increased risk of unfavourable surgical pathology after deferred radical 

prostatectomy, compared with PRIAS-eligible patients. Of all PRIAS selection criteria, 

PSA density (PSAD) was found to be a significant predictor for developing metastasized 

prostate cancer. Patients with PSAD ≥0.2 ng/ml/ml at diagnosis had a three-fold higher 

risk of metastasis, compared with patients with PSAD <0.2 ng/ml/ml. The novel insights 

regarding AS outcomes of patients who are selected “off-protocol”, can help guide 

patients and their treating physicians to determine if AS is a suitable treatment option, 

taking into account the patient’s baseline characteristics and preferences.

In Chapter 3, we report that AS follow-up in daily practice is also less stringent than 

advised by the prevailing AS follow-up protocols. Overall, less than half of all patients 

(43%) evaluated underwent PSA testing and repeat biopsies concordant with the 

PRIAS protocol. In patients meeting all PRIAS criteria at baseline (PRIAS-eligible), less 

frequent PSA monitoring as well as less frequent repeat biopsy were not associated with 

an increased risk of metastasis. Whereas among patients who were PRIAS-ineligible, 

concordant monitoring (especially PSA testing) is strongly advised, as discordant follow-

up was associated with an increased risk of developing metastasized prostate cancer. Our 

findings suggest that it may be possible to loosen follow-up intensity in selected patients 
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163General Summary

fulfilling all PRIAS inclusion criteria, whereas stringent follow-up remains advised in 

PRIAS-ineligible patients.

PART II. IMPACT OF MRI ON PROSTATE CANCER RISK  
CLASSIFICATION

In the study described in Chapter 4, we observed that multiparametric magnetic 

resonance imaging (mpMRI) has superior detection of non-organ-confined disease 

(stage ≥T3a), compared with DRE. Use of mpMRI T-stage for prostate cancer risk group 

classification leads to upstaging in one-third of patients. Overall, use of mpMRI resulted 

in a 9% higher cumulative rate of true positive and true negative stage ≥T3a test results 

compared with DRE. Since mpMRI results in a higher overall diagnostic accuracy for the 

detection of non-organ-confined disease, it should be preferred over DRE for determining 

clinical tumour stage. However, due to its limited specificity for the detection of non-

organ-confined disease, clinicians should be aware that mpMRI can lead to overstaging 

and potential overtreatment of patients who harbor genuine low-risk disease.

PART III. ASSOCIATION BETWEEN NERVE SPARING AND 
POSITIVE SURGICAL MARGINS

Chapter 5 includes the description of an extensive multivariable analysis, using side-

specific covariates, evaluating the association between nerve sparing robot-assisted 

radical prostatectomy (RARP) and the risk of positive margins. In this multi-centre 

cohort, including analysis of 5148 prostate lobes derived from 2574 patients, nerve 

sparing was an independent predictor for ipsilateral positive margins (OR 1.42, 95% 

CI 1.14 – 1.82) on multivariable analysis. Our study results call into question the classic 

assumption that nerve sparing is not associated with an increased risk of positive surgical 

margins. The study’s main finding is relevant for clinical practice, as patients and their 

urologists need to be aware of the fact that nerve sparing does increase the risk of positive 

margins. The potential benefits of nerve sparing should therefore be carefully weighed 

against the concomitant risks when consulting patients opting for nerve sparing radical 

prostatectomy.

PART IV. INCORPORATION OF MRI INTO CLINICAL  
PREDICTION MODELS

Since MRI has the potential to improve the predictive ability of nomograms, it should 

be evaluated if incorporation of MRI information into nomograms combined with 

traditional characteristics such as PSA and biopsy data can improve side-specific 

9
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164 CHAPTER 9

extraprostatic extension (EPE) risk prediction. Martini and colleagues have developed 

such a nomogram, and concluded that it can lead to reliable prediction of side-specific 

EPE in patients undergoing RARP. To determine if this nomogram can be safely applied 

in other populations, we performed an external validation of the Martini nomogram for 

the prediction of side-specific EPE (Chapter 6). Although external validation showed 

good discrimination in terms of AUC (0.78), the model showed substantial disagreement 

between predicted and observed probabilities on the calibration plots. Use of a 

miscalibrated nomogram (either underestimation or overestimation) can be potentially 

harmful for patients. Therefore, we concluded that based on this external validation 

study, the Martini nomogram may not be a suitable prediction tool to predict side-specific 

EPE in patients undergoing RARP.

In Chapter 7, we describe the outcomes of a study in which we developed and externally 

validated four nomograms for the prediction of side-specific EPE, using combinations 

of PSAD, highest ipsilateral biopsy International Society of Urological Pathology (ISUP) 

grade, ipsilateral percentage of positive cores on systematic biopsy and side-specific 

clinical stage assessed by both digital rectal examination and mpMRI. The three models 

including mpMRI staging information resulted in relatively higher AUCs compared 

with the model without mpMRI information. The model based on PSAD, ISUP grade 

and mpMRI T-stage was superior in terms of model calibration. Using this model with 

a cut-off of 20%, 1980/2908 (68%) of all prostatic lobes without EPE would be found 

eligible for nerve sparing, whereas non-nerve sparing would be advised in 642/832 (77%) 

lobes with EPE. Our study resulted in a simple and robust nomogram, including mpMRI 

information and readily available clinical parameters, for the prediction of side-specific 

EPE. This nomogram can be safely used in clinical practice and can potentially improve 

patient selection for nerve sparing radical prostatectomy.

In Chapter 8, we evaluated the impact of using mpMRI T-stage on the diagnostic 

accuracy of two commonly used nomograms (MSKCC 2018 and Briganti 2012) for the 

prediction of pelvic lymph node involvement (LNI) in patients with prostate cancer 

undergoing extended pelvic lymph node dissection. We concluded that use of mpMRI 

T-stage improved model discrimination of both nomograms, compared with DRE T-stage. 

Model calibration was comparable for both modalities. Use of mpMRI T-stage and the 

Briganti 2012 nomogram resulted in the overall best model performance in terms of 

discrimination, calibration and net benefit. These results are important, since scientific 

data regarding the use of mpMRI T-stage for nomogram-based LNI risk prediction by 

existing nomograms are scarce. Based on the study’s main results, we can conclude that 

mpMRI T-stage can be safely used as an input parameter for nomogram-based LNI risk 

prediction.
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In this thesis, we have evaluated patient selection and follow-up for active surveillance in 

a real-world patient cohort, and related selection and follow-up intensity to oncological 

outcomes. Additionally, we evaluated the impact of incorporating prostate MRI 

information into risk classification systems and nomograms to assist primary staging 

of prostate cancer, and treatment consequences of MRI including extent of surgery. 

This chapter is a discussion of the main findings and their implications, and future 

perspectives.

EVALUATION OF ACTIVE SURVEILLANCE IN REAL-WORLD 
CLINICAL PRACTICE

Our analysis revealed that in real-world practice, 49% of patients on AS for prostate cancer 

are selected “off-protocol”; not fulfilling the traditional eligibility criteria used in the 

landmark AS studies such as the Prostate Cancer International Active Surveillance Study 

(PRIAS) (Chapter 2).1 Although number of studies performed describing the outcomes of 

“off-protocol” (PRIAS-ineligible) selected patients are scarce, our findings implicate that 

AS is frequently advised in these patients, even though outcomes of AS in these patients 

are relatively unknown.

In order to fill this scientific gap, we established rates of metastasis, risk of 

biochemical recurrence and outcomes of deferred surgery for both PRIAS-eligible 

and PRIAS-ineligible patients. These results show that PRIAS-ineligible patients 

experienced tumour progression significantly earlier than PRIAS-eligible patients, and 

had a three-fold increased risk of unfavourable surgical pathology after deferred radical 

prostatectomy. Our study also resulted in the identification of PSA density (PSAD) as 

an important prognostic parameter for unfavourable outcomes. For instance, PSAD 

≥0.2 ng/ml/ml at diagnosis was associated with a three-fold higher risk of metastasis, 

compared with patients with a PSAD <0.2 ng/ml/ml. Identification of such clinically 

relevant predictors of AS outcomes is important, since these parameters and their related 

outcomes enable more individualized treatment decision-making.

A limitation of the study is that the vast majority of patients (97%) were diagnosed 

by transrectal ultrasonography guided systematic biopsy, without prebiopsy MRI and 

target biopsy.1 As systematic biopsy is associated with missing one-third of clinically 

significant tumours on initial biopsy, this may limit the generalisability of the results to 

the contemporary population of patients on AS in whom pre-biopsy MRI and subsequent 

target biopsy are increasingly used.2 Another important limitation of this study includes 

the lack of comparative analysis of PRIAS-ineligible patients on AS with a matched 

patient cohort undergoing immediate radical treatment. Consequently, we were not able 

to conclude if better overall oncological outcomes would be achieved if this subset would 

undergo immediate active treatment. Future studies should focus on revealing the most 

optimal treatment strategy for PRIAS-ineligible, low to favourable intermediate-risk 
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disease patients, preferably by a randomised controlled trial assigning patients to either 

AS or immediate active treatment.

In addition to adherence to less stringent selection criteria for AS, our analysis 

revealed that AS follow-up in routine clinical care is also less strict compared to that 

protocolled in most AS cohort studies (Chapter 3). Overall, less than half (43%) of all 

patients received follow-up testing concordant with the PRIAS protocol.3 Our study’s main 

finding was that in PRIAS-eligible patients, discordant monitoring was not associated 

which an increased risk of metastasis. However, our analysis also revealed that discordant 

monitoring in those not meeting the PRIAS criteria at baseline, did increase the risk of 

metastasis. These results contribute to our joint effort to reduce burden of patients with 

prostate cancer opting for AS, and specific recommendations can be extracted from the 

study. For instance, our study’s main findings suggest follow-up schedules in PRIAS-

eligible patients may be loosened; whereas strict follow-up is recommended in patients 

not meeting one or more PRIAS inclusion criteria.

A limitation of the study includes the lack of standard use of MRI during AS follow-up. 

At present, it is advised that MRI should be performed at least once at some point during 

AS follow-up.4 Our study was performed before these recommendations were published, 

resulting in the relatively high percentage of patients on AS who were monitored without 

application of MRI (55%).3 This could impact the generalisability of our outcomes to 

the contemporary state of practice. In addition, evaluation of the use of MRI and/or 

subsequent MRI target biopsy during follow-up were not included in the analysis. As we 

assume that MRI in this retrospective cohort was done in case of an indication (e.g. signs 

of tumour progression), application of MRI during follow-up in selected patients could 

impact the association between discordant follow-up and AS outcome, and could have 

masked the true impact of discordant follow-up.

IMPACT OF MAGNETIC RESONANCE IMAGING ON PROSTATE 
CANCER RISK CLASSIFICATION

Use of mpMRI T-stage, instead of DRE T-stage, would lead to migration of one-third of 

newly diagnosed patients to a higher prostate cancer risk group (Chapter 4). The stage 

migration is consequential to the higher detection rates of non-organ-confined disease 

of mpMRI, compared with DRE. The higher detection rates are countered by higher rates 

of false positive test results, especially in patients with low-risk disease. However, given 

the overall 9% higher cumulative rate of true positive and true negative detected non-

organ-confined disease cases at diagnosis, mpMRI should be regarded as a superior to 

DRE as a staging and risk classification tool.

Question remains if these results provide sufficient evidence for fully abandoning 

DRE for local tumour staging. The upstaging of one-third of patients could translate 

into unnecessary treatment intensification in patients low- and intermediate-risk 

cancer, especially in those with false-positive stage ≥T3a test results. Although DRE is 
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an unreliable tool to exclude stage ≥T3a cancer, it still remains a valuable tool with a high 

specificity and thus high true positive rate for non-organ-confined disease, and should 

remain to be used in concert with mpMRI.

Moving forward, novel strategies to further optimise mpMRI interpretation should be 

explored to decrease false positive stage ≥T3a test results and thus improve its prognostic 

value. Areas of opportunity include the reporting of the likelihood of extraprostatic 

extension (EPE) by using a 5-point Likert scale and standardization of the degree of EPE 

when definite EPE on mpMRI is established.5–8 In addition, future studies should focus 

on evaluating whether local staging and risk stratification assessed by mpMRI improves 

oncological as well as patient-reported outcomes.

Association between nerve sparing and positive surgical margins

In Chapter 5 we report that side-specific nerve sparing during robot-assisted radical 

prostatectomy (RARP) was associated with a 40% increased odds of ipsilateral positive 

margins versus non-nerve sparing. Reason this association was not found in the majority 

of previously performed studies on this subject could be explained by insufficient 

adjustment for (side-specific) confounding factors.9,10

Although these results can contribute to patient counselling and indication for 

nerve sparing, the study has some limitations. The retrospective nature of our study, 

including the performance of nerve sparing based on patient selection, is not the most 

ideal study design to evaluate this issue. To further evaluate the association, prospective 

randomised trials are needed wherein patients are randomised into nerve sparing versus 

non-nerve sparing. However, this design may not be justified from an ethical perspective 

as retaining urinary continence and erectile function is withheld in those randomised 

into the non-nerve sparing group.

In addition to revealing the association between nerve sparing and risk of positive 

margins, our study led to the identification of other significant predictors of positive 

margins including presence of EPE on mpMRI and surgeon. To further improve the safety 

of nerve sparing surgery and thus improving outcomes for patients, quality improvement 

initiatives should focus on surgical training and surgical outcome feedback programmes, 

creating an environment wherein surgeons evaluate their procedures and learn from 

each other. Moreover, clinicians should focus on optimising their diagnostic and staging 

modalities. Local multi-disciplinary quality improvement programmes involving 

urologists, pathologists and radiologists can improve mpMRI reading and interpretation, 

further enhancing the detection and exclusion of EPE on pre-operative MRI enabling 

optimal preoperative surgical planning.

Incorporating MRI information into clinical prediction models

The main finding of this section is that incorporation of mpMRI information into 

preoperative prostate cancer nomograms positively impacts their predictive accuracy 
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(Chapter 7 & Chapter 8). However, inherent to use of prediction tools in general, 

assessment of performance of these models in external patient populations remains 

important to ensure their safety. This was emphasized by the results of our study 

described in Chapter 6, showing disagreement between predicted and observed rates 

of EPE when using the Martini EPE nomogram for the prediction of side-specific EPE 

in an external hospital population. These findings were concordant with those reported 

by Sighinolfi et al.11 Based on the findings of these studies we conclude that the Martini 

nomogram may not be a suitable prediction tool to predict side-specific EPE in patients 

undergoing RARP.

The major strength of our study in which we propose an alternative side-specific 

EPE nomogram, is that we used two separate hospital patient populations for external 

validation (Chapter 7). This nomogram is the first side-specific EPE prediction tool 

including mpMRI information, showing good performance when applied in other 

hospital populations. Therefore, this tool should be recommended for side-specific EPE 

risk prediction in clinical practice. The nomogram is currently publicly accessible as an 

online web calculator.12

Although our side-specific EPE nomogram has shown to be an accurate tool, two 

important limitations of the study should be mentioned. First, there was a wide variety 

of biopsy protocols used in the development cohort. Overall 56% were diagnosed using 

systematic biopsy, 16% using MRI target biopsy without concomitant systematic biopsy 

and 28% underwent target biopsy and concomitant systematic biopsy. Due to the 

increased adoption of MRI-guided target biopsy, it can be expected that sampling error 

may further decrease, leading to more precise biopsy ISUP grading. Therefore, future 

updating of the nomogram is crucial to ensure the applicability in the contemporary 

era of clinical practice. It is advised that updating occurs by using data of a more 

contemporary cohort including men all receiving target and concomitant systematic 

biopsies. The second limitation is the lack of central review of MRI, which could have 

improved the diagnostic accuracy of MRI for the detection of EPE.13 However, variations 

in MRI reading (quality and interobserver variability) are inherent to real-world clinical 

care, and central review is mostly not incorporated into daily clinical practice. Also, by 

using a multi-centre hospital population for model development, these variations were 

already partially accounted for.

In Chapter 8, we reported that use of mpMRI T-stage improved model discrimination 

of two established nomograms used for the prediction of pelvic lymph node invasion 

(LNI) in patients with primary prostate cancer, compared with DRE T-stage. These results 

are important, since studies evaluating the added value of using mpMRI T-stage for 

LNI risk prediction are scarce. Based on the study’s main results, we can conclude that 

mpMRI T-stage can safely replace DRE T-stage as input parameter for nomogram-based 

LNI risk prediction. Use of mpMRI T-stage led to relatively higher probabilities of LNI, 

due to migration of patients initially staged as cT1c or cT2 disease by DRE, to cT2 and 

higher. When using mpMRI T-stage, lower rates of pelvic LNI would be missed (higher 

sensitivity), compared with DRE T-stage. However, this was at the cost of performing 
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more lymph node dissections in patients without nodal metastasis (higher false positive 

rate). Although our analysis showed that mpMRI T-stage is a valuable alternative to DRE 

T-stage for nomogram-based risk prediction, clinicians should be aware of the stage 

migration use of mpMRI T-stage initiates, potentially resulting in increased number of 

unnecessary lymph node dissections. The selection of patients for extended pelvic lymph 

node dissection (ePLND), using set thresholds (with variation allowed between hospitals 

and urologists, between 5% to 15%) for risk of LNI, forms an important limitation of the 

present study; leading to a study population with a relatively high prevalence of LNI. This 

aspect could limit the generalisability of our study results to patients with a predicted 

LNI risk for the lower thresholds (0 – 10%). In addition, the selection of patients can 

also explain the counterintuitive findings regarding the net benefit; as decision curve 

analysis showed that a “treat all” approach (subjecting all patients to ePLND), would 

be superior compared to nomogram-based selection. Nevertheless, although the study 

regards a selected subgroup, we assume the population to be suitable for testing the 

primary hypothesis; confirming mpMRI T-stage is at least equal to DRE T-stage when 

used for nomogram-based LNI risk prediction.

FUTURE PERSPECTIVES

Optimisation of active surveillance in the present MRI era

Data of studies with MRI-based AS protocols will reach greater maturity in the near 

future, yielding valuable information regarding the added value of MRI application in AS. 

The preliminary outcomes indicate that baseline MRI can further discriminate indolent 

tumours from those likely to become clinically significant.14 In addition, performing MRI 

before entering AS was associated with lower rates of discontinuation at 15 months (14% 

versus 26-28% in MRI-naïve men).15 Use of MRI-based risk stratification tools and scoring 

systems such as PI-RADS and PRECISE can help to reduce the number of necessary repeat 

biopsies, decreasing AS burden for the patient.14,16,17 The mid-term results of an AS cohort 

including full MRI-led monitoring are promising, showing comparable discontinuation, 

mortality and metastasis rates compared with those reported in standard AS, while 

drastically reducing the number of repeat biopsies.18 Although the long-term results are 

to be awaited, these results show the potential of full MRI-based AS monitoring.

Impact of MRI on prostate cancer pre-treatment risk prediction tools

Application of MRI and target biopsy information are expected to further shift the 

paradigm of predictive modelling in prostate cancer. It has been established previously 

that application of MRI-guided target biopsies, combined with concomitant systematic 

biopsies, leads to decreased ISUP upgrading rates at final pathology.19,20 The more accurate 

the ISUP grade can be assessed preoperatively, the more accurate risk prediction by 
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nomograms incorporating ISUP grade as a predictor can be established. The latter was 

confirmed by a literature review of Dell’Oglio and colleagues.21 The authors provided 

an overview of several studies confirming that MRI and MRI-guided target biopsy 

information improve prostate cancer risk calculators developed for the prediction of 

pathological outcomes after surgery (EPE, SVI and LNI) and the risk of biochemical 

recurrence after radical prostatectomy.21

These findings were confirmed in a recent study by Gandaglia and colleagues, 

showing that novel MRI-based pre-operative tools improved the prediction of 

unfavourable pathological outcomes (EPE and seminal vesicle invasion), in terms of 

model discrimination.22 In addition, the same study group proposed a novel nomogram 

for the prediction of LNI, based on MRI target biopsy and MRI information. In their 

development study, they observed substantial higher model accuracy compared with 

conventional MRI-naive LNI prediction tools.23 The latter was confirmed in an additional 

external validation study, showing that use of the mpMRI and mpMRI target biopsy 

based nomogram resulted in the highest AUC compared to the 2012 and 2017 Briganti 

nomograms and the MSKCC 2018 pre-radical prostatectomy nomogram (79% vs. 75% vs. 

65% vs. 74%).24 Another novel nomogram including MRI information for prediction of 

LNI was developed bij Draulans and colleagues.25 This nomogram also showed favourable 

characteristics on internal validation (AUC 0.80), and acceptable characteristics on 

external validation (AUC: 0.73).25 Main advantage of this nomogram is it can be used 

independently of biopsy technique, since the nomogram does not include MRI target or 

systematic biopsy specific variables. It can be expected that the number of mpMRI-based 

nomograms for the prediction of prostate cancer treatment outcomes and pathological 

features will continue to grow. The most important question that future studies should 

attempt to answer in this context is whether use of these improved pre-treatment tools 

also leads to better clinical and patient-reported outcomes.

PSMA PET-CT Imaging

Rapid evolvements currently ongoing in the field of prostate membrane specific positron 

emission computer tomography (PSMA PET-CT) are promising, and are expected to 

greatly impact prostate cancer staging. In a study by Hofman and colleagues, PSMA 

PET-CT outperformed conventional imaging (CT and bone scan) with regard to detection 

of metastasis at initial prostate cancer staging.26 The use of PSMA PET-CT in high-risk 

patients led to 27% greater accuracy for the detection of pelvic nodal or distant metastatic 

disease compared with CT and bone scan.26 PSMA PET-CT also resulted in significant 

higher rates in change of management (23% vs. 7%).26

Unarguably, adoption of PSMA PET-CT and standard implementation within the 

diagnostic pathway will result in stage migration of the general patient population; 

especially those classified with high-risk disease. Given the widespread adoption 

of PSMA PET-CT, it is to be awaited if nomograms predicting the probability of LNI 

remain relevant for clinical practice. For instance, in case PSMA PET-CT shows pelvic 
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lymph node metastasis at primary staging, use of a nomogram to predict the risk of 

LNI will not impact change of management. However, since sensitivity of PSMA PET-CT 

at present remains moderate (40%), more than half of patients with pelvic LNI remain 

node-negative on PSMA PET-CT.27–29 For these patients, nomograms can still be of value 

to decide whether ePLND should be performed. Furthermore, recent data of Meijer and 

colleagues showed that combining mpMRI information with PSMA PET-CT outcomes can 

improve the negative predictive value.30 In case the number of patients undergoing PSMA 

PET-CT increases, sufficient data will become available to develop novel nomograms 

including PSMA PET-CT information. Combined with mpMRI data, such as the PI-RADS 

score and the mpMRI T-stage, this can potentially lead to promising new prediction tools 

further improving the staging of primary prostate cancer.

Artificial intelligence and predictive modelling

The traditional risk prediction tools are mostly based using on multivariable logistic 

regression analysis. Advanced statistical and mathematical techniques, such as machine 

learning and deep learning algorithms, can further enhance risk prediction. The main 

limitation of a logistic regression based prediction tool is that the outcome is rather 

static.31 For instance, one can calculate the risk of pelvic LNI in newly diagnosed patients 

based on clinical stage, PSA, relative number of positive cores and the highest ISUP grade 

on biopsy. However, if information derived from other staging modalities, not included 

in the model becomes available, the nomogram-calculated risk should be interpreted 

differently. For example, if the nomogram-calculated risk of LNI in a patient is 10%, but 

subsequent PSMA PET-CT shows high suspicion for LNI, this risk of LNI has drastically 

increased.

The advantage of machine learning tools is that they can be updated faster and more 

efficient by delivering novel data; compared to traditional logistic regression models. 

For developing a novel model; specific steps should be undertaken every time which are 

time-consuming.32 A machine learning tool enabling immediate model updating and 

validation based on recent data collected during routine clinical care, can substantially 

speed up the development of novel highly accurate prediction tools.

Value-Based Healthcare

The Santeon Value-Based Healthcare Initiative (VBHC) for prostate cancer formed an 

excellent basis for the research presented in this thesis. This quality improvement 

initiative, started in 2012, had resulted in interesting insights as well as accumulated data 

proven to be very useful for scientific research. Although it remains difficult to define the 

added value of such quality improvement initiatives, the collaboration itself has proven 

to be a successful starting point for several research initiatives. In general, the adoption 

of VBHC as a concept is growing on a national and international level. Within Santeon, 

number of staff members involved in VBHC teams are growing. During the study period 
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of this thesis, substantial progression has been made regarding the data-infrastructure 

and data quality. It can be expected that the interaction between the quality improvement 

initiatives and research projects will remain successful in the future. The studies 

described in this thesis are exemplary for the way VBHC and research can complement 

each other. By using the novel insights presented in this thesis for quality improvement 

initiatives, quality of prostate cancer care will hopefully further improve and become 

more efficient. Prolongation of VBHC and its included multidisciplinary meetings ensures 

reflection on the quality of clinical prostate cancer care, and enables the identification 

of areas requiring improvement. The insights gained by these evaluations will hopefully 

keep inspiring other researchers and lead to novel valuable prostate cancer studies.
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Prostaatkanker is een veel voorkomende ziekte. Een belangrijke maat voor het beloop 

van deze aandoening is het stadium waarin de patiënt zich bevindt. Accurate stadiëring 

van prostaatkanker is daarom van cruciaal belang voor het bepalen van de best passende 

behandelstrategie. In dit proefschrift hebben we de uitkomsten geëvalueerd van een 

grote patiëntenpopulatie uit de dagelijkse klinische praktijk. Hierbij hebben wij gekeken 

naar de uitkomsten van actief afwachtend beleid, gericht op tumorkenmerken ten 

tijde van diagnose en de intensiteit van de vervolgcontrole, de impact en waarde van 

magnetic resonance imaging (MRI) op stadiëring en de gevolgen van stadiëring zoals de 

uitgebreidheid van de chirurgische behandeling. Tevens hebben we onderzocht of het 

toevoegen van MRI informatie aan bestaande en nieuwe predictiemodellen leidt tot 

nauwkeurigere voorspellingen van relevante tumoruitkomsten. Dit hoofdstuk bevat de 

samenvatting van de bevindingen van de onderzoeken waaruit dit proefschrift bestaat.

DEEL I. OPTIMALISATIE VAN ACTIEF AFWACHTEND BELEID

Het is reeds bekend dat, wanneer patiënten aan bepaalde tumorkarakteristieken 

voldoen, er veilig een actief afwachtend beleid kan worden ingezet na de diagnose 

van prostaatkanker. Echter, de veiligheid van actief afwachtend beleid is tot op 

heden alleen aangetoond bij patiënten die aan specifieke karakteristieken voldeden, 

duidend op een laag-risico vorm van prostaatkanker. Uit ons onderzoek beschreven in 

Hoofdstuk 2 bleek dat in de dagelijkse praktijk echter breder geselecteerd wordt voor 

actief afwachtend beleid, dan tot op heden in de lopende onderzoeken werd gedaan. 

Uit onze analyse bleek dat ongeveer de helft van de patiënten (49%) niet voldeed aan 

een of meer van de inclusiecriteria die werden gebruikt in de grootste lopende studie 

over actief afwachtend beleid, de zogenaamde “PRIAS” studie. Patiënten die niet aan 

de inclusiecriteria voor deze studie voldeden (PRIAS-ongeschikte), maar waarbij wel 

een actief afwachtend beleid was geïnitieerd, ervaarden gemiddeld twee keer sneller 

tumorprogressie tijdens de vervolgcontrole, én hadden een drievoudig verhoogd risico 

op ongunstige pathologische uitkomsten na chirurgische prostaatverwijdering. Van alle 

afzonderlijke PRIAS-selectiecriteria bleek prostaat-specifieke antigeen densiteit (PSAD) 

de sterkste voorspeller te zijn voor het ontwikkelen van uitzaaiingen gedurende actief 

afwachtend beleid. De uitkomsten van deze studie dragen bij aan een beter begrip van 

het beloop van actief afwachtend beleid bij patiënten met hoger-risico kenmerken. De 

studieresultaten kunnen zorgverleners helpen om samen met de patiënt te bepalen of 

actief afwachtend beleid, op basis van individuele tumorkenmerken en voorkeuren, een 

veilige en geschikte behandelkeuze betreft.

In Hoofdstuk 3 rapporteren we dat de vervolgcontrole in de dagelijkse klinische praktijk 

óók minder streng is dan wordt geadviseerd in de protocollen van de lopende studies 

naar actief afwachtend beleid. In deze studie werd het studieprotocol van de PRIAS-
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studie wederom als referentie gebruikt. Er werd onderzocht welk percentage van de 

patiënten actief werden vervolgd conform de richtlijnen uit de PRIAS-studie; uitgedrukt 

in aantal uitgevoerde PSA serum tests en prostaatbiopten. In totaal onderging minder dan 

de helft van de patiënten (43%) het aantal PSA tests en prostaatbiopten die zij conform 

het PRIAS-protocol zouden moeten ondergaan. Bij PRIAS-geschikte patiënten was 

discordante vervolgcontrole niét geassocieerd met een verhoogd risico op uitzaaiingen, 

wat suggereert dat de intensiteit van de controle schema’s kan worden verlaagd in 

deze subgroep. Anderzijds blijkt het geobserveerde verhoogde risico op uitzaaiingen bij 

discordante vervolgcontrole onder PRIAS-ongeschikte patiënten een argument om in 

deze subgroep wél strikt het protocol te blijven volgen.

DEEL II. IMPACT VAN MRI OP DE PROSTAATKANKER RISICO- 
CLASSIFICATIE

Bij de diagnose van prostaatkanker wordt een patiënt op basis van bepaalde 

tumorfactoren ingedeeld in één van de drie risicogroepen: laag-, intermediair- of hoog-

risico. Een belangrijk kenmerk waarop deze risicoclassificatie wordt gebaseerd is het 

tumorstadium. Van oudsher wordt het tumorstadium bepaald via rectaal toucher van 

de prostaat. Het gebruik van MRI ter bepaling van het tumorstadium heeft mogelijk 

voordelen ten opzichte van het rectaal toucher, aangezien de prostaat in volledigheid 

kan worden afgebeeld en dus geëvalueerd. Middels rectaal toucher kan echter alleen de 

achterzijde van de prostaat worden beoordeeld. In hoofdstuk 4 hebben we onderzocht 

wat het effect is van gebruik van MRI ter bepaling van het tumorstadium, en daarmee 

ook het effect op de risicoclassificatie. We vonden dat middels MRI uitbreiding van de 

tumor buiten de prostaat vaker kon worden gedetecteerd vergeleken met het rectaal 

toucher. Doordat tumoruitbreiding váker werd gedetecteerd, migreerde door gebruik 

van het MRI tumorstadium voor de risicoclassificatie, één op de drie patiënten naar een 

hogere risicogroep, vergeleken met wanneer het tumorstadium via rectaal toucher werd 

bepaald. Een nadeel van het gebruik van MRI voor het bepalen van het tumorstadium 

betrof het risico op een overschatting van het stadium. Zo werd er in enkele gevallen ten 

onrechte de aanwezigheid tumoruitbreiding buiten de prostaat vastgesteld, terwijl dit 

bij pathologische evaluatie niet aanwezig bleek te zijn. Echter, aangezien MRI over het 

algemeen resulteerde in een hoger totaal aantal correcte observaties van zowel aan- als 

afwezigheid van tumoruitbreiding vergeleken met het rectaal toucher, concludeerden we 

dat MRI de voorkeur geniet om het tumorstadium te bepalen. Zorgverleners dienen zich 

er wel van bewust te zijn dat in enkele gevallen MRI kan leiden tot overschatting van het 

tumorstadium met dientengevolge het inzetten van een te intensief behandelschema.
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DEEL III. RELATIE TUSSEN ZENUWSPARING EN POSITIEVE  
SNIJVLAKKEN

Wanneer ter behandeling van prostaatkanker de prostaat operatief wordt verwijderd, 

kan er voor gekozen worden om de zenuwbundels die aan weerszijden van de prostaat 

lopen, intact te laten. Het “sparen” van deze zenuwen is mogelijk niet zonder risico. 

Doordat de zenuwen aan weerszijden vlak langs de prostaat lopen, wordt er dicht op de 

prostaat geopereerd en bestaat er de kans dat de tumor niet volledig wordt verwijderd; 

resulterend in een “positief” snijvlak. Het niet volledig verwijderen van de tumor kan 

ertoe leiden dat er vervolgbehandeling nodig is. In de overgrote meerderheid van de 

uitgevoerde wetenschappelijke onderzoeken, waarin de associatie tussen zenuwsparing 

en positieve snijvlakken werd onderzocht, werd geconcludeerd dat zenuwsparing niét 

geassocieerd was met een verhoogd risico op positieve snijvlakken. Deze contra-intuïtieve 

conclusie kan echter veroorzaakt worden door beperkingen in de methodologie van deze 

studies. In hoofdstuk 5 beschrijven we de resultaten van een uitgebreide analyse van 

de associatie tussen zenuwsparing en positieve snijvlakken, waarin een groot aantal 

factoren werden meegenomen. In de studie waarin data van 2574 patiënten uit vier 

ziekenhuizen werden geanalyseerd, observeerden wij dat zenuwsparing wél geassocieerd 

was met een anderhalf keer hóger risico op een positief snijvlak, vergeleken met een 

niet-zenuwsparende procedure. Onze studieresultaten trekken de klassieke suggestie, 

namelijk dat het sparen van zenuwen niet geassocieerd is met een verhoogd risico op 

positieve snijvlakken, in twijfel. Deze bevinding is relevant voor de klinische praktijk, 

aangezien patiënten en behandelend urologen zich bewust moeten zijn van het feit dat 

een zenuwsparende operatieve prostaatverwijdering wel degelijk gepaard kan gaan 

met verhoogd risico op positieve snijvlakken. Een accurate preoperatieve evaluatie van 

het tumorstadium is derhalve cruciaal om te verzekeren dat zenuwsparing veilig kan 

worden verricht.

DEEL IV. IMPLEMENTATIE VAN MRI IN KLINISCHE PREDICTIEMODELLEN

Aangezien MRI het potentieel heeft om het voorspellende vermogen van predictiemodellen 

te verbeteren, moet worden geëvalueerd of opname van MRI-informatie in bestaande 

predictiemodellen in combinatie met traditionele kenmerken zoals PSA en biopt 

gegevens, de voorspelling van lokale uitbreiding van de tumor buiten de prostaat kan 

verbeteren. Martini en collega’s hebben een nomogram met gebruik van MRI-informatie 

ontwikkeld en geconcludeerd dat dit kan leiden tot een betrouwbare voorspelling van 

lokale tumoruitbreiding buiten de prostaat. Om te bepalen of dit nomogram veilig kan 

worden toegepast in andere ziekenhuispopulaties, hebben we de nauwkeurigheid van 

dit predictiemodel getoetst met behulp van data van patiënten met prostaatkanker die 

zijn geopereerd in het Canisius Wilhelmina Ziekenhuis Nijmegen (Hoofdstuk 6). Hoewel 

de evaluatie een goed discriminerend vermogen liet zien (het vermogen om een patiënt 

zónder tumoruitbreiding te onderscheiden van een patiënt mét tumoruitbreiding), 
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observeerden wij aanzienlijke discrepanties tussen door het model voorspelde kans 

op tumoruitbreiding en het daadwerkelijke procentuele voorkomen ervan in de 

patiëntpopulatie; de zogenaamde kalibratie. Het gebruik van een verkeerd gekalibreerd 

nomogram (onderschatting of overschatting van de voorspelde kans) kan schadelijk 

zijn voor patiënten wanneer deze gebruikt wordt voor de ondersteuning van medische 

besluitvorming. Op basis van deze studie lijkt het Martini-nomogram geen geschikt 

predictiemodel om accuraat tumoruitbreiding te voorspellen.

Gezien het belang van het betrouwbaar inschatten van de aanwezigheid van 

tumoruitbreiding, en daarmee de resterende behoefte aan betrouwbare predictiemodellen, 

hebben we een studie uitgevoerd waarin we een alternatief predictiemodel hebben 

ontwikkeld en getoetst in twee externe populaties. In Hoofdstuk 7 presenteren we vier 

verschillende predictiemodellen, bestaande uit een combinatie van tumorkenmerken die 

standaard bij iedere patiënt worden bepaald, waaronder de PSA densiteit, prostaatbiopsie 

informatie en het tumorstadium. Alhoewel het discriminerende vermogen vrijwel 

gelijkwaardig was onder de modellen, toonde het model gebaseerd op MRI tumorstadium 

PSA densiteit en biopsie tumor gradering de beste kalibratie. Het ontwikkelde nomogram 

kan derhalve veilig worden gebruikt om in te schatten of de tumor buiten de contour van 

de prostaat zich uitbreidt, en is daarmee zeer geschikt om het plan voor de operatie mee 

te ondersteunen.

Naast het voorspellen van tumoruitbreiding buiten de prostaat, is het voorspellen 

van de aanwezigheid van lymfklieruitzaaiingen ten tijde van diagnose een belangrijke 

component voor het bepalen van de behandelstrategie. De reeds bestaande predictie-

modellen waarmee de kans op lymfklieruitzaaiingen kan worden voorspeld, bevatten 

informatie over het tumorstadium bepaald middels het rectaal toucher. Zoals eerder in 

Hoofdstuk 4 is beschreven, kan MRI helpen het tumorstadium nauwkeuriger te bepalen. 

We hebben daarom onderzocht of de voorspelling van de kans op lymfklieruitzaaiingen 

nauwkeuriger kan worden gedaan als het MRI tumorstadium wordt toegepast, in 

plaats van het rectaal toucher tumorstadium. We concludeerden dat wanneer het MRI 

tumorstadium wordt gebruikt voor de risicovoorspelling, er mínder lymfklieruitzaaiingen 

worden gemist, vergeleken met het gebruik van het rectaal toucher tumorstadium. Deze 

resultaten zijn belangrijk, aangezien er nog maar beperkt informatie over de impact van 

het toepassen van MRI informatie in bestaande predictiemodellen beschikbaar is. Op 

basis van deze onderzoeksresultaten kunnen we concluderen dat het MRI tumorstadium 

veilig kan worden gebruikt als invoerparameter voor de voorspelling van de kans op 

lymfkliermetastasen met behulp van een predictiemodel.
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