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Management Summary

Preventive screening using MRI in (private) healthcare is increasingly applied. Main

reasons for individuals to perform preventive screening, is to be reassured about

their health status, be able to manage potential risks to avoid the fear of having

regrets when not applying for screening.

Research motivation and objective Prescan is a leading organization in the provi-

sion of preventive MRI scans for individual screening. At Prescan, quality of health

care services provided to their clients, is one of the main objectives they are striving

for. Currently, planning a revisit to keep track of one’s health state is occurring more

frequently. When clients receive advice to return for screening in the future, this cur-

rently is solely based on knowledge and experiences of the involved radiologists.

To recommend an appropriate interval for a potential revisit, personalized for

these specific clients, Prescan wants to have more insight in the estimation of risks in

developing a clinically relevant finding. Based on data of comparable former clients

and related (behavioral) risk factors, knowledge on the development of diseases can

be gained. In this way, this study’s core objective is the following:

“Determining test interval strategies for clients undergoing preventive screening, based on

gathered and analyzed retrospective data”

Methods First, a context analysis is performed in which current procedures at Pres-

can are highlighted, frequently recurring definitions will be explained and relevant

research is treated.

From here, the company’s existing data will be gathered and prepared to visu-

alize main trends and behavior within groups of former clients. Combined with

conducting a literature search, these insights will be compared and used to see how

this core problem can be approached.

By constructing a model calculating incidence rates over several subgroups of

clients, three scenarios will be highlighted in the estimation of risks to develop clin-

ically relevant findings. When plotting the incidence cumulatively over time, per

subgroups risk estimations of clinically relevant findings developed per 100 person

years (%) can be shown.

Results and conclusion This section is not available in the public version.
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Recommendations When using these estimations in the determination of client ad-

vise, it is recommended to point out these indications are based on retrospective

data of comparable clients. Furthermore, this study focuses solely on a selection

of relevant findings, which cannot be used as generalized estimations for potential

development of clinical findings directly. For further research it seems valuable for

Prescan to keep track of more (behavioral) risk factors of their clients, to achieve

a more individualized recommendation to revisit for preventive screening. When

the amount of data increases, or retrospectively other body regions and stages of

clinically relevant findings are included in the analysis, it seems possible to indicate

personalized predictions of developing potential threats in future.
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Management Samenvatting

Preventieve sceening door middel van MRI in de (private) gezondheidszorg wordt

steeds vaker toegepast. Voornaamste redenen voor individuen om te kiezen voor

preventieve screening, is om gerustgesteld te worden over hun gezondheidstoe-

stand, om potentiële risico’s te kunnen beheersen en de angst om spijt te krijgen

wanneer men niet voor screening zou kiezen.

Onderzoeksmotivatie en doel Prescan is een toonaangevende organisatie in het

aanbieden van preventieve MRI-scans voor individuele screening. Bij Prescan is de

kwaliteit van de dienstverlening aan hun cliënten een van de belangrijkste doel-

stellingen die zij nastreven. Momenteel komt het plannen van een terugkeer voor

een update van de gezondheidstoestand steeds vaker voor. Wanneer cliënten advies

krijgen om in de toekomst voor herhaalde screening terug te keren, is dit met de

huidige werkwijze uitsluitend gebaseerd op kennis en ervaringen van de betrokken

radiologen.

Om een geschikt interval aan te bevelen voor een mogelijk herhaalde screening,

gepersonaliseerd voor deze specifieke cliënten, wil Prescan meer inzicht krijgen in

het schatten van risico’s voor het ontwikkelen van een klinisch relevante bevind-

ing. Kennis over de ontwikkeling van ziekten kan worden verkregen op basis van

gegevens van vergelijkbare voormalige cliënten en gerelateerde (gedrags-) risicofac-

toren. Op deze manier is het belangrijkste doel van deze studie als volgt:

“Bepaling van screeningsinterval strategieën voor cliënten die preventieve screening

ondergaan, gebaseerd op verzamelde en geanalyseerde retrospectieve gegevens”

Methoden Eerst is er een contextanalyse uitgevoerd waarin de huidige procedures

bij Prescan worden behandeld, vaak terugkerende definities worden uitgelegd en

relevant onderzoek wordt besproken.

Vanaf hier werden bestaande gegevens van het bedrijf verzameld en voorbereid

om belangrijke trends en gedragingen binnen groepen van voormalige cliënten te

visualiseren. Gecombineerd met het uitvoeren van een literatuuronderzoek, worden

deze inzichten vergeleken en gebruikt om te zien hoe dit kernprobleem kan worden

benaderd.

Met het opstellen van een model voor het berekenen van incidentiecijfers over

verschillende subgroepen van cliënten, zijn drie scenario’s beschreven om tot een

geschat risico te komen voor het ontwikkelen van klinisch relevant bevindingen. Bij
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het berekenen van de cumulatieve incidentie geplot over de tijd, kunnen per sub-

groepen risicoschattingen van klinisch relevante bevindingen die zijn ontwikkeld

per 100 persoonsjaren (%) worden aangetoond.

Resultaten en conclusie This section is not available in the public version.

Aanbevelingen Wanneer deze schattingen worden gebruikt bij het bepalen van

het advies voor cliënten, wordt aanbevolen om te benadrukken dat deze indicaties

gebaseerd zijn op retrospectieve gegevens van vergelijkbare cliënten. Bovendien is

deze studie uitsluitend gericht op een selectie van relevante bevindingen, die niet

direct kunnen worden gebruikt als algemene schattingen voor de mogelijke on-

twikkeling van klinische bevindingen. Voor verder onderzoek lijkt het waardevol

voor Prescan om meer (gedrags- en) risicofactoren van haar cliënten bij te houden,

om een meer geïndividualiseerde aanbeveling te krijgen voor preventieve screening.

Wanneer de hoeveelheid gegevens toeneemt, of met terugwerkende kracht andere

lichaamsgebieden en stadia van klinisch relevante bevindingen worden opgenomen

in de analyse, lijkt het mogelijk om gepersonaliseerde voorspellingen te geven voor

het ontwikkelen van potentiële gezondheidsrisico’s in de toekomst.
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Chapter 1

Introduction

Chapter 1 provides a general introduction into the topic of preventive screening.

In addition, it gives background information about Prescan, the company where

the research is conducted, and the motivation of this research. In this way there

will be worked towards a main definition of the research objective and a method to

eventually come to a solution of the core problem.

1.1 Research motivation

In order to describe the underlying essence and motivation of the performed re-

search, necessary information will be highlighted first.

Public and private healthcare

The Dutch (public) healthcare system In the Netherlands the healthcare system is

regulated in a way that it is accessible for everyone to receive the healthcare needed.

In change for this accessibility every Dutch citizen is obliged to monthly pay the

so-called health insurance. To prevent this system from performing unnecessary ex-

pensive treatments, consults and other kinds of healthcare provision, it is broadly

divided into the primary and secondary care. From this perspective, the general

practitioners (GPs) within the first layer of this division fulfill an important gate-

keeper role in the assessment of consulting individuals, and whether or not provid-

ing them with an official reference to be further treated in the secondary healthcare

(hospitals). Since these GPs are professionally educated and their decisions are a

result of knowledge and empirical evidence, it can be said that this type of health-

care is focusing on treating and curing patients already having a certain degree of an

illness or a disease.

Focusing on the prevention and early diagnosis of disease development, this pre-

ventive screening starts playing a role. From government’s health economic per-

spective, preventing frequently occurred chronic diseases from developing is highly

relevant. Therefore, they started providing public screening programs for a substan-

tiated selection of these diseases.
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Preventive Medical Research From government’s perspective and thus with re-

gard to the greater community, screening programs they offer are to prevent people

from developing a (chronic) disease. In addition, while using the strategy of a cyclic

screening program, the goal of this public screening is to detect and diagnose to bet-

ter cure or treat a certain disease in an early stage of development. Furthermore, an

increase in frequency improves the sensitivity and specificity of the related outcomes

as well. With these programs public health will be monitored more carefully, which

can be profitable for future health provision; Eventually, when having the possibil-

ity to treat diseased individuals in an earlier stage of development, the amount of

treating chronic diseases or other intensive cases can be reduced [1]. Aside from

the screening of populations, individuals can also check or screen their own health

status without having any complaints or reason for indications. Within the Dutch

healthcare sector this preventive medical research is called “Preventief Medisch On-

derzoek” (PMO) [2]. From an individual’s perspective PMO can be performed in

several ways, where the main reasons to do so is to be reassured about the status of

their health, being able to manage potential risks, and avoiding the fear of having

regrets later on [3].

Prescan

Prescan, a company originated in the eastern of the Netherlands, is a leading orga-

nization in this provision of private preventive screening techniques. Where most of

the managerial and administrative departments are established in the headquarter

of Hengelo, Overijssel, many of its private clinics are to be found just across the bor-

ders with Germany: Bottrop, Düsseldorf, Gronau, Rheine, Oberhausen and Ochtrup

[4]. Clients can also go to the relatively new private centres in Baarn, Schiedam,

Amsterdam and Den Bosch [5].

Besides the fact that Prescan offers multiple targeted health checks and scans,

the most relevant program they offer is called the Total Bodyscan (TBS). The TBS

is an extended version of a preventive MRI investigation, which includes several

MRI-scans and cardiological and additional tests.

Estimating the risk to develop a disease After undergoing the first screening, clients

receive feedback on their results. By doing so, Prescan wants to optimize the quality

of health care services provided to their clients. Currently, planning a revisit to keep

track of one’s health state is occurring more frequently. To recommend an appro-

priate interval personalized for these specific clients, Prescan wants to have more

insight in the repeating behavior of its clients and risk estimations in developing a

clinically relevant finding.

In conclusion, Prescan provides their clients with a form of PMO in which bodyscans

are performed. By doing so, every individual in essence receives a kind of update

about their health status. An insight is given in several relevant body regions, in
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which a selection of diseases and abnormalities can be diagnosed. Although in gen-

eral it is unknown whether an individual will develop a disease, Prescan prefers to

improve their advice for a potential revisit in future. Based on personalized risk pro-

files, knowledge in the development of diseases to potentially develop in future can

be examined.

1.2 Problem description

In this paragraph the main objective will be concisely highlighted and described as

a result of the general introduction and the problems Prescan is facing, concerning

the topic of cyclic preventive screening.

Aim of the research

One of the main services within the possibilities of preventive screening techniques

Prescan offers, is the Total Bodyscan (TBS), which is considered to be a set of MRI

scans for different regions of the human body. To optimize the service towards exist-

ing and incoming TBS clients and thus provide better information and consultation,

one of the objectives considers to scientifically proof and argue related risk factors

and growth characteristics of several abnormalities and diseases. In this way, the

goal is to come to a cyclic preventive screening strategy, with a personalized strat-

egy for an incoming individual for revisiting Prescan. Based on retrospective data,

some useful insights of the existing Prescan population will be given, to get to a

more personalized strategy to revisit for screening for clients who underwent a TBS,

without being diagnosed with an abnormality.

Currently, PMO is one of the hot topics within political discussions because of

the related positive and negative consequences and experiences. Hence, this gives

extra motivation to improve the reasoning and service towards Prescan’s clients.

Core problem and research scope

In the current way of Prescan’s working procedures, this type of PMO is provided

ad hoc, where every individual undergoing a TBS is scanned request based. When

applying for an MRI, Prescan will have contact with a client to plan a moment for

investigation. A certain period of time after this moment, these clients are contacted

for a potential repetition, or revisit. The interval frequency used, can be defined as

the usual time horizon between a client visiting the screening clinic and the moment

Prescan contacts again for a revisit. The determination of this interval is based on

experience of physicians after analyzing imaging results, combined with the client’s

interest and their wish to revisit or not. Mostly, physicians’ knowledge and expe-

riences can help in this advice for a revisit. But to do so effectively, Prescan would

like to gain more knowledge in development of diseases and trends in their existing

client’s behavior.
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Therefore, the main goal of this research is to better specify and explain certain

cyclic screening strategies and optimize the client’s experience and interval of their

Prescan visits. Especially, when no findings are diagnosed during the first screening,

it may be valuable to revisit later, in terms of repeatedly performing preventive MRI

to update on their health status through this medical checkup. This can be a revisit

for a TBS, or a selection of (one of the) focus areas Prescan offers.

To achieve more knowledge on this, the report will be conducted with a focus

on the TBS. This is because it covers the base of the screening strategies developed

and is applied the majority of clients. Due to the limitation of the time window

and availability of data required, the MRI of the abdomen is given priority of focus.

Hence, in order to come to a general setup of achieving relevant insights to this

problem, this (abdominal) part of the Total Bodyscan will be used as the starting

point.

In conclusion, the core problem can be defined as followed:

“How can the time interval to a next potential screening moment be determined, for

Prescan’s clients undergoing a Total Bodyscan, based on gathered and analyzed

retrospective data?”

Research questions

Following from the definition of the core problem and provision of background in-

formation, several research (sub)problems have been developed in order to come to

a solution for the main research question:

1. What are current procedures and definitions within the topic of (private) pre-

ventive screening?

2. What are current strategies and procedures used within Prescan’s organization

for treating their clients?

3. What are possible outcomes and clinically relevant findings of the concerned

abdominal MRI within the TBS concept??

4. Is it feasible to accurately determine the probability of developing and growing

a clinically relevant finding based on currently available literature and data,

and if so, can this be translated towards a personalized interval?

5. How can the steps taken to solve the core problem of this research be improved

to allow generalization to the other diagnostic tests offered by Prescan?

With the above mentioned research (sub)problems, relevant questions needed to

solve the core objective are presented in a logical sequence. The setup of these ques-

tions acts as an approximate outline of the report as well. Next paragraph presents

the corresponding methodology used to answer this study’s main objective.
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1.3 Methodology

In order to achieve an actual answer to the main research question, this section is

meant to explain the strategy used for giving answers to the research (sub)problems

incrementally. The questions presented on the previous page serve as a guideline

throughout the research.

Problem approach

To determine a solution method for the core problem, a context investigation of

preventive screening will be performed. To do so, current developments are high-

lighted. Relevant publications and background literature will be taken into account.

In this way, this functions as required knowledge and preparation to develop fur-

ther towards the report’s objective. In addition to the context of the topic, an internal

analysis of Prescan’s organization procedures will be performed. By doing so, useful

insights of responsibilities and data processing will be identified.

Since the objective is to improve recommendations for future follow-up towards

the clients, it is important to know what experienced (dis)advantages are within

preventive screening. Psychosocial factors and preferences can contribute to shared

decision making of the screening frequency. Therefore, relevant articles will be in-

cluded within the investigation of the topic, before further focus of the report is

determined.

After performing this context analysis where relevant insights and perspectives

are treated, the company’s available data will be gathered. When gathered and ana-

lyzed, all included data will be prepared in a way that the intervals of all retrospec-

tive clients can be presented. Since a lot of clients perform preventive screening with

multiple possible outcomes, a certain delimitation will take place. Next paragraph

will shortly treat several considerations made within this strategy.

Subsequently, a literature search will be conducted focusing on current status of

incidence, golden standards and other disease-related information. With a focus on

screening strategies, relevant information can be used on the database conducted

within the case of Prescan.

When established all of the previous steps, the intention of this study is to even-

tually generalize the setup and model for overall preventive MRI findings, and thus

for clients performing preventive screening in general. The execution of this step

will be, logically, completely depending on the results following from all these steps

and the extent to which the subproblems could have been answered.

Research scope and assumptions

As mentioned in the description of the research scope, the setup will face certain de-

limitations. At this moment, Prescan wants to improve scientific recommendations
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for future screening provided to their clients undergoing the most used screening

procedure within Prescan: the Total Bodyscan (TBS).

First, this report initially focuses on the abdominal MRI, due to the biggest poten-

tial share of possible findings and related consequences. Considering the restricted

time window and amount of different screening outcomes, the possible abdominal

scenarios will be demarcated. This is executed based on their prevalence, relevance

and stakeholders’ preferences. In order to achieve this consensus, relevant data will

be analyzed first, combined with an expert elicitation to determine further focus.

Afterwards, this same delimited set of focus will be applied to the literature search.

By applying this delimited set of events, other possible events and related conse-

quences will be excluded and not taken into account which could influence client’s

recommended screening strategy.

According to the literature searches, a relevant part of the research is delimited

by the availability of the required knowledge as well. This can be a potential threat

to the research simultaneously, due to the lack of scientific substantiation. There-

fore, within the determination of the preferences of potential health outcomes, the

number of known screening moments and tangibility of results will be taken into

account.

The next step and challenge after the selection and gathering of relevant data is

to translate this into the probability of developing certain abnormalities. Although it

is to be expected that the available knowledge will give a predictive value in possible

future health states for individuals, the uncertainty that comes with it must be taken

into account as well.

1.4 Thesis outline

In order to introduce the research topic, Chapter 1 provides background information

and a brief explanation of the research questions conducted to eventually come to a

solution for the core problem.

Following from this introduction, Chapter 2 gives an insight in relevant context

of the problem in order to achieve a better understanding concerning preventive

screening. Additionally, this part presents current methods used within Prescan’s

organization with a flowchart, identifies experienced pros and cons of this very re-

cent topic and discusses some relevant and recent literature.

Chapter 3 includes the methodology part, where the conducted methods are be-

ing highlighted for gathering and analyzing all required information. Steps taken

within the analysis of empirical data, and the preparation towards all single en re-

peatedly visiting clients will be described incrementally. Furthermore, visualizations

of all clients and related screening moments are provided for some relevant insights

in cyclic preventive screening.
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In Chapter 4, a literature searches are conducted, to come up with studies and

insights towards risk factors and probabilities of abnormality development, and re-

lated follow-up strategies.

Based on the mentioned methods, relevant information is presented in Chapter

5. Gathered data will be analyzed and discussed to come to an optimal use of the

preferred directions. To strengthen the substantiation of selected findings, a cluster-

ing and comparison with existing literature will take place.

Based on the relation between the existing literature and the analyzed data, Chap-

ter 6 describes the strategy used to come to a risk estimation for potential disease

development in future, based on information from several client groups. In this

chapter, the setup of all steps within the model is explained.

In Chapter 7 the output results from the model are presented, where it provides

insights for individual risk estimations in different age categories.

Chapter 8 provides an overview of relevant conclusions and a recommendation.

The final Chapter 9 briefly treats the scope and delimitations of this study con-

ducted, implications for theory and ends with recommendations for further research.

Certain parts or chapters are not included in final publication, as a result of com-

petition sensitive information for the company considered.
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Chapter 2

Context description

In order to understand the topic and to be well-informed, this chapter provides es-

sential and additional knowledge regarding preventive screening developments and

current methods within Prescan’s healthcare services. In the upcoming sections the

first two research questions will be taken into account.

2.1 Preventive screening

As briefly described in the introduction chapter, public screening programs and ad-

ditional preventive medical research (PMO) techniques recently are topics being fre-

quently discussed Where the last decades a paradigm shift takes place from reactive

towards a more proactive attitude, patients are becoming more autonomous and

curious about their own health state. Together with this behavioral trend, the avail-

ability of better developed screening techniques increases. State-of-the-art imaging

techniques became established research tools and made it possible to give an update

on people’s health states [6]. Combined with the fact that the provision of health-

care is commercializing, it all facilitates clients to receive a medical check-up of their

health state more easily [3].

Recent developments show that the interest of performing PMO is increasing

and consumers are more frequently willing to pay for this type of research. Amongst

existing Dutch healthcare insurance companies, ONVZ is the first but only one reim-

bursing this preventive type of healthcare (partly) nowadays, within their additional

insurance [7][8]. In 2016, the Dutch Minister of VWS even pleaded for a higher flex-

ibility of offering PMO, so that clients receive more protection due to the freedom

of having a choice [9]. However, the Dutch doctor’s federation KNMG, focusing

on ensuring responsible provision of healthcare, thinks possible risks of expensive

follow-up need more attention. Therefore, they have developed a guideline to en-

sure the quality of PMO [10].

Diagnostic versus preventive screening

Normally, patients being diagnosed with certain diseases or risks to further develop

a worse health status, can be referred to perform an MRI screening. With this tech-

nique a specific scan will be applied to the patient to produce detailed images of
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the specific areas of the body to be investigated. Shortly said, the MRI will be per-

formed based on a medical indication. On the other hand, when looking at preven-

tive screening within a general population, diagnosis of abnormalities to be treated

is less common and can be therefore called incidental Based on experience from con-

tacted radiologists at the Prescan clinic within the Mathias Spital in Rheine, it is

assumed that these differences in characteristics of the population do not directly in-

fluence sensitivity or specificity of the performed scans [11]. Before we discuss these

topics and related definitions in more detail, an explanation is given of what an MRI

exactly is, and how Prescan uses this technique as part of their health services.

2.2 Magnetic Resonance Imaging

Technical functionalities

Magnetic resonance imaging (MRI) examinations have been confined to regions of

the body covered within the field of an imager, the machine performing MRI scans.

This includes imaging of an individual organ or a single body region. When it comes

to whole-body screening, it may require evaluation of the entire body volume or

vascular system. To perform this imaging effectively, serial acquisition of individual

body regions was achieved by development of multistation and table movement

techniques [12].

FIGURE 2.1: Example of a modern cylindrical 1.5-Tesla MR imager
from Siemens, also used at some of the Prescan clinics [12]
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MRI is a technique used within the radiology department of healthcare clinics, in

which the use of a strong magnetic field, radiofrequency system and computer are

combined to enable picturing of the internal human body. Where the main magnet

of the imager must provide enough magnetization, the cylindrical configuration of

it is currently the most frequently used magnet shape in medical MR systems.

With this technique, noninvasive medical tests can be performed due to the pro-

duction of very detailed picture of organs, soft tissues, bones and other (soft) body

structures [13].

Advantages of an MRI are, compared to other imaging techniques, that it can ac-

curately identify abnormalities or diseases by producing images of soft-tissue struc-

tures within the body. Organs obscured by bones for example can be investigated

easily with the use of MRI. Because of the 3D structure in which the body is scanned,

any plane of the human body can be imaged. Besides, this imaging technique is non-

invasive for the patients, and no contrast material is required. On the other hand, the

amount of costs, duration and isolated experience for patients when performing a

scan must be taken into account [13], [14]. Aside from the relatively low disutility of

an MRI, some studies even conclude a higher sensitivity and specificity when using

an MRI in asymptomatic populations [15].

Unavailable section

This section is not available in the public version.

2.3 Psychosocial factors and clinical relevance

An important and remarkable recommendation of the previously described guide-

line of KNMG about PMO, is that providers of PMO need a proof that profits for

clients applying for preventive screening outweigh the possible risks and disadvan-

tages. Because clients themselves have the right of self-determination, their opinion

in which screening strategy to choose for is of course worth considering.

Unavailable section

This section is not available in the public version.

Unavailable section

This section is not available in the public version.

Clinical relevance

MRI screening recently gained more attention in the professional community. Ini-

tially, it was primarily accepted by potential ’clients’ showing trust in these tech-

niques, for diagnosing all possible diseases with one technique. An objective of
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this screening technique should be a disease or finding which is detectable by MR.

Examples of malignant diseases detectable by this whole-body MRI are bronchial

carcinoma, renal carcinoma, colonic cancer and lymphoma [16].

Obviously, there is no consensus on the definition of ’incidental’ or ’relevant’ ,

which makes it important to know which perspective is used in this report. In reg-

ular healthcare, findings that are unrelated to the clinical indication for the imaging

examination performed, are so-called incidentalomas. Such an incidental finding is

defined as “an incidentally discovered mass or lesion, detected by CT or MRI, or

other imaging modality performed for an unrelated reason” [17].

Management of incidental findings occurred in epidemiologic studies for exam-

ple, is a well-recognized problem or challenge in medical research. Discussing these

findings became more relevant, since frequencies increased due to the use of im-

proved imaging techniques as research tools. Of human subjects performing screen-

ing of the brain, it is estimated that 1-8% have clinically relevant findings. Besides,

recent researches suggest that in other organs examined, incidental findings are even

more common [6].

Since clients come to Prescan in general to check for their health status asymp-

tomatically, abnormalities identified through MRI researches can be considered as

incidentally diagnosed as well. An even more fitting definition in this scenario,

comes from Wolf’s article, stated as:
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“A finding concerning an individual research participant that has potential health or

reproductive importance and is discovered in the course of conducting research but is

beyond the aims of the study. Incidental findings, are unintended (not what they were

looking for), not unexpected” [18]

Abnormalities diagnosed through Prescan’s MRI examination can differ from

potential health importance and life threatening, to marginal or no significance.

Therefore, these findings diagnosed, incidental or not, are the ones of which the

educated personnel within Prescan determines that follow-up research is needed.

Therefore, we come to the following definition of this report’s use of a clinically rel-

evant finding:

“An abnormality detected by preventive MR screening of which follow-up investigation is

advised to reduce risk of complications”

In Chapter 3 we will use this information as a base for further research.

Concerning the abdominal MRI, a lot of potential outcomes can be confirmed as

abnormal finding of a performed preventive scan. Examples of possible abnormal

findings can be different types of cancer or benign tumor growths, abdominal aortic

aneurysms, obstructed veins or cyst presences in several organs [19][14][20].

Unavailable section

This section is not available in the public version.

Unavailable section

This section is not available in the public version.

2.4 Conclusions

In this chapter, relevant definitions are discussed to get prerequisite knowledge for

a better understanding of this report’s topic. By using insights from relevant stud-

ies performed, consequences and relevance of undergoing preventive screening are

highlighted. With this context analysis and the addition of current procedures at

Prescan, the first two research questions have been answered:

1. What are current procedures and definitions within the topic of (private) pre-

ventive screening?

2. What are current strategies and procedures used within Prescan’s organization

for treating their clients?
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Chapter 3

Data collection and analysis

This chapter is not available in the public version.
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Chapter 4

Literature study

This chapter, together with Chapter 5, will give insights in answering the first part

of research question 4: Is it feasible to accurately determine the probability of developing

and growing a clinically relevant finding based on currently available literature and data?

In order to do so, literature will be used to gather information and see what current

trends and knowledge are. In this way, insights and strategies will be used to relate

to Prescan’s situation and data.

4.1 Review question

Performing a literature study requires a clear question to review. Important in the

definition of such a question is the specification of different parts in it. The type of

population, intervention and outcome are of interest [21]. Key factors and purpose

of this literature study is bridging the gap of knowledge between the analysis of

the observed data and findings within literature. By comparing these two, insights

within the data considered can be confirmed or strengthened. On the contrary, most

probably there will not be an overload of information on studies focusing on the

interval of preventive screening strategies. This is because few cases focusing on

incidental screening are currently proven to be cost-effective.

4.2 Search strategy: SPICE

Priority in the formulation of a structured literature study, is to divide the stated

review question into the criteria of the different SPICE-levels. The use of the SPICE

framework is a method which can be used to setup structured reviews, especially

when it considers a healthcare intervention [22]. Relevant search terms are gathered

for the different interests, focusing on the three findings determined in the previous

chapter. Therefore, the question to be answered with the use of literature will form

the base, whereas the incidental finding and thus outcome of the MRI specifies this

direction:

1. Aorta (aneurysm, dilatation, ectasia)

2. Pancreas (cysts, tumors)
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Setting Preventive Medical Research (PMR)

Population/Perspective Client
Intervention Screening
Comparison Population without screening intervention
Evaluation (Research) outcome: Abdominal aorta, Pancreas, Kidney

TABLE 4.1: SPICE criteria set up for literature search

3. Kidney (cysts, tumors)

By determining these specifications in order to retrieve information about strate-

gies for preventive screening, the following review question is defined:

"From the perspective of the selected abnormalities, do there exist standards or models for

development, progression, and related screening follow-up?"

Related SPICE criteria and several related terms are defined in Tables 4.1 and 4.2

to cover all important search terms to get to the base of relevant articles, based on

the information to be gathered.

Now that the different criteria have been established for this specific literature

question, related search terms will be set up. Per level within the constructs, multiple

search terms are determined. Initially, this is done by mentioning related terms per

level. Afterwards, to improve search queries, these terms are both broadened and

narrowed. In this way, based on the quality of results, search strings can be adjusted

with or without adding some of these.

The next step in a sound literature study is to determine the database or search

engine in which a search will be performed to find the literature required in an-

swering the research question. Initially, the database used in this literature study is

determined to be PubMed, due to the enormous amount of relevant references to

journal articles with a concentration on biomedicine.

After performing this literature search, the content and sufficiency will be evalu-

ated, to conclude whether solely using PubMed would be enough.

Article inclusion criteria

Prior to the use of different search term combinations, additional selection criteria

will be determined to sharpen and improve the literature study. By the construction

of several restrictions, some irrelevant, outdated, or unavailable articles can be auto-

matically excluded. Furthermore, the aim is to provide relevant and understandable

information to answer the research question.

First, because preventive medical research is recently increasing in popularity,

articles published in the previous millennium are considered to be outdated. There-

fore, articles published after 2000 are included. A priori defined inclusion criteria

were as followed:
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Constructs Related terms Broader terms Narrower terms

X1: Research outcome Finding
Result

(optimal)
Interval

"Health state" Development
Incidence

Utility
Prevalence

Size
X2: Screening "Screening

method"
"Screening
strategy"

"Screening
interval"

PMR
"Health

monitoring"
Disease

prevention

"Preventive
screening"
"Medical
checkup"

"MRI screening"
"Total bodyscan"

"Total Body
checkup"
"wb-MRI"

"whole body
MRI"

X3: Client - Customer Patient
Subject

Men
Women
Elderly

X4: PMR - - -

TABLE 4.2: The differenct SPICE dimensions

1. Filter on languages used: German, English and Dutch

2. Filter on year 2000 and later

3. Filter on text availability

Use of search operators

To improve the literature study, search strings can be sharpened and broadened to

get more relevant results. In first instance, search terms obliged to be included in

the title or abstract form the base of the string. Of all levels within the framework

of Table 4.2 terms were chosen, where Boolean operators will be added amongst

them. Between two levels often operator “AND” is added, to ensure both terms

have been used in the solution space the engine is searching. To broaden or narrow

down possible output, terms within other columns can be added or removed, often

done by using Boolean operator “OR”. By the use of this operator one of all terms

included by this operator must be stated in the solution space. At last, terms can end

with an asterisk (*), when a word can have several inflections. When this word is cut

off by an asterisk, all possible outcomes are still considered.

Different search strings have been tested based on the number of results and

scanning the first page to determine the output’s relevance.
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4.3 Literature search output

Several combination were used, where within the first group of two strings were

used to come to the final articles to read. Different definitions of the selected abnor-

malities were tested based on the number of results and scanning the first page to

determine the output’s relevance. For the pancreatic and renal body region, same

strategy was applied.

Of all three categories of the literature results, studies mainly existed of ran-

domized trials and screening programs in which (often high-risk) study populations

were included. Main results and insights used in each paragraph are summarized

in the corresponding tables.

In Appendices D.1, D.2 and D.3 the final search strings are given with the flow

of article selection per category.

In this section results from the conducted literature search are summarized. After

each section of a finding, most relevant information is merged in a global overview

of article results, as can be seen in Tables 4.3, 4.4 and 4.5.

Abdominal aortic aneurysm or dilatation

An aneurysm is defined as a local dilatation of the artery caused by a weak spot

in the vascular wall of a blood vessel, mostly the aorta. Such a dilatation, or ecta-

sia, is called an aneurysm when this vessel concerns an increase in diameter of 50%

compared to the expected value [23][24]. In general, it can be said that the thresh-

old of an abdominal aortic aneurysm (AAA) lies at a diameter of approximately 3.0

centimeter (cm), due to being 1.5 times the normal interval segment of 2.0 cm

According to a research of RIVM, a Dutch institute for public health and envi-

ronment, it appears that an AAA is diagnosed in 5 up to 10% of investigated men

between 65 and 79 years old. Other researches approximate these values, whereas

prevalence rates of 4% and 8% are reported. Remarkably, some claim the prevalence

to be at a rate between 1-2% in female populations. Besides, prevalence of AAA in

men between 50-79 is significantly lower compared to elderly men. These studies all

indicate that age and gender are considered as risk factors for the development of an

AAA. Furthermore, other relevant risk factors for developing an AAA are -having a

history with- smoking hypertension or an ischemic heart disease.

Although patients carrying an AAA are often asymptomatic [23], the conse-

quences cause an increase in importance of guiding patients carefully. Aside from

thrombi formation in the lumen or compression of adjacent organs [25], rupture of

the AAA is the highest risk to take into account. When a rupture occurs, a mortality

rate of 50-80% currently is the standard [25][26].

Focusing on the follow-up and strategy of screening clients with AAA, or an

increased risk to develop one, risk factors to develop the abnormality are generally

known. Hence, literature suggests the benefits of screening high-risk population

yearly to prevent unidentified AAAs from rupturing [27]. According to Longo et al.
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patients with a diagnosed AAA are recommended to be followed-up once a year if

the AAA has a diameter of >4.5 cm, in 2 years if >4 cm or 3 years when the AAA is

>3 cm [25]. The Dutch health institute RIVM recommends follow-up more frequent,

namely once a year when between 3 and 4.5 cm, or one every half a year when bigger

than 4.5 cm. They advise surgery above 5.5cm when the patient is in good condition

[23].

In conclusion, the reason to consider AAA as one of the incidental findings, is

the risk of rupture with the related and significantly high mortality rate. Economic

evaluations, often performed by a simulation based on scientifically stated proba-

bilities, show that the potential health benefit from screening high-risk populations

often outweigh the costs concerned.

Articles
included (authors):

Year of
publication:

Included
information:

Details:

Van Gils et al. [23],
Svensjö et al. [27],
Sisó-Almirall et al. [25],
Meecham et al. [28]

2008, 2014,
2017, 2016

Definition of
AAA

Van Gils et al. [23] 2008 Prevalence 5 to 10%
Longo et al. [24] 2005 Prevalence up to 8%
Scott et al. [29] 2002 Prevalence 6%
Halett et al. [30] 2000 Prevalence 4%
Sisó-Almirall et al. [25],
Benson et al. [31],
DeRubertis et al. [32],
Jawien et al. [33]

2017, 2016,
2007, 2014

Risk factors Age

DeRubertis et al. [32],
Sisó-Almirall et al. [25],
Scott et al. [29]

2007, 2017, 2002 Risk factors
Lower female
prevalence

Benson et al. [31],
Jawien et al. [33],
DeRubertis et al. [32]

2016, 2014, 2007 Risk factors Smoking

Benson et al. [31] 2016 Risk factors Hypertension

Jawien et al. [33] 2014 Risk factors
Ischemic
heart disease

Svensjö et al. [27],
Olchanski et al. [34],

2014, 2014 Risk factors
Cost-effective in
high risk population

TABLE 4.3: Overview of most relevant information within literature
results (aortic findings)

Pancreas

Because pancreatic abnormalities do not develop symptomatic, most cases are de-

veloped to an advanced stage when diagnosed [35]. Therefore, surgery is often

no longer an option which causes the high mortality rate and low survival of pa-

tients diagnosed [36]. When it considers preventive screening of pancreatic lesions,



22 Chapter 4. Literature study

specific characteristics of possible abnormalities and their behavior come forward

immediately. Abdominal screening of asymptomatic people to detect these lesions,

is a way of preventing early-phased tumors for example from developing any fur-

ther. Additionally, resection of tumors in an early phase has the greatest potential

for longer survival [37].

Structure of pancreatic cystic lesions, combined with their size, are the strongest

predictor for malignancy and are thus related to survival of the patient [38]. If this

size exceeds 2 cm, characterization of the lesion is preferred to the advice of a single

follow-up [39].

Since abdominal studies through MRI confirm an incidental prevalence between

13.5 and 19.9% and an increasing incidence, due to an aging population and im-

provements of imaging, importance of surveillance management rises [39][40]. Screen-

ing asymptomatic clients requires knowledge and clear thresholds to determine op-

timal follow-up.

Hereditary conditions and familial clustering are often listed as main risk factors

to develop pancreatic tumors. Additionally, clinical predispositions due to alcohol,

age, smoking history and diabetes are proven as risk factors as well. Due to a rela-

tively low prevalence but high potential consequences, screening high-risk popula-

tion is often recommended [37], [40]–[42].

Articles
included (authors):

Year of
publication:

Included
information:

Details:

Lee et al. [35] 2009 Prognosis
Relevance of
early diagnosis

Chang et al. [36] 2014 Prognosis
Relevance of
early diagnosis

Bruenderman et al. [37] 2015 Prognosis
Relevance of
early diagnosis

Chin Hur et al. [38] 2017
Malignancy
predictor

Structure and size
of the lesion

Gore et al. [39] 2012 Prevalence rate 13.5-19.9%
Bruenderman et al. [37],
Becker et al. [40],
Pezzilli et al. [41],
Poruk et al. [42]

2015 Risk factors
Alcohol, age,
smoking, diabetes

TABLE 4.4: Overview of most relevant information within literature
results (pancreatic findings)

Kidney

Compared to the two other abnormalities within the scope of this report, prevalence

of abnormalities found in kidneys are relatively high. Additionally, in contrast to

AAAs being a specific finding, the kidney can include several abnormalities. These

incidentalomas, often referred to as renal masses, can be identified through MRI.
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Concerning MRI capabilities, kidney failure for example has not been considered at

all, since this disease is diagnosed based on the glomerular filtration rate (GFR) and

blood pressure [43].

This high prevalence of identifying renal masses is 10.7% (cystic lesions), based

on asymptomatic populations from [44]. Additional research showed that 12.3%

incidentalomas were diagnosed within a research population of 6678 asymptotic el-

derly people. Of these findings, 9.4% were labeled as cystic, and 15 (0.22%) renal cell

carcinomas (RCCs) were identified [45].

Since the size of a renal cyst for example is not considered as most relevant indi-

cator for malignancy, increasing complexity of the cyst is used as preferred classifier

within the Bosniak classification system [46]. Besides, survival rates of patients with

normal cystic lesions for example, are relatively low. Severity increases when these

lesions are behaving malignant, and chances are there to influence patient’s health

states significantly [46].

Incidental tumors detected by preventive screening have a better prognosis and

provided longer disease-free survival [47]. Combined with a rising incidence of re-

nal cell carcinoma over the years, this urges the relevance of abdominal screening

and surveillance of renal incidentalomas [48].

Furthermore, developing renal masses of which specifically cystic lesions, are

positively related to age, gender and smoking. People with renal stones and serum

creatinine are considered high-risk as well [44].

Articles included
(Authors):

Year of
publication:

Included
information:

Details:

Malaeb et al. [45] 2004 Prevalence rate 12.30%
Chang et al. [44] 2007 Prevalence rate 10.70%

Chang et al. [44] 2007 Risk factors
Age, gender,
smoking

Sohaib et al. [46] 2012 Follow-up
Bosniak classifi-
cation

TABLE 4.5: Overview of most relevant information within literature
results (renal findings)

Summary of gathered literature

Since screening techniques are improving and become more capable in detecting

several abnormalities, the number of these outcomes and incidental findings are in-

creasing. Although these advanced techniques nowadays cause a higher incidence

or detection of new abnormalities, it ensures early diagnosis and thus the possibility

to treat this finding. In all three selected "cases" in this report, early asymptomatic

diagnosis often yields a better prognosis for this specific person [49]–[51]. An inter-

esting comparison when thinking of all abnormalities not screened at all. However, a

new challenge arises of managing the appropriate follow-up and surveillance for all
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different sorts and behaviors within the diagnosed incidentalomas [49]. Percentages

from researches in Japan for example, add up to a prevalence of abnormalities found

in approximately 40-50% of the population (slightly more in men; 44.5% against

34.2% in females) [52][53]. Consequently, the relevance increases of managing these

findings and select or filter all potential malignant ones requiring follow-up.

In line with results from this literature search, some scientific thresholds and

guidelines are gathered and analyzed in a report of the American College of Radiol-

ogy. Some of these flowcharts to support medical decision making for surveillance

are added as appendices [54].

Conclusion

In conclusion, this literature study have lead to many relevant insights, focusing on

different characteristics of the selected finding within the abdominal body region. As

described previously, many studies have been performed to determine risk factors

for developing specific diseases or suspected masses. Characteristics of high-risk

population have been defined, and aside from proving the effectiveness of screening

them, prevalence and some incidence rates were presented as well.

On the contrary, little data is available on best practices and determined screen-

ing strategies for these populations, especially when looking at the general "healthy"

population. Reason for this can be explained by the 12 criteria for performing pre-

ventive screening and checker whether it is worthwile, established by Wilson and

Jungner in 1968 [55]. Within these criteria, the combination of health care costs and

the effectiveness of performing screening, is highly relevant. Screening all people

within a general population will increase health care costs immensely, where on the

other hand few detections of abnormalities will occur. Low prevalences of mean-

ingful findings in average risk persons would offset the cost-effectiveness ratio [56].

Therefore, most studies do recommend preventive screening, but mostly focusing on

high-risk populations [27][51]. Consequently, risk factors in developing the selected

potential outcomes are important to take into account when considering a specific

outcome such as an AAA or a pancreatic (or renal) lesion.

Before next Chapter 5 further treats these literature insights compared to the

gathered company’s data, an extra literature search will be performed, focusing

merely on development and incidence of diseases occurring, to get to strategies for

determining a more personalized recommendation for screening repeatedly.

4.4 Personalized follow-up

Since valuable literature has been gathered, but this fourth research question could

not have been answered so far, an extra search will be performed. To come to a

screening recommendation for clients potentially developing an abnormality in the

future, a comparison is made from scientific research, of how to achieve this person-

alized follow-up strategies.
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Literature examples

As a result of the previous literature study, focusing solely on the selected abnor-

malities, few literature was found concerning strategies and techniques to get to a

personalized follow-up. With the results of the initial search and the following addi-

tional search in this chapter, no specific techniques or models were used to come to

a personalized follow-up: Usually, medical research found are performed within a

prospective cohort, and using for example the setup of a randomized controlled trial

(RCT) several outcomes, risk factors and probabilities for diseases can be concluded.

In most of the articles found in the previous literature study, a randomized con-

trolled trial was the initial study setup. Based on these results, risk factors for de-

veloping diseases are determined. But, this is based retrospectively on a preselected

population. When advising clients for future follow-up, this is just an indication.

As highlighted in the article of Ladd et al., these preventive research setups can be

divided into two groups of patients, namely asymptomatic patients or patients with

risk factors [16]. But no researches were found in which existing data of an asymp-

tomatic or general population was used in a way this report does.

Therefore, a search is performed focusing on the advised and personalized in-

tervals of it based on different possible criteria. Most important question to be an-

swered by doing so, is what kind of approaches can be used to optimize a personal-

ized revisit recommendation.

Search strategy According to Wohlin et al. [57], it is important to first gather a rele-

vant start set of articles. After doing so, backwards snowballing is applied, in which

the reference list was used to search for potentially relevant studies. To come up

with information comparable to this report’s scenario, relevant terms and definitions

from known articles were used to broaden the range of the theoretical framework.

By using these terms as input in multiple article databases (Scopus and Pubmed, see

4.6), it resulted into the article set of table 4.7. Second part of this table includes the

first iteration of backwards snowballing.

Database
used:

Search term used Results

Scopus
TITLE-ABS-KEY ( risk-based
AND screening AND follow-up )

138

Pubmed
(risk-based OR personalized) AND
(follow-up OR recommendations
OR strategies)

7866

Pubmed
(risk-based OR personalized) AND
(follow-up OR recommendations
OR strategies) AND interval

315

TABLE 4.6: Search input for personalized screening literature
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Articles included
(authors):

Year of
publication:

Study objective:

Dong et al. [58] 2017
Risk stratification,
cumulative risk

Hostetter et al. [59],
Witteveen et al. [60]

2018 Personalized follow-up

Ripping et al. [61] 2016
Personalized screening,
cumulative risk

Added through back-
wards snowballing:

Tammemagi et al. [62] 2011 Risk prediction
Ayer et al. [63] 2012 Personalized screening

Zhang et al. [64] 2012
Screening policy
optimization

Otten et al. [65] 2018 Stratified follow-up

TABLE 4.7: Search results for personalized screening literature

Results

To reflect data insights from a population collectively, towards an individual opti-

mized interval, a Markov model used as in Witteveen et al. [60] is a way to approach

this objective. As described in this research publication, large datasets were used of

comparable patients of which all follow-up moments were registered carefully. With

this registration, multiple risk factors were included, to see through logistic regres-

sion models to which extent they influence the decision of shortening the interval of

treatment or not.

On the contrary, the report’s current dataset does include a huge population,

but when focusing solely on the clients with an abnormality diagnosed, only 414

situations remain. Of these, related age and gender are known. Looking at the de-

velopment of a disease, and thus information of clients over multiple moments of

screening, an amount of 118 were included. Of this group, 49 cases had a screening

without a diagnosis prior to developing this abnormality officially. To proof a sta-

tistically significant optimization for individual clients based on this strategy, more

data would be needed.

Furthermore, as applied in these models, specific criteria are used to come to an

optimal solution. Within Markov models used for health care sector’s purposes, this

often is related to a trade-off between quality of life gained and costs concerned. As

in the situation of Prescan, and the earlier stated requirements of Wilson and Jungner

[55], this cost-effectiveness decision or threshold, is different when the client is pay-

ing him or herself. In the end, they are the ones determining whether or not there

is willingness to pay for preventive screening. But, as seen in the model of Otten et

al. [65] another criterion is used to optimize, namely minimizing the probability of a

recurrent tumor. A trade-off is made between life years gained, and the disutility of

performing an MRI scan when the decision is made to apply for screening, defined
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as a reduction in the reward gained. This way of decision making will not make

significant differences in the outcome when applied to our own scenario, due to the

lower disutility of preventive checkups, when MRI techniques are used. Physically

performing an MRI is not harmful, aside from potential psychosocial consequences

of applying screening.

Therefore, this report initially focuses on estimating the risk of developing clini-

cally relevant findings, to the extent in which that is possible with the available data.

4.5 Conclusion

Initially, a literature search was conducted focusing on indicators for disease devel-

opment and screening trends from the perspective of the selected abdominal MRI

findings. Since this gave relevant insights, but was not sufficient in information

provision to take further steps in the estimation of risks in developing clinically rele-

vant findings in future, a second search was performed, with a better focus on solely

strategies for follow-up determination. By applying these methods extra insights

in both directions were discussed. What will be discussed hereafter is explained in

next paragraphs.

First, Chapter 5 discusses, based on a comparison with measures from literature,

the findings detected within the retrospective Prescan cohort. With this comparison,

characteristics of recurrent client’s findings can be categorized, assuming them to be

earlier staged then abnormalities found within the regular health care.

Then, there will be worked towards a generally stated interval strategy in un-

dergoing preventive MRI, by relating and comparing different screening intervals

to the outcomes identified. Since the answering of research question four has been

reconsidered, the potential of optimizing a personalized recommendation for screen-

ing is identified. Although current data does not enable determining an optimized

follow-up yet, with the strategy used in upcoming Chapter 6 a model will be setup

out of subgroups within the gathered company’s dataset. With this model there will

be worked towards calculations of estimating risks of developing clinically relevant

findings.
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Chapter 5

Analyses of the data selections

5.1 Categorizing Prescan’s findings

To work towards the determination of screening strategies per client, the main ob-

jective is to get to an advice for a personalized interval of performing MRI research.

There exists a lack of literature concerning these strategies, but several characteris-

tics per finding have been found. These will be compared to outcomes of the data

preparation and analysis in Chapter 3, and literature results of Chapter 4.

Main characteristics and thresholds

Findings of MRIs performed at Prescan are analyzed and registered in a report by

the involved radiologist. To compare and validate the outcomes of the gathered

data, in this report these findings will be categorized. This is based on the most rel-

evant characteristics per finding, following from the conducted literature search. In

addition, categories used within the Aftercare department and the earlier conducted

research in Chapter 2 are partly used as well.

Within the potential AAA group of findings, age, sex and size of the detected

dilatation were labeled as important risk factors in developing an AAA. According

to literature and the ACR, development in size is a relevant risk factor to track over

time as well.

For the second group, this includes pancreatic lesions like a cystic mass. Of these

findings, it’s important the following risk factors are identified: size, contour and

location, and whether the mass can evolve to a more malignant stage like BD-IPMN,

SCN, MCN or PDAC.

When renal masses are considered, its categorization is mostly based on the be-

havior of the specific abnormality, where a hemorrhagic cyst or calcification of it are

good indications for their stage in the Bosniak classification system. Furthermore,

size is partly taken into account, where cysts from 30mm are included for follow-up.

Overview of clustered outcomes

All three subgroups considered within the scope of this research include clients for

whom an abnormality has been diagnosed and who are recommended to perform
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follow-up research. Simultaneously, as stated in Chapter 3, the definition of a finding

equals a screening outcomes of which follow-up investigation is advised to reduce

the risk of getting complications.

As a result, following from the data gathering and preparation methods previ-

ously, it appeared that 414 of all clients undergoing MRI in the stated period were

diagnosed with one of the included findings. Within all three groups of the selected

body regions, an outcome is labeled as finding following the definition from this

paragraph. From this perspective, outcomes included are all defined as clinically

relevant. When for example a renal or pancreatic cyst is included in the data set,

it means that the composition or behavior of this finding deviated from what was

expected. Some potentially relevant findings must be followed-up in future, so in

case of further development such as progression or dangerous this can be identified.

Unavailable section This section is not available in the public version.

Unavailable section This section is not available in the public version.

Unavailable section This section is not available in the public version.

5.2 Conclusion

This chapter shows a clustering of the company’s data gathered, based on scientific

definitions and thresholds from literature. By doing so, it is shown that of the rele-

vant findings included, characteristcs like size, location and behavior of them can be

categorized in line with these definitions. Although the discussion of managing and

screening for clinically relevant findings remains, and depends on its severity and

potential harm, the following can be concluded: findings included in the substanti-

ated selection of this data setup, on average are earlier staged compared to findings

diagnosed symptomatically in regular care.

Within upcoming Chapter 6, a model for estimating risks of developing findings

is conducted, based on the second part of the literature search insights. By doing so,

all findings found are included, for both the revisiting clients and those who visited

Prescan once during the research period determined.
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Chapter 6

Model description estimating risks

After the data anlysis performed in Chapter 3, all the client’s ages and their develop-

ment through multiple researches have been visualized, in which several selections

of findings were highlighted. Characteristics of the selections with all findings were

presented separately. Afterwards, all findings were generalized into the definition

of a clinically relevant finding, for which follow-up has been advised by the treating

care providers. With these visualizations, an overview is given of what the ages per

related research moments were, and what the personalized care path has been per

client at Prescan.

To come to an estimation for new clients’ potential revisit recommendations, a

model will be produced to estimate the risk of developing a clinically relevant find-

ing. This will be done by the use of the available and prepared data, for several

selections of client groups. Furthermore, the fact that this report considers research

in the field of health care technology and management, must be taken into account

as well. Therefore, some assumptions are made tending towards this field of knowl-

edge, which can slightly influence the clinical appropriateness in some situations.

Together with the previous literature and outcoming results of the modeling sub-

group calculations, fourth research question is treated: Is it feasible to accurately deter-

mine the probability of developing and growing a clinically relevant finding based on cur-

rently available literature and data, and if so, can this be translated towards a personalized

interval?

6.1 Risk estimation

According to MacMahon and Pugh [66], epidemiology is the study of the distribu-

tion and determinants of disease frequency in human populations. Epidemiology as

we see today, is defined as the study of the distribution of health-related states and

events in populations. The objective of many of these studies is to obtain a valid and

precise estimate of the effect on occurrence of disease. In the setup of the model, the

outcome can be seen as binary, where no diagnosis or recommended follow-up is

seen as the group of clients without a finding. After diagnosing an abnormality, and

thus when follow-up is required, this counts for an event within the finding group.
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In the working field of healthcare research, the medical term prevalence refers to

the proportion of persons in a population who have a particular disease or attribute

at a specified point of time, or during a period. It gives information of the amount

of people having a certain disease, and for example how widespread it is.

To estimate the risk for developing a clinically relevant finding of a returning

client at Prescan, data from comparative clients will be analyzed to come to a rec-

ommendation for follow-up. Since this data already exists over a large population,

initially the research moments of all included clients are sequenced. Of each of the

individuals it is known per corresponding scan moment, whether they had been

diagnosed with a finding or not.

Considering the objective of these prospective risk estimations, it is even more

interesting and required to look at the risk of developing a disease in future. Accord-

ing to Witteveen and Otten [60][65], probabilities of state transition from the initial

state (healthy) to the next (diagnosed finding) have to be known. But, in this situa-

tion, asymptomatic clients aren’t screened every now and then, and certainly not all

of them performed a screening multiple times. This occurrence of having unknown

parts of information within the research population, is often called censoring. To

account for this, health scientists got to use a more adequate way of describing this

estimation of developing a disease; the incidence.

Incidence rates

When looking at a period of ten years, for example between the age of 60 and 70,

some clients possibly visited Prescan multiple times. Assume these visits took place

at ages 61, 64 and 67, and no finding was diagnosed. For this specific client, 6 infor-

mation years are known within this period of ten years. Another person, diagnosed

with a disease at 65, but declared healthy at 63, solely has these two research mo-

ments as measures at Prescan. Both clients are censored subjects, because they are

only partially observable during the stated period of ten years. Using the definition

of the prevalence, one could say that the risk of developing the disease is 50%. But

when measuring the frequency of disease occurrence in a population, it is insuffi-

cient to merely determine the prevalence. When looking at the incidence, one takes

into account the extent to which new cases of certain diseases will develop. There-

fore the amount of person years with information about having the disease or not,

are taken into account. Relatively speaking, this gives a better risk estimation of

developing the disease.

According to Rothman et al. [67], the measured incidence can be presented

through the incidence rate (IR). This rate is defined as a quotient, of which the nu-

merator includes all events occurring during the specific period of time, and the

denominator summing up over all information years every participating individual
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is included (person years):

Incidence rate =
Number of disease onsets

∑ Person time spent in population
(6.1)

The incidence rate conveys information about the risk of contracting the disease,

whereas prevalence gives an indication of how widespread it is. It determines a

probability of developing a specific disease over a stated period of time. Therefore,

it can be seen as an estimate of risk.

6.2 Modeling IR development per subgroup

In this section the setup of the model will be highlighted. This model represents an

automation of calculating incidence rates of preferred subgroups selected. Of the

whole research population clients over the whole period determined, based on their

age, subselections can be created. Based on filtering out the selected range of clients’

ages at moments of their screening, groups are created and sequenced, after which

the related incidence rates are presented.

After gathering all model outcomes, cumulative incidences are used to deter-

mine risk estimations when years of a potential revisit are preferred to determine.

Dataset description

In order to get to an understanding of the model, first the input data will be de-

scribed.

The data selections and visualizations in Chapter 3, give relevant insights about

the general Prescan population and add detailed information between the group of

clients with a finding. But still, the question arises of what recommendations can be

given to clients for a future return for screening. This is, of course, with the objective

of outweighing pros and cons, and estimating the risk of developing such a clinically

relevant finding in the meantime. Clients have to consider such an estimation with

possible consequences of a screening (costs, emotional effects), and probabilities of

not detecting potential findings when not apply for screening. The first part of these

analyses was focusing on different possible outcomes of the screening sessions. For

each outcome one can imagine the follow-up and especially future consequences

differ per client and scenario. Since clients coming to Prescan are asymptomatic and

do not know what finding they will face, from now on all three findings categories

will be generally taken into account as a whole. In this way, the added value of

recommendation as prediction for an interval strategy will be increased.

Furthermore, all data of the same research population without having one of

these findings, are added as a whole for the input dataset. They form the counter-

part of clients with a diagnosed finding. By doing so, a next step is taken towards

the risk estimation of developing a relevant finding, because a comparison can be

made among these subgroups and their characteristics, of who did or did not have
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a finding. With this estimation, an extra support for clients is created, to help them

determine a scientifically appropriate interval to return for preventive screening.

By selecting all clients undergoing a TBS in between October 2009 and May 2018,

the whole dataset is labeled. From this, all earlier described clients with a recom-

mendation to perform follow-up research based on their findings, are excluded to

ensure this is the group of clients who did not have one of the selected findings.

-

-

Model setup

To come up with the number of cases (events) as ratio of all person years, initially

the period in which will be searched is determined. When a client is for example 62

at moment of screening, this person is included when the initial period of LB and

UB equals [60-70]. Since the LB and UB determine which clients are included in this

calculation, it means that every client within this selection visited Prescan at least

once in between this period of [LB,UB]. However, this does not mean their whole

period of their screening path is in between these bounds. Therefore, their share is

calculated based on reframing their path and deciding to which extent this part is

taken into account.

To actually calculate this, the second step is using the distinction made between

the characteristics of the selected clients: whether they were diagnosed with a clin-

ically relevant finding during their screening visits at Prescan, determines which

procedures to call. In the preparation of the dataset this characteristic was included,

so a simple check can confirm whether a client belongs to the "non-finding" or "find-

ing" group.

Group of clients without an event For the clients in this group, methods differ

based on whether they visited the screening clinics one single time, or multiple. The

distance (period) between the last and first visit is indicator for this repeating char-

acter; a difference bigger than zero means there are more research moments than

just a single one. Secondly, it is important to know what share must be taken into

account for this group of clients. Since the objective is to determine the number of
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years in which it is known that this client was not diagnosed with a specific find-

ing, the moment of their last screening is an indicator for this calculation. When it

is determined no finding has been diagnosed, the period between this moment of

screening and the stated LB is calculated. In case of a known last scan which took

place after the stated UB, the whole distance between the current UB and LB counts

as share of the clients with no finding.

Group of clients with an event In this second group of subjects with a diagnosed

finding in at least one of their screening moments, same procedures as in the first

group are used. Furthermore, within the definition and use towards the incidence

rate, one important characteristic is taken into account when calculations take place;

after the moment of screening at diagnosing the specific finding, further person

years of this subject are not taken into account anymore. In general this is because

further processes of clients with a finding differs from others, due to potential treat-

ment procedures or shorter periods of follow-up for monitoring disease develop-

ment.

Therefore, a distinction between these groups is made initially, so that a sum-

mation can be performed over both groups, while taking care of this difference in

accounting.

Calculating the incidence According to equation 6.1, the numerator of the formula

represents a count over both the earlier described groups of research subjects. Within

these groups, a check is performed on whether a finding was diagnosed or not. Sub-

sequently, the denominator keeps track of the total amount of person years that each

of the individual clients were taken into account. All possible situations of revisit-

ing clients will be explained in the next paragraph, where the technical properties of

each calculation are highlighted.

Technical setup

In this paragraph each step of the model towards IR calculation is explained. Start-

ing with the initialization of the model, followed by an explanation per subject group

and results presentation.

Initialization Before each of the selections performed, the developed initialization

procedure is used to clear all earlier results and set the new lower upper bound for

the next selection. In the overview of the dashboard including all steps, this so-called

reset button can be found at the left upper corner. Furthermore, while initializing

each step, lower and upper bound will be determined, and can be decreased or in-

creased within step 1a and 1b. In this way, the preferred bin combination of [LB,UB]

is set for the following selection of subjects out of the prepared dataset.
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FIGURE 6.1: Model of the simulator and steps taken to calculate the
incidence rates

Calculating shares of person years After initialization of the model, some steps are

taken to perform the shares calculation of each individual subject. This means, that

per subject distances from the relevant moments to LB or UB are used to determine

their share in the total amount of person years counted.

First, step 2 represents the main part of each selection procedure, namely select-

ing all subjects to take into account. With this procedure, all subjects’ information

strings are included in the newly created selection, if one of their research moments

lies within the initial bin of LB and UB. When setting a lower (LB) and upper bound

(UB) for this selection, with the use of the corresponding method a loop will be per-

formed, in which all clients of this period are taken into account.

After determining the subset, of all corresponding subjects their share of person

years within the bin is calculated. Logically, if all of the screening moments are

before or after of this bin, they are not included. For the non-finding group, periods

to take into account are as follows:

• If there is a single screening moment (SM), which thus lies in between [LB,UB]:

Accounted share = Age at SM - LB (6.2)

• If there are multiple screening moments, so before or in between [LB,UB]:

Accounted share = Age at latest SM - LB (6.3)

• If there are multiple screening moments, of which at least one after UB:

Accounted share = UB - LB (6.4)

When the model loops over all subjects with a finding, their share is calculated

like this:

• If moment of finding lies before [LB,UB]:

Accounted share = 0 (6.5)
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• If moment of finding lies in between [LB,UB]:

Accounted share = Age at moment of finding - LB (6.6)

• If moment of finding lies after [LB,UB]:

Accounted share = Last performed SM - LB (6.7)

Incidence rates After passing through step 3 of the model, in which for both groups

all relevant distances of time periods are highlighted, steps 4 and 5 are conducted. In

this part, all individual shares of person years are determined scenario-based. This

will be explained in the next paragraph in more detail. Then, all shares are summed

to get to the collective total of both groups, equal to the denominator of equation 6.1,

the incidence rate.

To achieve an IR for the selected population, of all included subjects an extra

method counts the number of events taking place within the period of the selected

[LB,UB]. Counting this number of events occurring within the period, will lead to a

total being equal to the numerator of the IR.

Since the IR can take a myriad of possible numbers, epidemiologists use it in a

way that the severity of the risk is tangible immediately. Therefore, in this report we

use a rate in which the number of events per thousand person years is presented, by

multiplying the number of disease onsets by thousand. When for example 2 events

occur over 400 person years, the IR will have a value of 5 events per 1000 person

years (because 2 times 1000, divided by 400, equals 5).

6.3 Scenario analysis

Following the exact definition of calculating the incidence rate of a selected popu-

lation, we assume the distribution of events occurring is dichotomous. This means

that an event occurs or not, where the model accounts a value 1 or 0 respectively. Of

a client undergoing a TBS having no diagnosis of a clinically relevant finding at all,

from this moment it is known that no finding was found. From this moment as well,

further development is not certain to predict. Therefore, advice for a potential revisit

is needed based on comparable clients of which we do have information. However,

the model in first instance assumes a finding to develop from 0 to 1 in a split second

of time. In real human bodies, developing such a finding from an initially healthy

state, occurs over time. Although we do not know exactly when this event occurs,

due to not tracking every subject during the intermediate period.

To account for this uncertainty, a scenario analysis is performed, in which differ-

ent assumptions of developing a finding are compared.
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Scenario 1: Immediate development As introduced in this section, the first sce-

nario is the base situation when using the definition of an incidence rate. When cal-

culating the share of all included subjects, highlighted formulas from the previous

section are used (6.2 up to 6.7).

If there is only one moment of screening within the stated period, passed time

from the beginning of this period until that screening moment is calculated. In case

of multiple researches, the age of LB will be subtracted from the latest screening

moment.

When it is known from data that some subjects will develop a clinically relevant

finding in future, but the related moment of screening lies after the specified UB,

this scenario does not count any of its development as an event. This forms the

base solution, where events are solely calculated as 0 or 1, when taking place within

period [LB,UB]. Therefore, latest negative screening moment (in which no diagnosis

was made) is labeled as value to subtract LB from to calculate the included person

years.

Main assumptions in this scenario are thus that the development of the disease

is not taken into account, besides the fact that an event occurred when the screening

took place. In this case, the health state of a client changes from "healthy" (0) to

"unhealthy" (1).

Scenario 2: Linear development With the perspective of this scenario, we assume

that clinically relevant findings develop linearly and relatively slow over time. For

the setup of the model, formulas resulting in the person year summation for the

non-finding group will remain the same as scenario 1. When a finding is diagnosed

somewhere during [LB,UB], it is assumed this finding developed linearly over time.

Since the moment of diagnosis lies in between the current bin, total sum of events

taken into account always equal one. But, the main difference in accounting person

years compared to scenario 1, is that subjects of which we know an event will occur

in future, are fully included. Therefore, equation 6.7 is adjusted to 6.8, for calculating

the amount of person years included:

• If moment of finding lies after [LB,UB]:

Accounted share = UB - LB (6.8)

When considering the count of number of events occurring in this scenario, cal-

culations change as well. Where in scenario 1 events are solely counted as a whole

when diagnosis takes place within [LB,UB], the difference in this case is the assump-

tion that a clinically relevant develops linearly (relatively slow) over time. Therefore,

for clients within the current bin not being diagnosed with a finding yet, the proba-

bility that they developed a finding after a negative screening (no finding) but within

the stated period is added to the sum of events partly. Which part must be taken into

account, depends on the time period between the last negative screening moment,
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UB, and the MRI screening in future where the diagnosis of an abnormality is made.

To calculate this, a method based on the triangular distribution is used, according to

Kotz and van Dorp [68].

FIGURE 6.2: Probability density function of a triangular distribution

In Figure 6.2 the probability density function (PDF) of a triangular distribution

is given. Reflecting this to this report’s situation, values a and c equal the start of

the unknown period after the latest negative screening before UB, and the point in

time after UB when diagnosis takes place. Assuming this finding develops linear

over time, the probability it occurs before [LB,UB] after the negative screening, is a

cumulative probability that develops linear from 0% to 100% (which equals 1). In

this case, x equals UB for the current selection.

The following graph of Figure 6.3 belongs to a cumulative distribution function

(CDF) like this. Since a probability to develop an abnormality increases from 0 to 1,

this scenario ends when x approaches and eventually equals c.

Within the theory of the triangular cumulative distribution, the following for-

mula is used when a < x <= c:

CDF =
(x − a)2

(b − a)(c − a)
(6.9)

Since x never outweighs c, because mode c equals upper limit b in this scenario,

it can be said that (b-a) equals (c-a). Translating this to our simulation model with UB
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FIGURE 6.3: Cumulative density function

and the screening moments with and without a finding (SMFinding and SMNoFinding)

results in the following:

CDF =
(UB − SMNoFinding)

2

(SMFinding − SMNoFinding)2 (6.10)

Scenario 3: Quick linear development This third scenario assumes that a finding

develops linear but quickly over time. From this perspective, the probability that

within the selected period the future event already occurred follows a cumulative

probability from 0% to 100% as well. The only difference in the assumption of a

quick development, is that findings usually do not develop that long before a diag-

nosis, otherwise it would have been notices. When far ahead of the moment of such

a diagnosis, the finding could not have been diagnosed at all (due to non-existence

or early staged development). Assuming this, scenario 3 therefore considers this lin-

ear development only applies if the screening moment at one year before diagnosis

(SMFinding - 1), lies before UB.

To apply this to the model if such a situation occurs, equation 6.10 is adjusted as

followed:

CDF =
(UB − (SMFinding − 1))2

(SMFinding − SMNoFinding)2 (6.11)
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The period for quick development of a finding is debatable and depends on mul-

tiple criteria (individual risk factors, severity of the disease etc.), in which it can eas-

ily be changed to two years for example. If so, the numerator of equation 6.11 will

increase due to a longer period of potential development of a specific finding.

6.4 Model verification and validation

Since we have been able to setup the model as described, verification and validation

of the model should be involved, since this is a significant element of any study in

which a model is setup. Without thorough verification and validation there are no

grounds on which to place confidence in a study’s results.

Verification

According to Robinson et al., verification is the process of ensuring that the model

design has been transformed into a computer model with sufficient accuracy [69].

Since this model merely represents a sequence of calculations of subgroup selections

out of the research population, the only thing to verify is whether steps are computed

carefully. Therefore, the model is created in a way that several steps are computed

separately, and eventually are combined to calculate the objective of this model; the

incidence rates. Each time an [LB,UB] combination is selected, the subgroup con-

sidered and its corresponding information is stored at a different place. Each next

step is stored separately as well, when for example person years per scenario are

calculated. By doing so, different stages towards the model outcomes were checked

manually, to ensure the steps were implemented with sufficient accuracy.

Validation

Looking at the validation of a model, it is related to verification in a way that veri-

fication can be seen as subset of the wider issue of validation. A key concept of this

broader validation is the extent to which it serves the specific purpose, or objective of

the setup. With the use of these definitions, this report makes a distinction between

concept and data validation, and validation of the solution.

Concept and data validation First, the concept validation in this report’s situation

is different compared to standard validations of simulation models for example.

This is, because this model’s objective is solely to dynamically determine incidence

rates over different subgroups selected. To show sensitivity of the outcomes and

influence of using the definition of IR, multiple scenarios are considered.

In conclusion, this report’s model can be considered valid, due to the fact that the

model serves the objective to present incidence rates aligned with its definition and

calculation. On the other hand, it also is completely depending on its data input. For

example, next chapter shows results with [LB,UB] differences of two years, because
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a smaller bin size would be too dependent of events occurring by chance. With an

average disease prevalence of 1% for example, outputs can easily differ too much,

when a small amount of clients are included in the subgroup (n=50 for example).

Solution validation Validating the solutions of the model based on outcomes pre-

sented in upcoming Chapter 7, is achieved by comparing these outcomes to real

system measurements and experts’ intuition. For example, when looking at the inci-

dence rates of diseases calculated between zero and 25 per 1000 person years as first

results will show, this means over a period of one year zero to 25 out of 1000 subjects

will be diagnosed with this specific disease. These solutions can be considered as

reasonable values.

Strengthening these statements, can be accomplished by feeding the subgroups

and related calculations with more and different data. For example, when we want

to improve the confidence of the model to proof validation, data of other findings

and body regions can be gathered and used as input of the same model. By com-

paring differences in incidence rates, and fitting these outcomes to existing data on

disease incidence, external validity of the model can be shown.

6.5 Conclusion

This chapter explained how and what type of calculations were used to come to the

model presented. With the use of several scenario setups, differences in perspectives

of the incidence rate definition are compared. Studies focusing on incidence of dis-

eases, often are prospectively conducted, in which fixed periods of research are used.

In our model, combinations of [LB,UB] ages can be considered as multiple cohorts of

which information is gathered. Since some screening moments of clients are known,

but are not included due to these age boundaries, the scenarios are implemented to

show potential influence. Validation of the model outcomes is not yet as preferred,

with the amounts and type of data currently available, but can be valuable when

future research is applied.

Next Chapter 7 will present the outcomes of the calculations, and gives insights

in how to recommend potential revisits based on currently used data.
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Chapter 7

Results

This chapter elaborates with the previous Chapter 6 in which a model was created,

by which several selections of subjects were assessed. All calculations work towards

an overall risk estimation of developing abdominal findings , based on retrospective

data collected from Prescan’s MRI scans.

In the first part of the results chapter, a general analysis will be presented where

insights over the whole research population are discussed. Subsequently, more de-

tailed selections and predictions will be highlighted.

7.1 Development of incidence rates

When running the model with an initial [LB,UB] combination of ages 20 to 30 and

an increase of 10 years each calculation, the output of the simulation model is given

in Figure 7.1. The related incidence rates as output over the ages 20 to 90 are added

in Appendix Table F.1. Age group 90-100 was excluded due to the fact that only two

subjects were included.

-
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Now that these outputs of selections between the ages 30 and 80 were generated,

certain trends can be identified.

It appears that on average, the incidence rates keep increasing with every in-

crease in age bins. Furthermore, IRs range between 1.02 and 24.09, for both the sim-

ulation outputs. When looking at the differences among the determined scenarios

(IR1, IR2 and IR3 as presented in the tables), most frequent difference is the overall

higher IR of scenario 2. As explained in Chapter 6, this is because it is assumed that

abnormalities develop constantly in between both points in time. Therefore, more

person years are included, but relatively more events as well. When looking at the

incidence rates of scenario 1 and 3, these values differ slightly but marginal. Accord-

ing to both the tables, it is most common that the output IRs of scenario 3 are lower,

due to a small amount of extra events occurring, with more person years to account

for. In this way, the final IR will take a lower value. In the Appendix, figure F.2 and

F.3 further zoom on several more simulations of the biggest subject groups (ranging

from ages 40 to 70).

7.2 Towards personalized recommendations for a potential

revisit

Eventually, we want to work towards a more personalized way of recommending

a research moment in future for follow-up. By doing so, a trade-off is considered

between the utility of doing a TBS in short notice and on the other hand the risk of

developing an abnormality during the period in between these research moments. In

order to come to this personalized risk estimation, we match a client’s characteristics

with a set of data from comparable precedent subjects.

For example, we want to estimate the risk of a 40-year old man. By doing so,

potential risk factors as an increase in age or the gender of a subject are equalized,

with a more personalized risk as a result.

The difference with the previous paragraph is the overlap in data, and a method

to account for uncertainty of the set. If the example of the man of 40 is used initially,

the model only selects clients who underwent screening at the exact age of 40. It then

compares the related incidence rate with such a selection’s somewhere in future.

Therefore, when age X is set as input for the model, all clients with ages X-0.5 up

to X+0.5 are included. In this way we reduce the risk that results are affected by

uncertainty, due to having a too small set of data point for example. On the other

hand, clients undergoing screening at an age of 40 or 41, are still seen as sufficiently

comparable.

For this specific client of 40 years old, future risk estimations are setup based on

this technique by comparing the course of other precedents. The first year of follow-

up, is related to the incidence rate of the [LB,UB] combination of 40 up to 42. These

subjects can be seen on average as 41, the age of our client by the next year. When
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a deviation of ages of 0.5 year is used, the incidence over ages 40 to 41 is taken into

account, which is considered as the half year estimation for this same specific client.

In Table 7.1 an example output of this simulation is given. Since it considers a

low amount of subjects in each bin, the incidence rates of all three scenarios (IR1, IR2,

IR3) all equal either zero or a relatively high value. This is explained by the amount

of person years included, and the way of presenting the IR as a rate of events per

1000 person years. In bin [36,37], are included and tracked for a maximum of one

single year. If an event occurs in this short period of time, and is recalculated to a rate

per 1.000 person years, this single event will be counted as 10 already. When looking

at the second part of the table, it can be concluded that with an increased number

of subjects in each bin, the IR results in a more stable development. Therefore, same

simulations will be performed but with broadened bins of X-1 and X+1. This means

a determined time period of two years is used, in which more subjects are included

and a better estimation is achieved.

IR1 IR2 IR3 LB UB
Amount of

subjects (n)

13.83 13.83 13.83 30 31
12.88 12.88 12.88 31 32
11.92 11.92 11.92 32 33
0.00 0.00 0.00 33 34
0.00 0.00 0.00 34 35
0.00 0.00 0.00 35 36
21.65 21.65 21.65 36 37
0.00 3.92 0.00 37 38
0.00 0.00 0.00 38 39
21.17 21.17 21.17 39 40

IR1 IR2 IR3 LB UB
Amount of

subjects (n)

4.59 4.59 4.59 40 41
4.21 11.18 4.19 41 42
7.34 7.34 7.34 42 43
13.04 13.04 13.04 43 44
8.51 12.22 8.38 44 45
17.37 19.44 17.37 45 46
9.37 11.30 9.36 46 47
22.47 27.67 22.16 47 48
15.57 20.32 15.49 48 49
23.31 25.19 23.30 49 50

TABLE 7.1: Model output of incidence rate development, 1 year in-
crease (ages 30-40 and 40-50)
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Chapter 8

Conclusion and recommendations

This chapter presents an overview of conclusions that have been made focusing on

different parts of this study. First, it will present these main conclusions drawn,

by treating all research questions stated in Chapter 1. Then, we will give our main

recommendations for Prescan to improve their provision of preventive healthcare

towards their clients undergoing screening.

8.1 Conclusions

• What are current procedures and definitions within the topic of (private) preventive

screening?

Nowadays, being updated about one’s health status is an upcoming and a more

frequently occurring interest. People’s proactive attitude, combined with the fact

that the use state-of-the-art imaging techniques in healthcare are becoming more

usual and easy in its use, gives an increased interest in the business Prescan is pro-

viding; preventive MRI screening. Furthermore, aside from diagnostics in regular

healthcare and public screening, this way of individual preventive care has poten-

tial to develop towards a standard of early detection -and treatment- of for example

chronic or severe diseases.

There are many reasons to come up with, when deciding to undergo such a pre-

ventive MRI screening. Based on this report’s context analysis, it appeared that

most frequent considerations made by individual clients doing so, is being reas-

sured about their health status, being able to manage potential risks and avoiding

the fear of having regrets later on.

However, when screening a human body, a number of abnormalities can be de-

tected through current imaging techniques. Therefore, the potential risk of a poten-

tial clinically relevant finding must be taken into account, and eventual follow-up or

recommendations must be provided carefully.

• What are current strategies and procedures used within Prescan’s organization for

treating their clients?
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At Prescan, the Total Bodyscan is the most frequent procedure used within their

clinics, where MRI scans of several body regions are performed. When an appoint-

ment is scheduled, the client visits one of the clinics, and is supported by a mentor

throughout the procedure. When the scans are executed by an MRI employee, re-

sults will be discussed with the radiologist afterwards. When a clinically relevant

finding has been diagnosed, follow-up based on guidelines of regular health care is

advised. When no finding has been diagnosed, remarkable deviations or questions

are treated. A specific recommendation for a potential revisit does not exist yet, al-

though radiologists do predict what is best for their specific client based on their

knowledge and experience.

• What are possible outcomes and clinically relevant findings of the concerned abdominal

MRI within the TBS concept?

-

-

• Is it feasible to accurately determine the probability of developing and growing a clin-

ically relevant finding based on currently available literature and data, and if so, can

this be translated towards a personalized interval?

After the third chapter’s visualizations of all screening moments, useful selections

were conducted as shown in Chapter 3. From here, it is concluded that the spread

and period in between screening moments of the three findings included are compa-

rable. For clients with a diagnosed aortic finding, average starting age of 65 is higher

than starting ages of the pancreatic and renal finding group (60 and 59 respectively).

Furthermore, periods of revisiting Prescan after a finding was diagnosed during first

screening, are found to be shorter than those of clients with a diagnosis at a later mo-

ment.
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Although these results give valuable information, it is complicated to appropri-

ately determine development probabilities of clinically relevant findings with only

this relatively little data collection of information. Therefore, a literature search was

performed, focusing on screening techniques and recommendation for intervals in

performing scans. To compare these insights with the existing trends and results

from the internal data analysis, this search was performed from the perspective of

these selected clinically relevant findings. This gathered literature was used to com-

pare trends and categorize characteristics with the company’s existing data. On the

contrary, it appeared that little was known when considering frequencies of screen-

ing strategies. Aside from public screening and related follow-up for breast and

colon cancer, most articles and research setups found are focusing on high-risk pop-

ulation and its cost-effectiveness.

Therefore, in Chapter 6 a model was developed based on articles and definitions

focusing on incidence of developing diseases in future, and models to optimize this

way of personalized follow-up.

As a result, it can be concluded that recommendations for personalized intervals

were achieved. Although it is based on the specific client’s age solely, it gives useful

insights in the development of their related estimation of developing such a finding.

The model is able to develop risk estimation for clients, based on existing data points

of comparable clients who underwent MRI screening at Prescan.

Divided into five subgroups of clients, it can be concluded that based on an in-

creased starting age, incidence rates also rise. Based on a predetermined acceptable

and preferred risk, the corresponding related interval to revisit for a checkup is rec-

ommended, as presented in Table ??.

• How can the steps taken to solve the core problem of this research be improved to allow

generalization to the other diagnostic tests offered by Prescan?

In conclusion, the insights resulting from the model calculations can be used as sup-

port tool in recommending an interval for clients potentially revisiting Prescan. In

this way, it provides with an extra insight for decision making between the radiolo-

gist and the clients involved. In order to do so, related assumptions and selections

made throughout this study must be taken into account. To come to a generaliza-

tion of this recommendation, other body regions must be taken into account, and

severity of the findings included.

8.2 Recommendations

Since we solely focused on a preselected collection of possible MRI screening out-

comes, this is an important characteristic to take into account. Of course, the IR

developments found in this report can be used as a support tool for risk estimations.

Therefore, these insights can function as support tool in deciding the time horizon
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for a potential revisit for screening. By doing so, it must be stated that these devel-

opments are solely based on this report’s inclusion criteria.

Contribution to Prescan’s perspective

With the provided information and insights for clients undergoing preventive screen-

ing at Prescan, it can be discussed whether and when to revisit in future. Radiolo-

gists may discuss with their clients what an appropriate interval for a revisit in this

case would be. This advice is based on the resulting MRI images and related esti-

mations of risks. We would advise to discuss what the maximum probability is to

accept and why, in order to get to this recommendation. Therefore, it must also be

explained that this report gives clear indication based on a comparable set of former

clients, but includes a limited possibility of clinically relevant findings.

The following section treats the contribution to theory, and what possibilities

there are to strengthen this recommendation.

Contribution to theory

Considering the context analysis and literature searches performed, this report gives

a relevant addition to nowadays interests in medical research. Since not all data

from the beginning of Prescan’s existence was available, a predetermined selection

has been gathered. Because of this deficiency, it solely focuses on a small part of

the whole set of possible relevant outcomes within MRI screening. However, it does

provide useful insights in estimating client’s risk estimation for developing poten-

tially serious findings in future. By doing so, this report shows a way of retrospec-

tively using company’s existing data based on theoretical and scientific definitions

and models. For a more optimized and sharper individual recommendation for a

preventive revisit, it is recommended to gather more data and (behavioral) risk fac-

tors.



19

Chapter 9

Discussion

In the first section of this chapter, limitations of this study will be highlighted per

category. Second, suggestions for further research are discussed in Section 9.2.

9.1 Limitations

Use of definitions

The definition of a clinically relevant finding used, requires a clear explanation.

When looking at a relatively harmless abnormality, this does not indicate an im-

mediate threat at moment of screening. However, there is a possibility it will further

develop to a potential health threat in future. On the contrary, not all deviated val-

ues from standards and what seems "normal" must be considered as potential threat.

Since we focus on the company’s retrospective data, this report therefore uses Pres-

can’s procedures in the definition of a clinically relevant finding. This means that

initially all cases were included of which follow-up investigation was advised, to

gather all the findings diagnosed through the related MRI screening. For the other

group of clients, of which finding had been diagnosed, an MRI screening at a later

stage is called a "revisit", instead of a "follow-up" investigation.

Availability of data

The initial purpose of this study was to come up with an optimization of person-

alized intervals for clients revisiting Prescan. In order to do so, it appeared from

several literature studies that data are required of clients with known screening mo-

ments, and a sufficient number of findings has been observed. With this information

it is known when a client was not identified with a finding, until the screening mo-

ment that they were. Then, probabilities of these developments could have been

used as input for the intended optimization.

However, as mentioned previously, outcomes of all performed scans in Pres-

can’s history were not registered structurally. Therefore, in this report a database

is prepared, in which a preselected group of clients with a diagnosed finding were

included. By doing so, results and certain trends give insights for clients and per-

sonnel, but must be used carefully when it is applied within a recommendation for
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a revisit. Since it includes a small part of potential outcomes of MRI screening, it

requires further research and data gathering to improve external validity and gener-

alization.

When discussing the amount of gathered data, in this report we were able to

expose individual screening moments for individuals who visited Prescan in be-

tween October 2016 and May 2018. For these clients it was possible to retrospec-

tively gather all related MRI scans performed. This resulted in 414 clients with a

diagnosed finding. It therefore seems interesting to compare this data with other

possible outcomes in the future, or perform same procedures in a later stage so that

more comparable data is available.

-

-

Research population

If a comparison with existing scientific research is made, it must be considered to

which extent this report’s research population can be generalized. This considera-

tion also holds when recommending an individual client, since the results are based

on trends in former clients forming the research population.

When considering generalization of the results, because this proactive behavior

of preventive screening reflects their daily lifestyle in a positive way, this study’s

research population therefore cannot be fully compared to for example the general

Dutch population. In order to do so, individual characteristics and behavior, ge-

netic factors or for example family disease history can be added to strengthen this

comparison.

Results

Disease development Before discussing the results as output of the model for cal-

culating incidence rates, insights gathered throughout the report are worth discussing.

When looking at the data collection of the 414 aortic (n=36), pancreatic (n=217) and

renal findings (n=161), 118 of them were revisiting clients.
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-

-

-

-

-

-

Subgroup selection In the presentation of the results as outcome of the model, se-

lection of subgroups were made, each with a different starting age. In this way, the

development of incidence rates are given per starting age of each group. To come

up with a useful overview, ages are determined to start every decade. As a result,

development in this risk estimation is given based on subgroups for 40-, 50-, 60- and

70-year old individuals. When it is preferred to gain knowledge for in-between re-

sults, this can be achieved by resetting and running the model with different input

values.

Scenario setup When looking at the setup of the different scenarios within the

model in Section 6.3, it is stated that the first scenario reflects the usual definition of

an incidence rate. This indicates that clients with a diagnosed finding are excluded

from calculation after the corresponding moment of screening. But, moments of

screening that are outside of the determined [LB,UB]-bin, are fully excluded from

the last moment in this specific bin onward.

Therefore, second and third scenario are used to visualize the effect of this ex-

clusion. Screening moments taking place later than current [LB,UB] combination,

are included in the calculation of incidence rates partly. In scenario 3 it is assumed

that if a finding will occur it develops within one year after the negative screening

moment. However, it is disease dependent whether this one year horizon is appro-

priate, which makes this assumption arbitrary. In the end one can not know for sure

whether an individual will develop a specific disease or not and if so, when this will

occur.
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9.2 Further research

Practical recommendations

First, as previously mentioned throughout the report, it must be stated that the re-

sults are calculated by using retrospective data with multiple subgroups of Prescan’s

former clients. Therefore, it is relevant to mention this when these insights are used

towards an individual recommendation.

Gathering structured data To expand the domain of current results, further re-

search can contribute to improved risk estimations from both a theoretical and prac-

tical perspective.

First of all, based on the related age, recommendations are given following from

the calculated risk estimations in developing a potential clinically relevant finding.

In order to come to even more personalized advice, individual characteristics can

be included in the data gathering, such as gender. Since the current set of posi-

tive findings is considered small already, adding these characteristics will result into

even smaller subsets. Therefore these analyses are not within the scope of this re-

port. When it is preferred to get these insights, the amount of available data must be

increased.

Furthermore, information about certain behavioral risk factors like having a his-

tory with smoking, use of alcohol or obesity can add value to future research as

well. This can be achieved by the company itself by registering these data more

structurally. In addition, a focus on gender seems valuable as well. In line with

studies focusing on a personalisation of disease follow-up (or revisiting strategy),

it is recommended to track down the size, behavior and stages of clinical findings

to show development over time. In this way, it enables to predict general risks in

developing thesee findings [60].

Results validation Considering the validation of the results, it is recommended for

Prescan to keep registering outcomes of performed MRI scans in a structured way,

based on procedures used in regular healthcare. Since these guidelines already in-

clude automated thresholds for severity of diseases, this can validate the compar-

isons made in Chapter 5 between empirical findings and trends in medical research.

As an addition, when recalling the definition used for clinically relevant findings

throughout this report: further research can also focus on the difference between an

average advised follow-up investigation, or follow-up within three months as con-

sidered in the described study in Chapter 2. When excluding all follow-up periods

between moment of diagnosis and the screening moment after, current results can

be validated by comparing with this new selection.
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Considering the censoring principle, it can also be of significant value to keep

track of clients’ health status who visited for screening. Specifically after screen-

ing this can be interesting, when one has been treated within regular healthcare for

example.

To improve validity and confidence of the achieved recommendations, the same

model setup can be used for more data, or information of clients with other clinically

relevant findings. Another possibility is to reproduce the current dataset by random

sampling and replacement, which is called bootstrapping. This technique allows the

assignment of accuracy measures within the results.

Scientific recommendations

Towards optimization Furthermore, insights are presented based on the outcome

of an MRI screening being dichotomous. When more data is produced, it will be-

come of more added value to zoom in on development and severity of diagnosed

findings. Looking at the input of the Markov model produced by Otten et al. [65],

this transition probability appears to be the core input of the model. In this report,

we do not have the required information to implement an optimization like the Par-

tially Observable Markov Decision Process (POMDP) described. When looking at

the determination of this required transition probability, regression analyses are per-

formed over large datasets of cancer patients (50.000+) and their corresponding mo-

ments of treatment and risk factors [60]. If Prescan is willing to record all these

required data from their clients, such a model can be used to achieve a next step in

the optimization of their client’s personalized revisiting strategy.

When this would be applied, it becomes of more added value to apply statistical

techniques for achieving a more solid recommendation per individual, with the use

of more data and characteristics.
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Appendix A

Confidential Appendix

This section is not available in the public version.
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Appendix B

Data and literature gathering

FIGURE B.1: An overview of identified abnormalities within the ab-
dominal aorta



16 Appendix B. Data and literature gathering

FIGURE B.2: An overview of identified abnormalities within the pan-
creas

FIGURE B.3: An overview of identified abnormalities within the kid-
neys
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Appendix C

Abnormality selection flowcharts

FIGURE C.1: An overview of identified abnormalities within the ab-
dominal aorta, pancreas and kidneys

FIGURE C.2: An overview of identified abnormalities within the ab-
dominal aorta, pancreas and kidneys
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Appendix D

Flowcharts of literature searches

FIGURE D.1: Article flow of literature search (Aorta)



20 Appendix D. Flowcharts of literature searches

FIGURE D.2: Article flow of literature search (Pancreas)
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FIGURE D.3: Article flow of literature search (Kidney)
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Appendix E

Flowcharts of the abnormality

thresholds within ACR

FIGURE E.1: Pancreas thresholds (ACR)



24 Appendix E. Flowcharts of the abnormality thresholds within ACR

FIGURE E.2: Cystic renal masses thresholds (ACR)

FIGURE E.3: Solid renal masses thresholds (ACR)









28 Appendix F. Output tables of IR calculations

IR1 IR2 IR3 LB UB
Amount of

subjects (n)

28.83 32.44 28.34 50 51
18.21 26.18 18.10 51 52
27.74 32.28 27.49 52 53
20.73 22.03 20.33 53 54
30.40 30.66 30.26 54 55
37.27 43.17 36.20 55 56
30.11 37.09 29.54 56 57
29.27 31.26 29.26 57 58
21.77 30.54 21.50 58 59
38.87 39.29 38.17 59 60

IR1 IR2 IR3 LB UB
Amount of

subjects (n)

31.15 32.96 30.54 60 61
52.30 53.49 52.18 61 62
42.34 47.86 42.15 62 63
28.55 29.74 28.17 63 64
40.77 46.76 40.33 64 65
34.89 42.37 34.71 65 66
33.21 39.37 32.69 66 67
32.52 37.90 32.29 67 68
49.93 55.87 48.49 68 69
36.05 42.36 36.03 69 70

IR1 IR2 IR3 LB UB
Amount of

subjects (n)

42.15 50.17 40.37 70 71
25.30 25.30 25.30 71 72
36.99 46.24 33.62 72 73
35.17 32.77 32.51 73 74
62.37 62.37 62.37 74 75
66.59 66.59 66.59 75 76
51.34 51.34 51.34 76 77
126.02 160.81 123.12 77 78
68.86 68.86 68.86 78 79
29.35 29.35 29.35 79 80
47.12 47.12 47.12 80 81

TABLE F.3: Model output of incidence rate development of remaining
subgroups with 1 year increase (starting ages 50 up to 70)
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Appendix G

Confidential chapter

This chapter is not available in public version.


