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Childhood cancer

The first important landmark for modern therapy in pediatric oncology was 
in the 1970s when effective multi-modality protocols, combining chemotherapy, 
radiotherapy, surgery and other therapies, were developed.1 These substantial 
advances in treatment for childhood cancer and high levels of participation in 
clinical trials have greatly improved survival.2 In developed countries the 5-year 
survival for childhood cancers is 81% in children. 3,4 The willingness of pediatric 
oncologists to work in cooperative groups has also been essential in the dramatic 
progress of treatment for childhood cancer over the recent decades.5 Childhood 
cancer represents only 1% of the annual cancer incidence in developed countries.6 
Nevertheless, cancer is still the leading cause of disease-related mortality in children 
from developed countries.2 Leukemias, brain tumors and lymphoma represent 
the most common diagnoses in children with cancer,7 more specifically, acute 
lymphoblastic leukemia (26%), brain and central nervous system (CNS) (21%) 
tumors, neuroblastoma (7%) and non-Hodgkin lymphoma (6%).8 In adolescents, 
Hodgkin lymphoma (15%), thyroid carcinoma (11%), brain and CNS tumors (10%) 
and testicular germ cell tumors (8%) are the most common cancers.8 Every year 
approximately 550 children below 19 years are diagnosed with cancer in the 
Netherlands.9 With the vast majority of childhood cancer survivors (CCS) achieving 
long term survival, the number of CCS will increase substantially.

Childhood cancer survivors

Unfortunately, having been exposed in an early stage to radiation, chemotherapy 
and/or surgery means that CCS are a group of young individuals at substantial risk 
of long-term morbidity.10-13 By age 45 years, 80.5% of survivors will experience a 
serious/disabling or a life threatening chronic condition.14 The most common chronic 
health conditions are second malignancies, organ dysfunction, endocrine and 
metabolic disorders, and cognitive and psychological problems.10-13,15 Additionally, 
with the increased risk of chronic health conditions in CCS, there is also concern 
about the adjustment of CCS in society.16-23

PART 1: Record linkage studies for health care use and social 
outcomes in survivors of childhood cancer

Part 1 of this thesis aims to generate evidence on healthcare usage and social 
outcomes of CCS. The first study presents the study design used in the following 
three studies of this chapter. The following two studies focus on hospitalization 
and hospitalization diagnosis as healthcare consumption of survivors of childhood 
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cancer. The last study of this part addresses outcomes that cover developmental 
milestones such as adjustment to adult life and participation in society.

1.1 Medical record linkage studies 

Medical record linkage studies are able to provide complete information 
on health outcomes without having the time and the cost of additional and often 
duplicate primary data collection.24 That is, when performing medical record 
linkage, the data is available from administrative registers and can be linked to a 
cohort with detailed information on treatment and diagnoses, as well as offering the 
possibility to link to different sources of data. In contrast, assessing the outcomes of 
interest periodically by clinical evaluation or by questionnaire in a cohort is more 
time consuming. Furthermore, comparisons with a reference population to establish 
if a certain outcome occurs more frequently than expected creates additional costs. 
It is therefore appealing to use medical record linkage between a clinical cohort and 
administrative registers containing outcome information in order to make use of an 
unbiased design with detailed treatment data.

Researchers in the Nordic countries conduct regular data linkage projects, 
facilitated by the availability of a unique population registration number. This is 
assigned at birth and identifies individuals and distinguishes them from each other 
and that, thus, can be used as a perfect record linkage key. However, in most other 
countries, including the Netherlands, a unique identifier is not always available for 
all individuals and therefore it is not easy to link to different administrative registers. 
As an example, to study hospitalizations of individuals in the nationwide register, a 
postal code is needed.

In this thesis we present a two-step medical record linkage approach study 
design to conduct record linkage between a single-center cohort of CCS at the Emma 
Children’s Hospital / Academic Medical Center (Dutch acronym: EKZ/AMC) in 
Amsterdam and administrative registers to obtain hospitalization data: firstly linking 
individuals to the Municipal Personal Records Database (Dutch acronym: GBA, 
recently renamed to Basisregistratie Personen (BRP)), and secondly to the Hospital 
Discharge Register (Dutch acronym: LMR). The GBA, with electronic information 
from 1st October 1994, contains personal and socio-demographic information of all 
the permanent residents in the Netherlands including the postal code history, as well 
as the Dutch citizen number (Dutch acronym: BSN), gender, date and country of 
birth, address, marital status, type of inhabitant (native or of foreign background) and 
death of their residents. The LMR contains hospitalization data of almost all hospitals 
in the Netherlands from 1995 onwards. After 2005, the coverage decreased due to 
changes in the Dutch health care system.
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It is essential to determine if this two-step approach is valid and feasible, to 
assess the potential biases and to consider the ethical implications.25 Therefore, 
this thesis focuses on describing the key technical steps in this linkage process by 
examining longitudinal trends in hospitalizations and mortality in a clinical cohort 
of CCS, assessing the quality of record linkage, reviewing potential strengths and 
limitations and presenting recommendations for future studies.

1.2 Hospitalizations in childhood cancer survivors as study outcome

Chronic health conditions in CCS can occur as symptomatic or asymptomatic 
health problems and these have been studied extensively. For example, in our group, 
van der Pal et al 26 focused on asymptomatic cardiac events detected by echocar-
diography, and in another study from our group the focus was on symptomatic 
heart disease.27 However, most studies did not focus on healthcare consumption or 
hospitalizations.

Healthcare consumption, namely hospitalizations, can be used as an indirect 
measure of overall long-term morbidity in CCS. In particular, hospitalizations provide 
a measure of the level of high-acuity health contacts that CCS can experience 
later in life. Recognizing the impact of hospitalization rates in CCS is therefore of 
considerable clinical significance. Furthermore, as hospitalizations have an effect at 
an individual level (patient’s quality of life) and at an organizational level (healthcare 
costs),28-31 they can provide information on the interactions between CCS and the 
healthcare system. Thus, long-term clinical follow-up of survivors of childhood 
cancer can benefit from knowledge on those CCS at highest risk of hospitalization 
to prevent and treat long-term morbidity.32

Literature shows that the increased risk of chronic health conditions in CCS 
is reflected in higher healthcare usage with hospitalizations.33-40 Previous studies 
assessing hospitalization rates in CCS in general use self-reported data (questionnaires) 
from the American Childhood Cancer Survivorship Study (CCSS) and the British 
Childhood Cancer Survivor Study (BCCSS). 38,40 Other studies use a medical record 
linkage design with register data. These include, amongst others, population-
based studies from the Nordic countries and the Canadian childhood, adolescent, 
young adult cancer survivors (CAYACS) program.33-36 Some reports provided overall 
information on hospital diagnoses,33,36,41 while others reported specific diagnosis 
focusing on endocrine disorders, diabetes mellitus, cardiovascular diseases and 
gastrointestinal and liver diseases.34,37,39,42-44 Thus far, these studies provide important 
insights but are not able to longitudinally determine hospitalization rates in CCS, 
and multivariate detailed treatment-related risk factor analyses are mostly not 
available.33,35-43 Taking into account repeated hospitalizations within one individual 
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is needed to measure the total burden of unfavorable health conditions in CCS.45,46 
Comprehensive risk factor analysis is also essential to define CCS at high risk of 
hospitalizations as well as at high risk of certain hospitalization diagnoses.32 

With the exception of specific conditions with a genetic mutation component, 
treatment-specific factors typically determine the risk of long-term morbidity 
in CCS.47 It is well established that defining populations at high risk for adverse 
outcomes is essential for developing targeted intervention approaches.48 Knowledge 
on factors that play a role in the development of long-term morbidity in CCS and the 
identification of high risk groups of CCS for chronic health conditions, can therefore 
contribute to the improvement of prevention strategies and the further development 
of less toxic treatment protocols in newly diagnosed childhood cancer patients and 
CCS. Furthermore, healthcare professionals involved in the care of CCS need to be 
aware of survivors’ long-term morbidity in order to counsel, refer or initiate timely 
treatment. 

In this thesis we focus, using the two-step medical record linkage approach 
described earlier, on assessing data on all hospitalizations longitudinally within one 
individual in comparison with a random reference sample of the general population, 
and to determine the associated patient- and treatment-related risk factors within the 
CCS group.

1.3 Social outcomes in childhood cancer survivors

In addition to physical chronic health conditions, attention must be payed to 
social outcomes in CCS. Survivors of childhood cancer are at risk of a potential 
disruptive social development, which may result in decreased overall quality of 
life.47,49 To be able to form a relationship outside of the family and to acquire an 
independence are age-specific developmental tasks that represent adjustments to 
adult life.50,51 However, forming relationships may be specially difficult for survivors 
who struggle with the burden of past disease.20 In particular, reduced physical 
functioning due to prior treatment and delay in psychosexual development can be 
barriers for establishing relationships such as marriage.17,20,52 Independence of adult 
CCS can be hindered by an overprotection of the parents after childhood cancer 
diagnosis, contributing to a delay in the social development of survivors towards 
independent living.53 Furthermore, participation in society as adult individuals 
also includes employment opportunities. CCS can experience health-related 
unemployment as a result of long-term morbidity.54

Social effects of cancer and its treatment have been previously reported in the 
literature by showing lower likelihood of marriage and living independently, and 
higher likelihood of using social benefits among survivors compared to the general 
population.16,17,19-23,55 Some of the previous studies reporting on the social outcomes 
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of CCS are cross-sectional and based on self-reported questionnaires.16,17,20,22,23 
Although these studies benefit from large sample sizes, the risk of selection or 
information bias cannot be excluded. Other studies make use of nationwide 
registers lacking information on cancer treatment and therefore are unable to 
define treatment-related risk factors.19,21,55 It is important to know which treatment 
modality is associated with specific outcomes, not only for the care of the current 
CCS, but also to have the awareness in future treatment protocols. Knowledge on 
the role of specific risk factors can contribute to improved patient-centered care by 
informing evidence-based targeted strategies with the intention to reduce or prevent 
unfavorable social outcomes in adult CCS.

In the Netherlands information on social outcomes for CCS can be obtained 
from the GBA and the Social Economic Categories register (Dutch acronym: 
SECMBUS). The SECMBUS contains monthly data on socio-economic categories 
since 1st January 1999, namely information on the source of an individual’s highest 
income. Therefore, in this thesis we address the differences in social outcomes (not 
being married/having a registered partnership, not living independently and using 
social benefits) in adult survivors of childhood cancer and their peers in the general 
population. For this, we use a record linkage design between the clinical cohort of 
CCS at EKZ/AMC and SECMBUS, and we explore the associated risk factors within 
CCS.

PART 2: Quality of fertility preservation guidelines and guideline de-
velopment methodology for children, adolescents and young adults 
with cancer 

After generating evidence in part 1 of this thesis, part 2 of this thesis aims to 
show the translation of the evidence into concrete measures in the clinical practice 
such as clinical practice guidelines (CPGs). For this, part 2 presents in two studies 
the initiation process of CPG development for fertility preservation in children, 
adolescents and young adults (CAYAs) with cancer. 

2.1 Clinical practice guidelines 

With more than two million of new scientific papers published every year, 
it is very challenging for healthcare professionals to remain up to date.56 CPGs 
can contribute to bridge this gap between research and clinical practice.56 The US 
Institute of Medicine defines CPGs as “statements that include recommendations 
intended to optimize patient care that are informed by a systematic review 
of evidence and an assessment of the benefits and harms of alternative care 
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options”.57 CPGs can contribute to uniform and high quality care, contribute to 
reduce morbidity and mortality (and subsequently improve quality of life) by 
promoting effective interventions and not ineffective ones, and can contribute to 
reduce healthcare costs.56,58 

2.2 Fertility impairment and preservation in children, adolescents and young 
adults with cancer

Treatment for childhood cancer, especially after treatment with alkylating 
agents and/or radiotherapy to the fields that include the ovaries or testes, can 
substantially increase the risk of fertility impairment among CCS.59-62 This has been 
shown to be of particular concern to adult survivors and their parents/families with 
negative implications to the quality of life of newly diagnosed patients, parents and 
survivors of childhood cancer.63,64

There are currently various methods of fertility preservation for CAYAs with 
cancer and advice on these methods is presented in numerous CPGs. As an 
overview, methods of fertility preservation for children, adolescents and young 
adults (CAYAs) females include: a) embryo cryopreservation for which a partner or 
donor sperm is required, b) oocyte cryopreservation (or egg freezing) is similar to 
embryo cryopreservation but involves freezing of unfertilized eggs, and c) ovarian 
tissue cryopreservation and transplantation in which the partial or complete removal 
of ovary tissue is frozen for either subsequent reimplantation of tissue or in vitro 
maturation of eggs.65 Ovarian tissue cryopreservation is currently the only fertility 
preservation method available for pre-pubertal females, 66 but it is still considered 
experimental.67 As oocyte cryopreservation does not require a partner or a donor, it 
has been contemplated as a non-experimental option for adolescents diagnosed with 
cancer,68 but data on adolescents is still limited.69 Other methods include ovarian 
hormone suppression with Gonadotropin Realising Hormone (GnRH) analog but its 
use is still in debate.66 Finally, oophoropexy (transposition of the ovaries out from the 
radiation field) for women of reproductive age has also been considered.70

In comparison to females, males have limited options for fertility preserva-
tion. The established fertility preservation technique for post-pubertal males includes 
sperm cryopreservation via masturbation. In peripubertal males, sperm cryopreser-
vation via alternative collection methods –such as vibration, electroejaculation and 
testicular sperm extraction (TESE)– has been described as standard procedures when 
masturbation is not feasible or possible.69,70 For pre-pubertal males, testicular tis-
sue cryopreservation is still an experimental method in which a biopsy allows to 
obtain the tissue and this is subsequently frozen for either reimplantation or in vitro 
maturation of sperm cells.70 For patients undergoing radiotherapy treatment, radia-
tion shielding of the testes to minimize the exposure to scatter radiation has been 
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considered for pre- and post- pubertal male patients.69 Patients and their healthcare 
providers need guidance that provides accurate information regarding treatment-
related risks in relation to fertility and fertility preservation methods, including the 
unique ethical issues that surround fertility preservation and the optimal discus-
sion of appropriate methods of communicating fertility options to patients and their 
families. This is specially the case for the use of investigational fertility preservation 
methods, posthumous use of cryopreserved tissue, and assessment of capacity for 
decision-making in minors. 

2.3 Quality of guidelines for fertility preservation in children, adolescents and 
young adults with cancer

The principles of evidence-based medicine are the focus of contemporary 
guideline development.56 The method of evidence-based guideline development 
has become the international standard by which contemporary CPGs should 
integrate the best available evidence and clinical judgment as well as the patients’ 
perspectives.56 Despite the different countries and healthcare settings, the advantages 
and efficiencies of collaborative efforts in order to share evidence and workload 
have been recognized in guideline development.56 Thus, international initiatives in 
pediatric oncology have developed rigorous processes for guideline development. 
International collaboration stimulates transparency in guideline methodology, 
avoidance of duplication of work and improvement in guideline methodology.71 As 
an example, the International Guideline Harmonization Group (IGHG) and the iPOG 
Network (International Pediatric Oncology Guideline in Supportive Care Network) 
have already produced several guidelines using standardized and evidence-based 
methods.72,73

Several CPGs in pediatric oncology for supportive care and chronic health 
conditions in CCS have been previously published. However, CPGs in oncology in 
general have been shown to not always be considered methodologically sound and 
evidence-based.74

CAYAs diagnosed with cancer perceive that they are not adequately counseled 
about the adverse effects of cancer treatment on reproductive function and the 
available options for fertility preservation. Research shows that fertility preservation 
is not offered uniformly to CAYAs with cancer and uniform standards for referral and 
counseling are also lacking.75,76 As a result, this can lead to variability in the uptake 
of fertility preservation methods. Evidence-based CPGs are therefore essential to 
ensure that CAYAs diagnosed with cancer receive uniform and high quality care.

As the starting point to develop harmonized evidence-based driven recom-
mendations for fertility preservation in CAYAs with cancer, it is essential to per-
form a comprehensive and systematic assessment of the current existing CPGs. 
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Furthermore, an objective instrument needs to be used to assess the quality of CPGs 
covering fertility preservation for CAYAs with cancer. 

In this thesis we use the Appraisal of Guidelines Research and Evaluation 
Instrument (AGREE II) as a tool to objectively assess the quality of CPGs in fertility 
preservation for CAYAs with cancer.77 AGREE II contains 23 key items in 6 domains 
covering areas of guideline quality: scope and purpose, stakeholder involvement, rigor 
of development, clarity of presentation, applicability and editorial independence.77 
In addition, in this thesis we explore the differences in existing recommendations for 
fertility preservation CPGs considered as high quality as per AGREE II.

2.4 Methods of guideline development within PanCareLIFE project

It is recommended that guidelines be developed within a structured and coor-
dinated guidelines programme.56 PanCareLIFE, a five year (2013-8) EU Framework 
7 Programme in the Health Theme aims to produce a harmonized, transparent and 
uniform CPGs for fertility preservation in children, adolescent and young adults with 
cancer.78 This European Union-funded guideline project is benefitting from interna-
tional and multidisciplinary collaboration to generate CPGs for fertility preservation. 
For its methodology, this guideline project adheres to the evidence-based methods 
of the IGHG.71,79,80 As transparency is fundamental in guideline development, this 
thesis presents the methods and the work performed so far within the CPG develop-
ment for fertility preservation in CAYAs within the context of PanCareLIFE.
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Objectives and outline of this thesis

This thesis is divided in two parts, a first part that focuses on hospitalizations 
and social outcomes in CCS using medical record linkage; and a second part that 
focuses on the methodology to develop CPGs for fertility preservation in CAYAs with 
cancer, and as a first step on this guideline development, the assessment of quality 
and differences in recommendations among the existing CPGs.

PART 1: Record linkage studies for health care use and social 
outcomes in survivors of childhood cancer

The general aim of the first part is to increase the evidence of the burden of 
disease in CCS and define high risk groups of CCS by using a medical record linkage 
design between a clinical cohort of CCS and administrative registers.

Chapter 2 introduces in detail a two-step medical record linkage approach 
and determines the feasibility and validity of this method by studying mortality and 
hospitalizations over time of CCS. We evaluate the linkage of a Dutch single-center 
cohort of survivors of childhood cancer with two Dutch national administrative 
registers; and we discuss the quality of the record linkage and the potential strengths 
and limitations. 

Using the study design presented in chapter 2, in chapter 3 we aimed to increase 
the evidence on the clinical impact of long-term health problems by examining the 
trends in hospitalization rates of CCS and associated treatment- and patient-related 
risks factors in comparison with the general population. In chapter 4, we aimed to 
further increase the evidence gained from chapter 3 by focusing in detail with the 
highest hospitalization rates in CCS in 4 diagnosis subgroups (observed in chapter 3) 
compared with the general population. For this, our aim in chapter 4 is to determine 
the trends of hospitalization rate in CCS over time for neoplasms, diseases of the 
circulatory system, endocrine/nutritional/metabolic diseases and diseases of the eye, 
and to assess the associated treatment- and patient-related risk factors.

In chapter 5, we also made use of a record linkage design between the Dutch 
single-center cohort of CCS and administrative registers to determine the likelihood 
of benchmarks for social development in adult CCS; namely not being married (or 
registered partnership), not living independently and the use of social benefits and 
the general population, and to uncover treatment-and diagnosis-related risk factors.
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PART 2: Quality of fertility preservation guidelines and guideline 
development methodology for children, adolescents and young 
adults with cancer 

The general aim of the second part is to promote uniform and high quality 
fertility preservation care for CAYAs with cancer with the initiation of harmonized, 
comprehensive and transparent CPGs within the EU-funded PanCareLIFE 
international collaborative project. 

As a first step towards guideline development, in chapter 6, we aimed to identify 
the existing CPGs for fertility preservation in CAYAs with cancer; we evaluated their 
quality and we explored the differences in the recommendations. In chapter 7, we 
described the methods for the development of robust, comprehensive and easy to 
use CPGs for fertility preservation in CAYAs within the context of the PanCareLIFE 
project. 

PART 3: General discussion

Finally, in chapter 8 the main study findings are described, the strengths and 
limitations are reviewed and recommendations for future research and clinical 
practice are presented.
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