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Chapter 1
General introduction and outline of 

the thesis
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This thesis addresses long-term survivorship after childhood cancer. More 

specifically, we investigated two topics in relation to childhood cancer survivors: 

epidemiology of two specific late effects of childhood cancer and patient 

education. The first topic, epidemiology of late effects, was investigated in the 

context of the cohort of childhood cancer survivors of the Emma’s Children 

Hospital/Academic Medical Center Amsterdam (EKZ/AMC), whereas patient 

education was investigated in the context of the Dutch Childhood Oncology 

Group (DCOG) Late Effects of Childhood Cancer (DCOG LATER) project. In this 

chapter we will introduce both research topics and provide relevant background 

information about the EKZ/AMC cohort as well as the DCOG LATER project. The 

chapter concludes with the research questions of this thesis and an outline of 

the remaining chapters.

Childhood cancer: incidence and survival
In Western countries, the age-standardized incidence rate of childhood cancer 

ranges between 121 and 160 cases per million person-years.1 In 2010, 598 

invasive tumours were diagnosed in Dutch children aged 0-17 years.2 Tumours 

of the central nervous system (26%), leukaemia (23%, predominantly acute 

lymphoblastic leukaemia) and lymphoma (12%) were the diagnoses with the 

highest incidence.2 

The survival rates of children with a paediatric malignancy have increased 

dramatically over the last 50 years.3 In the 1960s only 30% of childhood 

cancer patients survived more than five years, whereas nowadays five-year 

survival reaches 80%.4 The use of combination- and adjuvant chemotherapy in 

multimodal treatment strategies and improvements in diagnostic procedures, 

surgery, radiotherapy and supportive care all contributed to the rise in survival 

rates.5 The increase in survival rates resulted in the emergence of a new 

group of individuals/patients: childhood cancer survivors. It is estimated that 

approximately 1 in every 600 individuals aged between 20 and 39 is currently a 

survivor of a paediatric tumour and it sure that this number will continue to rise, 

as is illustrated in Figure 1.6



4 | Chapter 1

Mortality and morbidity in childhood 
cancer survivors
As the number of childhood cancer survivors steadily grew, it became apparent 

that five-year survival was by no means the end-point for the majority of survivors.5 

These long-term survivors are still at risk of life-threatening late effects of their 

malignancy or its treatment, including second malignancies, late recurrence of 

the primary tumour and toxicity to major organ systems. In the EKZ/AMC cohort 

described below, Cardous-Ubbink et al showed that the standardized mortality 

rate (SMR) was 17-fold increased for survivors in comparison to the general 

population.7 Slightly lower SMR’s of 10.7 and 8.4 were reported by respectively 

the British Childhood Cancer Survivor Study Group (BCCSSG) and the Childhood 

Cancer Survivor Study (CCSS, United States of America).8,9 Recurrence of the 

primary tumour is the main cause of death in survivors, with cumulative mortality 

due to recurrence increasing rapidly with time from diagnosis up to 8.9% 15 

years after diagnosis, but then levelling off to 12.4% 50 years after diagnosis 

(Figure 2).8 As the cumulative mortality due to recurrence levels off in this 35 

year period, the cumulative mortality due to second malignancies, cardiac and 

Figure 1. Number of people in specified age-group previously diagnosed with cancer and alive at 
the end of very year. UK 1961-2000. Kroll ME et al. Childhood cancer – UK. CancerStats Monograph 
2004, pp. 63-72.
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Figure 2.  Cumulative mortality of causes of death among survivors of childhood cancer - Reulen 

et al. JAMA. 2010;304(2):172-179.

Figure 3. Cumulative mortality due to recurrence of cancer, second malignancy, cardiac disease, 

pulmonary disease, external causes, and all other causes - Mertens et al. J Natl Cancer Inst 

2008;100:1368-1379.
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pulmonary disease (Figure 3) and other causes increases continuously.8,9

Besides increased mortality, the improved prognosis for children with cancer has 

also been accompanied by a rising incidence of treatment-related morbidity, often 

referred to as late effects. These clinical and sub-clinical late effects of cancer 

treatment can severely impair quality of life, cause chronic disease and ultimately 

reduce the life expectancy of childhood cancer survivors. The prevalence of late 

morbidity is very high: in the EKZ/AMC cohort approximately 75% of all 5-year 

survivors has had at least one adverse event and 25% had 5 or more adverse 

events.10 Furthermore 40% suffered from at least one severe or life-threatening 

adverse event as defined by the Common Terminology Criteria for Adverse 

Events version 3.0 (CTCAEv3). As with the mortality statistics, the American 

CCSS study reported slightly lower numbers: 62% of the CCSS population had 

at least 1 chronic condition and 28% had a severe or life-threatening condition.11 

Late effects affecting the kidney
One of the potential adverse effects of a range of anti-cancer treatments is 

nephrotoxicity. Nephrotoxicity is the development of kidney damage after 

exposure to specific types of chemotherapy, radiation or kidney surgery. Acute 

nephrotoxicity can be a dose-limiting factor for several types of anti-cancer 

treatment and can even contraindicate potentially curative treatment, reducing 

the ability to deliver optimal care and the chance on survival.12 Chronic or late 

nephrotoxicity may result in a variety of functional consequences, including 

impairment of glomerular function, tubular function, blood pressure control and 

renal endocrine function.13 Most of the available evidence on long-term renal 

dysfunction after childhood cancer was gathered in cohorts of patients treated 

with specific nephrotoxic treatments, often with short or incomplete follow-

up.13,14 The prevalence of and risk factors for long-term nephrotoxicity remain 

unclear for childhood cancer survivors. In Chapters 2 to 4 we present a Cochrane 

systematic review on late nephrotoxicity after childhood cancer and two studies 

on nephrotoxicity in the EKZ/AMC cohort of childhood cancer survivors.
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Impact of childhood cancer treatment on final height
Another potential late effect of childhood cancer treatment is growth impairment, 

resulting in a reduced final height in adulthood. Growth impairment can negatively 

impact quality of life, for example by hampering the social development of these 

survivors, who often already feel different from their peers due to other late 

effects. Although it is already known that skeletal growth can be influenced 

directly by radiotherapy or indirectly by damage to the hypothalamic-pituitary 

axis,15,16 evidence on the influence of chemotherapy and constitutional factors like 

height at diagnosis remains unclear. In Chapter 5 we assessed the prevalence 

for short stature in the EKZ/AMC cohort of childhood cancer survivors and 

analysed risk factors including type of chemotherapy, radiotherapy and height 

at diagnosis.

Patient education in relation to late 
effects
As became clear in the previous paragraphs, survivors have a significantly 

increased risk for chronic health conditions and late adverse effects. However, 

many (adult) childhood cancer survivors are unaware of the details of their 

previous disease, the treatment they received and especially the increased 

risk of late complications due to the therapy.17–20 This is a logical consequence 

of several factors intrinsic to the disease. Due to the young age at diagnosis, 

it is often the parents who give consent for treatment and hence receive all 

relevant information needed for decision making. During the aging process of 

both child and parents this information may be forgotten or may not be passed 

on from parent to child either consciously or unconsciously. Unlike survivors of 

a malignancy in adulthood, childhood cancer survivors often have limited or no 

access to their old medical records regarding their malignancy and treatment. 

Also, as families move, medical records can get lost, replaced or mislabeled  and 

may not be easily retrievable when needed.  In addition, several other factors can 

contribute to survivors’ lack of knowledge of their previous disease, treatment 

and the risk for late effects.
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These knowledge deficits in survivors may hamper their ability to seek 

appropriate care and to participate in designated follow-up programs such as 

the EKZ/AMC outpatient clinic.21 An additional health risk for CCS is that, due to 

low incidences of childhood cancer, health care providers are usually not familiar 

with cancer-related health risks and late effects.22 Hereby the first symptoms of 

cancer treatment-related late effects can easily be missed. 

To fill the knowledge gap that can arise in CCS, an online information source 

seems an appropriate medium in the 21st century. Chapters 6 to 8 present 

the information needs assessment, development and evaluation of a patient 

information website aimed at childhood cancer survivors and their family.

Introducing the research contexts
The research projects described in this thesis regarding the prevalence and risk 

factors of late effects of childhood cancer were performed in the context of 

the EKZ/AMC cohort of childhood cancer survivors. The DCOG LATER project 

constituted the research projects related to patient information needs and patient 

education. Both overarching research projects are described briefly below.

The EKZ/AMC cohort of childhood cancer survivors
In 1996 the EKZ/AMC childhood cancer survivor study was started to investigate 

late effects of cancer treatment in long-term survivors of childhood cancer 

and to define associated risk factors.  Rationale for the study was that the 

acquired knowledge could be used to ameliorate the quality of life of survivors, 

for example by the development of less toxic treatment protocols, by raising 

awareness about late effects amongst health care professionals and survivors 

and by providing a basis for intervention research for secondary prevention and/

or treatment of late effects.23

The EKZ/AMC childhood cancer survivor cohort is an on-going single-centre 

cohort study of patients who survived at least 5 years since their primary cancer 

diagnosis. New survivors enter the study continuously and are identified through 
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the hospital based childhood cancer registry which was established in 1966.  All 

childhood cancer patients who have been treated in the EKZ/AMC since then 

were prospectively included, with detailed information regarding diagnosis, 

treatment, recurrences and vital status. Since 1996 also data on medical follow-

up are prospectively collected and registered of all patients who survived at 

least five years since their primary cancer diagnosis. 

To be eligible for inclusion in the EKZ/AMC childhood cancer survivor cohort, 

patients have to meet the following criteria: (1) diagnosed and treated for a 

primary malignancy; (2) diagnosed from January 1, 1966 onwards; (3) aged <18 

years at diagnosis; (4) diagnosed in the Netherlands; (5) treated primarily in the 

EKZ/AMC; and (6) survived ≥5 years after diagnosis, regardless of disease or 

treatment status. It is important to realize that the EKZ/AMC cohort is a dynamic 

cohort: due to continuous data updates (e.g. regarding mortality, (revised) 

diagnoses, and treatment characteristics) and inclusion of new survivors, the 

total number of survivors included in studies within the cohort varies, depending 

on the study date.

Synchronous with the start of inclusion of patients in the EKZ/AMC cohort, a 

late effects outpatient clinic was started in 1996 (Polikliniek Late Effecten 

Kindertumoren (PLEK/LATER)). The outpatient clinic offers medical follow-up for 

the assessment of late adverse effects of childhood cancer treatment in 5-year 

survivors and follow-up care. Great efforts are put into the tracing of 5-year 

survivors, which are invited to the outpatient clinic on a regular basis. Adult 

survivors are seen by an adult physician, whereas children (<18 years) are seen 

by their paediatric oncologist. A full medical assessment is performed according 

to standardized follow-up protocols based on the previous treatment modalities. 

This includes a medical history, a physical examination, additional risk-based 

diagnostic tests and counselling. Survivors are seen at regular intervals, 

based on their previous cancer diagnosis and (expected risk for) late effects. 

For survivors who are eligible and alive, but who do not visit the late-effects 

outpatient clinic, regular attempts are made to obtain medical follow-up data 

from other physicians who do see these patients.
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The Dutch Childhood Oncology Group LATER project 
(DCOG LATER)
In the early 2000’s Dutch paediatric oncologists, gathered in the DCOG, created 

a national, multidisciplinary task force (LAnge TERmijneffecten na kinderkanker 

(LATER)) in cooperation with radiation oncologists, internists, general practitioners, 

psychologists, other involved specialisms, the Dutch Childhood Cancer Parents 

Organisation(DCCPO) and insurances companies. The goal of DCOG LATER is to 

improve care for survivors of childhood cancer by national and multidisciplinary 

cooperation regarding (organisation of) patient care, systematic and structured 

data registry, scientific research and patient education. To improve the quality of 

screening and to ensure that survivors are screened in a uniform and systematic 

manner, national evidence-based guidelines were developed, published and 

implemented in 2010.24 In March 2013 a large research project (DCOG LATER 

Q2008) will start wherein the complete cohort of Dutch childhood cancer 

survivors (N=6384) will be invited for a full assessment of (a)symptomatic health 

problems. 

Aims and outline of the thesis
Based on the existing knowledge as presented in this introduction (Chapter 1), 

we identified gaps in knowledge and formulated research questions to address 

them. The answers to these research questions are presented in this thesis. The 

general aim of this thesis is two-fold: 1) to assess prevalence and risk factors 

of two specific late effects of childhood cancer: renal toxicity and short stature 

in adulthood, and 2) to investigate the methodology for the development and 

evaluation of patient information websites, in this case aimed on long-term 

survivors of childhood cancer. 

Part 1: epidemiology of late effects of childhood cancer
In Chapter 2, we present the results  of a Cochrane systematic review on the 

prevalence and risk factors for renal toxicity in childhood cancer survivors treated 

with cisplatin, carboplatin, ifosfamide, nephrectomy or irradiation on the kidney 
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region.

Chapter 3 continues with renal function, presenting a cross-sectional cohort 

study on glomerular and tubular function as well elevated blood pressure in the 

EKZ/AMC cohort of childhood cancer survivors.

In Chapter 4, we investigated trends of glomerular function over time and 

assessed risk factors associated with glomerular function over time. 

Chapter 5 reports on the prevalence of short stature in adult survivors of 

childhood cancer and its associated risk factors.

Part 2: methods for the development and evaluation of a 
patient information website for childhood cancer survivors
In Chapter 6, we present an assessment of the health information needs of 

childhood cancer survivors and their family based on a questionnaire evaluation.

In Chapter 7, a concise and practical framework is described for the development 

and evaluation of specific patient information websites, aiming at high usability 

and low costs. The implementation of the  framework is described in a case study 

on the development and evaluation of a website for childhood cancer survivors.

In Chapter 8, we evaluate the usability and content of the website for childhood 

cancer survivors that we developed during the studies presented in Chapters 6 

and 7.

Finally, Chapter 9 covers the general discussion, where the conclusions, 

recommendations for clinical practice and recommendations for future research 

are discussed. This thesis concludes with a summary in both English and Dutch.
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Abstract 
Background  Great improvements in diagnostics and treatment for malignant 

disease in childhood have led to a major increase in survival. Childhood cancer 

survivors (CCS) are however at great risk for developing late effects caused 

by multimodal treatment for their malignancy. Nephrotoxicity is one of these 

known (acute) side effects of several treatments, including cisplatin, carboplatin, 

ifosfamide, radiotherapy and nephrectomy, and can cause glomerular filtration 

rate impairment, proteinuria, tubulopathy and hypertension. However, the 

evidence about the long-term effects of these treatments on the renal function 

is still inconclusive. To reduce the amount of (long-term) nephrotoxic events in 

CCS, it is important to know the risk of, and risk factors on, late renal adverse 

effects, so that ultimately treatment and screening protocols can be adjusted.

Objectives  To evaluate the existing evidence on the effect of potentially 

nephrotoxic treatment modalities on the prevalence and associated risk factors 

of renal dysfunction in survivors treated for childhood cancer.

Search methods  We searched the following electronic databases: the Cochrane 

Central Register of Controlled Trials (CENTRAL) (The Cochrane Library, Issue 4, 

2011), MEDLINE/PubMed (from 1945 to December 2011), and EMBASE/Ovid (from 

1980 to December 2011).

Selection criteria   With the exception of case reports, case series and studies 

including less than 20 patients, we included studies with all study designs that 

reported on renal function (one year or more after end of treatment) in children 

and adults who were treated for a paediatric malignancy (aged 18 years or less at 

diagnosis) with cisplatin, carboplatin, ifosfamide, radiation including the kidney 

region and/or a nephrectomy.

Data collection and analysis  Two reviewers independently performed the study 

selection, risk of bias assessment and the data extraction using standardized 

data collection forms. Analyses were performed according to the guidelines of 

the Cochrane Handbook for Systematic Reviews of Interventions.
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Results   The search strategy identified 5504 studies, of which 5138 were 

excluded based on title and abstract. The full-text screening of the remaining 

366 articles resulted in the inclusion of 57 studies investigating the prevalence 

and sometimes also risk factors for renal late adverse effects of treatment for 

childhood cancer. The 57 studies included at least 13338 patients of interest 

for this study, of which at least 6516 underwent renal function testing. The 

prevalence of renal adverse effects ranged from 0% up to 84%. This variation 

may be due to the diversity in included malignancies, prescribed treatments, 

reported outcome measurements and methodological quality of the available 

evidence.

Chronic kidney disease / renal insufficiency (as defined by the authors of the 

original studies) was reported in 9/57 studies. The prevalence of chronic kidney 

disease ranged between 0.5% and 70.4% in all nine studies and between 

0.5% and 18.8% for the six studies that specifically investigated Wilms’ tumour 

survivors treated with a unilateral nephrectomy.

A decreased (estimated) glomerular filtration rate was present in 0%-50% of all 

assessed survivors (32/57 studies). Total body irradiation, concomitant treatment 

with aminoglycosides, vancomycin, amphotericin B or cyclosporine A, older 

age at treatment and longer interval from therapy to follow-up were significant 

risk factors reported in multivariate analyses. Proteinuria was present in 0% to 

84% of all survivors (17/57 studies). No study performed multivariate analysis to 

assess risk factors for proteinuria.

Hypophosphataemia was assessed in seven studies. Reported prevalences 

ranged between 0% to 47.6%, but 4/7 studies found a prevalence of 0%. 

There were no studies that assessed risk factors for hypophosphataemia using 

multivariate analysis. The prevalence of impairment of the tubular phosphate 

reabsorption was mostly higher (range: 0%-62.5%; 11/57 studies). Higher 

cumulative ifosfamide dose, concomitant cisplatin treatment, nephrectomy and 

longer follow-up duration were significant risk factors for an impaired tubular 

phosphate reabsorption in multivariate analyses.
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Treatment with cisplatin and carboplatin was associated with a significantly 

lower serum magnesium level in multivariate analysis and prevalence of 

hypomagnesaemia varied between 0% and 37.5% in the eight studies 

investigating serum magnesium.

Hypertension was investigated in 24 of the 57 studies. The reported prevalences 

ranged from 0% to 18.2%. A higher body mass index was the only significant risk 

factor found in more than one multivariate analysis. Other reported significant 

risk factors for hypertension were use of total body irradiation, abdominal 

irradiation, acute kidney injury, hepatitis C infection, stem cell donor type, growth 

hormone therapy and older age at screening.

Due to the profound heterogeneity in studies it was not possible to perform any 

meta-analysis.

Authors’ conclusions   The prevalence of renal late adverse events after 

treatment with cisplatin, carboplatin, ifosfamide, radiation therapy involving the 

kidney region and/or a nephrectomy varied from 0% to 84%. With the currently 

available evidence it was not possible to draw any conclusions in regard to the 

prevalence and risk factors for renal late effects. Future studies should focus 

on adequate study design and reporting and should deploy multivariable risk 

factors analysis to correct for possible confounding. Until more evidence is 

available, CCS should be enrolled into long-term follow-up programs to monitor 

their renal function and blood pressure.
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Background
Great improvements in diagnostics and treatment for malignant disease in 

childhood have led to a major increase in survival, with five-year survival 

reaching 80% in Europe.1 Despite this rise in five-year-survival, childhood cancer 

survivors (CCS) are at a high risk of developing late effects caused by their cancer 

therapies. Three large cohort studies found that up to 88% of all survivors suffer 

from at least one long-term effect after a follow-up of 30, 17 and seven years 

respectively.2–4

Nephrotoxicity is a known side effect of certain childhood cancer therapies, 

resulting in a decline of glomerular filtration rate (GFR), deterioration of tubular 

function, development of albuminuria and/or (renovascular) hypertension 

during or after the treatment.5 Potentially nephrotoxic agents are ifosfamide 

and the platinum compounds cisplatin and carboplatin.5–8 Recent studies have 

shown that both ifosfamide and platinum toxicity persist during follow-up 

even up to 10 years after treatment, with prevalences of renal adverse effects 

ranging from 0% to 45% depending on the study group and the measured 

outcome variable.9,10 Abdominal and total body irradiation may cause radiation 

nephropathy, characterized by hypertension, decline in glomerular filtration 

rate and (intermittent) proteinuria.11 Kidney surgery may also play a role in the 

long-term course of renal function, for example by causing hyperfiltration in 

unilateral nephrectomized survivors, which may ultimately lead to hypertension 

and glomerular impairment.12,13

Several risk factors for the development of renal late effects have been 

mentioned in the literature, but these were often examined in small, selected 

study populations and produced inconsistent results. Risk factors like cumulative 

chemo- and radiotherapy doses, age at diagnosis, duration of follow-up and 

infusion schemes have all been investigated, but conclusive evidence is missing. 

For example, Pietilä et al and Loebstein et al both reported cumulative cisplatin 

dose to be a risk factor for impaired renal function, whereas Brock et al and Schell 

et al did not find any relationship.12,14–16 The use of multimodal nephrotoxic cancer 

treatment may also increase the risk of renal dysfunction: in one study glomerular 
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function of nephrectomized Wilms’ tumour survivors was significantly lower in 

patients who received radiation therapy and chemotherapy in comparison to 

chemotherapy alone.13 Systematic review and meta-analysis of the literature 

may elucidate which risk factors are associated with renal impairment and which 

are not.

In 2008, Jones et al published an evidence summary for the American 

Childhood Oncology Group (COG), delineating exposure-based risks of 

potentially nephrotoxic treatment modalities accompanied by health screening 

recommendations.5 This evidence summary served as a basis for the COG Long 

Term Follow-up Guidelines. Skinner also published two overviews of the literature 

regarding nephrotoxicity during and after treatment for childhood cancer.17,18 To 

reduce the amount of (long-term) nephrotoxic events in CCS, treatment and 

screening protocols should be adjusted. A systematic review of the literature is 

required to gain evidence-based insight into the role of these treatments on the 

long-term function of the kidneys.

Objectives
To evaluate the existing evidence on the effect of potentially nephrotoxic 

treatment modalities on the prevalence and associated risk factors of renal 

dysfunction in survivors treated for childhood cancer with a median or mean 

survival of at least one year after the end of treatment.

Methods

Criteria for considering studies for this review  

Types of studies

All study designs, except case reports and case series, examining the effect of 

(multimodal) treatment of childhood cancer on renal late adverse effects.

Types of participants 

CCS diagnosed between the age of 0 and 18 with a mean or median survival 



Renal late adverse effects after potentially nephrotoxic treatment for childhood cancer | 21

of at least one year after the end of treatment and related healthy controls if 

available. If no follow-up time after the end of treatment was stated, at least 

90% of the study group had to be off-treatment. Studies had to include at least 

20 survivors who received potentially nephrotoxic therapies.

Types of interventions 

Treatment with cisplatin, carboplatin, ifosfamide, radiotherapy involving the 

kidney including total body irradiation, and/or surgery involving the kidney.

Types of outcome measures 

We decided to limit the included outcome measures to those that were 

reported most often, most consistent and had the highest clinical relevance. 

The included outcome measurements were: chronic kidney disease/renal 

insufficiency, (estimated) glomerular filtration rate, proteinuria, serum 

phosphate/hypophosphataemia, tubular phosphate regulation parameters 

(tubular phosphate threshold and fractional phosphate excretion), serum 

magnesium/hypomagnesaemia and finally blood pressure. We did not impose 

any restrictions on the outcome definitions. Studies that reported on composite 

outcome measures that included one of the aforementioned outcomes were 

included. Studies investigating blood pressure as part of a cardiovascular or 

metabolic syndrome assessment were excluded.

Search methods for identification of studies
The objective of the literature search was to identify all studies reporting on renal 

late adverse effects of potentially nephrotoxic treatment modalities in CCS, with 

the exception of case reports and case series and hence included randomised 

controlled trials, case control studies and cohort studies.

We did not impose language restrictions.

Electronic searches

We searched the following electronic databases: the Cochrane Central Register 
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of Controlled Trials (CENTRAL) (The Cochrane Library, Issue 4, 2011), MEDLINE/

PubMed (from 1945 to December 2011), and EMBASE/Ovid (from 1980 to 

December 2011).We provide the search strategies for the different electronic 

databases (using a combination of controlled vocabulary and text words) in the 

appendices (Appendix 1, Appendix 2, Appendix 3).

Data collection and analysis

Selection of studies

After performing the search strategy described previously, two review authors 

independently selected studies meeting the inclusion criteria based on the title 

and abstract. Full-text papers were obtained for any study which seemed to 

meet the inclusion criteria based on the title and/or abstract for closer inspection. 

We resolved discrepancies between authors by consensus. If this proved to be 

impossible, final resolution was achieved by consulting a third author.

Data extraction and management

Two authors performed data extraction independently using standardized data 

extraction forms. We retrieved data on the following items.

1. Study characteristics

a. Study design

b. Number of patients in the original cohort

c. Number of patients in the described study group

d. Number of patients in the study group of interest

e. Number of patients tested for renal late effects

f. Number of controls

2. Study participants

a. Age at diagnosis or at treatment

b. Duration of follow-up

c. Sex

d. Tumour type

3. Interventions
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a. Number of patients treated with ifosfamide, cisplatin and 

carboplatin

b. Cumulative doses of ifosfamide, cisplatin and carboplatin

c. Number of patients treated with abdominal radiotherapy or 

total body irradiation

d. Cumulative radiotherapy dose

e. Number of patients with (partial) uni- or bilateral 

nephrectomy

f. Outcome measurements as defined by the authors of the 

original studies

g. Risk factors for nephrotoxicity as defined by the authors of 

the original studies

The patients in the original cohort represent the whole group of CCS. The 

described study group encompasses the CCS from the original cohort included 

in the study. The study group of interest are the CCS within the original cohort 

who received potentially nephrotoxic treatment. Finally, the study group tested 

for renal late effects are the CCS who were assessed for renal function as well.

In case of disagreement, both authors re-assessed the abstracts and full text 

articles and discussed until consensus was achieved. If consensus was not 

achieved, we consulted a third author for resolution.

Assessment of risk of bias in included studies

The risk of bias assessment was based on earlier described checklists for 

observational studies according to Evidence-Based Medicine Criteria,19,20 as 

adapted by Mulder 2010.21 Two authors independently assessed all included 

studies on the risk of bias concerning the composition of the study population, the 

follow-up assessments and the outcome assessments, as well as the methods 

used to assess the risk factors for nephrotoxicity in each study. The criteria for 

the risk of bias assessment are presented in Table 1. For the definition of a well-

defined study group, chemotherapy and radiotherapy dosages were assessed as 

relevant when a study explicitly stated that that potentially nephrotoxic therapy 

was part of the study’s treatment protocol. For the risk of bias assessment in case 
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control studies, we used adapted criteria concerning the selection of cases and 

controls: selection of cases and controls had to be based upon similar patient 

characteristics (i.e. age, sex and cancer treatment). For randomised controlled 

trials (RCTs) and non-randomised controlled trials (CCTs) we will use the criteria 

as described by the Cochrane Childhood Cancer Group.

In case of disagreement between the two reviewers, both re-assessed the 

abstracts and full text articles to achieve consensus. If this proved not possible, 

a third author was consulted for resolution.

Measures of treatment effect

Prevalence, cumulative incidence, mean difference, risk ratio, odds ratio, 

attributable risk and other associated risk measures.

Assessment of heterogeneity

Heterogeneity was assessed by visual inspection of the forest plots and by the I2 

statistic, the formal statistical test for heterogeneity. Substantial heterogeneity 

was defined as I² > 50%.22 Cases of substantial heterogeneity were reported.

Assessment of reporting biases

We planned to make funnel plots to assess possible publication bias. As 

heterogeneity prevented us from performing any meta-analysis, it was not 

possible to construct any funnel plot.

Data synthesis

Data were entered into Review Manager 5 (RevMan) and analysed according to 

the guidelines of the Cochrane Handbook.22 We used random-effects models 

throughout the review. We used RevMan’s generic inverse variance function to 

analyse the prevalences of renal adverse effects. As pooling was not possible, 

we provided the descriptive results of the studies. Due to the substantial 

heterogeneity it also was not feasible to perform multivariable meta-regression 

analyses on any of the outcome variables. We also planned to perform subgroup 

analyses of studies based on age at diagnosis, follow-up duration and on studies 
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that reported only on a single treatment modality (either cisplatin, carboplatin, 

ifosfamide, nephrectomy or radiotherapy). It was however not feasible to perform 

these analyses, again due to the high degree of heterogeneity and variety of 

treatment regimens given within the included studies.

Sensitivity analysis

As pooling of study outcomes was not possible for any of the included outcomes, 

sensitivity analysis was thus not performed.

Results

Description of studies
We identified 5504 references by the searches of the electronic databases of 

CENTRAL, MEDLINE (PubMed) and EMBASE (Ovid). After initial screening of the 

titles and abstracts, we excluded 5138 references which clearly did not meet all 

inclusion criteria defined for this systematic review. We obtained 366 articles 

in full-text for further screening. Of these 366 another 293 were excluded for 

not meeting the inclusion criteria. Another sixteen studies are not yet classified, 

either because we are awaiting the translation, because we were not able to 

retrieve the full-text study, or because there was no full-text study available 

yet. As a result, we were able to include 57 studies on renal adverse effects 

after potentially nephrotoxic treatment for childhood cancer. The characteristics 

of these studies are summarized below and enlisted in Supplemental Table 1. 

Readers should take note that there may be a potential overlap of patients in the 

studies of Geenen 2010,23 Van Dijk 2010,24 Aronson 201125 and Cardous-Ubbink 

2010,26 the studies of Stefanowicz 2009,27 Stefanowicz 201028 and Stefanowicz 

2011,29 the studies of Frisk 200230 and Frisk 2007,31 the studies of Di Tullio 199632 

and Indolfi 2001,33 and all studies of Rossi and colleagues.7,34–38

There were 23 prospective cohort studies, 12 retrospective cohort studies, 13 

cross-sectional cohort studies and 7 cohort studies for which the direction of 

inclusion was unclear. Additionally, there was one nested case-control study26 

and one medical record linkage study.39 Diagnosis or treatment periods of 
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included patients started as early as in 193140 and went on until 2009,41 with a 

median enrolment period of 15 years per study. Thirteen studies did not report 

the diagnosis or treatment period of the included patients. The earliest study 

was published in 1986,42 the latest ones in 2011.25,29,43

The total number of patients of interest described in 55 studies was 13338 and 

was not mentioned in two study.26,44 Of these 13338 patients at interest at least 

6516 patients from 50 studies underwent renal function testing. In seven studies 

the number of patients with renal function tests was not mentioned. 15,24,39,43,45–

47 Study sizes ranged from 23 6,48,49 to 5910.39 Twenty six studies included only 

survivors of unilateral or bilateral Wilms’ tumour.13,23–25,28,29,32,33,39,40,42,43,45,47,49–60 

Furthermore, seven studies only included survivors with a sarcoma,9,38,61–64 

three studies only included patients with neuroblastoma,46,48,65 one with only 

hepatoblastoma patients,66 two studies with leukaemia and/or lymphoma 

only30,31 and 17 studies included patients diagnosed with miscellaneous tumours. 

One study did not mention the type of included tumours.34.

Fifty studies mentioned the median or mean patient age at diagnosis, which 

varied from 4.7 months65 to 16 years.61 Median or mean patient age at follow-up 

was only reported in 24 studies and varied from 3.6 years13 to 29 years40 Follow-

up duration of survivors also varied widely, from a median below 1 year12 up to 25 

years.40 Follow-up duration was better reported than patient age at follow-up: all 

but three studies mentioned the follow-up duration. The gender distribution was 

reported in 41 studies. The percentage of included patients with the male gender 

varied from 28% to 69%, but the median percentage males in the 41 studies that 

reported gender was 52%.

Treatment

In 23 of 57 studies patients were treated with cisplatin, in 21 studies it was 

clear patients did not receive cisplatin and in thirteen studies it was unclear 

whether patients did or did not receive cisplatin. At least 1049 patients were 

treated with cisplatin. The percentage of patients treated with cisplatin varied 

widely from 2%54 to 100%.14,61,66 One study did not mention the exact number of 
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patients treated with cisplatin.44 Median or mean doses were reported in 18 of 

the 23 studies including cisplatin and ranged from 80 mg/m248 to 4000 mg/m2,15 

although the majority of studies reported a mean or median cumulative cisplatin 

dose prescription between 300 and 500 mg/m2.7,10,12,14,34–37,63,67,68

Carboplatin was used in 16 studies, for at least 447 patients. Twenty six studies 

did not use carboplatin and 15 studies did not mention carboplatin usage. The 

average percentage of patients treated with carboplatin was 36%, though this 

varied widely from 3%54 to 100%6,65 and was not reported in three studies.29,44,60 

Cumulative carboplatin dose was reported in all but four studies.29,44,47,60 Median 

carboplatin cumulative doses ranged from 267 mg/m2 to 2590 mg/m2.

Thirty one of the 57 studies reported prescription of ifosfamide, for at least 

2147 patients, 16 studies did not use ifosfamide and in 10 studies ifosfamide 

usage was unclear. In 13 of the 31 ifosfamide studies all patients received 

ifosfamide.7,9,15,35–38,61,62,64,66–68 Median cumulative dose varied between 10 g/m2 to 

106 g/m2 in 19 studies and was not reported in 12 studies.64,69

Radiotherapy was used in the treatment regimen of at least 1736 patients and in 41 

of the 57 studies. Four studies did not include patients who received radiotherapy 

and prescription of radiotherapy was unclear in 12 studies. Radiotherapy included 

solely total body irradiation (TBI) in 5 studies30,31,48,69,70 and solely abdominal 

irradiation in 25 studies. Four studies included both patients treated with TBI and 

abdominal irradiation12,46,64,71 and the field was not mentioned in 7 other studies. 

Median doses ranged between 7.5 Gy and 13.2 Gy for the TBI group and between 

15 Gy and 45 Gy for abdominal irradiation. Eighteen studies did not report the 

radiation dose.

There were 40 studies that included nephrectomized patients, 10 studies 

that did not and 7 studies for which it was unclear. In the majority (24) 

of the 40 studies 100% of the included patients were treated with a 

nephrectomy.12,13,23–25,28,29,32,33,39,40,42,47,49–51,53–57,59,60 In all but one of these 24 

studies, nephrectomies were performed for a Wilms’ tumour. Eight studies 

mentioned that they also included bilateral surgery patients in case of bilateral 
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disease.25,39,40,43,47,54,57,60

In 45 of the 57 studies other chemotherapeutics were described, 12 studies did 

not report on other treatments. The types of other chemotherapy varied widely 

between studies, detailed descriptions per study can be found in Supplemental 

Table 1.

We divided the included studies in subgroups based on the combination of 

treatments described in the paper, as the five different included treatments can 

be given in various combinations. When a study included at least one patient 

with a certain treatment, we considered the study to include patients with that 

treatment. When it was unclear whether a study prescribed a certain treatment 

we considered the study to exclude patients with that treatment. The subgroups 

and the studies per subgroup are enlisted in Table 2.

Outcome definitions

A total of 224 adverse renal outcomes were reported in the 57 studies. As there 

was profound heterogeneity in the reported outcome measurements, we limited 

this review to the following outcome parameters: chronic kidney disease/renal 

insufficiency, (estimated) glomerular filtration rate, proteinuria, serum phosphate, 

tubular phosphate parameters, serum magnesium, and blood pressure. Even 

in these selected outcome measurements there were still great differences in 

defined cut-off points for abnormal test results. Also, studies differed in reporting 

dichotomous or continuous outcome variables.

Chronic kidney disease / renal insufficiency

Nine studies reported only the prevalence of (chronic) renal insufficiency or end 

stage renal disease without specifying the cut-off value used to assess the 

GFR.23,25,29,39,43,45,46,57,58 

(Estimated) glomerular filtration rate

(Estimated) glomerular filtration rate (GFR) was the most frequently assessed 

outcome parameter (32 studies). However, great methodological variation 
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occurred in the assessment of this outcome parameter. Studies assessed the 

GFR directly either by 51Cr-EDTA clearance,6,10,14,30,31,53,64 inulin clearance,12,42,50,69 Tc-

99m clearance29,59 or 125-I-iothalamate clearance13 or they used GFR estimation 

formulae including the Schwartz formula,9,27–29,34–37,49,55,63,65,71 the Cockroft-Gault 

formula,9 the MDRD formula,71 the Filler formula27,29 or the Counahan formula.44 

Two studies used more than one method to assess the GFR: Stefanowicz 200927 

compared the Schwartz and the Filler formula for GFR estimation, whereas 

Stefanowicz 201129 compared Tc-99m clearance with the Filler formula, the old 

Schwartz formula and the new Schwartz formula. Five studies investigated the 

GFR but did not mention the assessment methods.32,33,54,61,66 Studies also varied 

in the defined cut-off point for glomerular dysfunction: values of 90, 80, 70 and 

50 ml/min/1.73m2 were used.

Proteinuria

Proteinuria was reported in 19 manuscripts and was investigated by a variety of 

urinary protein measurements. Five studies reported on microalbuminuria32,33,44,54,59 

and used cut-off points of 20 milligram/24 hours,32,33 30 milligram/24 hours59 

or 20 milligram/litre.44,54 Seven studies reported urinary albumin to creatinine 

ratios27,29,37,50,51,55,65 and used cut-off points of 2 gram/mol,50,51,65 20 milligram/mmol, 
55 30 milligram/gram,29 38 milligram/gram.37 One study did not mention a cut-

off value for urinary albumin-to-creatinine ratio.27 Four studies reported urinary 

albumin levels.29,42,53,69 Makipernaa 199153 used a cut-off value of 20 milligram/24 

hours, Stefanowicz 201129 used 20 milligram/litre, Patzer 200169 used age-

specific reference values and the Wikstad 198642 did not present a cut-off value. 

Two studies reported more than one proteinuria measure: Bardi 200444 reported 

on urine dipsticks and microalbuminuria in 24-hour urine samples, whereas 

Stefanowicz 201129 reported on the urinary albumin-to-creatinine ratio and the 

urinary albumin level. Four studies did not further specify how proteinuria was 

measured,9,12,46,67 and two studies did not provide a prevalence for proteinuria.42,69

Serum phosphate / hypophosphataemia

Seven studies reported on serum phosphate levels.9,12,31,54,56,64,67 The cut-off value 

for hypophosphataemia was age-dependent in two studies,9,31 < 0.90 mmol/L in 
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one study,64 < 2.9 mg/dL in one study67 and not mentioned in the last three.12,54,56 

Tubular phosphate regulation parameters

Eleven studies reported on an outcome measure related to tubular phosphate 

regulation. Four studies reported on the renal tubular phosphate threshold.9,61,64,65 

The low cut-off value for the renal tubular phosphate threshold was < 1.0 

mmol/L in two studies,61,65 < 0.99 mmol/L in one study64 and in one study a 

cut-off value was used of < -2 standard deviations (SD) below the expected 

tubular phosphate threshold for age.9 Seven studies reported the fractional 

phosphate reabsorption.7,34–38,50 Two studies compared the fractional phosphate 

reabsorption with previously established normal data,34,35 two studies used < 1.07 

mmol/L as a cut-off value,36,37 one study used < 1.0 mmol/L7 and two studies did 

not report a cut-off value.38,50 

Serum magnesium / hypomagnesaemia

Hypomagnesaemia was assessed by serum magnesium measurements in 

8 studies.6,9,10,14,56,63,65,67 Two studies used an age-dependent cut-off to define 

hypomagnesaemia,10,14 two studies used a cut-off of < 0.70 mmol/L,9,63, Fujieda 

200967 used < 1.9 mg/dL, Othman 2002 used < 0.80 mmol/L and two studies did 

not report the used cut-off value.6,65 

Blood pressure

Twenty-six studies investigated the blood pressure of CCS.12,23,24,26–29,32,33,40,42,46,49–

55,57–60,65,70,71 Twenty four studies reported a hypertension prevalence, the other 

two studies only provided mean/median blood pressure measurements.42,54 

Composite outcome measures

Five studies reported on composite outcome measures that included at least 

one of the six outcome measures mentioned above.15,41,47,66,68 Three of those used 

a composite outcome to capture general renal function, either by defining their 

own grading system15,41 or by using a set of pre-defined criteria.47 Two studies 

used a composite outcome to report on renal tubular function.66,68 Both studies 

used their own definitions, combining either hypophosphataemia, glycosuria and 
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proteinuria68 or tubular phosphate reabsorption and amino acid reabsorption.66 

Detailed descriptions of the composite outcome measures can be found in 

Supplemental Table 1.

Risk of bias in included studies  
Data on the risk of bias of the included studies are summarized in Figure 1 and 

Figure 2. The criteria for the risk of bias assessment are listed in Table 1.

To determine the internal validity of the included studies, we assessed the risk of 

selection bias, attrition bias, detection bias and confounding.

Risk of selection bias was low in only 19 of the 57 (33.3%) included 

studies.7,10,13,15,23,24,30,41,43,47–50,52,57,58,64,66,70 These studies provided enough information 

to conclude that they included a representative study group, including either 

>90% of the original cohort or a random sample of the original cohort. Twenty 

Table 1. Risk of bias assessment criteria for observational studies

Study group

Reporting bias if the treatment regimen was specified, including relevant cumulative chemotherapy and radiotherapy 
doses.

Selection bias if the described study group consisted of more than 90% of the original cohort of childhood cancer 
survivors 
or if the described study group was a random sample of the original cohort with respect to treatment.

Follow-up

Reporting bias if the duration of follow-up was mentioned.

Attrition bias if the outcome was assessed for more than 90% of the study group of interest (++) or if the outcome 
was assessed 60%-90% of the study group of interest (+).

Outcome

Reporting bias if the outcome definitions were objective and precise, that is if the upper or lower limits of normal for 
renal function tests were described in the definition of renal late adverse effects for more than 50% of 
the included outcomes.

Detection bias if the outcome assessors were blinded to the investigated determinant.

Risk estimation

Analysis if a risk ratio, odds ratio, attributable risk, linear or logistic regression model, mean difference, χ2 or 
any other relevant risk measure was calculated for more than 90% of the study group.

Confounding if important prognostic factors (i.e. age, sex, co-treatment, follow-up duration) were taken adequately 
into account.

*: if studies presented more than one follow-up measurement in time, the follow-up measurement with the highest 
percentage of follow-up was used to assess attrition bias.
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studies (35.1%) included <90% of the original cohort that did not represent a 

random sample and the other 18 studies (31.6%) did not report the size of their 

original cohort, so the risk of selection bias could not be assessed for these 

studies.

The greater majority of the included studies (46/57; 80.7%) had a good follow-

up, defined as an assessment of outcome parameters in >90% of the study 

group. For four additional studies (7%) the follow-up was adequate, defined as an 

outcome assessment for 60%-90% of the study group.33,41,52,66 No study assessed 

the outcome parameter in <60% of the study group. The risk of attrition bias was 

unclear in seven other studies (12.3%) that did not mention the size of the study 

group or the amount of patients that had an outcome assessment.15,24,39,43,45–47 

The risk of detection bias defined as outcomes assessment by blinded 

investigators could not be determined in any of the 57 studies (0%). Although 

the majority of the reported outcomes were not at risk for detection bias as 

they only represent objective laboratory measurements, some outcomes (e.g. 

blood pressure, echographic measurements) could have been influenced by 

 
Figure 1. Risk of bias graph: review authors’ judgments about each risk of bias item presented as 

percentages across all included studies.
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Figure 2. Risk of bias summary: review authors’ judgments about each risk of bias item for each 

included study.
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non-blinded outcome assessors.

Forty-three studies assessed possible risk factors for the development of renal 

late adverse effects (75.4%). Only 11 of these 43 studies (25.6%) adjusted their 

risk factor analyses for potential confounders.9,23,24,26,30,36,40,68,70–72 One of these 

11 studies did not report the potential risk factors, but did adjust for potential 

confounders in their analysis.70 Thirty-one of the 43 studies (72.1%) that did 

perform some risk factor analysis did not adjust for possible confounders and 

were hence scored as having a high risk of potential bias. For only one of the 43 

studies (2.3%) that assessed potential risk factors it was unclear whether the 

analyses were adjusted for confounders.6 The remaining fourteen studies did 

not assess and could hence not correct for confounding.15,31,39,43,45–49,56,57,60,66,73 This 

means that the risk for confounding could not be excluded for 46/57 studies 

(80.7%).

To determine the external validity, we assessed four aspects of possible reporting 

bias in the included studies.

As a first requirement, studies had to adequately describe the treatment 

regimen, including cumulative doses of the chemotherapeutic agents of interest 

(cisplatin, carboplatin and/or ifosfamide), as well as the (cumulative) doses of 

radiotherapy, as long as these therapies were part of the study’s main treatment 

protocol. Thirty one studies (54.4%) met this criterion. Twenty six studies (45.6%) 

only provided partial or no information on the used treatment regimen and were 

regarded to have a high risk of reporting bias regarding the included study gro

up.23–26,28,29,37,39–41,43–45,47,49,52,54–56,58,60,62,66,67,70,73 

The second requirement was the mentioning of the follow-up duration of the 

study group of interest. This was reported better than the treatment regimen, 

with only four studies (7.0%) not reporting on the follow-up period.45,52,56,60 The 

other 53 studies (93.0%) all mentioned either a minimum, median or mean 

follow-up period.

Outcome definitions had to be objective and precise and had to include the 
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description of the upper or lower limits of the reported outcome. Studies had 

to describe their outcome definitions for more than 50% of their included 

outcomes. Although the outcome definitions were very heterogeneous, they 

were described objectively and precise in 38 of the 57 studies (66.7%). The other 

nineteen studies (33.3%) did not provide outcome definitions for the majority 

of their included outcomes or the given definitions were not objective and 

precise.6,12,13,15,33,38,41–45,50,54,56–58,60,66,68 

The last criterion for the external validity assessment was that studies had to 

provide relevant risk measures for more than 90% of the study group. Forty-three 

studies (75.4%) investigated potential risk factors for the development of renal 

Table 2. Treatment subgroups

Treatments included in study
Number of 
studies Included studies

Cisplatin, carboplatin, ifosfamide, 
radiotherapy and nephrectomy

5 Bardi 2004; Bolling 2010; Laverdiere 2005; Patzer 2001; 
Schell 1995

Cisplatin, carboplatin, ifosfamide and 
radiotherapy

2 Stohr 2007; Stohr 2007a

Cisplatin, carboplatin, ifosfamide and 
nephrectomy

1 Stefanowicz 2009

Cisplatin, carboplatin and ifosfamide 1 Fujieda 2009

Cisplatin, carboplatin, radiotherapy and 
nephrectomy

2 Mancini 1996; Skinner 2009

Cisplatin, carboplatin and radiotherapy 1 Trahair 2007

Cisplatin, ifosfamide, radiotherapy and 
nephrectomy

6 Cardous-Ubbink 2010; Chevallier 1997; Di Tullio 1996; 
Loebstein 1999; Rossi 1993; Rossi 1999

Cisplatin, ifosfamide and nephrectomy 2 Rossi 1994; Rossi 1994a

Cisplatin and ifosfamide 3 Ferrari 2005; Rossi 1994b; von Schweinitz 1997

Cisplatin 1 Brock 1991

Carboplatin, ifosfamide, radiotherapy and 
nephrectomy

3 Stefanowicz 2011; Trobs 2001; Weirich 2004

Carboplatin 2 English 1999; Bergeron 2005

Ifosfamide, radiotherapy and nephrectomy 4 Geenen 2010; Hamilton 2011; Paulino 2000; Sasso 2010

Ifosfamide and radiotherapy 2 Oberlin 2009; Skinner 2010

Ifosfamide and nephrectomy 1 Kubiak 2004

Ifosfamide 2 Prasad 1996; Rossi 1997

Radiotherapy and nephrectomy 13 Aronson 2011; de Graaf 1996; Finklestein 1993; 
Hoffmeister 2010; Indolfi 2001; Kantor 1989; Makipernaa 
1991; Mpofu 1992; Othman 2002; Srinivas 1998; 
Stefanowicz 2010; Van Dijk 2010; Wikstad 1986

Nephrectomy 3 Breslow 2005; Cosentino 1993; Cozzi 2005

Radiotherapy 3 Frisk 2002; Frisk 2007; Van Why 1991
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late adverse effects. Of these 43 studies, seven failed to provide any relevant risk 

measure for the assessed risk factors.34,41,42,52,58,61,65 One other study did perform 

multivariable logistic regression but did not present any relevant risk measures.70 

This means that 35 studies (61.4%) had a well-defined risk estimation and that 

eight studies (14.0%) had a high risk of bias regarding the definition of their 

statistical analyses. Fourteen studies (24.6%) did not investigate potential risk 

factors and were hence scored as having an unclear risk of bias.

Figure 3. Prevalence of chronic kidney disease / renal insufficiency as defined by the authors of 

the individual studies.
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Effects of interventions  

Chronic kidney disease / renal insufficiency

Chronic renal disease (or renal insufficiency) was reported by nine 

studies.23,25,29,39,43,45,46,57,58 Six studies specifically evaluated renal function in 

Wilms’ tumour (WT) survivors treated with a unilateral nephrectomy and found 

prevalences ranging from 0.5% to 18.8%.23,29,39,45,57,58 The study by Geenen et 

al. also assessed chronic kidney disease / renal insufficiency in 63 healthy 

siblings of survivors and found a prevalence of 0%.23 Three studies investigated 

renal function after a bilateral WT and reported a prevalence range for renal 

insufficiency of 10.7 to 32%.25,39,43 Breslow et al. also investigated the prevalence 

of end-stage renal disease (ESRD) in uni- and bilateral nephrectomized WT 

survivors with specific tumour disposition syndromes and genitourinary 

malformations, which varied from 3.2% up to 70%.39 The study by Laverdière 

et al. reported on chronic kidney disease as defined by the CTCAE criteria in 63 

survivors of neuroblastoma and found only 1 patient with mild CKD.46 Pooling of 

data regarding chronic kidney disease / renal insufficiency proved not feasible 

due to high heterogeneity (I2=94%). See also Figure 3.

(Estimated) glomerular filtration rate

Twelve studies used a cut-off value of 90 ml/min/1.73m2 to assess the (estimated) 

glomerular filtration rate (GFR). Reported prevalences ranged from 2.3% in 

CCS treated with either cisplatin, carboplatin, ifosfamide or nephrectomy27 up 

to 50% in CCS treated with ifosfamide and radiotherapy involving the kidney 

region.64 Due to profound heterogeneity (I2=91%) pooling of study results was 

not feasible. Only Oberlin et al investigated possible risk factors for glomerular 

dysfunction defined as a GFR < 90 ml/min/1.73m2 in multivariable analyses.9 

They showed that older age at treatment and longer follow-up duration were 

significantly associated with glomerular dysfunction, whilst no relationship could 

be established between GFR and higher cumulative ifosfamide dose. See also 

Figure 4 and Table 3.
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Seven studies used a cut-off value of 80 ml/min/1.73m2 to assess the GFR. 

Reported prevalences ranged from 0.0% in CCS treated with nephrectomy 

and radiotherapy involving the kidney region 73 up to 42.5% in CCS treated with 

cisplatin14 Heterogeneity made it impossible to pool these study results as well 

(I2=79%). See also Figure 5.

Only one study used a cut-off value of 70 ml/min/1.73m2 to assess GFR. Frisk et 

al. found a prevalence of 27% in 26 survivors treated with total body irradiation 

Figure 4. Prevalence of (estimated) glomerular filtration rate < 90 ml/min/1.73m2. The 

outcome presented for Stefanowicz 2009 is the estimated GFR using the Schwartz formula, for 

Stefanowicz 2011 the GFR measured by Tc-99m clearance.
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as a conditioning regimen for an autologous bone marrow transplantation.30 

Combined treatment with aminoglycosides and intravenous vancomycin was 

significantly related to the decrease in GFR in survivors treated with TBI, whereas 

age had no influence. In survivors treated without TBI there was no relationship 

between concomitant treatment with aminoglycosides and intravenous 

vancomycin and a lower GFR. See also Figure 6 and Table 3.

One other study used a GFR cut-off value of 50 ml/min/1.73m2. Van Why et 

al. investigated survivors treated with a bone marrow transplant and found 

a prevalence of 14%.70 In this study, treatment with total body irradiation, 

amphotericin B and cyclosporine A use after 60 days were independent predictors 

of late renal insufficiency, whilst early renal insufficiency and chemotherapy 

conditioning had no predictive value. See also Figure 7 and Table 3.

One study did not report any exact cut-off values for GFR, but used the CTCAE v3 

grading criteria to assess glomerular function impairment in sarcoma survivors 

treated with cisplatin and/or carboplatin.72 However, estimation of the GFR using 

the Schwartz formula proved to be inappropriate in this cohort, especially during 

the first year after treatment, as >40% of all survivors had an estimated GFR 

above the upper limit of normal, indicating considerable overestimation of the 

GFR.

Figure 5. Prevalence of (estimated) glomerular filtration rate < 80 ml/min/1.73m2. 
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Table 3. Risk factors from multivariable analyses on diminished (estimated) glomerular filtration rate

Study Study 
population

Outcome definition Risk factor P < 0.05 Extent of the 
effect

Frisk 2002 Survivors 
treated with 
TBI

GFR by 51-Cr clearance Concomitant treatment 
with aminoglycosides 
and vancomycin

+ Beta: -32 ml/
min/1.73m2 
(95%CI: -54 
- -10)

Survivors 
treated with 
TBI

GFR by 51-Cr clearance Age - N/m

Survivors 
treated 
without TBI

GFR by 51-Cr clearance Concomitant treatment 
with aminoglycosides 
and vancomycin

- N/m

Van Why 
1991

Bone marrow 
transplant 
survivors

Renal insufficiency defined as 
doubling of baseline serum 
creatinine concentration OR 
creatinine clearance <50 ml/
min/1.73m2 (Schwartz formula)

Cyclosporine A use 
beyond day 60, 
amphotericin B use, 
conditioning with TBI

+ N/m

Bone marrow 
transplant 
survivors

Renal insufficiency defined as 
doubling of baseline serum 
creatinine concentration OR 
creatinine clearance <50 ml/
min/1.73m2 (Schwartz formula)

Conditioning with 
chemotherapy, renal 
insufficiency in first 60 
days post-BMT

- N/m

Oberlin 
2009

Survivors 
treated with 
ifosfamide

GFR < 90 ml/min/1.73m2 Higher cumulative 
ifosfamide dose

- RR: 1.02 (95%-
CI: 0.99-1.04)

Survivors 
treated with 
ifosfamide

GFR < 90 ml/min/1.73m2 Older age at treatment 
(per year)

+ RR: 1.08 (95%-
CI: 1.00-1.17)

Survivors 
treated with 
ifosfamide

GFR < 90 ml/min/1.73m2 Longer interval from 
therapy to investigation 
(per year)

+ RR: 1.09 (95%-
CI: 1.01-1.19)

Abbreviations: 51-Cr: 51-chromium; BMT: bone marrow transplant; CI: confidence interval; CTCAE: Common Terminology 
Criteria for Adverse Events; GFR: glomerular filtration rate; n/m: Not mentioned; RR: relative risk; TBI: total body irradiation.

Figure 6. Prevalence of (estimated) glomerular filtration rate < 70 ml/min/1.73m2. 
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Four studies reported a mean glomerular filtration rate at follow-up in comparison 

to controls.12,27,42,44 All four studies investigated WT survivors who received a 

unilateral nephrectomy. The most profound decrease in GFR was found by Bàrdi 

et al. after a median follow-up of 7 years.44 WT survivors had a mean GFR of 71 

ml/min/1.73m2 at follow-up, a decrease of 61 ml/min/1.73m2 in comparison to 

healthy controls (P<0.05). Schell et al used a control group of only 6 children, 

who received a unilateral nephrectomy for non-malignant disease and found an 

insignificant difference of 6 ml/min/1.73m2.12 In the study by Stefanowicz et al. 

it was possible to compare survivors with oncohaematological disease treated 

without potentially nephrotoxic therapy to survivors treated for WT or other solid 

tumours treated with potentially nephrotoxic therapy, who had a mean difference 

in GFR of -20.0 ml/min/1.73m2.27 Wikstad et al reported a similar difference 

between WT survivors and healthy controls (-18.9 ml/min/1.73m2), as well as a 

significant difference between WT survivors and children nephrectomized for 

Figure 7. Prevalence of (estimated) glomerular filtration rate < 50 ml/min/1.73m2.

Figure 8. Mean difference in glomerular filtration rate in ml/min/1.73m2 in studies that included 

internal or healthy controls. The outcome presented for Stefanowicz 2009 is the estimated GFR 

using the Schwartz formula.
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hydronephrosis (-10.6 ml/min/1.73m2).42 Pooling of these study results was not 

feasible (I2 = 86%). See also Figure 8.

Three studies investigated risk factors for glomerular dysfunction whilst 

correcting for possible confounders.9,30,70 Table 3 gives an overview of which risk 

factors were investigated and which were or were not significantly associated 

with GFR in multivariable analyses.

Proteinuria

The prevalence of proteinuria was reported in 17 studies.9,12,27,29,32,33,37,44,46,50,51,53–55,65,67,73 

The lowest prevalence (0%) was found in a study focusing on carboplatin 

nephrotoxicity,65 the highest prevalence (84%) in a study on renal function 

after nephrectomy for WT.73 It should be noted that the 16 studies that reported 

proteinuria used 5 different methods of proteinuria assessment. Median follow-

up duration varied from 1 to 19.2 years and median age at follow-up also varied 

widely, from 6 to 21.8 years. Due to high heterogeneity it was not possible to 

pool results (I2 = 93%). There were no studies that investigated risk factors for 

proteinuria whilst correcting for possible confounders. See also Figure 9.

Serum phosphate / hypophosphataemia

Seven studies investigated serum phosphate levels.9,12,31,54,56,64,67 In four studies 

the prevalence of hypophosphataemia was 0%.12,31,54,56 The studies by Oberlin et 

al. and Skinner et al. specifically evaluated ifosfamide toxicity after a follow-up 

duration of approximately 10 years and reported prevalences of 1.1% and 8.0% 

respectively.9,64 Fujieda et al. also reported the hypophosphataemia prevalence 

after ifosfamide (in combination with cisplatin or carboplatin), but after a much 

shorter median follow-up period of 14 months: 47.6%.67 All hypophosphataemia 

prevalences are presented in Figure 10. No study used multivariable analysis to 

assess possible risk factors for hypophosphataemia. Again, variation in outcome 

definitions, study populations and follow-up durations resulted in profound 

heterogeneity (I2=90%), making pooling of results unfeasible.
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Tubular phosphate regulation parameters

Eleven studies investigated the phosphate reabsorption capacity of the renal 

tubuli, either using fractional phosphate reabsorption or the tubular phosphate 

threshold as outcome measure. Two studies found a relatively low prevalence 

of impaired tubular function of 3.3% and 0%.50,65 All other studies found a 

prevalence between 24.4% and 62.5% (see Figure 11). It should be noted that the 

Figure 9. Prevalence of proteinuria as defined by the authors of the individual studies.
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Figure 10. Prevalence of hypophosphataemia as defined by the authors of the individual studies.

Figure 11. Prevalence of impaired tubular phosphate regulation as defined by the authors of the 

individual studies.
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five studies investigating tubular phosphate function by Rossi et al. may have 

included the same patients in multiple studies.7,35–38 Again, variation in outcome 

definitions, study populations and follow-up durations resulted in profound 

heterogeneity (I2=90%), making pooling of results unfeasible.

Two studies used multivariable regression analysis to analyse possible risk 

factors for tubular dysfunction.9,36 Oberlin et al. found that the cumulative 

ifosfamide dose and the follow-up duration were significant predictors of the 

tubular phosphate threshold, whilst age at treatment was not significant.9 Rossi 

et al. performed stepwise logistic regression on a combined outcome (low 

phosphate reabsorption AND low amino acid reabsorption) in survivors treated 

with ifosfamide and found that concomitant treatment with cisplatin and a 

nephrectomy were significant risk factors.36 Methotrexate, gentamicin, mesna 

and age had no influence. See Table 4 for more details on the multivariable 

analyses.

Table 4. Risk factors from multivariable analyses on impaired tubular phosphate regulation parameters

Study Study population Outcome definition Risk factor P < 0.05 Extent of the 
effect

Oberlin 2009 Survivors treated with 
ifosfamide

Tubular phosphate 
threshold

Higher cumulative 
ifosfamide dose in g/m2

+ Beta: -0.0028 
(SD: 0.0012)

Survivors treated with 
ifosfamide

Tubular phosphate 
threshold

Longer follow-up duration 
in years

+ Beta: -0.013 
(SD: 0.0036)

Survivors treated with 
ifosfamide

Tubular phosphate 
threshold

Older age at treatment 
in years

- Beta:-0.0047 
(SD: 0.0033)

Rossi 1994a Survivors treated with 
ifosfamide

Low phosphate 
reabsorption AND low 
amino acid reabsorption

Concomitant cisplatin + OR: 6.4 (95%-
CI: 2.2-18.9)

Survivors treated with 
ifosfamide

Low phosphate 
reabsorption AND low 
amino acid reabsorption

Nephrectomy + OR: 6.4 (95%-
CI: 1.3-30.9)

Survivors treated with 
ifosfamide

Low phosphate 
reabsorption AND low 
amino acid reabsorption

Methotrexate, 
gentamycin, mesna, age

- N/m

Abbreviations: CI: confidence interval; g/m2: gram/meter2; n/m: Not mentioned; OR: odds ratio; SD: standard deviation.
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Serum magnesium / hypomagnesaemia

Hypomagnesaemia prevalences in CCS were reported in 8 studies,6,9,10,14,56,65,67,72 

as shown in Figure 12. The study of Skinner 2009 could not be included in 

Figure 12 due to missing number of tested patients. Six of these eight studies 

included survivors treated with cisplatin and/or carboplatin.6,10,14,65,67,72 The studies 

of Bergeron et al. and English et al. investigated survivors treated only with 

carboplatin as potentially nephrotoxic agent and found prevalences of 0% 

and 4.4% after a follow-up duration of 7 years and 1 year respectively.6,65 The 

carboplatin-only subgroup of the study by Stohr et al found a similar prevalence 

of 3.3% after 1.9 years,72 whilst Skinner et al. reported a prevalence of 17% ten 

years after treatment.10 The studies by Stohr et al. and Skinner et al. also reported 

the prevalence of hypomagnesaemia in survivors treated with both cisplatin and 

carboplatin, which was 9% in both studies.10,72 Hypomagnesaemia in survivors 

treated only with cisplatin was reported to be 2.3%,72 32%10 and 29%.14 

Two additional studies investigated serum magnesium as an outcome measure 

for tubular function in patients treated without cisplatin and/or carboplatin.9,56 

Oberlin et al. investigated the nephrotoxic effects of ifosfamide and found 2/171 

Figure 12. Prevalence of hypomagnesaemia as defined by the authors of the individual studies.
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survivors (1.2%) to be hypomagnesaemic.9 Othman et al. investigated serum 

magnesium in WT survivors treated with a nephrectomy and radiotherapy (in 15/31 

survivors only) and found a prevalence of 25.8%.56 As with all other outcomes, 

it was not possible to pool the results of these studies due to heterogeneity 

(I2=79%).

There was only one study that investigated possible risk factors for 

hypomagnesaemia whilst taking appropriate measures to prevent confounding 

into account.72 They found that sarcoma survivors treated with carboplatin 

(P=0.0102) and/or cisplatin (P=0.0005) had significantly lower serum magnesium 

levels than sarcoma survivors treated without these therapies. They did not find 

a significant effect of abdominal radiotherapy, ifosfamide and follow-up duration 

nor any interaction of these risk factors with time (see also Table 5).

Blood pressure

Twenty four studies reported the prevalence of hypertension (high blood pressure 

as defined by the authors) in survivors treated with potentially nephrotoxic 

therapy.12,23,24,26–29,32,33,40,46,49–53,55,57,58,60,65,70,71,73 Prevalence of hypertension ranged 

from 0%12,32,33,50,73 to 18.2%.49 Especially studies that only included radiotherapy 

and nephrectomy as potentially nephrotoxic treatment investigated hypertension 

(see Figure 13). One study compared the hypertension prevalence between 

62 Wilms’ tumour survivors and 69 healthy sibling controls and found that 

survivors treated with radiotherapy and chemotherapy had a significantly higher 

Table 5. Risk factors from multivariable analyses on serum magnesium / hypomagnesaemia  

Study Study 
population

Outcome 
definition Risk factor P < 0.05 Extent of the effect

Stohr 
2007a

Sarcoma 
survivors

Serum 
magnesium

Cisplatin treatment + Mean serum magnesium: 0.86 
vs. 0.82 mmol/L

Carboplatin treatment + Mean serum magnesium: 0.86 
vs. 0.82 mmol/L

Abdominal irradiation - Mean serum magnesium: 0.84 
vs. 0.84 mmol/L

Longer follow-up duration - N/m

Ifosfamide treatment - N/m

Abbreviations: mmol/L: millimol/litre; n/m: Not mentioned; vs: versus.
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hypertension prevalence than their siblings (prevalence 21.6% vs. 1.4).23 Overall 

the differences in outcome definition, study population and follow-up duration 

caused profound heterogeneity, making it impossible to pool the results (I2=89%).

Four studies reported risk factors for hypertension as a result from multivariable 

analysis.23,26,40,71 Table 6 lists the risk factors found in these studies. The two 

Figure 13. Prevalence of hypertension as defined by the authors of the individual studies.
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studies that investigated a higher body mass index in relation to hypertension 

found it to be a significant risk factor.26,71 All other investigated risk factors were 

either assessed in a single study only or gave inconsistent results between 

studies.

Composite outcome measures

Three studies reported on the prevalence of renal toxicity by using a composite 

outcome that incorporated one the included outcome measures for this 

review.15,41,47 Bolling et al. assessed radiation nephropathy in 74 survivors and 

found 5/74 (6.8%) survivors with signs of renal toxicity.41The study by Loebstein 

et al. investigated ifosfamide toxicity in 174 after a mean follow-up duration of 

5.3 years;15 7/174 had developed severe nephrotoxicity, of which 2 survivors with 

progressive deterioration of GFR followed by end stage renal disease. One study 

used the CTCAE v2 criteria to assess renal- and urinary dysfunction and found 

28/385 (7.2%) Wilms’ tumour survivors with toxicity. Fifteen survivors (3.9%) 

needed treatment of renal or urinary system impairment.47 Two studies used 

a composite outcome measure to report on renal tubular function. Stohr et al 

assessed ifosfamide toxicity in 593 German sarcoma survivors and reported on 

the prevalence of tubular dysfunction, defined as having at least two of the three 

following criteria: hypophosphataemia, glycosuria and/or proteinuria.68 Eighteen 

of the 593 survivors (30.4%) were diagnosed with a tubulopathy after a median 

follow-up period of 12.6 months. Von Schweinitz et al defined a tubulopathy 

as having an impaired tubular phosphate reabsorption and/or impaired amino 

acid reabsorption,66 although cut-off values for both measurements were not 

stated. Of the 41 assessed hepatoblastoma survivors there were five with a mild 

tubulopathy (12%) and two with a more severe tubulopathy (5%) after a median 

follow-up duration of 5.3 years.
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Table 6. Risk factors from multivariable analyses on blood pressure

Study Study 
population

Outcome 
definition Risk factor P < 

0.05
Extent of 
the effect

Cardous-
Ubbink 2010

Overall cohort of 
long-term CCS

Systolic BP >= 140 
mmHg or diastolic 
BP >= 90 mmHg 
at least at three 
consecutive visits

Body mass index >=25 + OR: 3.95 
(95%-CI: 
1.71-9.09)

Overall cohort of 
long-term CCS

Idem Cisplatin, cyclophosphamide, ifosfamide, 
other chemotherapy, abdominal RT, cranial 
RT

-

Hoffmeister 
2010

Long-term HCT 
survivors

Systolic or 
diastolic BP >= 
140/90 mmHg for 
adults or >95th 
percentile for age, 
sex and height in 
children.

Acute kidney injury + HR: 2.53 
(95%-CI: 
1.7-3.7)

Long-term HCT 
survivors

Idem Total body irradiation + HR: 2.06 
(95%-CI: 
1.3-3.3)

Long-term HCT 
survivors

Idem Hepatitis C infection + HR: 0.52 
(95%-CI: 
0.3-0.9)

Long-term HCT 
survivors

Idem Stam cell donor type + Related:  
HR: 1.00
Unrelated: 
HR: 1.79 
(95%-CI: 1.0-
1.0-3.2)
Autologous: 
HR: 2.39 
(95%-CI: 
1.3-4.4)

Long-term HCT 
survivors

Idem Obesity (BMI >= 30 kg/m2 for adults and >= 
95th percentile of normal for children)

+ HR: 3.98 
(95%-CI: 
2.3-6.8)

Long-term HCT 
survivors

Idem Growth hormone therapy + HR: 1.58 
(95%: 1.0-
2.5)

Long-term HCT 
survivors

Idem Sex, race/ethnicity, family history of 
hypertension, single kidney, cranial and 
abdominal irradiation, pretransplant 
nephrotoxic chemotherapy agents, 
age at transplantation, diagnosis at 
transplantation, degree of HLA-antigen 
mismatching between donor and recipient, 
SOS, cyclosporine (CsA)/tacrolimus for 
aGVHD prophylaxis, aGVHD grade (0-I 
versus II-IV), cGVHD, cGVHD therapy, 
duration of cGVHD therapy, smoking 
history, diabetes and growth hormone 
deficiency

-
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Table 6. Risk factors from multivariable analyses on blood pressure

Study Study 
population

Outcome 
definition Risk factor P < 

0.05
Extent of 
the effect

Kantor 1989 Long-term 
survivors of a 
renal tumour

160 mmHg 
systolic or >95 
mmHg diastolic 
or receiving 
treatment for 
hypertension

Radiation dose, use of dactinomycin or a 
combination of those two.

-

Geenen 2010 Long-term 
survivors of 
Wilms’ tumour 
and ALL

Systolic blood 
pressure >=140 
mmHg and/or 
diastolic blood 
pressure >=90 
mmHg

Older age at screening (per year) + OR: 1.30 
(95%-CI: 
1.09-1.54)

Long-term 
survivors of 
Wilms’ tumour 
and ALL

Idem Abdominal irradiation + OR: 30.14 
(95%-CI: 
3.98-228.44)

Long-term 
survivors of 
Wilms’ tumour 
and ALL

Idem Gender, family history of premature 
cardiovascular disease, cranial 
radiotherapy, alkylating agents, 
anthracyclines.

-

Abbreviations: (a/c)GVHD: (acute/chronic) graft versus host disease; ALL: acute lymphoblastic leukaemia; BMI: body mass 
index; BP: blood pressure; CCS: childhood cancer survivors; CI: confidence interval; CTCAE: Common Terminology Criteria for 
Adverse Events; HCT: hematopoietic stem cell transplant; HLA: human leukocyte antigen; HR: hazard ratio; kg/m2: kilogram/
meter2; mmHg: millimetre mercury; n/m: Not mentioned; OR: odds ratio; RT: radiotherapy; SOS: sinusoidal obstruction 
syndrome;

Discussion

In this systematic review of the literature we evaluated all available evidence 

on the prevalence of and risk factors for renal dysfunction in CCS treated 

with potentially nephrotoxic treatments (i.e. ifosfamide, carboplatin, cisplatin, 

radiotherapy involving the kidney region and nephrectomy). We were able to 

include 57 studies. The prevalence of renal adverse effects ranged from 0% 

up to 84%. This variation can in part be explained by variation in included 

malignancies, variation in prescribed treatments, variation in the reported 

outcome measurements and variation in the methodological quality of the 

available evidence. There are still gaps in evidence regarding which specific 

nephrotoxic treatments poses CCS at greatest risk of developing renal late 

adverse effects.

The prevalence of chronic kidney disease / renal insufficiency was low, ranging 

between 0.5% and 3% in unilaterally nephrectomized Wilms’ tumour survivors 

without specific syndromes or genitourinary congenital malformations. When 
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survivors received a bilateral (partial) nephrectomy or suffered of syndromes 

like Denys-Drash- or WAGR-syndrome the prevalence was higher (11%-71%). 

The follow-up in these studies ranged from 7 to 25 years. The studies that 

investigated an impaired (estimated) glomerular filtration rate (regardless of 

the used cut-off value) showed higher prevalences, ranging from 0% to 50%. 

This raises the suspicion that glomerular function, with renal insufficiency 

as the ultimate stage, deteriorates slowly over time. The decline in GFR is a 

physiological process as well: during the normal aging process the glomerular 

function slowly declines. However, a GFR below 90 ml/min/1.73m2 does usually 

not manifest until late adulthood,74 whilst the majority of the included studies 

show an increased prevalence of an impaired GFR in a relatively very young 

population. There is no evidence regarding which nephrotoxic treatments poses 

CCS at greatest risk for glomerular dysfunction. Very long-term follow-up (>25 

years) studies have not yet been performed, partly because of the low survival 

rates for paediatric malignancies up until 25 years ago. Future studies should 

assess the glomerular function in these aging survivors over time, especially in 

relation to the glomerular function in the normal population.

A matter of concern was the large variation in the used methods for determining 

or estimating the GFR. The studies included in this review used more than ten 

different measures to express the glomerular filtration rate, either through 

renal clearance measurements or by estimating the GFR using estimation 

formulae. Two studies by Stefanowicz et al. showed that there may be large 

differences in the glomerular filtration rate based on which method or formula is 

used.27,29 Depending on the method these differences were as large as 35.6 ml/

min/1.73m2, causing a variation in prevalence of patients with a GFR < 90 ml/

min/1.73m2 between 0% and 43.8% in the same study. Effort should be put into 

(international) guideline harmonisation for the follow-up of glomerular function 

after childhood cancer to facilitate the comparability between studies.

Proteinuria is one of the early and sensitive markers for chronic kidney disease 

and is an independent predictor for mortality in the general population.75,76 In 

the sixteen studies that measured proteinuria the prevalence ranged between 



Renal late adverse effects after potentially nephrotoxic treatment for childhood cancer | 53

0% and 84%. This heterogeneity may have been caused by the several 

measurements available to assess proteinuria: the sixteen studies reported at 

least 5 different proteinuria measurements. Due to this heterogeneity and the 

fact that no study corrected its proteinuria analyses for potential confounders, 

it was not possible to draw any conclusions on the prevalence or risk factors for 

proteinuria. More valid research is needed regarding proteinuria in CCS, as it is 

can be a valuable and cheap tool for screening purposes.

Hypophosphataemia in CCS is mostly associated with impairment of the proximal 

tubular reabsorption of phosphate due to ifosfamide toxicity. Hypomagnesaemia 

and hypokalaemia are associated with renal phosphate wasting and phosphate 

depletion as well.77 Impairment of proximal tubular phosphate reabsorption 

may be accompanied by impaired reabsorption of bicarbonate, glucose, amino 

acids and uric acid, possibly resulting in metabolic acidosis, hypouricaemia, 

aminoaciduria and/or glycosuria.78 Hypophosphataemia prevalence ranged 

between 1.1% and 8.0% in survivors treated with ifosfamide, 10 years after 

diagnosis.9,64 Impaired tubular phosphate regulation parameters were more 

prevalent in these two studies with prevalences of 24.4% and 62.5% respectively. 

The prevalence of impaired tubular phosphate regulation parameters in all other 

studies that solely investigated ifosfamide survivors ranged between these two 

percentages. The difference between the prevalence of hypophosphataemia 

and impaired phosphate reabsorption may be explained by sufficient dietary 

intake or adequate phosphate supplementation. Still, the high prevalence of 

impaired tubular phosphate regulation parameters emphasizes the need for 

longitudinal follow-up to prevent the development of hypophosphataemia, loss 

of bone mineral density and ultimately hypophosphataemic rickets. Especially 

survivors treated with higher cumulative ifosfamide doses and with ifosfamide in 

combination with cisplatin or a nephrectomy should be considered for follow-up.

Damage to the proximal and distal tubulus of the kidney, associated with platinum 

toxicity as a result of cisplatin and/or carboplatin treatment, can cause (chronic) 

tubular magnesium wasting resulting in hypomagnesaemia.79 The prevalence of 

hypomagnesaemia among patients in the included studies varied between 0% 
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and 29%. The variation in prevalence was neither consistent with the variation in 

treatment modality, the time between cancer diagnosis and serum magnesium 

testing at follow-up, nor with the used definitions of abnormal values. The only 

way to gain valid insights into potential risk factors for hypomagnesaemia is to 

perform multivariable analysis to control for potential confounders like cumulative 

chemotherapy dose, follow-up duration and age at diagnosis. Only Stöhr et al. 

used appropriate measures to prevent confounding and found that treatment 

with cisplatin and carboplatin significantly reduced serum magnesium whereas 

abdominal irradiation and duration of follow-up had no significant influence.72 

Longitudinal studies with repeated serum magnesium measurements, preferably 

in a cohort of CCS including all malignancies and treatments, would give the 

opportunity to assess risk factors for hypomagnesaemia and its course in greater 

detail.

Uncontrolled hypertension is the number one risk factor associated with high 

mortality rates throughout the world, as a higher blood pressure is closely 

correlated with coronary heart disease and stroke.80,81 Many CCS are already at 

risk for cardiovascular disease, for example due to anthracycline- or radiation-

induced cardiotoxicity.82–84 In the studies included in this review, the prevalence 

of renal-related hypertension varied between 0% and 18.2%. Substantial 

heterogeneity among studies prevented us from performing meta-analysis. 

The studies that corrected for possible confounders for hypertension did not 

show concordance as well: only two of the four studies showed a significant 

negative effect of radiation therapy, whilst the two other studies could not 

confirm that effect. Two studies that performed multivariable analyses showed 

that a higher BMI was a significant risk factor for hypertension in CCS.26,71 

Targeting obesity and its related life-style factors may be an important asset in 

preventing cardiovascular events and subsequently renal late adverse effects in 

this population. Additionally, future studies should always correct for BMI when 

assessing treatment-related risk factors for hypertension in CCS.

The risk of bias assessment of all included studies showed that all studies 

suffered from methodological limitations. Not a single study stated that they 



Renal late adverse effects after potentially nephrotoxic treatment for childhood cancer | 55

blinded the outcome assessor to the treatment exposure. Of course this may not 

be applicable to simple laboratory tests, but the assessment of blood pressure 

or renal ultrasounds would be susceptible to detection bias for example. Apart 

from this bias, the methodological quality of studies varied widely. Only one 

study had a low risk of bias on all remaining seven criteria.30 In addition, eight 

studies had a low risk of bias when taking into account only six items.7,9,10,23,36,64,71,72 

One study had an unclear or high risk of bias on all eight criteria.45

We assessed the internal validity of the included studies by criteria for selection 

bias, attrition bias, detection bias and confounding. Selection bias could not be 

excluded in 67% of the studies. Selection bias may lead to a distortion of the 

observed effects in a study, in relationship to the ‘real’ effect. When a study only 

includes a non-random, sub-sample of the original cohort, there is a substantial 

risk that selection of survivors is based on factors relating to the specific outcome 

of interest. The results of these studies should be interpreted with caution, 

as the reported prevalences and risk factors may over- or underestimate the 

real prevalence. Additionally, if selection bias can be ruled out, attrition bias 

(incomplete follow-up) poses an additional threat to the validity of the study. The 

risk for attrition bias was low in all but seven studies.

The last criterion relating to the internal validity of studies was confounding: did 

studies take important (confounding) variables into account in the analysis of 

possible risk factors for renal adverse outcomes? For the majority of studies the 

answer was no: only 11 studies used multivariate analysis to correct for possible 

confounders. This poses a problem for the interpretation of the risk factor 

analyses of the other 46 studies. By not controlling for potential confounders, 

the results of (univariate) risk factor analysis may over- or underestimate the real 

effect.

To a considerable extent the external validity determines the generalizability 

of the study results to other populations or individual patients. We assessed 

the external validity by four criteria of study reporting: reporting on the 

characteristics of the study group, the follow-up duration, the outcome definition 

and statistical analysis. Although the follow-up duration was mentioned in the 
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greater majority of studies, the reporting of the other three items was limited. If 

substantial information is missing on either the treatment that patients received, 

the definition of the outcome measured, or on the statistical relevance of the 

results, it is difficult to interpret the results of the study correctly. To improve 

the external validity of studies, authors should adhere to published guidelines 

regarding high-quality reporting, like the STROBE statement.85

This systematic review may have some limitations as well. Although we used a 

comprehensive search strategy, we were unable to comply with the Cochrane 

guidelines to hand search conference proceedings, reference lists of included 

studies and reference lists of relevant reviews due to time constraints. As a result, 

we cannot exclude that we missed certain relevant studies for inclusion and that 

selection bias based on the search strategy may be present. Additionally, we 

are also still waiting on the translation of some relevant studies that were not 

published in English. These language limitations may have resulted in language 

bias, as it is known that authors of studies are more likely to publish in English if 

their results are significant.86 The selection of outcome measurements that had 

the highest clinical relevance and that were reported the most often and the 

most consistently may also have introduced reporting bias, as the reporting of 

a certain outcome may be related to the nature and direction of its results. This 

may have caused a selection of outcome measures that give the most desirable 

or significant results. However, the selection of the outcome measures for this 

review was predominantly based on clinical relevance and existing screening 

guidelines for renal function in childhood cancer survivors like the guidelines of 

Skinner 1991.87

In conclusion, this systematic review showed that the prevalence of renal adverse 

effects after treatment for childhood cancer varied widely, from 0% to 84%. 

Variation in study populations, outcome measurements, follow-up duration and 

methodological quality may explain this heterogeneity. New research projects 

should particularly focus on complete data collection, well-defined outcome 

measurements and especially on multivariate analysis methods. As evidence 

on renal late adverse effects is not conclusive, all CCS treated with cisplatin, 
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carboplatin, ifosfamide, kidney or total body irradiation and/or nephrectomy 

should be included in prospective, longitudinal follow-up programs to gain 

insight in the prevalence and especially the risk factors for kidney disease.

Authors’ conclusions

Implications for practice
This systematic review showed that childhood cancer survivors (CCS) are at 

risk for developing renal late adverse effects including chronic kidney disease 

/ renal insufficiency, impaired (estimated) glomerular filtration rate, proteinuria, 

hypomagnesaemia, hypophosphataemia, impaired tubular phosphate regulation 

and hypertension. CCS should be screened for these adverse effects, preferably 

according to systematic, pre-specified protocols based on the received 

treatment modalities. As the current evidence is not conclusive about possible 

risk factors for late renal adverse effects, we believe that all CCS who received 

potentially nephrotoxic therapy should receive renal function testing at fixed 

time intervals. As an increasing follow-up duration was a risk factor in several 

studies, regardless of the investigated outcome, screening should continue 

during adulthood. However, recommendations about the exact time interval 

for renal function surveillance cannot be made based on the current evidence. 

When more evidence becomes available, treatment regimens as well as follow-

up protocols can be adjusted. Until then, alternatives for nephrotoxic treatment 

should be explored without compromising the high childhood cancer survival 

rates. CCS should receive life-style counselling, like avoidance of tobacco use, 

excessive NSAID use, excessive alcohol use, and dehydration, to minimize the 

risks of developing kidney disease and/or hypertension.5,88

Implications for research  
All studies included in this review showed methodological limitations. Future 

research on the prevalence and risk factors of renal dysfunction after childhood 

cancer should be designed as prospective cohort studies, preferably in large 

and complete cohorts with large and complete study groups. There is very little 
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evidence on the development of renal function over time in CCS. Studies should 

perform longitudinal analyses of renal function and, if possible, include an age-

matched control population as well (preferably siblings), because normative 

data on glomerular and tubular function in healthy children and young adults 

are scarce. As the development of renal adverse effects after childhood cancer 

can have several causes and pathways, studies should always use multivariate 

analysis to assess risk factors and to correct for possible confounders. As the 

reporting quality of many of the included studies was inadequate, we recommend 

all authors to adhere to one of the existing reporting guidelines for clinical 

studies, like the STROBE-checklist.85
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Appendices

Appendix 1. Search strategy for Cochrane Central Register 
of Controlled Trials (CENTRAL)
1. For Ifosfamide the following text words were used:
ifosfamide OR iphosphamide OR iso-endoxan OR iso endoxan OR isophosphamide OR isofosfamide OR holoxan OR asta z 4942 OR 
NSC-109,724 OR NSC 109,724 OR NSC109,724 OR NSC 109724 OR NSC-109724 OR NSC109724 OR cyclic p-oxides OR ethylamines 
OR oxazines OR ifosfa* OR iphospha* OR isofosfa* OR isophospha* OR “br cl fosfamide” OR cyfos OR ifex OR “ifo-cell” OR ifolem 
OR ifomide OR ifosfamidum OR ifosforamide mustard OR ifoxan OR ipambr OR iphosphamid OR isophosphoramide bromide 
mustard OR isophosphoramide mustard OR mitoxana OR mjf 9325 OR naxamide OR seromida OR tronoxal OR z 4942
2. For Carboplatin and cisplatin the following text words were used:
Platinum OR Platinum Compounds OR cis-diamminedichloroplatinum* OR cis-platinum OR cis platinum OR biocisplatinum OR 
dichlorodiammineplatinum OR nsc-119875 or NSC 119875 or NSC119875 OR platidiam OR platino OR platinol OR platinum* 
OR CDDP OR CACP OR cisplatin OR carboplatin OR abiplatin OR paraplatin OR CBDCA OR cis-DDP OR neoplatin OR platidiam 
OR cis-Diamminedichloroplatinum OR cis Diamminedichloroplatinum OR cis-Dichlorodiammineplatinum(II) OR platinum 
diamminodichloride OR Platinum Diamminodichloride OR 15663-27-1 OR cis-Diammine(cyclobutanedicarboxylato)platinum 
II OR Carbosin OR Pharmachemie Brand of Carboplatin OR Carbotec OR Columbia Brand of Carboplatin OR Ercar OR Almirall 
Brand of Carboplatin OR JM-8 OR JM 8 OR JM8 OR Neocarbo OR Neocorp Brand of Carboplatin OR NSC-241240 OR NSC 241240 
OR NSC241240 OR Bristol-Myers Squibb Brand of Carboplatin OR Carboplat OR Paraplatine OR Platinwas OR Chiesi Brand of 
Carboplatin OR Ribocarbo OR ribosepharm Brand of Carboplatin OR Blastocarb OR Lemery Brand of Carboplatin OR Nealorin OR 
Prasfarma Brand of Carboplatin OR 41575-94-4
3. For Radiotherapy the following text words were used:
Radiotherapy OR radiotherapies OR Targeted Radiotherapies OR Targeted Radiotherapy OR radiother* OR (radiation AND therapy) 
OR “radiation therapy” OR “x ray therapy” OR (“x-ray” AND therapy) OR total body irradiation OR TBI OR whole-body irradiation 
OR Whole Body Irradiation OR Whole-Body Radiation OR Whole Body Radiation OR Whole-Body Radiations OR Total Body 
Irradiations OR Whole-Body Irradiations
4. For Nephrectomy the following text words were used:
Nephrectomy OR nephrectomies OR nephrect* OR nephron-sparing surgery
5. For Children the following text words were used:
infant OR infan* OR newborn OR newborn* OR new-born* OR baby OR baby* OR babies OR neonat* OR perinat* OR postnat* 
OR child OR child* OR schoolchild* OR schoolchild OR school child OR school child* OR kid OR kids OR toddler* OR adolescent OR 
adoles* OR teen* OR boy* OR girl* OR minors OR minors* OR underag* OR under ag* OR juvenil* OR youth* OR kindergar* OR 
puberty OR puber* OR pubescen* OR prepubescen* OR prepuberty* OR pediatrics OR pediatric* OR paediatric* OR peadiatric* 
OR schools OR nursery school* OR preschool* OR pre school* OR primary school* OR secondary school* OR elementary school* 
OR elementary school OR high school* OR highschool* OR school age OR schoolage OR school age* OR schoolage* OR infancy
6. For Childhood cancer the following text words were used:
leukemia OR leukemi* OR leukaemi* OR childhood ALL OR AML OR lymphoma OR lymphom* OR hodgkin OR hodgkin* OR 
T-cell OR B-cell OR non-hodgkin OR sarcoma OR sarcom* OR Ewing* OR osteosarcoma OR osteosarcom* OR wilms tumor 
OR wilms* OR nephroblastom* OR neuroblastoma OR neuroblastom* OR rhabdomyosarcoma OR rhabdomyosarcom* OR 
teratoma OR teratom* OR hepatoma OR hepatom* OR hepatoblastoma OR hepatoblastom* OR PNET OR medulloblastoma 
OR medulloblastom* OR PNET* OR primitive neuroectodermal tumors OR retinoblastoma OR retinoblastom* OR meningioma 
OR meningiom* OR glioma OR gliom* OR pediatric oncology OR paediatric oncology OR childhood cancer OR childhood tumor 
OR childhood tumors OR brain tumor* OR brain tumour* OR brain neoplasms OR central nervous system neoplasm OR central 
nervous system neoplasms OR central nervous system tumor* OR central nervous system tumour* OR brain cancer* OR brain 
neoplasm* OR intracranial neoplasm* OR acute lymphocytic leukemia
7. For Cancer the following text words were used:
cancer OR oncology OR oncolog* OR neoplasms OR neoplas* OR carcinoma OR carcinom* OR tumor OR tumour OR tumor* 
OR tumour* OR cancer* OR malignan* OR hematooncological OR hemato oncological OR hemato-oncological OR hematologic 
neoplasms OR hematolo* OR bone marrow transplantation OR bone marrow transplant* OR leukemia OR leukaemia OR 
lymphoma
8. For Nephrotoxicity the following text words were used:
glomerular filtration rate OR GFR OR Glomerular Filtration Rates OR glomerular OR glomerul* OR tubular OR tubula* OR 
renal tubular acidosis OR RTA OR Distal Renal Tubular Acidosis OR Classic Distal Renal Tubular Acidosis OR Proximal Renal 
Tubular Acidosis OR Type II Renal Tubular Acidosis OR renal acidosis OR renal insufficiency OR Renal Insufficiencies OR Kidney 
Insufficiency OR Kidney Insufficiencies OR microalbuminuria OR microalbumin*OR hypophosphatemia OR hypophosphataemia 
OR hypophospha* OR hypomagnes* OR hypomagnesemia OR hypomagnesaemia OR magnesium OR 7439-95-4 OR phosphate 
OR phosphates OR Inorganic Phosphates OR Phosphates, Inorganic OR Orthophosphate OR phosphorus OR Hyponatremia OR 
Hyponatremias OR hyponatraemia OR hyponatraemias OT hyponatrem* OR hyponatraem* OR Hypocitraturia OR Hypocitraturias 
OR Hypocitraturi* OR Potassium OR Potassium Ion Level OR Ion Level, Potassium OR Level, Potassium Ion OR 7440-09-7 OR 
Hypokalemia OR Hypokalemias OR Hypopotassemia OR Hypopotassemias OR hypokalemic OR hypokalem* OR hypokalaemic 
OR hypokalaem* OR Hypocalcemia OR hypocalcemias OR hypocalciuria OR hypocalciuri* OR hypocalcem* OR hypocalc* OR 
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“hypocarbia” OR Proteinuria OR proteinurias OR proteinuri* OR albuminuria OR albuminurias OR albuminuri* OR Aminoaciduria 
OR Renal Aminoaciduria OR Renal Aminoacidurias OR Aminoacidurias, Renal OR Aminoaciduria, Renal OR aminoacidur* OR 
Glucosuria OR glucosurias OR glucosur* OR glycosuria OR glycosurias OR glycosuria, renal OR Fanconi syndrome OR Syndrome, 
Fanconi OR Renal Fanconi Syndrome OR Proximal Renal Tubular Dysfunction OR Fanconi Renotubular Syndrome OR Syndrome, 
Fanconi Renotubular OR De Toni-Debre-Fanconi Syndrome OR De Toni Debre Fanconi Syndrome OR Syndrome, De Toni-Debre-
Fanconi OR Lignac-Fanconi Syndrome OR Lignac Fanconi Syndrome OR Syndrome, Lignac-Fanconi OR low molecular weight OR 
LMW OR alpha 1 microglobulin OR a1 microglobulin OR beta 2 microglobulin OR b2 microglobulin OR 2-Microglobulin, beta OR 
Thymotaxin OR retinol binding protein OR RBP OR Retinol Binding Proteins OR Binding Proteins, Retinol OR Retinoid Binding 
Proteins OR Binding Proteins, Retinoid OR Retinoid Binding Protein, F-Type OR Retinoid Binding Protein, F Type OR creatinine OR 
Krebiozen OR Creatinine Sulfate Salt OR Salt, Creatinine Sulfate OR Sulfate Salt, Creatinine OR 60-27-5 OR inulin OR 9005-80-5 OR 
“(51) Cr EDTA” OR 51chromium edetic acid OR “(99) Tc DTPA” OR Tc DTPA OR 65454-61-7[rn] OR Technetium Tc 99m Pentetate 
OR (99m)Tc-DMSA OR 99mTc(V)DMSA OR DMSA OR dimercaptosuccinic acid OR Technetium Tc 99m Dimercaptosuccinic Acid OR 
65438-08-6 OR 99Tc-Succimer OR 99Tc Succimer OR 99mTc-Dimercaptosuccinate OR 99mTc Dimercaptosuccinate OR renal scan 
OR “kidney size” OR cystatin c OR gamma-Trace OR gamma Trace OR Post-gamma-Globulin OR Post gamma Globulin OR Cystatin 
3 OR Neuroendocrine Basic Polypeptide OR Basic Polypeptide, Neuroendocrine OR CST3 gene OR cystatins OR cystatin* OR renal 
failure OR kidney failure OR Failure, Kidney OR Failures, Kidney OR Kidney Failures OR Failure, Renal OR Failures, Renal OR Renal 
Failures OR renal plasma flow OR Plasma Flow, Renal OR Flow, Renal Plasma OR RPF OR ERPF OR Renal clearance OR reabsorption 
OR re-absorption OR nephrotoxicity OR nephrotox* OR rickets OR rickets* OR Hypertension OR hypertens* OR hypertension, 
renal OR Hypertensions, Renal OR Renal Hypertension OR Renal Hypertensions OR Blood Pressure, High OR Blood Pressures, High 
OR High Blood Pressure OR High Blood Pressures OR blood pressure OR blood pressures OR blood pressur* OR diastolic pressure 
OR systolic pressure

9. Final search (1 or 2 or 3 or 4) and 5 and (6 or 7) and 8
The search was performed in title, abstract or keywords
[* = 1 or more characters]

Appendix 2. Search strategy for MEDLINE/PubMed
1. For Ifosfamide the following MeSH headings and text words were used:
ifosfamide OR iphosphamide OR iso-endoxan OR iso endoxan OR isophosphamide OR isofosfamide OR holoxan OR asta z 4942 OR 
NSC-109,724 OR NSC 109,724 OR NSC109,724 OR NSC 109724 OR NSC-109724 OR NSC109724 OR cyclic p-oxides OR ethylamines 
OR oxazines OR ifosfa* OR iphospha* OR isofosfa* OR isophospha* OR “br cl fosfamide” OR cyfos OR ifex OR “ifo-cell” OR ifolem 
OR ifomide OR ifosfamidum OR ifosforamide mustard OR ifoxan OR ipambr OR iphosphamid OR isophosphoramide bromide 
mustard OR isophosphoramide mustard OR mitoxana OR mjf 9325 OR naxamide OR seromida OR tronoxal OR z 4942
2. For Carboplatin and cisplatin the following MeSH headings and text words were used:
Platinum OR Platinum Compounds OR cis-diamminedichloroplatinum* OR cis-platinum OR cis platinum OR biocisplatinum OR 
dichlorodiammineplatinum OR nsc-119875 or NSC 119875 or NSC119875 OR platidiam OR platino OR platinol OR platinum* 
OR CDDP OR CACP OR cisplatin OR carboplatin OR abiplatin OR paraplatin OR CBDCA OR cis-DDP OR neoplatin OR platidiam 
OR cis-Diamminedichloroplatinum OR cis Diamminedichloroplatinum OR cis-Dichlorodiammineplatinum(II) OR platinum 
diamminodichloride OR Platinum Diamminodichloride OR Diamminodichloride, Platinum OR 15663-27-1 OR cis-Diammine(cy
clobutanedicarboxylato)platinum II OR Carbosin OR Pharmachemie Brand of Carboplatin OR Carbotec OR Columbia Brand of 
Carboplatin OR Ercar OR Almirall Brand of Carboplatin OR JM-8 OR JM 8 OR JM8 OR Neocarbo OR Neocorp Brand of Carboplatin 
OR NSC-241240 OR NSC 241240 OR NSC241240 OR Bristol-Myers Squibb Brand of Carboplatin OR Carboplat OR Paraplatine OR 
Platinwas OR Chiesi Brand of Carboplatin OR Ribocarbo OR ribosepharm Brand of Carboplatin OR Blastocarb OR Lemery Brand of 
Carboplatin OR Nealorin OR Prasfarma Brand of Carboplatin OR 41575-94-4
3. For Radiotherapy the following MeSH headings and text words were used:
Radiotherapy OR radiotherapy[sh] OR radiotherapies OR Radiotherapy, Targeted OR Radiotherapies, Targeted OR Targeted 
Radiotherapies OR Targeted Radiotherapy OR radiother* OR (“radiation”[All Fields] AND “therapy”[All Fields]) OR “radiation 
therapy”[All Fields] OR “x ray therapy”[All Fields] OR “x-ray therapy”[MeSH Terms] OR (“x-ray”[All Fields] AND “therapy”[All 
Fields]) OR “x-ray therapy”[All Fields] OR total body irradiation OR TBI OR whole-body irradiation OR Whole Body Irradiation 
OR Radiation, Whole-Body OR Radiation, Whole Body OR Whole-Body Radiation OR Radiations, Whole-Body OR Whole Body 
Radiation OR Whole-Body Radiations OR Irradiation, Total Body OR Irradiations, Total Body OR Total Body Irradiations OR 
Irradiation, Whole-Body OR Irradiation, Whole Body OR Irradiations, Whole-Body OR Whole-Body Irradiations
4. For Nephrectomy the following MeSH headings and text words were used:
Nephrectomy OR nephrectomies OR nephrect* OR nephron-sparing surgery
5. For Children the following MeSH headings and text words were used:infant OR infan* OR newborn OR newborn* OR new-
born* OR baby OR baby* OR babies OR neonat* OR perinat* OR postnat* OR child OR child* OR schoolchild* OR schoolchild 
OR school child OR school child* OR kid OR kids OR toddler* OR adolescent OR adoles* OR teen* OR boy* OR girl* OR minors 
OR minors* OR underag* OR under ag* OR juvenil* OR youth* OR kindergar* OR puberty OR puber* OR pubescen* OR 
prepubescen* OR prepuberty* OR pediatrics OR pediatric* OR paediatric* OR peadiatric* OR schools OR nursery school* OR 
preschool* OR pre school* OR primary school* OR secondary school* OR elementary school* OR elementary school OR high 
school* OR highschool* OR school age OR schoolage OR school age* OR schoolage* OR infancy OR schools, nursery OR infant, 
newborn
6. For Childhood cancer the following MeSH headings and text words were used:
leukemia OR leukemi* OR leukaemi* OR ALL OR AML OR lymphoma OR lymphom* OR hodgkin OR hodgkin* OR T-cell OR 
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B-cell OR non-hodgkin OR sarcoma OR sarcom* OR sarcoma, Ewing’s OR Ewing* OR osteosarcoma OR osteosarcom* OR wilms 
tumor OR wilms* OR nephroblastom* OR neuroblastoma OR neuroblastom* OR rhabdomyosarcoma OR rhabdomyosarcom* 
OR teratoma OR teratom* OR hepatoma OR hepatom* OR hepatoblastoma OR hepatoblastom* OR PNET OR medulloblastoma 
OR medulloblastom* OR PNET* OR neuroectodermal tumors, primitive OR retinoblastoma OR retinoblastom* OR meningioma 
OR meningiom* OR glioma OR gliom* OR pediatric oncology OR paediatric oncology OR childhood cancer OR childhood tumor 
OR childhood tumors OR brain tumor* OR brain tumour* OR brain neoplasms OR central nervous system neoplasm OR central 
nervous system neoplasms OR central nervous system tumor* OR central nervous system tumour* OR brain cancer* OR brain 
neoplasm* OR intracranial neoplasm* OR leukemia lymphocytic acute OR leukemia, lymphocytic, acute[mh]
7. For Cancer the following MeSH headings and text words were used:
cancer OR cancers OR cancer* OR oncology OR oncolog* OR neoplasm OR neoplasms OR neoplasm* OR carcinoma OR carcinom* 
OR tumor OR tumour OR tumor* OR tumour* OR tumors OR tumours OR malignan* OR malignant OR hematooncological OR 
hemato oncological OR hemato-oncological OR hematologic neoplasms OR hematolo*
8. For Nephrotoxicity the following MeSH headings and text words were used:
glomerular filtration rate OR GFR OR Filtration Rate, Glomerular OR Filtration Rates, Glomerular OR Glomerular Filtration 
Rates OR Rate, Glomerular Filtration OR Rates, Glomerular Filtration OR glomerular OR glomerul* OR tubular OR tubula* 
OR renal tubular acidosis OR RTA OR Acidosis, Renal Tubular OR Renal Tubular Acidosis, Type I OR Type I Renal Tubular 
Acidosis OR Distal Renal Tubular Acidosis OR Acidosis, Renal Tubular, Type I OR Classic Distal Renal Tubular Acidosis OR Renal 
Tubular Acidosis, Distal, Autosomal Dominant OR Renal Tubular Acidosis, Type II Acidosis, Renal Tubular, Type II OR Renal 
Tubular Acidosis, Proximal, with Ocular Abnormalities OR Proximal Renal Tubular Acidosis OR Type II Renal Tubular Acidosis 
OR renal acidosis OR renal insufficiency OR Renal Insufficiencies OR Kidney Insufficiency OR Insufficiency, Kidney OR Kidney 
Insufficiencies OR microalbuminuria OR microalbumin* OR hypophosphatemia OR hypophosphataemia OR hypophospha* OR 
hypomagnes* OR hypomagnesemia OR hypomagnesaemia OR magnesium OR 7439-95-4[rn] OR phosphate OR phosphates OR 
Inorganic Phosphates OR Phosphates, Inorganic OR Orthophosphate OR phosphorus OR Hyponatremia OR Hyponatremias OR 
hyponatraemia OR hyponatraemias OR hyponatrem* OR hyponatraem* OR Hypocitraturia OR Hypocitraturias OR Hypocitraturi* 
OR Potassium OR Potassium Ion Level OR Ion Level, Potassium OR Level, Potassium Ion OR 7440-09-7[rn] OR Hypokalemia OR 
Hypokalemias OR Hypopotassemia OR Hypopotassemias OR hypokalemic OR hypokalem* OR hypokalaemic OR hypokalaem* 
OR Hypocalcemia OR hypocalcemias OR hypocalciuria OR hypocalciuri* OR hypocalcem* OR hypocalc* OR “hypocarbia” OR 
Proteinuria OR proteinurias OR proteinuri* OR albuminuria OR albuminurias OR albuminuri* OR Aminoaciduria OR Renal 
Aminoaciduria OR Renal Aminoacidurias OR Aminoacidurias, Renal OR Aminoaciduria, Renal OR aminoacidur* OR Glucosuria 
OR glucosurias OR glucosur* OR glycosuria OR glycosurias OR glycosuria, renal OR Fanconi syndrome OR Syndrome, Fanconi 
OR Renal Fanconi Syndrome OR Proximal Renal Tubular Dysfunction OR Fanconi Renotubular Syndrome OR Syndrome, Fanconi 
Renotubular OR De Toni-Debre-Fanconi Syndrome OR De Toni Debre Fanconi Syndrome OR Syndrome, De Toni-Debre-Fanconi 
OR Lignac-Fanconi Syndrome OR Lignac Fanconi Syndrome OR Syndrome, Lignac-Fanconi OR low molecular weight OR LMW OR 
alpha 1 microglobulin OR a1 microglobulin OR beta 2 microglobulin OR b2 microglobulin OR 2-Microglobulin, beta OR Thymotaxin 
OR retinol binding protein OR RBP OR Retinol Binding Proteins OR Binding Proteins, Retinol OR Retinoid Binding Proteins OR 
Binding Proteins, Retinoid OR Retinoid Binding Protein, F-Type OR Retinoid Binding Protein, F Type OR creatinine OR Krebiozen 
OR Creatinine Sulfate Salt OR Salt, Creatinine Sulfate OR Sulfate Salt, Creatinine OR 60-27-5[rn] OR inulin OR 9005-80-5[rn] OR 
“(51) Cr EDTA” OR 51chromium edetic acid OR “(99) Tc DTPA” OR Tc DTPA OR 65454-61-7[rn] OR Technetium Tc 99m Pentetate 
OR (99m)Tc-DMSA OR 99mTc(V)DMSA OR DMSA OR dimercaptosuccinic acid OR Technetium Tc 99m Dimercaptosuccinic Acid OR 
65438-08-6[rn] OR 99Tc-Succimer OR 99Tc Succimer OR 99mTc-Dimercaptosuccinate OR 99mTc Dimercaptosuccinate OR renal 
scan OR “kidney size” OR cystatin c OR gamma-Trace OR gamma Trace OR Post-gamma-Globulin OR Post gamma Globulin OR 
Cystatin 3 OR Neuroendocrine Basic Polypeptide OR Basic Polypeptide, Neuroendocrine OR CST3 gene OR cystatins OR cystatin* 
OR renal failure OR kidney failure OR Failure, Kidney OR Failures, Kidney OR Kidney Failures OR Failure, Renal OR Failures, Renal 
OR Renal Failures OR renal plasma flow OR Plasma Flow, Renal OR Flow, Renal Plasma OR RPF OR ERPF OR Renal clearance OR 
reabsorption OR re-absorption OR nephrotoxicity OR nephrotox* OR rickets OR rickets* OR Hypertension OR hypertens* OR 
hypertension, renal OR Hypertensions, Renal OR Renal Hypertension OR Renal Hypertensions OR Blood Pressure, High OR Blood 
Pressures, High OR High Blood Pressure OR High Blood Pressures OR blood pressure OR blood pressures OR blood pressur* OR 
diastolic pressure OR systolic pressure
9. Final search (1 OR 2 OR 3 OR 4) AND 5 AND (6 OR 7) AND 8[* = 1 or more characters; mh = MeSH heading; rn = registry 
number]

Appendix 3. Search strategy for Embase (OVID)
1. For Ifosfamide the following Emtree terms and text words were used:
1. exp ifosfamide/2. (ifosfamide or iphosphamide or iso-endoxan or iso endoxan or isophosphamide or isofosfamide or holoxan 
or asta z 4942 or NSC-109,724 or NSC 109,724 or NSC109,724 or NSC 109724 or NSC-109724 or NSC109724 or cyclic p-oxides 
or ethylamines or oxazines or ifosfa$ or iphospha$ or isofosfa$ or isophospha$).mp.3. (br cl fosfamide or cyfos or ifex or ifo-cell 
or ifolem or ifomide or ifosfamidum or ifosforamide mustard or ifoxan or ipambr or iphosphamid or isophosphoramide bromide 
mustard or isophosphoramide mustard or mitoxana or mjf 9325 or naxamide or seromida or tronoxal or z 4942).mp.4. 3778-73-2.
rn.5. or/1-4
2. For Carboplatin and cisplatin the following Emtree terms and text words were used:
1. exp platinum/ or platinum.mp.2. Platinum Compounds.mp. or exp platinum derivative/3. (cis-diamminedichloroplatinum or 
cis diamminedichloroplatinum or cis-diamminedichloroplatinum$).mp.4. cis-diamminedichloroplatinum II.mp. or exp cisplatin/5. 
(cis-platinum or cis platinum or biocisplatinum).mp.6. (dichlorodiammineplatinum or NSC-119875 or NSC 119875 or NSC119875).
mp.7. (platidiam or platino or platinol or platinum$).mp.8. (CDDP or CACP or CBDCA or cis-DDP).mp.9. (cisplatin or carboplatin or 
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abiplatin or paraplatin or neoplatin or platidiam).mp.10. (platinum diamminodichloride or Platinum Diamminodichloride).mp.11. 
15663-27-1.rn.12. (cis-Diammine cyclobutanedicarboxylato platinum II or Carbosin).mp.13. (carbotec or ercar or JM-8 or JM 8 or 
JM8 or neocarbo or NSC-241240 or NSC 241240 or NSC241240 or carboplat or paraplatine or platinwas or blastocarb or nealorin).
mp.14. 41575-94-4.rn.15. or/1-14
3. For Radiotherapy the following Emtree terms and text words were used:
1. exp radiotherapy/ or exp cancer radiotherapy/ or radiotherapy.mp.2. radiotherapy.sh.3. (radiotherapies or targeted 
radiotherapies or targeted radiotherapy or radiother$).mp.4. ((radiation and therapy) or (radiation and x ray therapy)).mp.5. 
(x ray therapy or (x ray and therapy)).mp6. (total body irradiation or TBI).mp.7. whole-body irradiation.mp. or exp whole body 
radiation/8. (whole body irradiation or whole body radiation).mp.9. (whole-body radiation or whole-body radiations or whole 
body radiations).mp.10. (whole-body irradiations or Total Body Irradiation or Total Body Irradiations).mp.11. or/1-10
4. For Nephrectomy the following Emtree terms and text words were used:
1. exp partial nephrectomy/ or exp nephrectomy/ or nephrectomy.mp.2. (nephrectomies or nephrect$).mp.3. nephron sparing 
surgery.mp. or exp nephron sparing surgery/4. or/1-3
5. For Children the following Emtree terms and text words were used:
1. infant/ or infancy/ or newborn/ or baby/ or child/ or preschool child/ or school child/2. adolescent/ or juvenile/ or boy/ or 
girl/ or puberty/ or prepuberty/ or pediatrics/3. primary school/ or high school/ or kindergarten/ or nursery school/ or school/4. 
or/1-35. (infant$ or newborn$ or (new adj born$) or baby or baby$ or babies or neonate$ or perinat$ or postnat$).mp.6. 
(child$ or (school adj child$) or schoolchild$ or (school adj age$) or schoolage$ or (pre adj school$) or preschool$).mp.7. (kid 
or kids or toddler$ or adoles$ or teen$ or boy$ or girl$).mp.8. (minors$ or (under adj ag$) or underage$ or juvenil$ or youth$).
mp.9. (puber$ or pubescen$ or prepubescen$ or prepubert$).mp.10. (pediatric$ or paediatric$ or peadiatric$).mp.11. (school 
or schools or (high adj school$) or highschool$ or (primary adj school$) or (nursery adj school$) or (elementary adj school) or 
(secondary adj school$) or kindergar$).mp.12. or/5-1113. 4 or 12
6. For Childhood cancer the following Emtree terms and text words were used:
1. (leukemia or leukemi$ or leukaemi$ or (childhood adj ALL) or acute lymphocytic leukemia).mp.2. (AML or lymphoma or 
lymphom$ or hodgkin or hodgkin$ or T-cell or B-cell or non-hodgkin).mp.3. (sarcoma or sarcom$ or Ewing$ or osteosarcoma or 
osteosarcom$ or wilms tumor or wilms$).mp.4. (nephroblastom$ or neuroblastoma or neuroblastom$ or rhabdomyosarcoma 
or rhabdomyosarcom$ or teratoma or teratom$ or hepatoma or hepatom$ or hepatoblastoma or hepatoblastom$).mp.5. 
(PNET or medulloblastoma or medulloblastom$ or PNET$ or neuroectodermal tumors or primitive neuroectodermal tumor$ or 
retinoblastoma or retinoblastom$ or meningioma or meningiom$ or glioma or gliom$).mp.6. (pediatric oncology or paediatric 
oncology).mp.7. ((childhood adj cancer) or (childhood adj tumor) or (childhood adj tumors) or childhood malignancy or 
(childhood adj malignancies) or childhood neoplasm$).mp.8. ((pediatric adj malignancy) or (pediatric adj malignancies) or 
(paediatric adj malignancy) or (paediatric adj malignancies)).mp.9. ((brain adj tumor$) or (brain adj tumour$) or (brain adj 
neoplasms) or (brain adj cancer$) or brain neoplasm$).mp.10. (central nervous system tumor$ or central nervous system 
neoplasm or central nervous system neoplasms or central nervous system tumour$).mp.11. intracranial neoplasm$.mp.12. 
LEUKEMIA/ or LYMPHOMA/ or brain tumor/ or central nervous system tumor/ or teratoma/ or sarcoma/ or osteosarcoma/13. 
nephroblastoma/ or neuroblastoma/ or rhabdomyosarcoma/ or hepatoblastoma/ or medulloblastoma/ or neuroectodermal 
tumor/ or retinoblastoma/ or meningioma/ or glioma/ or childhood cancer/14. or/1-13
7. For Cancer the following Emtree terms and text words were used:
1. (cancer or cancers or cancer$).mp.2. (oncology or oncolog$).mp. or exp oncology/3. (neoplasm or neoplasms or neoplasm$).
mp. or exp neoplasm/4. (carcinoma or carcinom$).mp. or exp carcinoma/5. (tumor or tumour or tumor$ or tumour$ or tumors or 
tumours).mp. or exp tumor/6. (malignan$ or malignant).mp.7. (hematooncological or hemato oncological or hemato-oncological 
or hematologic neoplasms or hematolo$).mp. or exp hematologic malignancy/8. or/1-7
8. For Nephrotoxicity the following Emtree terms and text words were used:
1. glomerular filtration rate.mp. or exp glomerulus filtration rate/2. (GFR or glomerular filtration rates).mp.3. (glomerular 
or glomerul$).mp.4. (tubular or tubula$).mp.5. exp tubular dysfunction/ or tubular.mp.6. renal tubular acidosis.mp. or exp 
kidney tubule acidosis/7. (RTA or renal tubular acidosis or type I renal tubular acidosis or distal renal tubular acidosis or classic 
distal renal tubular acidosis).mp.8. (type II renal tubular acidosis or proximal renal tubular acidosis or renal acidosis).mp.9. 
renal insufficiency.mp.10. (renal insufficiencies or kidney insufficiency or kidney insufficiencies).mp.11. (microalbuminuria or 
microalbumin$).mp.12. exp microalbuminuria/13. hypophosphatemia.mp. or exp hypophosphatemia/14. (hypophosphataemia or 
hypophospha$).mp.15. hypomagnesemia.mp. or exp hypomagnesemia/16. (hypomagnes$ or hypomagnesaemia or magnesium).
mp. or 7439-95-4.rn.17. phosphate.mp. or exp phosphate/18. (phosphates or inorganic phosphates or orthophosphate or 
phosphorus).mp.19. Hyponatremia.mp. or exp hyponatremia/20. (hyponatremias or hyponatraemia or hyponatraemias or 
hyponatrem$ or hyponatraem$).mp.21. exp hypocitraturia/ or hypocitraturia.mp.22. (hypocitraturias or hypocitraturi$).mp.23. 
exp potassium/ or Potassium.mp.24. Potassium Ion Level.mp. or 7440-09-7.rn.25. Hypokalemia.mp. or exp hypokalemia/26. 
(hypokalemias or hypopotassemia or hypopotassemias or hypokalemic or hypokalem$ or hypokalaemic or hypokalaem$).mp.27. 
Hypocalcemia.mp. or exp hypocalcemia/28. (hypocalcemias or hypocalciuria or hypocalciuri$ or hypocalcem$ or hypocalc$ 
or hypocarbia).mp.29. Proteinuria.mp. or exp proteinuria/30. (proteinurias or proteinuri$).mp.31. albuminuria.mp. or exp 
albuminuria/32. (albuminurias or albuminuri$).mp.33. aminoaciduria.mp. or exp aminoaciduria/34. (Renal Aminoaciduria or 
Renal Aminoacidurias or aminoacidur$).mp.35. glucosuria.mp. or exp glucosuria/36. (glucosurias or glucosur$ or glycosuria 
or glycosurias).mp.37. Fanconi syndrome.mp. or exp Fanconi renotubular syndrome/38. (renal Fanconi syndrome or proximal 
renal tubular dysfunction or Fanconi renotubular syndrome).mp.39. (De Toni-Debre-Fanconi Syndrome or De Toni Debre 
Fanconi Syndrome or Lignac-Fanconi Syndrome or Lignac Fanconi Syndrome).mp.40. (low molecular weight or LMW or alpha 1 
microglobulin or a1 microglobulin or beta 2 microglobulin or b2 microglobulin or thymotaxin).mp.41. retinol binding protein.mp. 
or exp retinol binding protein/42. (RBP or retinol binding proteins or retinoid binding proteins or F type retinoid binding protein).
mp.43. creatinine.mp. or exp creatinine/44. (krebiozen or creatinine sulfate salt).mp. or 60-27-5.rn.45. exp inulin clearance/ or 
exp inulin/ or inulin.mp. or 9005-80-5.rn.46. (51 Cr EDTA or 51chromium edetic acid or 99 Tc DTPA or Tc DTPA).mp. or 65454-61-
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7.rn.47. Technetium Tc 99m Pentetate.mp. or exp pentetate technetium tc 99m/48. exp succimer tc 99m/ or exp succimer/ or 
(99m Tc-DMSA or 99mTc V DMSA or DMSA).mp.49. (dimercaptosuccinic acid or Technetium Tc 99m Dimercaptosuccinic Acid).mp. 
or 65438-08-6.rn.50. (99Tc-Succimer or 99Tc Succimer or 99mTc-Dimercaptosuccinate or 99mTc Dimercaptosuccinate).mp.51. 
(renal scan or kidney size).mp.52. cystatin.mp. or exp cystatin/53. (gamma-Trace or gamma Trace or Post-gamma-Globulin or Post 
gamma Globulin or Cystatin 3 or Neuroendocrine Basic Polypeptide).mp.54. (CST3 gene or cystatins or cystatin$).mp.55. renal 
failure.mp. or exp kidney failure/56. (kidney failure or kidney failures or renal failures).mp.57. renal plasma flow.mp. or exp kidney 
plasma flow/58. (RPF or ERPF or Renal clearance or reabsorption or re-absorption or nephrotoxicity or nephrotox$ or rickets or 
rickets$).mp.59. exp hypertension/ or (Hypertension or hypertens$).mp.60. (Renal Hypertension or Renal Hypertensions or Renal 
Hypertension$).mp. or exp renovascular hypertension/61. (High Blood Pressure or High Blood Pressures or High Blood Pressure$).
mp.62. (blood pressure or blood pressures or blood pressure$).mp. or exp blood pressure/63. (diastolic pressure or systolic 
pressure).mp.64. or/1-63
9. Final search (1 or 2 or 3 or 4) and 5 and (6 or 7) and 8
[mp=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer 
name; rn = registry number; $ = 1 or more characters; / = Emtree term]

Supplemental Table 1.

Characteristics of included studies
Aronson 2011  

Methods Cross-sectional cohort study

Participants N of patients original cohort: 29; N of patients described study group: 25; N of patients study group of 
interest: 25; N of patients with renal function tests: 25. 
Tumour: Bilateral Wilms tumour: 25/25 (100%). Time period diagnosis/treatment: 1967-2007. %M/F: 
28%/72% 
Age at diagnosis: median: 1.03 years (range: 0.27-5.35 years); Age at follow-up: Median: 15.0 years (range: 
5.4-34.0 years); Follow-up duration: median: 10.5 years (range: 5.5-34 years); Completion of follow-up: 
100% 
Controls: n/a

Interventions N of patients ifosfamide: n/m; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: n/m; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 25/25 (100%); Nephrectomy details: Bilateral total nephrectomy: 3/25 
(12%); unilateral total nephrectomy + contralateral partial nephrectomy: 14/25 (56%); bilateral partial 
nephrectomy: 8/25 (32%) 
N of patients radiotherapy including the kidney region: 5/25 (20%); Radiotherapy field: n/m; Radiation 
dose: n/m

Outcomes Chronic kidney disease / renal insufficiency 
Definition of renal late adverse effect 
Serum creatinine >1.2 mg/100ml 
Observed values of renal adverse effect 
Median: 0.7 mg/100ml (range: 0.5-2.8) 
N of patients with renal late adverse effect 
8/25 (32%), of which 5 received a renal transplant (3 after bilateral nephrectomy, 2 for ESRD), and 3 with 
mild renal insufficiency (creatinine >1.2). 
Risk factors (univariate analyses) 
Mean creatinine values were significantly lower after bilateral nephron sparing surgery (partial 
nephrectomy or enucleation) as compared to other types of surgery (P<0.0001). Mean creatinine values 
showed lower trend in patients treated without radiotherapy (NS).

Notes Possible overlap between the study groups of Geenen 2010, Van Dijk 2010 and Cardous-Ubbink 2010

Bardi 2004  

Methods Prospective cohort study
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Participants N of patients original cohort: n/m; N of patients described study group: 115; N of patients study group of 
interest: unclear; N of patients with renal function tests: 115. 
Tumour: leukaemia/lymphoma: 60/115 (52%), Wilms’ tumour: 22/115 (19%), (Other) solid tumours: 33/115 
(29%). Time period diagnosis/treatment: 1984-2001. %M/F: 57%/43% 
Age at diagnosis: median: 5 years (range: 0.3-20); Age at follow-up: Median: 13 years (range: 3-24); Follow-
up duration: median: 7 years (range: 2-23); Completion of follow-up: 100% 
Controls: 86 children without any renal or urinary tract disease (46 males/40 females; median age 10 years; 
age range: 2-20 years).

Interventions N of patients ifosfamide: Wilms’ tumour: 4/22; other tumours: n/m; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m, but possibly given to solid tumour patients; cisplatin cumulative dose: n/m 
N of patients carboplatin: Wilms’ tumour: 4/22 (18%); other tumours: n/m; carboplatin cumulative dose: 
n/m 
Other types of chemotherapy: HD MTX, cyclophosphamide (N=60), vincristine, dactinomycin (N=18); other 
chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 22/115 (19%, or 100% of all Wilms’ tumour patients); Nephrectomy details: 
21/22 heminephrectomy, 1/22 polar resection 
N of patients radiotherapy including the kidney region: Wilms’ tumour: 11/22 (50%); Radiotherapy field: 
Flank radiation; Radiation dose: n/m

Outcomes GFR: Estimated glomerular filtration rate by Counahan formula 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Mean GFR (SD): 
Overall: 102 ml/min/1.73m2 

Controls: 132 (79) ml/min/1.73m2 

Wilms tumour: 71 (27) ml/min/1.73m2 (P<0.05 vs controls). 
N of patients with renal late adverse effect 
N/m 
Risk factors 
N/m 
Proteinuria (gross) by dipstick 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
At first measurement: 30/115 (26.1%); twelve months after first measurement: 10/115 (8.7%); three years 
after first measurement: 3/115 (2.6%); of the 10/115 with persistent gross proteinuria, five had glomerular 
and five had glomerular/tubular proteinuria. 
Risk factors 
N/m 
Proteinuria measured by microalbuminuria in 24h urine 
Definition of renal late adverse effect 
>20 mg/L 
Observed values of renal adverse effect 
Mean (SD) in mg/L: Leukaemia/lymphoma: 16.4 (2.1); Wilms’ tumour: 16.6 (2.4); solid tumour: 24.9 (2.7); 
controls: 15.8 (1.2); P<0.05 for solid tumours vs. Controls 
N of patients with renal late adverse effect 
Leukaemia/lymphoma: 12; Wilms’ tumour: 1; solid tumour: 7; controls: n/m 
Risk factors 
N/m

Notes Exact amount of patients treated with nephrotoxic treatments is unclear. However, 100% of the Wilms’ 
tumour group received a nephrectomy (N=22) and all other patients received either cisplatin, carboplatin, 
ifosfamide or high-dose methotrexate.

Bergeron 2005

Methods Prospective cohort study
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Participants N of patients original cohort: 46; N of patients described study group: 30; N of patients study group of 
interest: 30; N of patients with renal function tests: 30. 
Tumour: Neuroblastoma. Time period diagnosis/treatment: 1990-1994. %M/F: 63%/37% 
Age at diagnosis: median 4.7 months (range: 0-10 months); Age at follow-up: Median 6 years (range: 
4.5-9.2); Follow-up duration: median time since diagnosis: 7 years (range: 4.5-9.5); Completion of 
follow-up: 100% 
Controls: n/a

Interventions N of patients ifosfamide: 0/30 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 0/30 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 30/30 (100%); carboplatin cumulative dose: Median 267 mg (102-700) 
Other types of chemotherapy: Etoposide, Vincristine, Cyclophosphamide, Doxorubicin; other 
chemotherapy cumulative doses: n/m 
N of patients nephrectomy: n/m; Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: n/m; Radiotherapy field: n/m; Radiation dose: 
n/m

Outcomes GFR: Estimated glomerular filtration rate by the Schwartz formula 
Definition of renal late adverse effect 
eGFR < 90 ml/min/1.73m2 
Observed values of renal adverse effect 
Mean GFR: 114 ml/min/1.73m2 (SD: 13; range: 87-145) 
N of patients with renal late adverse effect 
1/30 (3%) 
Risk factors (all univariate analyses) 
No relation between GFR and cumulative carboplatin dose

Proteinuria measured by urinary albumin/creatinine ratio 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Mean: 0.4 mmol/mmol (SD: 0.2; range: 0.1-0.7) 
N of patients with renal late adverse effect 
0/25 (0%) 
Risk factors 
N/m

Tubular phosphate regulation parameters measured by renal tubular phosphate threshold 
Definition of renal late adverse effect 
< 1 mmol/L or >1.7 mmol/L 
Observed values of renal adverse effect 
Mean: 1.3 mmol/L (SD: 0.1; range: 1.0-1.6) 
N of patients with renal late adverse effect 
1/30 (3%) 
Risk factors 
N/m

Serum magnesium / hypomagnesaemia 
Definition of renal late adverse effect 
Serum magnesium < local normal values 
Observed values of renal adverse effect 
Mean: 0.82 mmol/L (SD: 0.06; range: 0.68-0.99) 
N of patients with renal late adverse effect 
0/25 (0%) 
Risk factors 
N/m

Blood pressure 
Definition of renal late adverse effect 
Systolic and/or diastolic blood pressure >97.5 percentile for age and sex 
Observed values of renal adverse effect 
N/a 
N of patients with renal late adverse effect 
4/30 (13%) with borderline hypertension (= 97.5th percentile) 
Risk factors
N/m
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Notes

Bolling 2010  

Methods Prospective cohort study

Participants All tumour and age-related characteristics were described for the 126 patients of the described study 
group. 
N of patients original cohort: 1086; N of patients described study group: 126; N of patients study group 
of interest: 126; N of patients with renal function tests: 74. 
Tumour: Ewing sarcoma: 31/126 (25%), Hodgkin’s disease 31/126 (25%), neuroblastoma 23/126 (18%), 
nephroblastoma 17/126 (13%), soft tissue sarcoma 10/126 (8%), other tumours 14/126 (11%). Time 
period diagnosis/treatment: 2001-May 2009. %M/F: n/m 
Age at diagnosis: median 10.2 yr (range: 1.7-28) at radiotherapy; Age at follow-up: n/m; Follow-up 
duration: median 28.5 months (range: 4-88 months); Completion of follow-up: 76/126 (60%) 
Controls: n/a

Interventions N of patients ifosfamide: n/m, but at least one; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m, but at least one; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m, but at least one; carboplatin cumulative dose: n/m 
Other types of chemotherapy: Additional chemotherapy for 126/126, including carboplatin, cisplatin, 
ifosfamide and/or methotrexate in 81/126 (64%); other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 20/126 (16%); Nephrectomy details: Unilateral nephrectomy (N=18), partial 
nephrectomy (N=2) 
N of patients radiotherapy including the kidney region: 126/126 (100%); Radiotherapy field: n/m; 
Radiation dose: Detailed dosimetry per patient

Outcomes Composite outcome including creatinine clearance, proteinuria, haematuria and serum creatinine 
Definition of renal late adverse effect 
Grading system based on RTOG/EORTC criteria: 
Grade 1: Serum creatinine >upper normal limit OR creatinine clearance < 90 ml/min/1.73m2 OR 
proteinuria <3 g/L OR haematuria as microscopic haematuria or more; 
Grade 2: Serum creatinine > 1.5 upper normal limit OR creatinine clearance < 60 ml/min/1.73m2 OR 
proteinuria < 10 g/L OR haematuria as macroscopic haematuria without clot passage 
Observed values of renal adverse effect 
N/a 
N of patients with renal late adverse effect 
Maximal grade of toxicity during follow-up: 
grade 1: 7/74 (9%) 
grade 2: 2/74 (3%) 
Last grade of late toxicity: 
grade 1: 4/74 (5%) 
grade 2: 1/74 (1%) 
Risk factors (univariate analyses) 
More toxicity in patients treated with higher exposed kidney volumes (kidney volume exposed to 20 
Gy: P=0.031; kidney volume exposed to 30 Gy: P=0.003). No significant differences in the comparison of 
organ volumes exposed to all other doses: 5, 10, 15, 40, 50 Gy.

Notes

Breslow 2005  

Methods Record Linkage Study

Participants N of patients original cohort: 5910; N of patients described study group: 5910; N of patients study group 
of interest: 5910; N of patients with renal function tests: n/a (cases were ascertained using medical 
record linkage between the NWTS and the United States Renal Data System). 
Tumour: Unilateral Wilms’ tumour: 5526; bilateral Wilms’ tumour: 450 (384 at diagnosis and 66 patients 
with unilateral disease who later had development of a metachronous tumour in the contralateral 
kidney). Time period diagnosis/treatment: Oct 1969 - Sept 1994. %M/F: n/m 
Age at diagnosis: n/m; Age at follow-up: n/m; Follow-up duration: Mean 11.5 years; Completion of 
follow-up: n/m 
Controls: n/a
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Interventions N of patients ifosfamide: n/m; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: NWTS-protocols 1-4; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: Not explicitly mentioned. 41/53 (77%) of survivors with ESRD had bilateral 
nephrectomy or unilateral + partial nephrectomy with <25% tissue remaining.; Nephrectomy details: 
n/m 
N of patients radiotherapy including the kidney region: n/m; Radiotherapy field: n/m; Radiation dose: 
n/m

Outcomes Chronic kidney disease / renal insufficiency 
Definition of renal late adverse effect 
Treatment with chronic dialysis or kidney transplant 
Observed values of renal adverse effect 
N/A 
N of patients with renal late adverse effect 
N affected / N total (prevalence / cumulative incidence ESRD with death as competing risk) 
Unilateral Wilms’ tumour (N=5526): 
Denys Drash Syndrome: 12/17 (70.6% / 74%) 
WAGR-syndrome: 11/37 (29.7% / 36%) 
Genitourinary anomalies: 4/125 (3.2% / 6.7%) 
No congenital malformations: 25/5347 (0.5% / 0.6%) 
  
Bilateral Wilms’ tumour (N=450): 
Denys Drash Syndrome: 3/6 (50% / 50%) 
WAGR-syndrome: 5/10 (50% / 90%) 
Genitourinary anomalies: 8/25 (32% / 25%) 
No congenital malformations: 44/409 (10.8% / 11.5%) 
Risk factors 
N/m

Notes Children with a metachronous bilateral tumour were included in the analyses of both unilateral and 
bilateral disease.

Brock 1991

Methods Prospective cohort study

Participants N of patients original cohort: 55; N of patients described study group: 40; N of patients study group of 
interest: 40; N of patients with renal function tests: 40. 
Tumour: Neuroblastoma: 27/40 (68%), germ cell tumour: 8/40 (20%), hepatoblastoma: 3/40 (8%), 
osteogenic sarcoma: 2/40 (5%). Time period diagnosis/treatment: 1979-1988. %M/F: 62%/38% 
Age at diagnosis: median: 15 months (range: 13 days-13 years 8 months); Age at follow-up: n/m; 
Follow-up duration: median: 2.5 years (range: 1.5-7); Completion of follow-up: 100% 
Controls: n/a

Interventions N of patients ifosfamide: 0/40 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 40/40 (100%); cisplatin cumulative dose: Median: 500 mg/m2 (range: 120-1860) 
N of patients carboplatin: 0/40 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Neuroblastoma: cyclophosphamide, vincristine, teniposide-etoposide 
and high-dose melphalan; germ cell tumour: bleomycin, vinblastine-etoposide; hepatoblastoma: 
Doxorubicin; osteosarcoma: Doxorubicin and methotrexate; other chemotherapy cumulative doses: 
n/m 
N of patients nephrectomy: 0/40 (0%); Nephrectomy details: n/a 
N of patients radiotherapy including the kidney region: 0/40 (0%); Radiotherapy field: n/a; Radiation 
dose: n/a



Renal late adverse effects after potentially nephrotoxic treatment for childhood cancer | 73

Brock 1991

Outcomes Glomerular filtration rate by 51Cr-EDTA clearance 
Definition of renal late adverse effect 
GFR <80 ml/min/1.73m2 
Observed values of renal adverse effect 
Median GFR in ml/min/1.73m2 (range) 
End of treatment: 74 (13-184) 
At follow-up: 90 (27-135) 
N of patients with renal late adverse effect 
End of treatment: 13/40 (33%) 60-80 ml/min/1.73m2; 11/40 (28%) <60 ml/min/1.73m2 
At follow-up: 15/40 (38%) 60-80 ml/min/1.73m2; 2/40 (5%) <60 ml/min/1.73m2 
Risk factors (all univariate analyses) 
GFR significantly improved from end-of-treatment at 1-, 2- and 4-year follow-up (P<0.05). 
Children with an end-of-treatment GFR of 60-80 ml/min/1.73m2 had a significantly better chance to 
regain a GFR of at least 80 ml/min/1.73m2 than those who had a GFR <60 ml/min/1.73m2 (P<0.01). 
At end-of-treatment, there was no significant correlation between GFR and cumulative cisplatin dose, 
age, gender, tumour type or associated nephrotoxic medications. 
There was no significant correlation between GFR recovery and cumulative cisplatin dose.

Serum magnesium / hypomagnesaemia 
Definition of renal late adverse effect 
Age-specific reference values 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
6/21 (29%) 
Risk factors (univariate analyses) 
No correlation was found with GFR.

Notes

Cardous-Ubbink 2010  

Methods Nested case-control study

Participants N of patients original cohort: 1362; N of patients described study group: 1080; N of patients study 
group of interest: Unclear; N of patients with renal function tests: 1080. All following data represent the 
44 cases and 123 matched controls (N=167). 
Tumour: leukaemia: 26/167 (15.6%), lymphoma: 44/167 (26.3%), Wilms’ tumour: 47/167 (28.1%), 
brain/CNS: 18/167 (10.8%), bone: 9/167 (5.4%), soft tissue sarcoma: 16/167 (9.6%), other: 7/167 
(4.2%). Time period diagnosis/treatment: 1966-1996. %M/F: 56%/44% 
Age at diagnosis: median 7.7 years; Age at follow-up: Median 28.0 years; Follow-up duration: median 
20.4 years; Completion of follow-up: 100% 
Controls: n/a

Interventions N of patients ifosfamide: 9/167 (5.4%); ifosfamide cumulative dose: n/m 
N of patients cisplatin: 7/167 (4.2%); cisplatin cumulative dose: n/m 
N of patients carboplatin: 0/167 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Any chemotherapy: 146/167 (87.4%). Chemo besides cisplatin/
ifosfamide: 134/167 (80.2%); other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 47/167 (28.1%); Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: Any radiotherapy: 102/167 (61.1%); 
Radiotherapy field: Abdominal RT: 54/167 (32.3%); Radiation dose: n/m.

Outcomes Blood pressure 
Definition of renal late adverse effect 
Blood pressure systolic >= 140 mmHg or diastolic >=90 mmHg at least at three consecutive visits 
Observed values of renal adverse effect 
- 
N of patients with renal late adverse effect 
44/1080 (4.1%). Unclear how many of the 1080 were treated with potentially nephrotoxic treatment. 
Risk factors (multivariate analyses) 
Multivariate logistic regression: 
Significant: BMI >= 25 kg/m2: OR: 3.95 (95%-CI: 1.71-9.09), P=0.001. 
Not significant: Cisplatin, cyclophosphamide, ifosfamide, other chemotherapy, abdominal radiation, 
cranial radiation.



74 | Chapter 2

Cardous-Ubbink 2010  

Notes Unclear how many of the 1080 described survivors were originally treated with nephrotoxic treatment, 
so the prevalence of 4.2% cannot be interpreted regarding potentially nephrotoxic treatment. 
Possible overlap between the study groups of Geenen 2010, Van Dijk 2010, Aronson 2011 and Cardous-
Ubbink 2010

Chevallier 1997  

Methods Prospective cohort study

Participants N of patients original cohort: 30; N of patients described study group: 30; N of patients study group of 
interest: 30; N of patients with renal function tests: 30. 
Tumour: Wilms’ tumour 30/30 (100%). Time period diagnosis/treatment: 1986-1993. %M/F: n/m 
Age at diagnosis: Mean 3.4 years (SD: 2.5); Age at follow-up: n/m; Follow-up duration: Mean 4.6 years 
(SD: 3.1); Completion of follow-up: 100% 
Controls: n/a

Interventions N of patients ifosfamide: 2/30 (6.6%); ifosfamide cumulative dose: 60 g/m2 and 3.3 gram 
N of patients cisplatin: 1/30 (3.3%); cisplatin cumulative dose: 35mg 
N of patients carboplatin: 0/30 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Vincristine, actinomycin and adriamycin (28/30) and other regimens in 
2/30.; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 30/30 (100%); Nephrectomy details: Unilateral nephrectomy 
N of patients radiotherapy including the kidney region: 6/30 (20%); Radiotherapy field: Abdomen; 
Radiation dose: 15 Gy + 20 Gy boost to the tumour

Outcomes GFR: Glomerular filtration rate by inulin clearance 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Mean GFR 93 ml/min/1.73m2 (SD: 13) 
N of patients with renal late adverse effect 
N/m 
Risk factors (univariate analyses) 
No difference between <4 and >=4 years follow-up. No difference between nephrectomized before or 
after age of 2.

Proteinuria measured by urinary albumin/creatinine ratio 
Definition of renal late adverse effect 
>2 gram/mol 
Observed values of renal adverse effect 
Mean (SD): 2.8 g/mol (2.2 g/mol). 
N of patients with renal late adverse effect 
14/30 (47%) had a urinary albumin/creatinine ratio >2 g/mol. 
Risk factors (univariate analyses) 
No difference between <4 and >=4 years follow-up. No difference between nephrectomized before or 
after age of 2.

Tubular phosphate regulation parameters measured by fractional phosphate reabsorption 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Only mentioned for subgroups. 
N of patients with renal late adverse effect 
0/30 (0%) 
Risk factors (univariate analyses) 
No difference between <4 and >=4 years follow-up. No difference between nephrectomized before or 
after age of 2.
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Blood pressure 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
0/30 (0%) 
Risk factors (univariate analyses)Risk factors (univariate analyses) 
N/m

Notes

Cosentino 1993  

Methods Retrospective cohort study

Participants N of patients original cohort: Unclear; N of patients described study group: 234; N of patients study 
group of interest: 234; N of patients with renal function tests: n/m. 
Tumour: Wilms’ tumour 234/234 (100%). Time period diagnosis/treatment: 1965-1989. %M/F: 
54%/46% 
Age at diagnosis: Mean: 40 months (range: 3 days-145 months); Age at follow-up: n/m; Follow-up 
duration: n/m; Completion of follow-up: Unclear 
Controls: n/a

Interventions N of patients ifosfamide: n/m; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: n/m; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 234/234 (100%); Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: n/m; Radiotherapy field: n/m; Radiation dose: 
n/m

Outcomes Chronic kidney disease / renal insufficiency 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
7/234 (3.0%) 
Risk factors 
5/7 needed haemodialysis. All five received a nephrectomy followed by a subsequent partial 
nephrectomy.

Notes Survivors treated according to NTWS study protocols

Cozzi 2005  

Methods Cross-sectional cohort study

Participants N of patients original cohort: 30; N of patients described study group: 26; N of patients study group of 
interest: 26; N of patients with renal function tests: 26. 
Tumour: Wilms’ tumour. Time period diagnosis/treatment: 1992-2003. %M/F: 35%/65% 
Age at diagnosis: Mean (SD): NP: 60.0 months (40.7); NSS: 42.7 months (42.0); Age at follow-up: n/m; 
Follow-up duration: Mean (SD): NP: 71.9 months (41.0); NSS: 65.3 months (38.6); Completion of follow-
up: 100% 
Group 1: Nephrectomy (NP, 16/26) 
Group 2: Nephron sparing surgery (NSS, 10/26) 
Controls: n/a
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Interventions N of patients ifosfamide: 0/26 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 0/26 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/26 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: NP (12/16): Vincristine + actinomycin D (N=2); vincristine + actinomycin 
D + epirubicin (N=10); NSS (7/10): Vincristine + actinomycin D (N=2); vincristine + actinomycin D + 
epirubicin (N=5); other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 26/26 (100%); Nephrectomy details: Group 1: Unilateral nephrectomy (NP, 
N=16); group 2: Nephron sparing surgery (NSS, N=10) 
N of patients radiotherapy including the kidney region: 0/26 (0%); Radiotherapy field: n/a; Radiation 
dose: n/a

Outcomes Proteinuria measured by urinary albumin/creatinine ratio (in mg/mmol) 
Definition of renal late adverse effect 
>20 mg/mmol 
Observed values of renal adverse effect 
Mean (SD) in mg/mmol: NP: 12.6 (9.38); NSS: 11.02 (5.46); P = 0.63 
N of patients with renal late adverse effect 
NP: 2/16 (12.5%); NSS: 0/10 (0%) 
Risk factors 
N/m

Blood pressure 
Definition of renal late adverse effect 
Blood pressure > 2 standard deviations of expected mean for age and sex 
Observed values of renal adverse effect 
Mean (SD) in mmHg: Systolic NP: 112.5 (8.6); Systolic NSS: 100.0 (9.1) P < 0.001; Diastolic NP: 72.5 (8.4); 
Diastolic NSS: 63.5 (7.1) P < 0.001; Systolic SDS NP: 0.72 (0.74); Systolic SDS NSS: -0.10 (0.92) P = 0.01; 
Diastolic SDS NP: 0.87 (0.77); Diastolic SDS NSS: 0.19 (0.62) P=0.01 
N of patients with renal late adverse effect 
NP: 2/16 (12.5%) with a systolic SDS > 2SD; NSS: 0/10 (0%) with a systolic SDS >2SD 
Risk factors 
N/m

Notes

de Graaf 1996  

Methods Prospective cohort study

Participants N of patients original cohort: 48; N of patients described study group: 41; N of patients study group of 
interest: 41; N of patients with renal function tests: 41. 
Tumour: Wilms’ tumour: 41/41 (100%). Time period diagnosis/treatment: n/m. %M/F: 39%/61% 
Age at diagnosis: median: 3 years 3 months (range: 5 months-9 year 9 months); Age at follow-up: 
Median (range): radiated group: 62 months (25-125); no-radiation group: 43 months (18-139); Follow-
up duration: median: 13 months (range: 11-22); Completion of follow-up: 100% 
Controls: n/a

Interventions N of patients ifosfamide: 0/41 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 0/41 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/41 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Vincristine, actinomycin D: 41/41 (100%) 
Doxorubicin: 12/41 (29%); other chemotherapy cumulative doses: Median doxorubicin dose: 300 mg/
m2 (range: 150-480). N/m for vincristine and actinomycin D 
N of patients nephrectomy: 41/41 (100%); Nephrectomy details: Unilateral nephrectomy 
N of patients radiotherapy including the kidney region: 12/41 (29%); Radiotherapy field: Fields including 
the kidney region; Radiation dose: Range: 1000-2250 cGy
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Outcomes GFR using 125-I-iothalamate clearance, expressed as standard deviation scores 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Mean GFR (SD): 
All patients: -0.57 (1.74) 
No-radiation group: -0.27 (1.82) 
Irradiated group: -1.51 (1.05) 
P=0.022 for non-radiated versus irradiated patients. 
Percentage of GFR for normal age-match children: 
No irradiation: 94.6% 
Radiation: 72.7% 
N of patients with renal late adverse effect 
N/m 
Risk factors (univariate analyses) 
GFR was significantly lower in irradiated group than in the non-irradiated group (P=0.022, Mann-
Whitney U-test)

Notes

Di Tullio 1996  

Methods Retrospective cohort study

Participants N of patients original cohort: Unclear; N of patients described study group: 34; N of patients study 
group of interest: 34; N of patients with renal function tests: 34. 
Tumour: Wilms’ tumour: 34/34 (100%). Time period diagnosis/treatment: n/m. %M/F: 35%/65% 
Age at diagnosis: n/m; Age at follow-up: Mean: 12.1 years (range: 2.1-19.6); Follow-up duration: Mean: 
8.6 years (range: 2.7-15.8); Completion of follow-up: 34/34 (100%) 
Controls: n/a

Interventions N of patients ifosfamide: 1/34 (3%); ifosfamide cumulative dose: 18 g/m2 
N of patients cisplatin: 1/34 (3%); cisplatin cumulative dose: 180 mg/m2 
N of patients carboplatin: 0/34 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Actinomycin D + vincristine (+ adriamycin); other chemotherapy 
cumulative doses: Actinomycin D: 15 mcg/g per course; vincristine: 1.5 mg/m2 per course; adriamycin: 
50 mg/m2 
N of patients nephrectomy: 34/34 (100%); Nephrectomy details: Unilateral nephrectomy in all cases 
N of patients radiotherapy including the kidney region: 23/34 (68%); Radiotherapy field: tumour bed 
and/or abdomen, with shielding for contralateral kidney; Radiation dose: 15-35 Gy

Outcomes GFR using creatinine clearance, method not mentioned 
Definition of renal late adverse effect 
<80 ml/min/1.73m2 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
1/34 (3%) 
Risk factors 
This is was the only child treated with additional cisplatin and ifosfamide.

Proteinuria measured by microalbuminuria 
Definition of renal late adverse effect 
Urinary albumin excretion >20 mg/24hour 
Observed values of renal adverse effect 
Mean microalbuminuria: 48 mg/24 hours (SD: 94) 
N of patients with renal late adverse effect 
11/34 (32%) with urinary albumin > 20 mg/24 hours. 
4/34 (12%) with proteinuria (>4 mg/m2/hour) 
Risk factors (univariate analyses) 
Mean microalbuminuria was related to time from nephrectomy (rs: 0.39; P=0.026)



78 | Chapter 2

Di Tullio 1996  

Blood pressure 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
0/34 (0%) 
Risk factors 
N/m

Notes Same study group as Indolfi 2001

English 1999  

Methods Prospective cohort study

Participants N of patients original cohort: n/m; N of patients described study group: 23; N of patients study group of 
interest: 23; N of patients with renal function tests: 23. 
Tumour: glioma: 2/23 (9%); dysgerminoma 1/23 (4%); astrocytoma: 1/23(4%); PNET: 5/23 (22%); 
sacrococcygeal teratoma: 2/23 (9%); neuroblastoma: 1/23 (4%); retinoblastoma: 1/23 (4%); 
hypothalamic teratoma: 3/23 (13%); pineal teratoma: 1/23 (4%); low grade astrocytoma: 3/23 (13%); 
teratoma: 2/23 (9%); pineal dysgerminoma: 1/23 (4%). Time period diagnosis/treatment: 1988-1994. 
%M/F: 57%/43% 
Age at diagnosis: n/m; Age at follow-up: n/m; Follow-up duration: Measurements at 1 year and 2 years 
post-treatment, not further specified; Completion of follow-up: 100% 
Controls: n/a

Interventions N of patients ifosfamide: 0/23 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 0/23 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 23/23 (100%); carboplatin cumulative dose: Median: 2590 mg/m2 (range: 
1364-7133) 
Other types of chemotherapy: High-dose methotrexate: 3/23 (13%), not mentioned otherwise; other 
chemotherapy cumulative doses: n/m 
N of patients nephrectomy: n/m; Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: n/m; Radiotherapy field: n/m; Radiation dose: 
n/m

Outcomes GFR using 51Cr-EDTA clearance 
Definition of renal late adverse effect 
GFR <90 ml/min/1.73m2 
Observed values of renal adverse effect 
Only fall in GFR from pre-treatment to mean post-treatment value reported: mean -22 ml/min/1.73m2 
(95%-CI: 5-38; P=0.012). 
N of patients with renal late adverse effect 
N/m 
Risk factors (univariate analyses) 
Cumulative dose and cumulative AUC were not related to GFR after treatment nor to change in GFR 
from before to after treatment. GFR did not change significantly over the 2 yrs following the completion 
of treatment.

Serum magnesium / hypomagnesaemia 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Difference in serum Mg between pre- and post-treatment: mean: -0.17 mmol/l (95%-CI: 0.06-0.28l; 
P=0.0077). 
N of patients with renal late adverse effect 
1/23 (4%) with symptomatic hypomagnesaemia 1 year after completion of carboplatin treatment. 
Risk factors (univariate analyses) 
Magnesium did not change significantly over the 2 yrs following the completion of treatment. 
Higher carboplatin dose was related to a lower serum magnesium post-treatment (P=0.031). Higher 
carboplatin dose was related to the reduction in serum magnesium over time (P<0.001). Carboplatin 
dose intensity was not related serum magnesium levels or change in levels over time. Cumulative 
carboplatin AUC was related to a lower serum magnesium post-treatment (P=0.004).

Notes
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Methods Prospective cohort study

Participants N of patients original cohort: unclear; N of patients described study group: 43; N of patients study 
group of interest: 28; N of patients with renal function tests: 28. 
Tumour: osteosarcoma: 43/43 (100%). Time period diagnosis/treatment: n/m. %M/F: n/m 
Age at diagnosis (n=43): median 16 years (range: 4-34) (<19 years: n=28); Age at follow-up: n/m; 
Follow-up duration (n=43): median 16 months (range: 9-49); Completion of follow-up (n=43): 100% 
Controls: n/a

Interventions N of patients ifosfamide: 28/28 (100%); ifosfamide cumulative dose: Median 73.5 g/m2 
N of patients cisplatin: 28/28 (100%); cisplatin cumulative dose: Median 598 mg/m2 
N of patients carboplatin: 0/28 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: HD-MTX: 28/28 (100%) Doxorubicin: 28/28 (100%); other chemotherapy 
cumulative doses: HD-MTX: Median 60.1 g/m2; Doxorubicin: n/m 
N of patients nephrectomy: n/m; Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: n/m; Radiotherapy field: n/m; Radiation dose: 
n/m

Outcomes GFR using creatinine clearance 
Definition of renal late adverse effect 
<90 ml/min/1.73m2 
Observed values of renal adverse effect 
Not mentioned for late renal function assessment 
N of patients with renal late adverse effect 
21/43 (49%) <90ml/min/1.73m2 
Risk factors (univariate analyses) 
No statistically significant relationship was found between creatinine clearance and excretion of 
albumin or A1M.

Tubular phosphate regulation parameters measured by the renal tubular phosphate threshold (TmP/
GFR) 
Definition of renal late adverse effect 
TmP/GFR < 1 mmol/l 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
Paediatric survivors: 13/28 (46%) 
Risk factors (univariate analyses) 
No statistically significant relationship was found between TmP/GFR and excretion of albumin or A1M.

Notes 28 of the 43 described survivors were children at diagnosis. All data are presented were the described 
study group, with the exception of the renal tubular phosphate threshold, which was presented 
separately for children.

Finklestein 1993  

Methods Retrospective cohort study

Participants N of patients original cohort: 2243; N of patients described study group: 2243; N of patients study 
group of interest: 2243; N of patients with renal function tests: 1528. 
Tumour: Unilateral Wilms’ tumour. Time period diagnosis/treatment: 1969 - n/m. %M/F: At first 
measurement: 48%/52% 
Age at diagnosis: n/m; Age at follow-up: n/m; Follow-up duration: At least 5 years; Completion of 
follow-up: 68%. 
Controls: n/a.

Interventions N of patients ifosfamide: 0/2243 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 0/2243 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/2243 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: NTWS-1, NTWS-2 and NTWS-3 regimens (including actinomycin-D, 
vincristine, doxorubicin, cyclophosphamide); other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 2243/2243(100%); Nephrectomy details: Unilateral nephrectomy 
N of patients radiotherapy including the kidney region: At least 48 of 62 with high blood pressure; 
Radiotherapy field: n/m; Radiation dose: Median 25 Gy (10-40 Gy)
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Outcomes Blood pressure (diastolic) 
Definition of renal late adverse effect 
>95th percentile for age and sex 
Observed values of renal adverse effect 
N/a 
N of patients with renal late adverse effect 
Overall: 62/1528 with diastolic pressure > 90 mmHg (4.1%) at any time point (Table 2); First 
measurement after 5 years >95th percentile for age and sex: 83/1171 (7.1%) 
Risk factors 
N/m

Notes

Frisk 2002  

Methods Prospective cohort study

Participants N of patients original cohort: 44; N of patients described study group: 40; N of patients study group of 
interest: 26; N of patients with renal function tests: 26. 
Tumour: Acute lymphoblastic leukaemia, acute myeloid leukaemia, lymphoblastic lymphoma, large cell 
anaplastic lymphoma and Hodgkin’s disease. Time period diagnosis/treatment: October 1985 - August 
1997. %M/F: +TBI: 62%/38%; -TBI: 64% / 36% 
Age at diagnosis: +TBI: Median 8.4 years (range: 3.6-17.7); -TBI: 13.2 years (range: 1.9-17.9); Age at 
follow-up: n/m; Follow-up duration: median: +TBI 120 months; -TBI 54 months; Completion of follow-
up: 100% 
N of patients +TBI group: 26. N of patients -TBI group: 14. 
Controls: n/a

Interventions N of patients ifosfamide: 0/40 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 0/40 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/40 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: +TBI group: Prednisolone, teniposide, daunorubicin, vincristine, 
cyclophosphamide and cytarabine; -TBI group: BCNU, etoposide, cytarabine and cyclophosphamide.; 
other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 0/40 (0%); Nephrectomy details: n/a 
N of patients radiotherapy including the kidney region: 26/40 (65%); Radiotherapy field: Total Body 
Irradiation; Radiation dose: 7.5 Gy (N=22); 12 Gy (N=4)

Outcomes GFR using 51Cr-EDTA clearance 
Definition of renal late adverse effect 
Chronic renal impairment defined as GFR <70 ml/min/1.73m2 
Observed values of renal adverse effect 
Mean GFR before BMT (95%-CI):  
+TBI: 124 (114-134); -TBI: 129 (117-143) 
Mean GFR 6 months after BMT (95%-CI): 
+TBI: 99 (82-115) (P<0.001); -TBI: 121 (105-136) 
After 6 months GFR stabilized. 
N of patients with renal late adverse effect 
+TBI: 7/26 (27%) had a GFR <70 ml/min/1.73m2 after 6 months. After 60 months mean GFR for this 
group was 76 ml/min/1.73m2 (range: 67-85) 
Risk factors (multivariate analyses) 
Only combined treatment with aminoglycosides and intravenous vancomycin significantly contributed 
to the decrease in GFR in the +TBI group in multivariate regression (B: -32 (95%-CI: -54 - -10), P<0.01). 
Age was not significantly related to GFR.

Notes Possible overlap with the study group of Frisk 2007.

Frisk 2007  

Methods Cohort study with unclear direction
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Participants N of patients original cohort: 40; N of patients described study group: 35; N of patients study group of 
interest: 23; N of patients with renal function tests: 23. 
Tumour: AML 7/35 (20%), LCAL 2/35 (6%), Hodgkin’s disease 3/35 (9%), ALL 21/35 (60%), LBL 2/35 
(6%). Time period diagnosis/treatment: October 1985-August 1997. %M/F: non-TBI group: 75%/25%; 
TBI-group: 65%/35%. 
Age at diagnosis: median age at BMT: Non-TBI: 13.2 years (range: 1.9-17.0); TBI: 8.6 years (range: 3.6-
17.7); Age at follow-up: n/m; Follow-up duration: median non-TBI: 2 years (0.5-5.0); TBI: 4 years (0.5-
9.0); Completion of follow-up: 100% 
N of patients TBI group: 23. N of patients non-TBI group: 12. 
Controls: n/a

Interventions N of patients ifosfamide: 0/23 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 0/23 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/23 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Miscellaneous, including busulphan, cyclophosphamide, BCNU, 
etoposide, cytarabine, teniposide, daunorubicin, vincristine, prednisolone; other chemotherapy 
cumulative doses: n/m 
N of patients nephrectomy: 0/23 (0%); Nephrectomy details: n/a 
N of patients radiotherapy including the kidney region: 23/23 (100%); Radiotherapy field: TBI; Radiation 
dose: 7.5 Gy single fraction (N=20); 12 Gy in six fractions (N=3)

Outcomes GFR using 51Cr-EDTA clearance or endogenous creatinine clearance 
Definition of renal late adverse effect 
Mean laboratory reference value for GFR was 119 (SD: 9) ml/min/1.73m2 
Observed values of renal adverse effect 
GFR (mL/min/1.73m2) before BMT was 130 (SD: 24) in non-TBI group and 119 (SD: 20) in TBI group. 
GFR decreased five years after BMT to 119 (SD: 25) in non-TBI group (P = 0.028) and to 101 (SD: 20) in 
TBI group (P = 0.029). 
GFR which was also measured in 16 patients 10 years after BMT in TBI group: 104 (SD:19). 
N of patients with renal late adverse effect 
N/m 
Risk factors 
N/m

Serum phosphate / hypophosphataemia 
Definition of renal late adverse effect 
Reference normal ranges: 1.1–2.0 mmol/L from 1 to 3 yr of age, 1.0–1.8 mmol/L from 4 to 6 yr of age, 
0.9–1.8 mmol/L from 7 to 10 yr of age, 0.8–1.6 mmol/L from 11 to 15 yr of age, and 0.74–1.54 mmol/L 
in adult subjects 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
“There were sporadic cases of mild hyperphosphataemia, but no case of hypophosphataemia” 
Risk factors 
N/m

Notes Possible overlap with the study group of Frisk 2002.

Fujieda 2009  

Methods Retrospective cohort study

Participants N of patients original cohort: n/m; N of patients described study group: 28; N of patients study group of 
interest: 28; N of patients with renal function tests: 28. 
Tumour: Brain tumour: 20/28 (71.4%), Wilms tumour: 2/28 (7.1%), osteosarcoma: 2/28 (7.1%), 
rhabdomyosarcoma: 1/28 (3.6%), Hodgkin’s disease: 2/28 (7.1%), non-Hodgkin’s lymphoma: 1/28 
(3.6%). Time period diagnosis/treatment: n/m. %M/F: n/m 
Age at diagnosis: median 8 years (range: 1-19); Age at follow-up: n/m; Follow-up duration: median: 14 
months (range: 2-54); Completion of follow-up: 28/28 (100%) 
Controls: n/a
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Interventions N of patients ifosfamide: 28/28 (100%); ifosfamide cumulative dose: Hypouricaemia group: Mean 25.5 
g/m2 (SD: 4.6g/m2); non-hypouricaemia: mean 25.9 g/m2 (SD: 7.9 g/m2) 
N of patients cisplatin: 3/28 (10.7%); cisplatin cumulative dose: Mean: 300 mg/m2 (SD: 100 mg/m2) 
N of patients carboplatin: 25/28 (89.3%); carboplatin cumulative dose: Hypouricaemia group: Mean 
2300 mg/m2 (SD: 1600mg/m2); non-hypouricaemia: mean 2500 mg/m2 (SD: 600 mg/m2) 
Other types of chemotherapy: Etoposide; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: n/m; Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: n/m; Radiotherapy field: n/m; Radiation dose: 
n/m

Outcomes Proteinuria measured by urine dipsticks 
Definition of renal late adverse effect 
Dipstick > 1 + 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
8/28 (28.6%) 
Risk factors 
N/m

Serum phosphate / hypophosphataemia 
Definition of renal late adverse effect 
Serum phosphate < 2.9 mg/dl 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
10/21 (47.6%) 
Risk factors 
N/m

Serum magnesium / hypomagnesaemia 
Definition of renal late adverse effect 
Serum magnesium < 1.9 mg/dl 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
6/16 (37.5%) 
Risk factors 
N/m

Notes

Geenen 2010  

Methods Cross-sectional cohort study

Participants N of patients original cohort: 308; N of patients described study group: 141; N of patients study group 
of interest: 62; N of patients with renal function tests: 62. 
Tumour: Wilms’ tumour: 62/62 (100%). Time period diagnosis/treatment: 1966-1991. %M/F (N=141): 
45%/55% 
Age at diagnosis: RT+CT: mean 3.7 years (SD: 2.3); CT: mean 3.6 years (SD: 2.2); Age at follow-up: RT+CT: 
mean 28.3 years (SD: 5.2); CT: mean 23.5 years (SD: 4.0); Follow-up duration: RT+CT: mean 24.7 years 
(SD: 5.6); CT: mean 19.9 years (SD: 5.0); Completion of follow-up: 100% 
N of patients RT+CT group: 37/62 (59.7%); CT group: 25/62 (40.3%) 
Controls: 69 siblings of survivors
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Interventions N of patients ifosfamide: Unclear, but 5/62 (8%) treated with alkylating agents, including ifosfamide; 
ifosfamide cumulative dose: n/m 
N of patients cisplatin: 0/62 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/62 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Anthracyclines: 16/62 (26%); dactinomycin: 58/62 (94%); vincristine: 
53/62 (85%); other chemotherapy cumulative doses: n/m. 
N of patients nephrectomy: Not mentioned, but supposedly 62/62 (100%); Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: 31/62 (50%); Radiotherapy field: Abdomen: 
31/31 (100%); Radiation dose: n/m

Outcomes Chronic kidney disease / renal insufficiency 
Definition of renal late adverse effect 
Receiving renal replacement therapy, kidney transplantation or a GFR <50 ml/min/1.73m2 
Observed values of renal adverse effect 
N/a 
N of patients with renal late adverse effect 
Total: 3/62 (4.8%). RT+CT: 3/37 (8.1%); CT: 0/25; controls: 0/69. P=0.016 for RT+CT vs. controls. P=0.14 
for RT+CT vs. CT. 
Risk factors 
No analysis performed

Blood pressure 
Definition of renal late adverse effect 
Systolic blood pressure >=140 mmHg and/or diastolic blood pressure >=90 mmHg 
Observed values of renal adverse effect 
Mean (SD) systolic BP in mmHg: RT+CT: 126 (14.6); CT: 120 (10.2); Controls: 120 (10). P<0.05 for RT+CT 
vs. controls. 
Mean (SD) diastolic BP in mmHg: RT+CT: 79 (9.2); CT: 78 (8.4); Controls: 73 (8). P<0.05 for RT+CT vs. 
Controls and CT vs. Controls. 
N of patients with renal late adverse effect 
Total cohort: 9/62 (14.5%). RT+CT: 8/37 (21.6%); CT: 1/25 (4%); controls: 1/69 (1.4%). P<0.001 for 
RT+CT vs controls. P=0.45 for CT vs. controls. P=0.053 for RT+CT vs. CT. 
Risk factors (multivariate analyses) 
Multivariate logistic regression (on complete study population, including ALL survivors treated without 
potentially nephrotoxic treatment). Significant risk factors with OR (95%-CI): age at screening: 1.30 
(1.09-1.54); abdominal irradiation: 30.14 (3.98-228.44). Non-significant risk factors: gender, family 
history of premature cardiovascular disease, cranial radiotherapy, alkylating agents, anthracyclines

Notes Possible overlap between the study groups of Geenen 2010, Van Dijk 2010, Aronson 2011 and Cardous-
Ubbink 2010

Hamilton 2011  

Methods Prospective cohort study

Participants N of patients original cohort: 188; N of patients described study group: 188; N of patients study group 
of interest: 188; N of patients with renal function tests: Unclear. 
Tumour: Bilateral Wilms’ tumour: 188/188 (100%). Time period diagnosis/treatment: 1986-1994. 
%M/F: 39%/61% 
Age at diagnosis: median: 32 months (range: 1-127 months); Age at follow-up: Not mentioned; Follow-
up duration: median: 13.9 years (range: 0-19.8 years) for non-failure patients; Completion of follow-up: 
Unclear 
Controls: n/a

Interventions N of patients ifosfamide: At least 7/188 (3.7%); ifosfamide cumulative dose: n/m 
N of patients cisplatin: 0/188 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/188 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: EE-4A (Vincristine+Dactinomycine): 129/188 (68.6%); DD-4A 
(Vincristine+Dactinomycine+Doxorubicin): 55/188 (29.3%); other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 164/188 (87.2%); Nephrectomy details: Bilateral complete nephrectomy: 
6/188 (3%); unilateral complete + contralateral partial nephrectomy: 53/188 (27%); unilateral 
nephrectomy: 57/188 (30%); bilateral partial nephrectomy: 35/188 (19%); Unilateral partial 
nephrectomy: 13/188 (6%) 
N of patients radiotherapy including the kidney region: 64/188 (34.0%); Radiotherapy field: Kidney/
abdomen; Radiation dose: n/m
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Outcomes Chronic kidney disease / renal insufficiency 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/a 
N of patients with renal late adverse effect 
23/188 (12.2%). Median time from diagnosis to ESRD: 2.9 years (range: 0.5-18.4) 
Risk factors 
N/m

Notes Unclear whether all 188 patients in the original study cohort survived their malignancy. The study 
reported an 8-year event free survival of 70% and an overall survival of 84%.

Hoffmeister 2010  

Methods Retrospective cohort study

Participants N of patients original cohort: 789; N of patients described study group: 689; N of patients study group 
of interest: 480; N of patients with renal function tests: 480. 
Tumour: ALL: 204/689 (30%); AML: 157/689 (23%); Aplastic anaemia: 106/689 (15%); CML: 55/689 
(8%); Neuroblastoma: 39/689 (6%); Other: 128/689 (19%). Time period diagnosis/treatment: 1969-
2004. %M/F (n=689): 59%/41% 
Age at diagnosis: median age at bone marrow transplant (n=689): 9.2 years (range: 0.3-18.0); Age at 
follow-up: Age at onset of hypertension (N=120): median: 25 years (range: 3-46). Follow-up duration 
(n=689): median 16 years (range: 5-36); Completion of follow-up: 100% 
Controls: n/a

Interventions N of patients ifosfamide: 0/689 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 0/689 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/689 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Cyclophosphamide, busulphan, fludarabine, methotrexate; other 
chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 13/689 (2%); Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: Single fraction TBI: 79/689 (11%); fractionated 
TBI: 356/689 (52%); Low dose TBI: 10/689 (1%); Pre-HCT abdominal radiation: 22/689 (3%); 
Radiotherapy field: Total body irradiation: 445/689 (65%); Abdominal: 22/689 (3%); Radiation dose: 
Single fraction: 10 Gy; fTBI: 12-15.75 Gy; Low-dose: 2-6 Gy. Abdominal: n/m

Outcomes Estimated GFR using the Schwartz formula for children and the MDRD formula for adults 
Definition of renal late adverse effect 
eGFR < 90ml/min/1.73m2 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
23/72 hypertensive survivors (32%) 
Risk factors

Blood pressure 
Definition of renal late adverse effect 
In patients <18 years: systolic or diastolic blood pressure >= 95th percentile according to age, sex and 
height. In adult patients: systolic blood pressure >= 140 mmHg or diastolic >= 90 mmHg (diabetics: 
130/80). Onset of hypertension was defined as having a high blood pressure at two consecutive 
readings OR at start of drug therapy for hypertension. 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
Overall: 120/689 (17.4%); TBI: 92/445 (20.7%); abdominal RT: 4/22 (18%); single kidney: 4/13 = (30%) 
Risk factors (multivariate analyses) 
Risk factors among patients in the described study group (N=689): more hypertension after acute 
kidney injury (doubling of serum creatinine in first 100 days after transplant): hypertension group: 
51/109 (47%) vs. non-hypertension group: 176/547 (32%); P=0.004. 
Significant risk factors for development of hypertension in multivariate analysis (hazard ratio): acute 
kidney injury (2.53), TBI (2.06), Hepatitis C infection (0.52), donor type: autologous (2.39), unrelated 
(1.79), related 1.0; obesity (3.98), diabetes (6.59), growth hormone therapy (1.58).
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Notes Extracted study characteristics under participants and interventions are from the described study group 
as no separate data were available for the study group of interest.

Indolfi 2001

Methods Prospective cohort study

Participants All tumour and age-related characteristics were described for the 27 patients of the patient with renal 
function tests. 
N of patients original cohort: unclear; N of patients described study group: 34; N of patients study group 
of interest: 34; N of patients with renal function tests: 27. 
Tumour: Wilms’ tumour 27/27 (100%). Time period diagnosis/treatment: n/m. %M/F: 33%/66% 
Age at diagnosis: Mean 3.4 years (SD 2.7); Age at follow-up: n/m; Follow-up duration: 1: Mean 8.5 years 
(3.5); 2: Mean 14.5 years (SD 3.5); Completion of follow-up: 79% 
Controls: n/a

Interventions N of patients ifosfamide: 0/27 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 0/27 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/27 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: n/m; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 27/27 (100%); Nephrectomy details: 27/27 unilateral nephrectomy 
N of patients radiotherapy including the kidney region: 19/27 (70%); Radiotherapy field: Abdominal, 
contralateral kidney shielded when >12 Gy; Radiation dose: Range: 1500-3000 cGy

Outcomes GFR using creatinine clearance 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Creatinine clearance mean values (SD) in ml/min/1.73m2: 
after mean follow-up of 8.5y: 117 (46); after mean follow-up of 14.5y: 118 (34) 
N of patients with renal late adverse effect 
0/27 survivors with a low clearance 
Risk factors (univariate analyses) 
No significant difference between first and second measurement (P=0.67)

Proteinuria measured by microalbuminuria 
Definition of renal late adverse effect 
>20 mg/24h 
Observed values of renal adverse effect 
Mean values (SD) in mg/24h: Measurement 1: 42 (79) ; measurement 2: 47 (81) 
N of patients with renal late adverse effect 
Measurement 1: 8/34 (24%); measurement 2: 10/27 (37%) 
Risk factors (univariate analyses) 
No difference between the groups radiotherapy yes/no. No significant difference between first 
measurement and follow-up (P=0.83)

Blood pressure 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
0/27 survivors with hypertension 
Risk factors 
N/m

Notes Same study group as Di Tullio 1996

Kantor 1989  

Methods Cross-sectional cohort study



86 | Chapter 2

Kantor 1989  

Participants N of patients original cohort: 152; N of patients described study group: 119; N of patients study group 
of interest: 119; N of patients with renal function tests: 119. 
Tumour: Wilms’ tumour (116/119, 97.5%); renal cell carcinoma (3/119, 2.5%). Time period diagnosis/
treatment: 1931-1972. %M/F: 43%/57% 
Age at diagnosis: n/m; Age at follow-up: median: 29 years (range: 18-58); Follow-up duration: median: 
25 years (range: 14-53); Completion of follow-up: 100% 
Controls: n/a

Interventions N of patients ifosfamide: n/m; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: Dactinomycin alone or with other drugs: 80/119 (67%); other 
chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 119/119 (100%); Nephrectomy details: Unilateral nephrectomy (plus partial 
nephrectomy in case of bilateral disease). 
N of patients radiotherapy including the kidney region: 91/119 (76%); Radiotherapy field: Whole or 
partial abdominal irradiation; Radiation dose: n/m

Outcomes Blood pressure measured by a physician/nurse, taken from recent medical records or by personal recall 
from a recent visit 
Definition of renal late adverse effect 
Definite hypertension: >160 mmHg systolic or >95 mmHg diastolic or receiving treatment for 
hypertension 
Borderline hypertension: 140-160 mmHg systolic or 90-95 mmHg diastolic, no medication 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
Definite hypertension: 18/119 (15%), significantly more than expected from normal population. 
Borderline hypertension: 6/119 (5%) 
Risk factors (multivariate analyses) 
Via case-comparison study: no influence of radiation dose, dactinomycin or a combination of those two.

Notes

Kubiak 2004  

Methods Retrospective cohort study

Participants N of patients original cohort: 25; N of patients described study group: 23; N of patients study group of 
interest: 23; N of patients with renal function tests: 23. 
Tumour: bilateral Wilms’ tumour 23/23 (100%). Time period diagnosis/treatment: 1973-2002. %M/F: 
30%/70% 
Age at diagnosis: median 19 months (range: 5-65); Age at follow-up: n/m; Follow-up duration: median 
57 months (range: 12.5-297); Completion of follow-up: 23/23 (100%) 
Controls: n/a

Interventions N of patients ifosfamide: 1/23 (4.3%); ifosfamide cumulative dose: n/m 
N of patients cisplatin: 0/23 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/23 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Vincristine, actinomycin D, etoposide, cyclophosphamide, doxorubicin; 
other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 23/23 (100%); Nephrectomy details: 18/46 kidneys in 23 patients 
nephrectomized. 
28/46 kidneys salvaged (21 excisions, 5 enucleations, 2 bench surgical procedures with 
autotransplantation) 
N of patients radiotherapy including the kidney region: n/m; Radiotherapy field: n/m; Radiation dose: 
n/m
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Outcomes Estimated GFR using the Schwartz formula 
Definition of renal late adverse effect 
<90 ml/min/1.73m2 
Observed values of renal adverse effect 
Median: 101.5 mL/min/m2 (range: 60 to 169 mL/min/m2) in 20/20 survivors without renal failure. 
N of patients with renal late adverse effect 
6/22 < (27%) including 2 with renal failure 
Risk factors 
N/m

Blood pressure 
Definition of renal late adverse effect 
Mean systolic and/or diastolic pressure was ≥ 95th percentile in relation to age and sex. 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
4/22 (18.2%) 
Risk factors 
N/m

Notes

Laverdiere 2005  

Methods Retrospective cohort study

Participants N of patients original cohort: 98; N of patients described study group: 63; N of patients study group of 
interest: 63; N of patients with renal function tests: Unclear. 
Tumour: Stage 3/4 neuroblastoma 63/63(100%). Time period diagnosis/treatment: 1991-2003. %M/F: 
49%/51% 
Age at diagnosis: median 3.0 years (range: 0.07-23.5); Age at follow-up: Median 11.6 (range: 4-30); 
Follow-up duration: Off-treatment: median 6.0 years (range: 0.1-24.9); Since diagnosis: 7.1 (1.9-25.5); 
Completion of follow-up: Unclear 
Controls: n/a

Interventions N of patients ifosfamide: At least one; ifosfamide cumulative dose: n/m 
N of patients cisplatin: 56/63 (89%); cisplatin cumulative dose: Mean 514 mg/m2 (range: 123-1324) 
N of patients carboplatin: 17/63 (27%); carboplatin cumulative dose: Mean 948 mg (range: 540-1496) 
Other types of chemotherapy: Cyclophosphamide: 63/63 (100%), doxorubicin: 61/63 (97%), etoposide: 
54/63 (86%); other chemotherapy cumulative doses: Cyclophosphamide: Mean 9.5g (range: 1.5-30.8), 
doxorubicin: Mean 258 g/m2 (range: 75-554), etoposide: Mean 1162 mg (range: 153-3450) 
N of patients nephrectomy: 6/63 (9%); Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: 52/63 (83%); Radiotherapy field: Abdominal 
(46/63); TBI (6/63); Radiation dose: Abdominal: Mean 2174 cGy; TBI: Mean 1075 cGy

Outcomes Chronic kidney disease / renal insufficiency 
Definition of renal late adverse effect 
As defined by CTCAE 3.0 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
1/63 (2%) (1 grade 1/2) 
Risk factors 
N/m

Chronic proteinuria/haematuria not further specified 
Definition of renal late adverse effect 
As defined by CTCAE 3.0 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
2/63 (3%) (2 grade 1/2) 
Risk factors 
N/m
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Blood pressure 
Definition of renal late adverse effect 
As defined by CTCAE 3.0 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
1/63 (3%) (1 grade 3/4) 
Risk factors 
N/m

Notes

Loebstein 1999  

Methods Retrospective cohort study

Participants N of patients original cohort: 192; N of patients described study group: 174; N of patients study group 
of interest: 174; N of patients with renal function tests: Unclear. 
Tumour: Brain tumour: 65/174 (37%); Ewing’s sarcoma: 21/174 (12%); osteogenic sarcoma: 26/174 
(15%); rhabdomyosarcoma: 39/174 (22%); other tumours: 23/174 (13%). Time period diagnosis/
treatment: 1984-1996. %M/F: n/m 
Age at diagnosis: median 8.7 years (range: 0.4-21.2); Age at follow-up: n/m; Follow-up duration: Mean: 
5.3 years (range: 2-12); Completion of follow-up: Unclear. 
Controls: n/a

Interventions N of patients ifosfamide: 174/174 (100%); ifosfamide cumulative dose: Median: 45.5 g/m2 (range: 
12.4-76.6) 
N of patients cisplatin: 123/174 (70.7%); cisplatin cumulative dose: Median: 4 g/m2 (range: 1.7-10.6) 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: n/m; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 2/174 (1.1%); Nephrectomy details: Unilateral nephrectomy 
N of patients radiotherapy including the kidney region: 2/174 (1.1%); Radiotherapy field: Kidney 
included in the field; Radiation dose: n/m

Outcomes Composite outcome: ifosfamide-induced abnormal tubular or glomerular function, measured by these 
criteria: 
1) hypophosphataemia <2SD for age 
2) hypocarbia together with acidosis 
3) glycosuria 
4) proteinuria (>1 g/L) 
5) GFR <80 ml/min/1.73m2 (Schwartz formula) 
Definition of renal late adverse effect 
Mild nephrotoxicity: 1 abnormal criterion 
Moderate: nephrotoxicity: 2-3 abnormal criteria 
Severe nephrotoxicity: 4-5 abnormal criteria 
Observed values of renal adverse effect 
N/a 
N of patients with renal late adverse effect 
Severe nephrotoxicity: 7/174 (4.0%). Four developed hypophosphataemic rickets, 2 had progressive 
deterioration of GFR followed by ESRD. 
Moderate nephrotoxicity: 4/174 (2.3%). Two developed hypophosphataemic rickets, 2 had gradual 
deterioration of GFR. 
Mild nephrotoxicity: n/m 
Risk factors 
N/a

Notes

Mäkipernaa 1991  

Methods Cross-sectional cohort study
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Participants N of patients original cohort: 34; N of patients described study group: 30; N of patients study group of 
interest: 30; N of patients with renal function tests: 30. 
Tumour: Wilms’ tumour: 30/30 (100%). Time period diagnosis/treatment: 1960-1976. %M/F: 50%/50% 
Age at diagnosis: Mean 2.6 years (range: 0.3-7.2); Age at follow-up: Mean 21.8 years (range: 12.2-29.6); 
Follow-up duration: Mean 19.2 years (range: 10.8-27.7); Completion of follow-up: 100% 
Controls: n/a

Interventions N of patients ifosfamide: 0/30 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 0/30 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/30 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Dactinomycin: 26/30 (86.7%), cyclophosphamide: 3/30 (10%), 
vincristine: 3/30 (10%); other chemotherapy cumulative doses: Dactinomycin: 15 microgram/kg daily 
in 5 day courses. One course: 6/26; six-eight courses: 7/26 and nine or more courses: 13/26. Not 
mentioned for cyclophosphamide and vincristine. 
N of patients nephrectomy: 30/30 (100%); Nephrectomy details: Unilateral nephrectomy 
N of patients radiotherapy including the kidney region: 27/30 (90%); Radiotherapy field: Abdominal 
radiation (27/30), but excluding the remaining kidney; Radiation dose: Median: 30 Gy (range: 20-49)

Outcomes GFR using 51-Cr-EDTA clearance 
Definition of renal late adverse effect 
No cut-off mentioned 
Observed values of renal adverse effect 
Mean GFR 108 ml/min/1.73m2 (range: 74-151) in 27/30. 
N of patients with renal late adverse effect 
N/m 
Risk factors (univariate analyses) 
GFR was independent of age at diagnosis and the radiation dose.

Proteinuria measured by urinary albumin excretion 
Definition of renal late adverse effect 
Urinary albumin excretion > 20 mg/24 hour 
Observed values of renal adverse effect 
Normal: 25/30 (83.3%); 10-20 mg/24h: 2/30 (6.7%); >20 mg/24h: 3/30 (10%) 
N of patients with renal late adverse effect 
Overall: 3/30 (10%) 
Risk factors (univariate analyses)

Urinary albumin excretion was independent of age at diagnosis, follow-up time, age at follow-up and 
dactinomycin. 
Blood pressure 
Definition of renal late adverse effect 
Blood pressure above 140 mg Hg systolic and/or 90 mm Hg diastolic 
Observed values of renal adverse effect 
In normotensive subjects the mean blood pressure was 110/75mmHg (range 100/70-140/85 mm Hg). 
N of patients with renal late adverse effect 
5/30 (16.7%) 
Risk factors (univariate analyses) 
There was no correlation of blood pressure with the radiation dose.

Notes

 

Mancini 1996

Methods Prospective cohort study

Participants N of patients original cohort: 89; N of patients described study group: 60; N of patients study group of 
interest: 60; N of patients with renal function tests: 60. 
Tumour: Wilms’ tumour: 60/60 (100%). Time period diagnosis/treatment: 1973-1992. %M/F: 48%/52% 
Age at diagnosis: median: 3.1 years (range: 0.7-10.8); Age at follow-up: Median: 13.4 years (range: 4.2-
22.7); Follow-up duration: median: 9.3 years (range: 1.7-21.1); Completion of follow-up: 100% 
Controls: n/a
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Interventions N of patients ifosfamide: 0/60 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 1/60 (2%); cisplatin cumulative dose: 800 mg/m2 
N of patients carboplatin: 2/60 (3%); carboplatin cumulative dose: 2000 and 3000 mg/m2 
Other types of chemotherapy: Actinomycin D only: 1/60 (2%); actinomycin D + vincristine: 38/60 
(63%); actinomycin D + vincristine + adriamycin: 15/60 (25%); Cyclophosphamide: 2/60 (3%); other 
chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 60/60 (100%); Nephrectomy details: 59/60 (98%) unilateral nephrectomy, 
1/60 (2%) bilateral nephrectomy 
N of patients radiotherapy including the kidney region: 29/60 (48%); Radiotherapy field: 21 on renal 
bed, 5 abdomen, 3 other; Radiation dose: n/m

Outcomes GFR using creatinine clearance, no further method specified 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Mean GFR: 97.6 ml/min/1.73m2 (SD: 12.4, range: 67.6-134.6) 
N of patients with renal late adverse effect 
N/m 
Risk factors (univariate analyses) 
GFR was significantly lower for survivors treated >10 years before with a nephrectomy than those 
treated <10 years ago (GFR 94.0 vs. 100.7; P=0.035). 
No significant influence on GFR of sex, age at nephrectomy, bilateral disease, radiotherapy on the 
remaining kidney, chemotherapy duration and type of chemotherapy.

Proteinuria measured by microalbuminuria 
Definition of renal late adverse effect 
> 20 mcg/ml 
Observed values of renal adverse effect 
Mean: 15.2 mcg/ml (SD: 23.4) 
N of patients with renal late adverse effect 
7/60 (12%) 
Risk factors (univariate analyses) 
No significant influence of time since nephrectomy (<10 years vs. >10 years; P=0.57)

Serum phosphate / hypophosphataemia 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
0/60 (0%) 
Risk factors 
N/m

Blood pressure 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Mean systolic blood pressure: 113.9 mmHg (SD: 12.9) 
Mean diastolic blood pressure: 71.9 mmHg (SD: 12.3) 
N of patients with renal late adverse effect 
N/m 
Risk factors (univariate analyses) 
Blood pressure was higher in survivors treated >10 years ago with a nephrectomy than in those treated 
<10 years ago: systolic BP 120.4 vs. 108.2; P=0.007; diastolic BP 75.5 vs. 68.6; P=0.008.

Notes

Mpofu 1992  

Methods Cross-sectional cohort study
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Participants N of patients original cohort: n/m; N of patients described study group: 76; N of patients study group of 
interest: 76; N of patients with renal function tests: 76. 
Tumour: Wilms’ tumour: 76/76 (100%). Time period diagnosis/treatment: 1970-1989. %M/F: 47%/53% 
Age at diagnosis: Mean: 3.41 years; Age at follow-up: n/m; Follow-up duration: Mean 9.0 years (range: 
2-23); Completion of follow-up: 76/76 (100%) 
Controls: n/a

Interventions N of patients ifosfamide: n/m; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: n/m; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 76/76 (100%); Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: 41/76 (54%); Radiotherapy field: Renal bed 
only: 31/76; Whole abdomen: 7/76; other: 3/76; Radiation dose: With proteinuria: 2820 cGy; without 
proteinuria: 2000 cGy

Outcomes Estimated GFR using the Schwartz formula (or 51Cr-EDTA clearance in 4 patients) 
Definition of renal late adverse effect 
GFR < 80 ml/min/1.73m2 
Observed values of renal adverse effect 
EMU p/c >20 mg/mmol group: 
Mean GFR (range): 88.6 (39.0-121.6) 
EMU p/c <20 mg/mmol group: 
Mean GFR (range): 104.5 (96.0-132.4) 
N of patients with renal late adverse effect 
3/55 (5%), all 3 had EMU p/c > 20 mg/mmol. 
Risk factors (univariate analyses) 
There was a significant correlation between early morning urine protein/creatinine index and 
glomerular filtration rate (Pearson’s correlation coefficient: -0.61)

Proteinuria measured by urinary albumin/creatinine ratio (in early morning urine) 
Definition of renal late adverse effect 
EMU albumin/creatinine ratio > 20 mg/mmol 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
11/76 (14.5%) 
Risk factors (univariate analyses) 
No significant difference regarding age at nephrectomy and radiation dose.

Blood pressure in standard deviations from normal (derived from the Second Task Force on Blood 
Pressure in Children) 
Definition of renal late adverse effect 
Receiving treatment for hypertension 
Observed values of renal adverse effect 
Mean systolic BP (SD): 0.72 (1.29); median: 0.77 
Mean diastolic BP (SD): 0.48 (1.14); median: 0.54 
N of patients with renal late adverse effect 
2/76 (2.6%) 
Risk factors 
-

Notes

Oberlin 2009  

Methods Cohort study with unclear direction

Participants N of patients original cohort: 255; N of patients described study group: 183; N of patients study group 
of interest: 183; N of patients with renal function tests: 183. 
Tumour: rhabdomyosarcoma 77/183 (42%), Ewing sarcoma 39/183 (21%), soft tissue sarcoma 39/183 
(21%), osteosarcoma 28/183 (15%). Time period diagnosis/treatment: 1984-2000. %M/F: 55%/45% 
Age at diagnosis: median 9.3 years (range: 0.4-27.2) at start of ifosfamide; Age at follow-up: Median 
18.3 years (range: 7.1-44.2); Follow-up duration: median 10.3 years (range: 5.0-20.7); Completion of 
follow-up: 100% 
Controls: n/a
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Interventions N of patients ifosfamide: 183/183 (100%); ifosfamide cumulative dose: Median 54 g/m2 (range: 18-117) 
N of patients cisplatin: 0/183 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/183 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Several other drugs, including high-dose methotrexate, vincristine, 
dactinomycin and etoposide.; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 0/183 (0%); Nephrectomy details: n/a 
N of patients radiotherapy including the kidney region: 1/183 (0,5%); Radiotherapy field: Kidney: 1/183 
(0.5%); Radiation dose: n/m

Outcomes Estimated GFR using the Schwartz formula for children and the Cockroft-Gault formula for adults 
Definition of renal late adverse effect 
GFR <90 ml/min/1.73m2 
Observed values of renal adverse effect 
Median GFR: 104 ml/min/1.73m2 (range: 50-196) 
N of patients with renal late adverse effect 
39/181 (21.5%) 
Risk factors (multivariate analyses) 
Multivariate logistic regression analysis on GFR < 90/ml/min: 
Risk factor: Odds ratio (95%-CI; P-value) 
Age at treatment in years: 1.08 (1.00-1.17; P=0.05) 
Ifosfamide dose in g/m2: 1.02 (0.99-1.04; P=0.3) 
Follow-up duration in years: 1.09 (1.01-1.19; P=0.03) 
Univariate logistic regression: 
Use of methotrexate: 0.76 (0.27-2,15; P=0.6)

Proteinuria in 24-hour urine 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
19/168 (11.3%) 
Risk factors 
N/m

Tubular phosphate regulation parameters measured by the renal tubular phosphate threshold (TmP/
GFR) 
Definition of renal late adverse effect 
Ratio of observed versus expected TmP/GFR for age < -2 SD 
Observed values of renal adverse effect 
Median (range): 1.02 (0.49-1.66) 
N of patients with renal late adverse effect 
38/156 (24%) 
Risk factors (multivariate analyses) 
Linear multivariate regression analysis: 
Risk factor: Coefficient (Standard error; P-value); 
Age at treatment in years: -0.0047 (0.0033; P=0.2) 
ifosfamide dose in g/m2: -0.0028 (0.0012; P=0.02) 
follow-up duration in years: -0.013 (0.0036; P=0.0005) 
Univariate linear regression: 
Use of methotrexate: 0.0048 (0.046; P=0.9)

Serum phosphate / hypophosphataemia 
Definition of renal late adverse effect 
Serum phosphate: 6-12 years <1 mmol/L; 13-16 years: <0.9 mmol/L; adults <0.77 mmol/L 
Observed values of renal adverse effect 
Median (range) in mmol/L: 1.19 (0.77-1.76) 
N of patients with renal late adverse effect 
2/178 (1.1%) 
Risk factors 
N/m
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Serum magnesium / hypomagnesaemia 
Definition of renal late adverse effect 
Serum magnesium < 0.7 mmol/L 
Observed values of renal adverse effect 
Median (range) in mmol/L: 0.86 (0.60-2.07) 
N of patients with renal late adverse effect 
2/171 (1.1%) 
Risk factors 
N/m

Notes

Othman 2002  

Methods Cross-sectional cohort study

Participants N of patients original cohort: 49; N of patients described study group: 31; N of patients study group of 
interest: 31; N of patients with renal function tests: 31. 
Tumour: Wilms’ tumour: 31/31 (100%). Time period diagnosis/treatment: n/m. %M/F: 35%/65% 
Age at diagnosis: Mean: 3.6 years; Median: 3 years (range: 0.75-9); Age at follow-up: Mean: 13.7 years; 
median: 13 years (range: 4-32); Follow-up duration: n/m; Completion of follow-up: 100%. 
Controls: n/a

Interventions N of patients ifosfamide: n/m; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: n/m; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 31/31 (100%); Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: 15/31 (48%); Radiotherapy field: Abdomen: 
15/31; Radiation dose: n/m

Outcomes Serum phosphate / hypophosphataemia 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Mean: 1.41 mmol/L (SD: 0.38 mmol/L) 
N of patients with renal late adverse effect 
0/31 (0%) 
Risk factors 
N/m

Serum magnesium / hypomagnesaemia 
Definition of renal late adverse effect 
<0.80 mmol/L 
Observed values of renal adverse effect 
Mean serum magnesium: 0.83 mmol/L (SD: 0.14 mmol/L) 
N of patients with renal late adverse effect 
8/31 (25.8%) 
Risk factors 
N/m

Notes

Patzer 2001  

Methods Prospective cohort study

Participants N of patients original cohort: 55; N of patients described study group: 44; N of patients study group of 
interest: 44; N of patients with renal function tests: 1-year: max. 43; 2-year: max. 36. 
Tumour: Acute lymphoblastic leukaemia: 13/44 (30%); acute non-lymphoblastic leukaemia: 9/44 (20%); 
chronic myeloid leukaemia: 4/44 (9%); Hodgkin’s lymphoma: 4/44 (9%); other tumours: 11/44 (25%). 
Time period diagnosis/treatment: 1992-1998. %M/F: n/m 
Age at diagnosis: median age at HSCT: 13.6 years (range: 3.9-42); Age at follow-up: n/m; Follow-up 
duration: Follow-up at 1 year and 2 years; Completion of follow-up: 1-year: 43/44 (97%); 2-year: 36/44 
(82%). 
Controls: n/a.
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Interventions N of patients ifosfamide: 26/44 (59%); ifosfamide cumulative dose: Median: 10 g/m2 (range: 2-86 g/m2) 
N of patients cisplatin: 4/44 (9%); cisplatin cumulative dose: n/m 
N of patients carboplatin: 2/44 (5%); carboplatin cumulative dose: 5.2 g/m2 and 1.8 g/m2 
Other types of chemotherapy: Different conditioning regimens including busulphan, cyclophosphamide, 
melphalan, etoposide, thiotepa, antithymocyte globulin, carboplatin, Ara-C, carmustine, ALG; other 
chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 3/44 (7%); Nephrectomy details: Unilateral nephrectomy 
N of patients radiotherapy including the kidney region: 14/44 (32%); Radiotherapy field: fractionated 
total body irradiation; Radiation dose: 6x2 Gy

Outcomes GFR using inulin clearance 
Definition of renal late adverse effect 
< 90 ml/min/1.73m2 
Observed values of renal adverse effect 
Median GFR (range): Before HSCT: 130 ml/min/1.73m2 (73-217); after 1 year: 123 ml/min/1.73m2 
(68-185) (P<0.05 compared to before); after 2 years: 105 ml/min/1.73m2 (81-177) (P<0.01 compared to 
before) 
N of patients with renal late adverse effect 
Before HSCT: 3/33 (9%); after 1 year: 4/28 (14.3%); after 2 years: 4/16(25%) 
Risk factors (univariate analyses) 
There were no significant differences in GFR with regard to the initial disease, use of fTBI, use of 
ifosfamide, kind of HSCT, acute renal failure within 30 days of HSCT or the presence of GVHD.

Proteinuria measured by urinary albumin excretion 
Definition of renal late adverse effect 
Age-specific reference values 
Observed values of renal adverse effect 
Median albumin excretion (range) in mg/mmol: before HSCT: 1.13 (0.37-15.36); after 1 year: 1.02 (0.38-
15.4); after 2 years: 1.13 (0.37-12.39) 
N of patients with renal late adverse effect 
N/m 
Risk factors 
N/m

Tubular phosphate regulation parameters measured by tubular phosphate reabsorption 
Definition of renal late adverse effect 
<1.07 mmol/l 
Observed values of renal adverse effect 
Median phosphate reabsorption (range) in mmol/L: before HSCT: 1.21 (0.51-1.75); after 1 year:  1.11 
(0.56-1.64) (P<0.05 compared to before); after 2 years: 1.08 (0.53-1.44)(P<0.005 compared to before) 
N of patients with renal late adverse effect 
Before HSCT: 14/44 (32%); after 1 year: 18/42 (43%); after 2 years: 15/36 (42%) 
Risk factors (univariate analyses) 
There was no significant difference in phosphate reabsorption with respect to earlier ifosfamide 
treatment, fTBI, type of HSCT, acute renal failure within 30 days of HSCT and presence of GVHD. 
There was a positive correlation between TP/Cr at 1 and 2 years (Spearman-Rho: 0.41, P<0.05).

Notes

Paulino 2000

Methods Prospective cohort study

Participants N of patients original cohort: 42; N of patients described study group: 42; N of patients study group of 
interest: 42; N of patients with renal function tests: 42. 
Tumour: Wilms’ tumour: 42/42 (100%). Time period diagnosis/treatment: 1968-1994. %M/F: 40%/60% 
Age at diagnosis: median: 48 months (range: 7-126); Age at follow-up: Median (range) in years: A: 13.7 
(6.7-20.0); B: 19.9 (13.3-28.9); C: 19.7 (9.3-27.1); Follow-up duration: median: 181 months (range: 60-
306); Completion of follow-up: 100%. 
Controls: n/a.
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Interventions N of patients ifosfamide: At least 1; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: actinomycin-D/vincristine/adriamycin: 13/42 (31%); actinomycin-D/
vincristine: 18/42 (43%); other: n/m; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 42/42 (100%); Nephrectomy details: Unilateral nephrectomy: 41/42 
(97.6%); bilateral partial nephrectomy: 1/42 (2.4%) 
N of patients radiotherapy including the kidney region: 42/42 (100%); Radiotherapy field: 36/42 (86%): 
hemiabdomen or tumour bed. 6/42 (14%): whole abdomen; Radiation dose: A: 12/42: 1000-1200 cGy; 
B: 11/42: 1201-2399 cGy; C: 19/42: 2400-4000 cGy

Outcomes Chronic kidney disease / renal insufficiency 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
1/42 (2%) with chronic renal insufficiency. 
Risk factors 
N/m

Blood pressure 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
3/42 (7.1%) 
Risk factors 
N/m

Notes

Prasad 1996

Methods Retrospective cohort study

Participants N of patients original cohort: 59; N of patients described study group: 37; N of patients study group of 
interest: 37; N of patients with renal function tests: 37. 
Tumour: Rhabdomyosarcoma: 14/37 (38%), Ewing’s sarcoma: 10/37 (27%), PNET: 5/37 (14%), other: 
8/37 (22%). Time period diagnosis/treatment: 1986 - n/m. %M/F: 43%/57% 
Age at diagnosis: median: 8.1 years (range: 0.8-14.6); Age at follow-up: Median: 10.8 years (range: 3.3-
18.5); Follow-up duration: median: 29 months (range: 6-68); Completion of follow-up: 100%. 
Controls: n/a.

Interventions N of patients ifosfamide: 37/37 (100%); ifosfamide cumulative dose: Median: 54 g/m2 (range: 9-135) 
N of patients cisplatin: n/m; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: n/m; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: n/m; Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: n/m; Radiotherapy field: n/m; Radiation dose: 
n/m

Outcomes GFR using 51Cr-EDTA clearance 
Definition of renal late adverse effect 
GFR < 90 ml/min 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
6/35 (17%). All 6 had coexistent tubulopathy, but this was not tested in the other 29 children. 
Risk factors (univariate analyses) 
Only follow-up duration was significantly longer in the affected group: 41.5 vs. 19 months; P=0.04. 
There was no significant difference in glomerular toxicity in regard to age at study, age at treatment, 
cumulative ifosfamide dose, infusion schedule, pre-treatment nephrectomy, pre-treatment renal tract 
disease, other nephrotoxic anti-cancer agents, amphotericin B/acyclovir, aminoglycoside toxicity or 
abdominal radiotherapy.
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Prasad 1996

Notes

Rossi 1993  

Methods Prospective cohort study

Participants N of patients original cohort: Unclear; N of patients described study group: 79; N of patients study group 
of interest: 79; N of patients with renal function tests: 79. 
Tumour: n/m. Time period diagnosis/treatment: n/m. %M/F: n/m 
Age at diagnosis: n/m; Age at follow-up: n/m; Follow-up duration: range: 3-134 months; Completion of 
follow-up: 79/79 (100%). 
Controls: n/a.

Interventions N of patients ifosfamide: 74/79 (94%); ifosfamide cumulative dose: Median: 8 g/m2 for 15/79, 30 g/m2 for 
30/79 and 67 g/m2 for 29/79 
N of patients cisplatin: 40/79 (51%); cisplatin cumulative dose: Median: 200 mg/m2 for 10/79 and 480 
mg/m2 for 30/79. 
N of patients carboplatin: 0/79 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: n/m; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: At least 3/79; Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: At least 2/79; Radiotherapy field: n/m; Radiation 
dose: n/m

Outcomes Estimated GFR using the Schwartz formula 
Definition of renal late adverse effect 
GFR < 80 ml/min/1.73m2 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
8/76 (10.5%) 
Risk factors (univariate analyses) 
No correlation between GFR and cumulative ifosfamide dose.

Tubular phosphate regulation parameters measured by fractional phosphate reabsorption 
Definition of renal late adverse effect 
Results were compared to the previously established normal values. The accepted range of variation 
included the 2SD band for the parameters of tubular reabsorption. 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
38/67 (56.7%) 
Risk factors (univariate analyses) 
No correlation between fractional phosphate excretion and cumulative ifosfamide dose.

Notes Possible overlap with the study group of Rossi 1994, Rossi 1994a, Rossi 1994b, Rossi 1997 and Rossi 1999

Rossi 1994

Methods Cohort study with unclear direction

Participants N of patients original cohort: n/m; N of patients described study group: 72; N of patients study group of 
interest: 72; N of patients with renal function tests: 72. 
Tumour: Ewing’s/soft tissue sarcoma: 22/72 (30.5%), osteosarcoma: 18/72 (25%), ALL/B-NHL: 15/72 
(20.8%), neuroblastoma: 3/72 (4.2%), Wilms’ tumour: 3/72 (4.2%), other: 11/72 (15.3%). Time period 
diagnosis/treatment: n/m. %M/F: n/m 
Age at diagnosis: n/m; Age at follow-up: Median: 13.4 years (range: 1.7-16.9); Follow-up duration: 
median: 15.8 months (range: 3.5-123); Completion of follow-up: 100%. 
Controls: n/a.
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Interventions N of patients ifosfamide: 72/72 (100%); ifosfamide cumulative dose: <15 g/m2: 8/72; 15-40 g/m2: 30/72; 
>40 g/m2: 27/72. 
N of patients cisplatin: 33/72 (45.8%); cisplatin cumulative dose: 100-300 mg/m2: 8/72; >300 mg/m2: 25 
N of patients carboplatin: 0/72 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: n/m; other chemotherapy cumulative doses: n/a 
N of patients nephrectomy: 5/72 (6.9%); Nephrectomy details: unilateral nephrectomy 
N of patients radiotherapy including the kidney region: 0/72 (0%); Radiotherapy field: n/a; Radiation 
dose: n/a 
Group definitions: 
Group 1: low dose ifosfamide (N=15, <15 g/m2, median 8 g/m2) 
Group 2: medium dose ifosfamide (N=20, 15-40 g/m2, median 27 g/m2) and cisplatin >300 mg/m2 
Group 3: high-dose ifosfamide (N=21, >40 g/m2, median >68 g/m2), but no cisplatin

Outcomes Estimated GFR using the Schwartz formula 
Definition of renal late adverse effect 
eGFR < 80 ml/min/1.73m2 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
6/69 (8.7%) 
Risk factors 
Reduced GFR only occurred in group 2 (2/20 patients) and group 3 (3/21 patients), not in group 1.

Tubular phosphate regulation parameters measured by fractional phosphate reabsorption 
Definition of renal late adverse effect 
Normal TP/Cr: mean 1.50 micromole/ml 
TP/Cr <-2SD: <1.07 micromole/ml 
TP/Cr <-3SD: <0.84 micromole/ml 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
TP/Cr between -2SD and -3SD: 15/64 (23.4%) 
TP/Cr <-3SD: 6/64 (9.4%) 
Repeat measurement 8 months after first measurement (N=28): 
All normal (14) stayed normal; 11/14 abnormal showed further deterioration; 3/14 abnormal regained 
normal phosphate reabsorption. 
Risk factors (univariate analyses) 
All patients treated with ifosfamide showed a significant reduction of the phosphate reabsorption. 
Group 1 patients reduction was low and all patients were still within normal ranges. Group 3 showed a 
further decrease, with 4/19 (21%) below normal. Group 2 had the most severe depletion of phosphate 
reabsorption, with 10/16 (62.5%) below normal, even though ifosfamide dose was intermediate. There 
was no linear relationship between cumulative ifosfamide dose and phosphate reabsorption. 
There was more impairment of phosphate reabsorption in patients with an older age at diagnosis.

Notes Possible overlap with the study group of Rossi 1993, Rossi 1994a, Rossi 1994b, Rossi 1997 and Rossi 1999

Rossi 1994a

Methods Cohort study with unclear direction

Participants N of patients original cohort: n/m; N of patients described study group: 120; N of patients study group of 
interest: 120; N of patients with renal function tests: 120. 
Tumour: Ewing/soft tissue sarcoma: 33/120 (27.5%), osteosarcoma: 24/120 (20%), neuroblastoma: 
11/120 (9%), Wilms’ tumour: 6/120 (5%), B-NHL: 17/120 (14%), ALL: 13/120 (11%), miscellaneous: 
16/120 (13.3%). Time period diagnosis/treatment: n/m. %M/F: n/m 
Age at diagnosis: median: 11 years (range: 0-23); Age at follow-up: n/m; Follow-up duration: median: 13 
months (range:3-123); Completion of follow-up: 100%. 
Controls: n/a.
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Interventions N of patients ifosfamide: 120/120 (100%); ifosfamide cumulative dose: Median: 30 g/m2 (range: 2-95) 
N of patients cisplatin: 51/120 (42.5%); cisplatin cumulative dose: Median: 400 mg/m2 (range: 97-900) 
N of patients carboplatin: 0/120 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Methotrexate: 57/120 (47.5%), gentamicin: 68/120 (56.7%); other 
chemotherapy cumulative doses: MTX: median: 30 g/m2 (range: 0.2-102), gentamicin: median: 35 mg/kg 
(range:1-217) 
N of patients nephrectomy: 10/120 (8.3%); Nephrectomy details: Unilateral nephrectomy 
N of patients radiotherapy including the kidney region: n/m; Radiotherapy field: n/m ; Radiation dose: 
n/m

Outcomes Estimated GFR using the Schwartz formula 
Definition of renal late adverse effect 
eGFR < 80 ml/min/1.73m2 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
10/118 (8.5%) 
Risk factors 
N/m

Tubular phosphate regulation parameters measured by fractional phosphate reabsorption 
Definition of renal late adverse effect 
TP/Cr < 1.07 micromole/mL 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
46/120 (38.3%) 
Risk factors (multivariate regression) 
Significant linear inverse correlation between cumulative ifosfamide dose and fractional phosphate 
reabsorption. 
Stepwise logistic regression on low phosphate reabsorption AND low amino acid reabsorption gave: 
Concomitant cisplatin: OR 6.4 (range: 2.2-18.9) P<0.01 
Nephrectomy: OR 6.4 (range:1.3-30.9) P<0.01 
Not significant: methotrexate, gentamicin, mesna, age.

Notes Possible overlap with the study group of Rossi 1993, Rossi 1994, Rossi 1994b, Rossi 1997 and Rossi 1999

Rossi 1994b  

Methods Cross-sectional cohort study

Participants N of patients original cohort: n/m; N of patients described study group: 64; N of patients study group of 
interest: 64; N of patients with renal function tests: 64. 
Tumour: Ewing’s/soft tissue sarcoma: 22/64 (34%); osteosarcoma: 15/64 (23%); acute leukaemia: 13/64 
(20%); Wilms’ tumour: 3/64 (5%); neuroblastoma: 3/64 (5%); miscellaneous: 8/64 (13%). Time period 
diagnosis/treatment: n/m. %M/F: n/m 
Age at diagnosis: n/m; Age at follow-up: Median: 14 years (range: 1.9-24.7); Follow-up duration: median: 
1 year; Completion of follow-up: 100%. 
Controls: n/a.

Interventions N of patients ifosfamide: 64/64 (100%); ifosfamide cumulative dose: IFO-only: Median: 51 g/m2; IFO+CISP: 
Median: 30 g/m2 
N of patients cisplatin: 27/64 (42%); cisplatin cumulative dose: Median: 480 mg/m2 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: n/m; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: n/m; Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: n/m; Radiotherapy field: n/m; Radiation dose: 
n/m 
Treatments were divided in 3 groups: 
Group 1: low dose IFOS only: <15 g/m2, N=13 
Group 2: intermediate dose IFOS + CISP 15-40 g/m2 + >300 mg/m2, N=15 
Group 3: high-dose IFOS only: >40 g/m2, N=20
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Outcomes Estimated GFR using the Schwartz formula 
Definition of renal late adverse effect 
<80 ml/min/1.73m2 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
7/64 (11%) 
Risk factors 
N/m

Proteinuria measured by the urinary albumin/creatinine ratio 
Definition of renal late adverse effect 
>38 mg/g creatinine 
Observed values of renal adverse effect 
For the 19/64 (30%) with pathological results: 
Median: 62.2 mg/g creatinine (range: 40.3-266.7) 
N of patients with renal late adverse effect 
19/64 (30%) 
Risk factors 
N/m

Tubular phosphate regulation parameters measured by fractional phosphate reabsorption in micromole/
ml 
Definition of renal late adverse effect 
<1.07 micromole/ml 
Observed values of renal adverse effect 
Median in micromole/ml: group 1:  1.40; group 2: 0.99 (P<0.01 with group 1); group 3: 1.22; Ifosfamide-
only: 1.25; Ifosfamide+cisplatin: 0.99 (Not significant) 
N of patients with renal late adverse effect 
Overall: 35%; Group 1: 0%; Group 2: 69% (P<0.01 with Group1, P<0.05 with Group 3); Group 3: 26% 
(P<0.01 with Group 1) 
Ifosfamide-only: 27%; Ifosfamide+cisplatin: 60% (P<0.05 with ifosfamide-only) 
Risk factors 
N/m

Notes Possible overlap with the study group of Rossi 1993, Rossi 1994, Rossi 1994a, Rossi 1997 and Rossi 1999.

Rossi 1997

Methods Cohort study with unclear direction

Participants N of patients original cohort: n/m; N of patients described study group: 51; N of patients study group of 
interest: 51; N of patients with renal function tests: 51. 
Tumour: Sarcoma (soft tissue or Ewing’s): 51/51 (100%). Time period diagnosis/treatment: n/m. %M/F: 
n/m 
Age at diagnosis: median (range): CI: 14 years (0-19); SI: 12 years (2-19); Age at follow-up: n/m; Follow-up 
duration: median: CI: 4.5 years; SI: 1.5 years; Completion of follow-up: 100%. 
Controls: n/a.

Interventions N of patients ifosfamide: 51/51 (100%); ifosfamide cumulative dose: Median (range) in g/m2: CI: 67 (36-
81); SI: 69 (37-92) 
N of patients cisplatin: 0/51 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/51 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Adriamycin, actinomycin-D and vincristine; other chemotherapy 
cumulative doses: n/m 
N of patients nephrectomy: 0/51 (0%); Nephrectomy details: n/a 
N of patients radiotherapy including the kidney region: n/m; Radiotherapy field: n/m; Radiation dose: 
n/m
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Outcomes Tubular phosphate regulation parameters measured by fractional phosphate reabsorption 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
18-months off-therapy: continuous infusion: 2/14 (14%); short infusion: 6/27 (22%) (P=NS). Continuous 
infusion: 12/23 (52%); short infusion: 8/28 (29%) (P=NS) 
Risk factors 
N/m

Notes CI: Continuous infusion of ifosfamide (48h) 
SI: Short infusion (3x 3h in 3 days) 
Possible overlap with the study group of Rossi 1993, Rossi 1994, Rossi 1994a, Rossi 1994b and Rossi 1999.

Rossi 1999

Methods Prospective cohort study

Participants N of patients original cohort: 75; N of patients described study group: 75; N of patients study group of 
interest: 75; N of patients with renal function tests: 75. 
Tumour: Sarcoma: 49/75 (65%), recurrent lymphoma/leukaemia: 13/75 (17%), neuroblastoma: 6/75 (8%), 
brain tumour: 5/75 (7%), other: 2/75 (3%). Time period diagnosis/treatment: n/m. %M/F: n/m 
Age at diagnosis: median age at completion of chemotherapy: 12.1 years (range: 1.1-24.1); Age at follow-
up: n/m; Follow-up duration: median 31 months (range: 12-71); Completion of follow-up: 100%. 
Controls: n/a.

Interventions N of patients ifosfamide: 75/75 (100%); ifosfamide cumulative dose: Median: 30 g/m2 (range: 2-95) 
N of patients cisplatin: 35/75 (47%); cisplatin cumulative dose: Median: 402 mg/m2 (range: 97-600) 
N of patients carboplatin: 0/75 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Methotrexate: 35/75 (47%), gentamicin: 46/75 (61%); other chemotherapy 
cumulative doses: MTX: Median 88.4 g/m2 (range: 3-168), gentamicin: Median 32.5 mg/kg (range: 4-217) 
N of patients nephrectomy: 3/75 (4%); Nephrectomy details: Unilateral nephrectomy (3/3) 
N of patients radiotherapy including the kidney region: 3/75 (4%); Radiotherapy field: Abdominal RT; 
Radiation dose: n/m

Outcomes Tubular phosphate regulation parameters measured by fractional phosphate reabsorption in micromole/
ml 
Definition of renal late adverse effect 
Mild phosphaturia: <1.0 micromole/ml, 
Severe phosphaturia: <0.84 micromole/ml 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
Mild phosphaturia: 44.6% (no N reported) 
Severe phosphaturia: 13/75 (17.3%) 
Risk factors (univariate analyses) 
All patients with Fanconi syndrome had severe phosphaturia. Mean cumulative ifosfamide dose was 
significantly higher in survivors with phosphaturia than in survivors without phosphaturia (55g/m2 vs. 27 
g/m2; P<0.05).

Notes Possible overlap with the study group of Rossi 1993, Rossi 1994, Rossi 1994a, Rossi 1994b and Rossi 1997.

Sasso 2010

Methods Cohort study with unclear direction

Participants N of patients original cohort: 34; N of patients described study group: 34; N of patients study group of 
interest: 34; N of patients with renal function tests: 34. 
Tumour: Wilms’ tumour 34/34 (100%). Time period diagnosis/treatment: April 1981 - April 2000. %M/F: 
41%/59% 
Age at diagnosis: median 48 months (range: 2-151); Age at follow-up: Not mentioned; Follow-up duration: 
median 181 months (range: 60-264); Completion of follow-up: 100%. 
Controls: n/a.
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Interventions N of patients ifosfamide: n/m, but at least 6; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: Neoadjuvant chemotherapy: not defined (6/34, 18%); other chemotherapy 
cumulative doses: n/m 
N of patients nephrectomy: 33/34 (97%); Nephrectomy details: All 33 unilateral nephrectomy 
N of patients radiotherapy including the kidney region: 34/34 (100%); Radiotherapy field: Whole 
abdomen only (17/34), hemi-abdomen only (9/34), other (8/34); Radiation dose: Range: 15-35 Gray

Outcomes Chronic kidney disease / renal insufficiency 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/a 
N of patients with renal late adverse effect 
Chronic renal failure: 1/34 (3%) 
Risk factors (univariate analyses) 
N/m

Blood pressure 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/a 
N of patients with renal late adverse effect 
4/34 (12%) 
Risk factors (univariate analyses) 
N/m

Notes All 5 survivors with renal toxicity were treated with Ifosfamide and >12 Gy radiotherapy to the unaffected 
kidney (P<0.05).

Schell 1995

Methods Cohort study with unclear direction

Participants N of patients original cohort: 57; N of patients described study group: 34; N of patients study group of 
interest: 34; N of patients with renal function tests: 34. 
Tumour: Neuroblastoma: 13/34 (38%), Wilms’ tumour: 21/34 (62%). Time period diagnosis/treatment: 
1986-1992. %M/F: n/m 
Age at diagnosis: NB: Mean 41 months (SD: 40); WT: Mean 42 months (SD: 39); Age at follow-up: 
n/m; Follow-up duration: NB: Median 9 months (range: 3-70); WT: Median 12 months (range: 2-60); 
Completion of follow-up: 100%. 
Control group: 6 children who underwent nephrectomy for a non-malignant disease, without radiological 
and ultrasound evidence of abnormalities in the contralateral kidney.

Interventions N of patients ifosfamide: NB: 2/13 (15%); WT: 4/21 (19%); ifosfamide cumulative dose: n/m 
N of patients cisplatin: NB: 13/13 (100%); WT: 1/21 (5%); cisplatin cumulative dose: NB: Median 300 mg/
m2 (range: 0-600); WT: 400 mg/m2 
N of patients carboplatin: NB: 13/13 (100%); WT: 1/21 (5%); carboplatin cumulative dose: NB: Median 
1250 mg/m2 (range: 0-5400); WT: 1750 mg/m2 
Other types of chemotherapy: NB: carmustine 5/13 (38%); other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 34/34 (100%); Nephrectomy details: Unilateral nephrectomy 
N of patients radiotherapy including the kidney region: NB: 7/13 (54%);  WT: 7/21 (33%); Radiotherapy 
field: NB: TBI; WT: local irradiation; Radiation dose: n/m
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Outcomes GFR using inulin clearance 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Mean GFR (SD) in ml/min/1.73m2: NB: 90 (24); WT: 85 (17); controls: 93 (13). 
N of patients with renal late adverse effect 
N/m 
Risk factors (univariate analyses) 
There was no correlation between GFR and cisplatin dose, age at nephrectomy, follow-up duration, bone 
marrow transplantation in NB patients or nephrotoxic drug administration in WT patients. There were 
also no significant differences between NB, WT and controls.

Proteinuria not further specified 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
NB: 2/13 (15%) with mild proteinuria; WT: 1/21 (5%) with mild proteinuria 
Risk factors 
N/m

Serum phosphate / hypophosphataemia 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
0/34 (0%), all levels were normal in all children. 
Risk factors 
N/m

Blood pressure 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
0/34 (0%) 
Risk factors 
N/m

Notes

Skinner 2009  

Methods Prospective cohort study

Participants N of patients original cohort: 68; N of patients described study group: 63; N of patients study group of 
interest: 63; N of patients with renal function tests: 63. 
Tumour: miscellaneous. Time period diagnosis/treatment: 1981-1996. %M/F: 54%/46% 
Age at diagnosis: median yrs (range): cisplatin group: 7.7 (0.6-17.8); carboplatin group: 4.4 (0.4-15.8); 
combination group: 1.9 (0.1-6.2); Age at follow-up: n/m; Follow-up duration: median 1 year: 1.1 (range: 
0.7-2.3); 10 year: 10.3 (9.0-12.3); Completion of follow-up: 63/63 (100%). 
Controls: n/a.
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Interventions N of patients ifosfamide: 0/63 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 27/63 cisplatin only (43%), 12/63 combined with carboplatin (19%); cisplatin 
cumulative dose: Cis-only: 500 mg/m2 (300-960); combination: 473 mg/m2 (240-739) 
N of patients carboplatin: 24 carboplatin only (38%), 12 combined with cisplatin (19%); carboplatin 
cumulative dose: Carbo-only: 2400 mg/m2 (560-8800); combination: 1500 mg/m2 (750-4200) 
Other types of chemotherapy: High-dose Melphalan (9/63), high or intermediate-dose Methotrexate 
(8/63), other: actinomycin D, bleomycin, cyclophosphamide, doxorubicin, etoposide, 5-fluorouracil, 
teniposide and vincristine; other chemotherapy cumulative doses: melphalan: 180-200 mg/m2, MTX: 1 or 
8 g/m2 
N of patients nephrectomy: 1/63 (1.5%); Nephrectomy details: Unilateral nephrectomy: 1/63 
N of patients radiotherapy including the kidney region: 8/63 (12.7%); Radiotherapy field: Small area of 
kidney: 3; Scatter: 5; Radiation dose: n/m

Outcomes GFR using 51Cr-EDTA clearance 
Definition of renal late adverse effect 
GFR < 90 ml/min/1.73m2 
Observed values of renal adverse effect 
Median in ml/min/1.73m2 (range): 
Cisplatin alone, End of treatment: 84 (18-197) 
Cisplatin alone, One year post-treatment: 98 (25-130) 
Cisplatin alone, Ten year post-treatment: 96 (29-142) 
Carboplatin alone, End of treatment: 120 (68-207) 
Carboplatin alone, One year post-treatment: 109 (63-161) 
Carboplatin alone, Ten year post-treatment: 110 (66-171) 
Combination, End of treatment: 91 (45-160) 
Combination, One year post-treatment: 93 (55-131) 
Combination, Ten year post-treatment: 92 (66-135) 
N of patients with renal late adverse effect 
Cisplatin alone, End of treatment: 60% 
Cisplatin alone, One year post-treatment: 38% 
Cisplatin alone, Ten year post-treatment: 40% 
Carboplatin alone, End of treatment: 20% 
Carboplatin alone, One year post-treatment: 19% 
Carboplatin alone, Ten year post-treatment: 21% 
Combination, End of treatment: 20% 
Combination, One year post-treatment: 25% 
Combination, Ten year post-treatment: 45% 
Risk factors (univariate analyses) 
Cisplatin alone: 
Older age at treatment correlated with lower GFR at 10y follow-up (P<0.001). A 5-year increase in age at 
treatment lowered GFR at 10y follow-up with 13.0 (4.5-21.5) ml/min/1.73m2. 
Carboplatin alone: 
Older age at treatment correlated with lower GFR at end of treatment, 1y- and 10y follow-up (P=0.018, 
P=0.025 and P=0.011). A 5-year increase in age at treatment lowered GFR with 17.5 (3.5-31.5) ml/
min/1.73m2 at end of treatment and 13.8 (3.3-24.3) ml/min/1.73m2 at 10 years follow-up.
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Serum magnesium / hypomagnesaemia 
Definition of renal late adverse effect 
Serum magnesium < 0.75 mmol/L for children <2 years; serum magnesium < 0.70 mmol/L for everyone 
else. 
Observed values of renal adverse effect 
Median (range) in mmol/L: 
Cisplatin alone, End of treatment: 0.68 (0.32-0.93) 
Cisplatin alone, One year post-treatment: 0.70 (0.44-0.95) 
Cisplatin alone, Ten year post-treatment: 0.73 (0.37-0.83) 
Carboplatin alone, End of treatment: 0.77 (0.42-0.89) 
Carboplatin alone, One year post-treatment: 0.78 (0.51-0.90) 
Carboplatin alone, Ten year post-treatment: 0.77 (0.54-0.94) 
Combination, End of treatment: 0.74 (0.62-0.98) 
Combination, One year post-treatment: 0.80 (0.68-0.89) 
Combination, Ten year post-treatment: 0.81 (0.68-0.92) 
N of patients with renal late adverse effect 
Cisplatin alone, End of treatment: 52% 
Cisplatin alone, One year post-treatment: 50% 
Cisplatin alone, Ten year post-treatment: 32% 
Carboplatin alone, End of treatment: 26% 
Carboplatin alone, One year post-treatment: 27% 
Carboplatin alone, Ten year post-treatment: 17% 
Combination, End of treatment: 45% 
Combination, One year post-treatment: 8% 
Combination, Ten year post-treatment: 9% 
Risk factors (univariate analyses) 
Cisplatin only: 
Children with an abnormal Mg were older at treatment than those with a normal Mg: 10.9 vs. 4.8 years; 
P=0.006. 
Carboplatin only: 
Children with an abnormal Mg were older at treatment than those with a normal Mg: 11.4 vs. 4.2 years; 
P=0.008. Higher cumulative carboplatin dose was correlated with a lower Mg at 1 year post-treatment 
(P=0.001). Higher cumulative carboplatin dose also significantly correlated with Mg at end of treatment 
(P=0.037), but the magnitude of the effect was very small: a dose increase of 600 mg/m2 leads to a Mg 
fall of 0.015 mmol/L.

Notes

Skinner 2010 

Methods Prospective cohort study

Participants N of patients original cohort: 29; N of patients described study group: 25; N of patients study group of 
interest: 25; N of patients with renal function tests: 25. 
Tumour: Rhabdomyosarcoma 12/25 (48%), soft tissue sarcoma 6/25 (24%), Ewing’s sarcoma 6/25 
(24%), PNET 1/25 (4%). Time period diagnosis/treatment: 1986-1996. %M/F: 64%/36% 
Age at diagnosis: median: 6.0 years (range: 0.6-17.7); Age at follow-up: n/m; Follow-up duration: 
1-year: median 1.1 years (range: 0.9-2.1); 10-year: median 10.5 years (range:9.3-11.4); Completion of 
follow-up: 21/25-25/25 (92%/100%), depending on time point and outcome. 
Controls: n/a.

Interventions N of patients ifosfamide: 25/25 (100%); ifosfamide cumulative dose: Median 106 g/m2 (range: 12-153) 
N of patients cisplatin: 0/25 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/25 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Melphalan (N=2), actinomycin D, cyclophosphamide, doxorubicin, 
etoposide and vincristine (N=n/m).; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 0/25 (0%); Nephrectomy details: n/a 
N of patients radiotherapy including the kidney region: 3/25 (12%); Radiotherapy field: Kidney (N=2), 
TBI (N=1); Radiation dose: Kidney: n/m; TBI: 12 Gy
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Outcomes GFR using 51Cr-EDTA clearance 
Definition of renal late adverse effect 
Age-related reference ranges for subclinical nephrotoxicity, < 60 ml/min/1.73m2 for clinical 
nephrotoxicity 
Observed values of renal adverse effect 
Median (range) in ml/min/1.73m2: 
End of treatment:101 (65-147); 1 year post-treatment: 82 (59-131); 10 year post-treatment: 88 (40-151) 
N of patients with renal late adverse effect 
End of treatment: 26%; 1 year post-treatment: 72%; 10 year post-treatment: 50% 
GFR < 60 ml/min/1.73m2: End of treatment: 0%; 1 year post-treatment: 4%; 10 year post-treatment: 
13% 
Risk factors (univariate analyses) 
No correlation found between cumulative ifosfamide dose or age at treatment and GFR at any time 
point.

Serum phosphate / hypophosphataemia 
Definition of renal late adverse effect 
< 0.90 mmol/L 
Observed values of renal adverse effect 
Median (range) in mmol/L: 
End of treatment: 1.20 (0.43-1.61); 1 year post-treatment: 1.19 (0.57-1.62); 10 year post-treatment: 
1.07 (0.74-1.58) 
N of patients with renal late adverse effect 
End of treatment: 22%; One year post-treatment: 28%; Ten year post-treatment: 8% 
Risk factors (univariate analyses) 
At end of treatment, higher cumulative ifosfamide dose gave a lower serum phosphate (0.14 mmol/L 
per 36 g/m2; P=0.03). At one year post-treatment, higher cumulative ifosfamide dose gave a lower 
serum phosphate (0.14 mmol/L per 36 g/m2; P=0.02). At ten year post-treatment, no relation between 
ifosfamide and serum phosphate was found. There was no relation between age at diagnosis and 
serum phosphate at any time point.

Tubular phosphate regulation parameters measured by the renal tubular phosphate threshold (Tmp/
GFR) 
Definition of renal late adverse effect 
<0.99 mmol/L 
Observed values of renal adverse effect 
Median (range) in mmol/L: 
End of treatment: 0.90 (0.19-1.41); 1 year post-treatment: 0.85 (0.01-1.46); 10 year post-treatment: 
0.85 (0.43-1.49) 
N of patients with renal late adverse effect 
End of treatment: 48%; One year post-treatment: 50%; Ten year post-treatment: 62% 
Risk factors (univariate analyses) 
At end of treatment, no relation between ifosfamide and Tmp/GFR was found. At one year post-
treatment, a higher cumulative ifosfamide dose gave a lower Tmp/GFR (P=0.008). At ten year post-
treatment, no relation between ifosfamide and Tmp/GFR was found. There was no relation between 
age at diagnosis and Tmp/GFR at any time point.

Notes

Srinivas 1998

Methods Prospective cohort study

Participants N of patients original cohort: 56; N of patients described study group: 25; N of patients study group of 
interest: 25; N of patients with renal function tests: 25. 
Tumour: Wilms’ tumour: 25/25 (100%). Time period diagnosis/treatment: 1985-1995. %M/F: 56%/44% 
Age at diagnosis: Mean: 2.8 years (SD: 1.9 years); Age at follow-up: Mean: 7.7 years (range: 2-20); Follow-
up duration: Mean: 4.9 years (range: 1-15); Completion of follow-up: 100%. 
Controls: n/a.



106 | Chapter 2

Srinivas 1998

Interventions N of patients ifosfamide: n/m; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: n/m; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 25/25 (100%); Nephrectomy details: 25/25 (100%) unilateral nephrectomy 
N of patients radiotherapy including the kidney region: 6/25 (24%); Radiotherapy field: n/m; Radiation 
dose: n/m

Outcomes GFR using Tc-99m DTPA clearance 
Definition of renal late adverse effect 
< 80 ml/min/1.73m2 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
0/25 (0%) 
Risk factors 
N/m

Proteinuria measured by microalbuminuria 
Definition of renal late adverse effect 
>30 mg/24h urinary albumin 
Observed values of renal adverse effect 
Mean urinary albumin/creatinine ratio: 28.82 (SD: 10.08) 
N of patients with renal late adverse effect 
Overall: 21/25 (84%) 
30-100 mg/24h: 15/25 (60%) 
>100 mg/24h: 6/25 (24%) 
Risk factors 
N/m

Blood pressure 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
0/25 (0%) 
Risk factors 
N/m

Notes

Stefanowicz 2009

Methods Cross-sectional cohort study

Participants N of patients original cohort: unclear; N of patients described study group: 127; N of patients study group 
of interest: 69; N of patients with renal function tests: 69. 
Tumour: group 1: nephroblastoma 34/127 (27%), group 2: onco-haematological disease 58/127 (46%), 
group 3: other solid tumours 35/127 (28%). Time period diagnosis/treatment: n/m. %M/F (n=127): 
46%/54% 
Age at diagnosis (n=127): median 11 years (range: 2.3-20.4); Age at follow-up: n/m; Follow-up duration: 
Group 1: 6 years (range:0.4-16.4); 2: 3.6 (0.3-12.2); 3: 3.1 (0.3-12).; Completion of follow-up: 100%. 
Controls: group 2 did not receive any of the included treatments for this review and was used as an 
internal control population.

Interventions N of patients ifosfamide: 69/127 (54.3%); ifosfamide cumulative dose: range: 6-80.4 g/m2 
N of patients cisplatin: 35/127 (27.6%); cisplatin cumulative dose: range: 0.3-0.8 g/m2 
N of patients carboplatin: 69/127 (54.3%); carboplatin cumulative dose: range: 0.6-3.6 g/m2 
Other types of chemotherapy: HD-MTX: 58/127 (45.7%), cyclophosphamide: 83/127 (65.4%); other 
chemotherapy cumulative doses: HD-MTX: range: 1-22 g/m2, cyclophosphamide: range: 1.8-12.6 g/m2 
N of patients nephrectomy: n/m, but at least 34 Wilms’ tumours; Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: n/m; Radiotherapy field: n/m; Radiation dose: 
n/m
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Outcomes Estimated GFR using the Schwartz formula 
Definition of renal late adverse effect 
GFR < 90 ml/min/1.73m2 
Observed values of renal adverse effect 
group 1: Mean 118.2 ml/min/1.73m2 (SD: 20.3); group 2: Mean 137.4 ml/min/1.73m2 (SD: 19.4); group 3: 
Mean 116.6 ml/min/1.73m2 (SD: 22.4) 
N of patients with renal late adverse effect 
Group 1: 1/34 (2.9%); group 2: 0/58 (0%); group 3: 2/35 (5.7%) 
Risk factors (univariate analyses) 
Group 1 and 3 are significantly lower than group 2 (P<0.001)

Estimated GFR using the Filler formula 
Definition of renal late adverse effect 
GFR < 90 ml/min/1.73m2 
Observed values of renal adverse effect 
Group 1: Mean 99.0 ml/min/1.73m2 (SD: 17.1); Group 2: Mean 121.1 ml/min/1.73m2 (SD: 17.9); Group 3: 
Mean 103.9 ml/min/1.73m2 (SD: 21.4) 
N of patients with renal late adverse effect 
Group 1: 9/34 (26.5%); Group 2: 2/58 (3.4%); Group 3: 9/35 (25.7%) 
Risk factors (univariate analyses) 
Median values and incidence percentages in group 1 and 3 are significantly higher than in group 2 
(P<0.001 for medians, P=0.009 for percentages).

Proteinuria measured by albumin/creatinine ratio 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Group 1: median 9.7 mg/g (range: 0-84.79); Group 2:  median 12.1 mg/g (range: 2.7-140.9); Group 3:  
median 38.7 mg/g (range: 0-1756.3) 
N of patients with renal late adverse effect 
Group 1: 7/34 (20.6%); Group 2: 7/58 (12.1%); Group 3: 14/35 (40%) 
Risk factors (univariate analyses) 
Mean values were significantly higher in group 3 compared to group 1 and 2 (P=0.0007 and P=0.004 
respectively). Incidence was significantly different for the 3 groups (P=0.007). In all patients a correlation 
existed between albuminuria and the time elapsed from the end of treatment. In the general population 
for P < 0.05, r =–0.21; in group 3 for P < 0.05, r = –0.55.

Blood pressure 
Definition of renal late adverse effect 
Systolic/diastolic blood pressure > 95th percentile for age/sex 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
1/127 (0.8%) 
Risk factors 
N/m

Notes Regarding treatment: numbers of patients per treatment were based on the number of patients in each 
tumour group. 
No other signs of tubulopathy (including hypophosphataemia, hypokalaemia, hypomagnesaemia or 
acidosis) were found. 
There may be overlap between the studies of Stefanowicz 2009, Stefanowicz 2010 and Stefanowicz 2011.

 

Stefanowicz 2010

Methods Cross-sectional cohort study

Participants N of patients original cohort: Unclear; N of patients described study group: 26; N of patients study group 
of interest: 26; N of patients with renal function tests: 26. 
Tumour: nephroblastoma stage 1 7/26 (27%), stage 2N- 9/26 (34%), stage 2N+ 3/26 (12%), and stage 3 
7/26 (27%). Time period diagnosis/treatment: 1992-2007. %M/F: 50%/50% 
Age at diagnosis: n/m; Age at follow-up: Mean 11.2 years (SD: 4.8; range: 2.3-20.4); Follow-up duration: 
Mean 7.1 years (SD 4.8; range: 0.4-16.4); Completion of follow-up: 100%. 
Controls: n/a.
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Interventions N of patients ifosfamide: 0/26 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 0/26 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/26 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: 5/26 treated with nephrotoxic chemotherapy not further specified; other 
chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 26/26 (100%); Nephrectomy details: Unilateral nephrectomy 
N of patients radiotherapy including the kidney region: 11/26 (42.3%); Radiotherapy field: n/m; Radiation 
dose: n/m

Outcomes Estimated GFR using the Schwartz formula 
Definition of renal late adverse effect 
<90 ml/min/1.73m2 
Observed values of renal adverse effect 
Normal CysC group: Median 120 ml/min/1.73m2 (range: 102-165) 
High CysC group: Median 102 ml/min/1.73m2 (range: 74-142) 
N of patients with renal late adverse effect 
1/26 (4%) 
Risk factors 
N/m

Blood pressure 
Definition of renal late adverse effect 
Mean systolic/diastolic blood pressure compared to gender/age/height corrected reference values 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
1/26 (4%) 
Risk factors 
N/m

Notes There may be overlap between the studies of Stefanowicz 2009, Stefanowicz 2010 and Stefanowicz 2011.

Stefanowicz 2011

Methods Cross-sectional cohort study

Participants N of patients original cohort: Unclear; N of patients described study group: 32; N of patients study group 
of interest: 32; N of patients with renal function tests: 32. 
Tumour: Wilms’ tumour: 32/32 (100%). Time period diagnosis/treatment: 1987-2008. %M/F: 59%/41% 
Age at diagnosis: Mean: 8.5 years (SD: 5.7 years); median: 2.9 years (range: 0.08-11.4); Age at follow-up: 
Mean: 13 years (SD: 5.4 years); median: 12.2 years (range: 3.6-24.3); Follow-up duration: Mean: 9.3 years 
(SD: 5.4 years); median: 7.75 years (range: 0.3-20.6); Completion of follow-up: 100%. 
Controls: n/a.

Interventions N of patients ifosfamide: Unclear, maximum: 7/32 (22%); ifosfamide cumulative dose: n/m 
N of patients cisplatin: 0/32 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: Unclear, maximum: 7/32 (22%); carboplatin cumulative dose: n/m 
Other types of chemotherapy: n/m; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 32/32 (100%); Nephrectomy details: Unilateral nephrectomy: 32/32 (100%) 
N of patients radiotherapy including the kidney region: 12/32 (37.5%); Radiotherapy field: tumour bed or 
total abdomen: 9/32 (28%); Remnant kidney: 3/32 (9%); Radiation dose: n/m

Outcomes Chronic kidney disease / renal insufficiency 
Definition of renal late adverse effect 
Chronic Kidney Disease staging according to National Kidney Foundation guidelines 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
CKD stage I: GFR>90 ml/min/1.73m2 with no signs of kidney damage: 8/32 (25%); GFR>90 ml/min/1.73m2 
with signs of kidney damage: 10/32 (32%). CKD stage II: GFR 60–89 ml/min/1.73m2 with no signs of 
kidney damage: 8/32 (25%); GFR 60–89 ml/min/1.73m2 with signs of kidney damage: 6/32 (19%). 
Risk factors 
Not mentioned
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GFR using 99Tc-DTPA clearance 
Definition of renal late adverse effect 
GFR < 90 ml/min/1.73m2 
Observed values of renal adverse effect 
Mean: 94.3 ml/min/1.73m2 (SD: 10.24). Mean GFR nephrotoxic chemo (N=7): 92.7 (SD: 8.7); mean GFR 
non-nephrotoxic chemo (N=25): 88.9 (SD: 18.3) (P=0.43) 
N of patients with renal late adverse effect 
14/32 (44%) 
Risk factors 
Not mentioned

Estimated GFR using the old Schwartz formula 
Definition of renal late adverse effect 
eGFR < 90 ml/min/1.73m2 
Observed values of renal adverse effect 
Mean: 122.3 ml/min/1.73m2 (SD: 19.92) 
N of patients with renal late adverse effect 
1/32 (3%) 
Risk factors 
Not mentioned

Estimated GFR using the new Schwartz formula 
Definition of renal late adverse effect 
eGFR < 90 ml/min/1.73m2 
Observed values of renal adverse effect 
Mean: 94.3 ml/min/1.73m2 (SD: 10.2) 
N of patients with renal late adverse effect 
11/32 (34%) 
Risk factors 
Not mentioned

Estimated glomerular filtration rate by the Filler formula 
Definition of renal late adverse effect 
eGFR < 90 ml/min/1.73m2 
Observed values of renal adverse effect 
Mean: 129.8 ml/min/1.73m2 (SD: 23.9) 
N of patients with renal late adverse effect 
0/32 (0%) 
Risk factors 
Not mentioned

Proteinuria measured by urinary albumin to creatinine ratio 
Definition of renal late adverse effect 
Albumin to creatinine ratio >30 mg/g 
Observed values of renal adverse effect 
Not mentioned 
N of patients with renal late adverse effect 
7/32 (22%) 
Risk factors 
Not mentioned

Proteinuria measured by urinary albumin concentration 
Definition of renal late adverse effect 
Urinary albumin concentration >20 mg/L 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
6/32 (19%) 
Risk factors 
Not mentioned
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Blood pressure 
Definition of renal late adverse effect 
Arterial or diastolic blood pressure >95th centile 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
4/32 (12.5%) 
Risk factors        
Not mentioned

Notes There may be overlap between the studies of Stefanowicz 2009, Stefanowicz 2010 and Stefanowicz 2011.

Stohr 2007

Methods Prospective cohort study

Participants All tumour and age-related characteristics were described for the 593 patients with renal function tests. 
N of patients original cohort: 754; N of patients described study group: 648; N of patients study group of 
interest: 648; N of patients with renal function tests: 593. 
Tumour: Ewing sarcoma 154/593 (26%), osteosarcoma 217/593 (37%), soft tissue sarcoma 222/593 
(37%). Time period diagnosis/treatment: 01-01-1998 - 07-01-2002. %M/F: 55%/45% 
Age at diagnosis: median 11.7 years (range: 0.4-17.6); Age at follow-up: n/m; Follow-up duration: median 
19 months (IQR: 8-36) after end of therapy; Completion of follow-up: 92%. 
Controls: n/a.

Interventions N of patients ifosfamide: 593/593 (100%); ifosfamide cumulative dose: 51 g/m2 (range: 6-105) 
N of patients cisplatin: 217/593 (37%); cisplatin cumulative dose: 360 mg/m2 (range:120-960) 
N of patients carboplatin: 84/593 (14%); carboplatin cumulative dose: 1.5 g/m2 (range: 0.5-4.2) 
Other types of chemotherapy: Variable combinations of actinomycin D, doxorubicin, epirubicin, 
etoposide, methotrexate, or vincristine according to the appropriate protocols.; other chemotherapy 
cumulative doses: n/m 
N of patients nephrectomy: 0/593 (0%); Nephrectomy details: n/a 
N of patients radiotherapy including the kidney region: 63/593 (11%); Radiotherapy field: Abdominal 
(tumour) field; Radiation dose: Median cumulative dose: 45 Gray (range:27-59)

Outcomes Composite outcome: tubulopathy, including hypophosphataemia, glycosuria, proteinuria, at least at two 
consecutive examinations 4 weeks apart. 
Definition of renal late adverse effect 
Having at least 2 out of 3 criteria abovementioned criteria. 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
27/593 (4.6%), of which 9/27 were diagnosed during therapy and 18/27 after cessation of therapy 
(median follow-up: 12.6 months (range: 0-22.6)). 
Risk factors (univariate and multivariate analyses) 
Univariate analyses: 
Ifosfamide cumulative dose: 
<24 g/m2: 1/229 (0.4%) 
24-60 g/m2: 14/214 (6.5%) 
>60 g/m2: 12/150 (8.0%) 
Age: 
Younger patients presented significantly more often with tubulopathy compared to older patients, with 
an incidence of 14.7% in children <5 years in comparison with 2.4, 1.4, and 4.2% in the age classes 5–9.9, 
10–14.9, and 15 years(P<0.001). This difference remained significant after stratifying for the cumulative 
ifosfamide dose. 
Multivariate proportional hazards model: 
Younger age and higher cumulative ifosfamide dose significantly decreased time to tubulopathy. 
Children <4 years at diagnosis had a 8.7-fold risk of tubulopathy compared to older patients (P<0.001). In 
comparison to cumulative ifosfamide dose <24 g/m2, risk was 5.6-fold higher for 24-60 g/m2 (P=0.11) and 
18.6-fold higher for >60 g/m2 (P=0.005). No independent effect of carboplatin or abdominal irradiation 
was found, nor any interaction with age at diagnosis or ifosfamide dosage.

Notes
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Methods Prospective cohort study

Participants N of patients original cohort: 757; N of patients described study group: 651; N of patients study group of 
interest: 651; N of patients with renal function tests: Mg: 435. GFR: 618. 
Tumour: In the magnesium analyses (N=435): osteosarcoma 139/435 (32%), soft tissue sarcoma 167/435 
(38%), Ewing sarcoma 109/435 (25%). In the GFR analyses (N=618): osteosarcoma 212/618 (34%), soft 
tissue sarcoma 258/618 (42%), Ewing sarcoma 148/618 (24%). Time period diagnosis/treatment: January 
1998-January 2002. %M/F: In the magnesium analyses: 56%/44%. In the GFR analyses: 57%/43%. 
Age at diagnosis: In the magnesium analyses: median 11.6 years (IQR: 6.5-14.9). In the GFR analyses: 
“similar to Mg group”.; Age at follow-up: n/m; Follow-up duration: In the magnesium analyses: median 
23 months (range: 0-59). In the GFR analyses: “similar to Mg group”.; Completion of follow-up: Mg: 67%. 
GFR: 95%. 
Controls: n/a.

Interventions N of patients ifosfamide: In the magnesium analyses: 410/435 (94%). In the GFR analyses: “similar to Mg 
group”.; ifosfamide cumulative dose: In the magnesium analyses: median 51 g/m2 (range: 6-105). In the 
GFR analyses: “similar to Mg group”. 
N of patients cisplatin: In the magnesium analyses: 158/435 (36%). In the GFR analyses: 234/618 (38%).; 
cisplatin cumulative dose: In the magnesium analyses: median 360 mg/m2 (range: 120-600). In the GFR 
analyses: “similar to Mg group”. 
N of patients carboplatin: In the magnesium analyses: 60/435 (14%). In the GFR analyses: 114/618 (18%).; 
carboplatin cumulative dose: In the magnesium analyses: median 1.5 g/m2 (range: 0.5-4.2). In the GFR 
analyses: “similar to Mg group”. 
Other types of chemotherapy: Actinomycin D, busulphan, doxorubicin, epirubicin, etoposide, melphalan, 
methotrexate, or vincristine.; other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 0/618 (0%); Nephrectomy details: n/a 
N of patients radiotherapy including the kidney region: In the magnesium analyses: 53/435 (12%). In the 
GFR analyses: “similar to Mg group”.; Radiotherapy field: Abdominal; Radiation dose: Median 45 Gy (IQR: 
36-51)

Outcomes Estimated GFR using the Schwartz formula 
Definition of renal late adverse effect 
Grade 1 : <75%-50% lower limits of normal (LLN); grade 2: <50-25% LLN; grade 3 <25% LLN, chronic 
dialysis not indicated; grade 4: chronic dialysis or renal transplant indicated; grade 5: death. 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
N/m 
Risk factors (multivariate analyses) 
No analyses was performed on glomerular function because the GFR estimation by the Schwartz formula 
seemed unreliable in the study population, especially in the first year after therapy, where more than 40% 
of all included patients had an estimated GFR above the upper limit of normal.

Serum magnesium / hypomagnesaemia 
Definition of renal late adverse effect 
Serum magnesium <0.7 mmol/L or receiving magnesium supplementation 
Observed values of renal adverse effect 
After  6 months (mean(SD)):  no platinum: 0.85 (0.09); only cisplatin: 0.80 (0.09); only carboplatin: 0.81 
(0.15); cisplatin+carboplatin: 0.74 (0.09). 
Last examination (mean(SD)):  no platinum: 0.88 (0.09); only cisplatin: 0.84 (0.08); only carboplatin: 0.86 
(0.09); cisplatin+carboplatin: 0.81 (0.11). 
N of patients with renal late adverse effect 
After  6 months: overall: 30/339 (8.9%); no platinum: 8/177 (4.5%); only cisplatin: 14/116 (12.1%); only 
carboplatin: 5/32 (15.6%); cisplatin+carboplatin: 3/14 (21.4%). 
Last examination: overall: 9/286 (3.1%); no platinum: 5/156 (3.2%); only cisplatin: 2/86 (2.3%); only 
carboplatin: 1/33 (3.0%); cisplatin+carboplatin: 1/11 (9.1%). 
Risk factors (multivariate analyses) 
ANOVA: Significant lower serum magnesium when treated with cisplatin (mean serum Mg 0.82 vs. 0.86 
mmol/L; P=0.0005) and carboplatin (mean serum Mg 0.82 vs. 0.86 mmol/L; P=0.0102), no significant 
effect of length of follow-up and abdominal irradiation. None of these factors had a significant interaction 
effect with time. 
Neither in bivariate or multivariable analyses any significant influence of ifosfamide on serum magnesium 
could be found. However, almost all included survivors received ifosfamide.

Notes
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Trahair 2007

Methods Retrospective cohort study

Participants N of patients original cohort: 23; N of patients described study group: 23; N of patients study group of 
interest: 23; N of patients with renal function tests: 21. 
Tumour: neuroblastoma 23/23 (100%). Time period diagnosis/treatment: June 1985-December 2003. 
%M/F (n=40, including 17 deceased patients): 65/35% 
Age at diagnosis (n=40, including 17 deceased patients): median: 2.7 years (range: 0.0-10.8); Age at 
follow-up: n/m; Follow-up duration (n=23): median 4.6 years (range: 0.6-17.8) from diagnosis; Completion 
of follow-up: For renal evaluation: 21/23 (91%). 
Controls: n/a.

Interventions N of patients ifosfamide: 0/23 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 19/23 (83%); cisplatin cumulative dose: 80 mg/m2 
N of patients carboplatin: 3/23 (13%); carboplatin cumulative dose: 1700 mg/m2 
Other types of chemotherapy: Included teniposide, adriamycin, melphalan, thiotepa, cyclophosphamide; 
other chemotherapy cumulative doses: Teniposide 130 mg/m2, adriamycin 30 mg/m2, melphalan 120 or 
210 mg/m2, thiotepa 810 mg/m2, etoposide 1800 or 1352 mg/m2, cyclophosphamide 200 mg/kg. 
N of patients nephrectomy: 0/23 (0%); Nephrectomy details: n/a 
N of patients radiotherapy including the kidney region: 19/23 (83%); Radiotherapy field: TBI; Radiation 
dose: 12 Gy in 6 fractions

Outcomes GFR, method n/m or serum creatinine 
Definition of renal late adverse effect 
GFR <90 ml/min/1.73m or persistent elevated creatinine 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
10/21 (47%) 
Two patients have been dialysed and one subsequently received a living related donor kidney transplant. 
One patient with mild renal impairment was treated for recurrent gout before death. Of the remaining 
seven patients with renal complications, two were diagnosed with post-transplant nephropathy, one 
with an obstructive uropathy secondary to the tumour arising in the pelvic retroperitoneum, one with a 
combination of post-infectious glomerulonephritis and tubular dysfunction, one with recurrent urinary 
tract infections complicated by pyelonephritis and one with an unknown cause of renal impairment. The 
study did not mention the details of the seventh patient with renal complications. 
Risk factors 
N/m

Notes

Trobs 2001  

Methods Retrospective cohort study

Participants N of patients original cohort: 54; N of patients described study group: 49; N of patients study group of 
interest: 49; N of patients with renal function tests: 49. 
Tumour: Wilms’ tumour 54/54 (100%). Time period diagnosis/treatment: 1974-1996. %M/F: 57%:43%. 
Age at diagnosis: median 2.6 years (range: 0-12); Age at follow-up: n/m; Follow-up duration: n/m; 
Completion of follow-up: 49/54 (90.7%). 
Controls: n/a.

Interventions N of patients ifosfamide: n/m, but was included in at least one of the given protocols; ifosfamide 
cumulative dose: n/m 
N of patients cisplatin: 0/49 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: n/m, but was included in at least one of the given protocols; carboplatin 
cumulative dose: n/m 
Other types of chemotherapy: Cyclophosphamide, Actinomycin-D, Vincristine, Doxorubicin, VP16; other 
chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 49/49 (100%); Nephrectomy details: 6 bilateral nephrectomies, other 
unilateral 
N of patients radiotherapy including the kidney region: n/m, but was included in at least one of the given 
protocols; Radiotherapy field: n/m; Radiation dose: Range: 15-35 Gy
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Trobs 2001  

Outcomes Blood pressure 
Definition of renal late adverse effect 
Hypertension requiring medication 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
2/49 survivors had arterial hypertension 
Risk factors 
N/m

Notes

Van Dijk 2010

Methods Cross-sectional cohort study

Participants N of patients original cohort: 185; N of patients described study group: 185; N of patients study group of 
interest: 185; N of patients with renal function tests: unclear. 
Tumour: Wilms’ tumour: 185/185 (100%). Time period diagnosis/treatment: 1966-1996. %M/F: 52%/48% 
Age at diagnosis: median: 3.7 years (range: 0.3-16.5); Age at follow-up: Median: 22.9 years (range: 6.8-
42.0); Follow-up duration: median: 18.9 years (range: 5.0-36.7); Completion of follow-up: 181/185 (98%) 
for overall follow-up, but unclear how many were tested for renal function.. 
Controls: n/a.

Interventions N of patients ifosfamide: n/m; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: Anthracyclines, alkylating agents, vincristine, vinblastine, dactinomycin; 
other chemotherapy cumulative doses: n/m 
N of patients nephrectomy: 185/185 (100%); Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: 78/185 (42%); Flank only: 53/78 (68%); abdomen 
only: 12/78 (15%); Flank + abdomen: 13/78 (17%); Radiation dose: Median EQD2 for flank/abdomen: 27.7 
Gy (range: 11.6-39.0)

Outcomes Glomerular function 
Definition of renal late adverse effect 
As defined by the CTCAE 3.0, not explicitly mentioned 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
Overall: 12/181 (6.6%). Survivors treated with RT: grade 1: 3/12; grade 2: 2/12; grade 3,4,5: 2/12. 
Survivors treated without RT: grade 1: 2/12; grade 2: 0/12; grade 3,4,5: 3/12. 
Risk factors (multivariate analyses) 
Multivariate logistic regression analysis did not find any significant risk factors for nephrological adverse 
events (including hypertension, glomerular dysfunction not further specified and tubular dysfunction 
not further specified). Risk factors included in the model: gender, age at diagnosis, radiotherapy doses, 
chemotherapy.

Blood pressure 
Definition of renal late adverse effect 
As defined by the CTCAE 3.0, not explicitly mentioned 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
Overall: 18/181 (9.9%). Survivors treated with RT: grade 1: 2/18; grade 2: 8/18; grade 3,4,5: 0/18. 
Survivors treated without RT: grade 1: 1/18; grade 2: 7/18; grade 3,4,5: 0/18. 
Risk factors (multivariate analyses) 
Multivariate logistic regression analysis did not find any significant risk factors for nephrological adverse 
events (including hypertension, glomerular dysfunction not further specified and tubular dysfunction 
not further specified). Risk factors included in the model: gender, age at diagnosis, radiotherapy doses, 
chemotherapy.

Notes Possible overlap between the study groups of Geenen 2010, Van Dijk 2010, Aronson 2011 and Cardous-
Ubbink 2010
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Van Why 1991  

Methods Retrospective cohort study

Participants N of patients original cohort: 64; N of patients described study group: 64; N of patients study group of 
interest: 39; N of patients with renal function tests: 39. 
Tumour: hematologic malignancies 36/64 (56%), solid tumours 5/64 (8%), immunodeficiency/other 
non-malignancies 23/64 (36%). Time period diagnosis/treatment: 1975-1988. %M/F: n/m 
Age at diagnosis (n=64): Mean age 7.6 years (range: 1 month-18 years); Age at follow-up: n/m; Follow-
up duration (n=64): mean 17 months (range: 2 months - 11 years); Completion of follow-up: 100%. 
Controls: n/a.

Interventions N of patients ifosfamide: n/m; ifosfamide cumulative dose: n/m 
N of patients cisplatin: n/m; cisplatin cumulative dose: n/m 
N of patients carboplatin: n/m; carboplatin cumulative dose: n/m 
Other types of chemotherapy: 53/64 any conditioning chemotherapy regimen; other chemotherapy 
cumulative doses: n/m 
N of patients nephrectomy: n/m; Nephrectomy details: n/m 
N of patients radiotherapy including the kidney region: 39/64 (61%); Radiotherapy field: TBI; Radiation 
dose: 1320 cGy in 8 fractions

Outcomes Estimated GFR using the Schwartz formula OR serum creatinine concentration 
Definition of renal late adverse effect 
eGFR <50 ml/min/1.73m2 OR doubling of baseline serum creatinine concentration 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
Overall: 18/64 (28%) with late renal insufficiency (>60 days post-transplant). 
TBI-group: 17/39 (43.6%) with late renal insufficiency (>60 days post-transplant). 
9/64 (14%) with persistent renal insufficiency (range: 3 months - 3 years) 
Risk factors (multivariate analyses) 
Stepwise logistic regression on late renal insufficiency: 
Independent predictors: cyclosporine A use beyond day 60, amphotericin B use and conditioning with 
TBI. 
Not predictive: chemotherapy as conditioning regimen and renal insufficiency in first 60 days post-BMT.

Blood pressure 
Definition of renal late adverse effect 
Blood pressure >95th percentile for age 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
10/64 (16%) >60 days post-BMT. 
Risk factors (univariate analyses) 
Early hypertension (<60 days post-BMT) was not predictive of late hypertension (>60 days post-BMT). 
9/10 had concomitant cyclosporine A treatment and 8/10 had concomitant renal insufficiency.

Notes

von Schweinitz 1997

Methods Prospective cohort study

Participants N of patients original cohort: 56; N of patients described study group: 54; N of patients study group of 
interest: 54; N of patients with renal function tests: 41. 
Tumour: Hepatoblastoma: 54/54 (100%). Time period diagnosis/treatment: 1988-1993. %M/F (n=72, 
including 18 deceased patients): 66%/34% 
Age at diagnosis (n=72, including 18 deceased patients): median: 12 months (range: 1 day - 11 years); 
Age at follow-up: n/m; Follow-up duration: median: 64 months (range: 28-82 months); Completion of 
follow-up: 41/54 (76%). 
Controls: n/a.
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von Schweinitz 1997

Interventions N of patients ifosfamide: 54/54 (100%); ifosfamide cumulative dose: n/m (0.5 g/m2 bolus + 3.0 g/m2 
over 72h per cycle) 
N of patients cisplatin: 54/54 (100%); cisplatin cumulative dose: n/m (20 mg/m2 x 5 per cycle) 
N of patients carboplatin: 0/54 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Doxorubicin: 54/54 (100%); other chemotherapy cumulative doses: 60 
mg/m2 over 48h per cycle 
N of patients nephrectomy: 0/54 (0%); Nephrectomy details: n/a 
N of patients radiotherapy including the kidney region: 0/54 (0%); Radiotherapy field: n/a; Radiation 
dose: n/a

Outcomes GFR using creatinine clearance, method not specified 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
0/41 (0%) had an abnormal clearance at follow-up 
Risk factors 
N/m

Renal tubular function as a composite outcome of tubular phosphate reabsorption and amino acid 
reabsorption 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
7/41 (17%) with a subclinical renal tubulopathy of which: 
5/41 (12%) with mild tubulopathy 
2/41 (5%) with more severe tubulopathy 
Risk factors 
N/m

Notes All patients received at least 2 cycles of chemotherapy.

Weirich 2004

Methods Prospective cohort study

Participants Tumour and age-related characteristics were described for all 392 patients without tumour- or therapy-
related death. All other characteristics related to the 385/392 patients with a follow-up duration >5 
years. 
N of patients original cohort: 385; N of patients described study group: 385; N of patients study group 
of interest: 385; N of patients with renal function tests: Unclear. 
Tumour: Unilateral Wilms tumour: 369/392 (94.1%), bilateral Wilms tumour: 23/392 (5.9%). Time 
period diagnosis/treatment: 1989-1994. %M/F: n/m for follow-up cohort. 
Age at diagnosis: median 2.9 years; mean 3.5 years; Age at follow-up: 157/392 (40.1%) >13 years; 
Follow-up duration: >5 years in 385/392 (98.2%). Median: 8 years (range:0.25-12.6); Completion of 
follow-up: Unclear, mailed questionnaires. 
Controls: n/a.

Interventions N of patients ifosfamide: 25/385 (6.4%); ifosfamide cumulative dose: range: 24-30 g/m2 
N of patients cisplatin: 0/385 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 26/385 (6.7%); carboplatin cumulative dose: n/m 
Other types of chemotherapy: Adriamycin: 204/385 (52.9%), etoposide 26/385 (6.7%); other 
chemotherapy cumulative doses: Adriamycin: range: 250-400 mg/m2 
N of patients nephrectomy: 385/385 (100%); Nephrectomy details: Bilateral surgery with >50% loss of 
renal tissue: 11/385 (2.8%) 
Unilateral surgery: 374/385 (97.1%) 
N of patients radiotherapy including the kidney region: 84/385 (21.8%); Radiotherapy field: Abdominal 
irradiation; Radiation dose: n/m
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Weirich 2004

Outcomes Renal/urinary dysfunction 
Definition of renal late adverse effect 
According to CTCAE v2 criteria 
Observed values of renal adverse effect 
N/m 
N of patients with renal late adverse effect 
Overall: 28/385 (7.2%) 
Mild: 13/385 (3.4%) 
Moderate: 7/385 (1.8%) 
Severe: 5/385 (1.3%) 
Disabling: 3/385 (0.8%) 
15/385 (3.9%) needed treatment for renal or urinary system impairment. 
Risk factors 
N/m

Notes

Wikstad 1986

Methods Cross-sectional cohort study

Participants N of patients original cohort: n/m; N of patients described study group: 37 (22 Wilms’ tumour survivors 
(Wt) + 15 hydronephrosis (Hn)); N of patients study group of interest: 22; N of patients with renal 
function tests: 22. 
Tumour: Wilms’ tumour 22/22 (100%). Time period diagnosis/treatment: 1950-1978. %M/F: Wt: 
50%/50%; Hn: 40%/60% 
Age at diagnosis: WT: Mean 2.6 years (SD: 0.4); Hn: mean 7.9 years (SD: 1.2); Age at follow-up: WT: 
Mean 16.2 years (SD: 1.8); Hn: Mean: 25 years (SD: 2.7); Follow-up duration: WT: Mean 13.2 years (SD: 
1.7); Hn: Mean: 17.1 years(SD: 2.5); Completion of follow-up: 100%. Controls: 6 healthy subjects (3 
male); mean age 35 years (SD: 3 years).

Interventions N of patients ifosfamide: 0/22 (0%); ifosfamide cumulative dose: n/a 
N of patients cisplatin: 0/22 (0%); cisplatin cumulative dose: n/a 
N of patients carboplatin: 0/22 (0%); carboplatin cumulative dose: n/a 
Other types of chemotherapy: Actinomycin D: 18/22; other chemotherapy cumulative doses: 
Actinomycin D: 70 microgram/kg i.v. 3-7 times in 11/18 and once in 7/18. 
N of patients nephrectomy: Wt: 22/22 (100%); Hn :15/15 (100%); Nephrectomy details: All unilateral 
nephrectomies 
N of patients radiotherapy including the kidney region: 22/22 (100%); Radiotherapy field: Abdominal 
radiation; Radiation dose: 5-15 Gray to the contralateral kidney

Outcomes GFR using inulin clearance 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Mean (SD) 
Wt: 85.6 ml/min/1.73m2 (3.4) 
Hn: 96.2 ml/min/1.73m2 (3.6) 
Controls: 104.5 ml/min/1.73m2 (3.6) 
P<0.05 between Wt and Hn 
N of patients with renal late adverse effect 
N/m 
Risk factors (univariate analyses) 
There was no relationship between GFR and duration of follow-up.

Proteinuria measured by urinary albumin excretion 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Mean (SD): Wt: 16.7 microgram/minute (11.9); Hn: 72.9 microgram/minute (23.1); Controls: 17.2 
microgram/minute (3.7); P<0.05 for Wt vs. Hn; No difference between Wt and controls, neither when 
corrected for body surface area. 
N of patients with renal late adverse effect
N/m 
Risk factors 
N/m
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Blood pressure 
Definition of renal late adverse effect 
N/m 
Observed values of renal adverse effect 
Mean systolic pressure in mmHg (SD): 
Wt: 117 (2); Hn: 125 (3); Controls: 122 (6) 
Mean diastolic blood pressure in mmHg (SD): Wt: 76 (2); Hn: 81 (2); Controls: 81 (2) No significant 
differences between the subgroups. 
N of patients with renal late adverse effect 
N/m 
Risk factors 
N/m

Notes

Abbreviations: %M/F: Percentage males/females; 24h: 24 hour; 51Cr-EDTA: 51-chromium-ethylenediaminetetraacetic acid; 
A1M: alpha-1-microglobulin; ALL: acute lymphoblastic leukaemia; AML: acute myeloid leukaemia; ANOVA: analysis of variance; 
Ara-C: cytarabine; BCNU: carmustine; BMI: body mass index; BMT: bone marrow transplantation; BP: blood pressure; Carbo: 
Carboplatin; cGy: centiGray; CI: confidence interval; CI: continuous infusion; CISP: cisplatin; CKD: chronic kidney disease; CML: 
chronic myeloid leukaemia; CNS: central nervous system; CT: chemotherapy; CTCAE: Common Terminology Criteria for Adverse 
Events; CysC: cystatin C; DD-4A: vincristine + dactinomycin + doxorubicin); EE-4A: vincristine + dactinomycin; eGFR: estimated 
glomerular filtration rate; EMU p/c: Early morning urine protein-to-creatinine ratio; EQD2: Equivalent dose in 2 Gray fractions; 
ESRD: end stage renal disease; fTBI: fractioned total body irradiation; GFR: glomerular filtration rate; GVHD: graft versus host 
disease; Gy: Gray; H(S)CT: hematopoietic (stem) cell transplant; HD: high-dose; Hn: hydronephrosis; IFO: ifosfamide; IQR: 
interquartile range; i.v.: intravenous; kg: kilogram; L: litre; LBL: lymphoblastic lymphoma; LCAL: large cell anaplastic lymphoma; 
LDH: lactate dehydrogenase; LLN: lower limit of normal; m: metre; mcg: microgram; MDRD: modification of diet in renal disease; 
Mg: magnesium; mg: milligram; min: minute; ml: millilitre; mmHg: millimetre mercury; mmol: millimol; MTX: methotrexate; 
N-NHL: B-cell non-Hodgkin lymphoma; N/a: not applicable; N/m: not mentioned; N: Number; NB: neuroblastoma; NCI: National 
Cancer Institute; NP: nephrectomy; NS: not significant; NSS: nephron sparing surgery; NWTS: National Wilms Tumour Study; 
OR: odds ratio; PNET: primitive neuroectodermal tumour; RT: radiotherapy; RTOG/EORTC: Radiation Therapy Oncology Group/
European Organisation for Research and Treatment of Cancer ; SD: standard deviation; SDS: standard deviation score; SI: short 
infusion; TBI: total body irradiation; Tc-99m DTPA: Technetium-99-m diethylenetriaminepentaacetic acid; TmP/GFR: renal tubular 
phosphate threshold; TP/Cr: fractional tubular phosphate reabsorption (tubular phosphate/creatinine ratio); VP16: etoposide; vs: 
versus; WT: Wilms’ tumour; y: year; 
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Abstract
Background and objectives  Little is known about renal function and blood 

pressure in long-term childhood cancer survivors. This cross-sectional study 

evaluated its prevalence and the associated risk factors in a large cohort of long-

term childhood cancer survivors, at their first visit to a specialized outpatient 

clinic. 

Design, setting, participants & measurements  We assessed the estimated 

glomerular filtration rate, albuminuria, hypomagnesemia, hypophosphatemia 

and blood pressure in 1442 survivors ≥5 years after diagnosis. Multivariable 

logistic regression analyses were used to estimate the effect of chemotherapy, 

nephrectomy and radiotherapy on the different outcomes.

Results  At a median age of 19.3 years (IQR: 15.6-24.5), 28.1% of all survivors had 

at least one renal adverse effect or elevated blood pressure (BP). The median 

time since cancer diagnosis was 12.1 years (IQR: 7.8-17.5). High BP and albuminuria 

were most prevalent at 14.8% and 14.5%, respectively. Sixty-two survivors (4.5%) 

had an estimated glomerular filtration rate below 90 ml/min/1.73m2. Survivors 

who underwent nephrectomy had the highest risk of diminished renal function 

(OR: 8.6; 95%-CI: 3.4-21.4). Combined radiotherapy and nephrectomy increased 

the odds on having an elevated BP (OR: 4.92; 95%-CI: 2.63-9.19), as did male 

gender, higher body mass index and longer time since cancer treatment. 

Conclusion  Almost 30% of survivors had renal adverse effects or high blood 

pressure. Therefore, monitoring of renal function in high risk groups and blood 

pressure in all survivors may help to detect health problems at an early stage 

and to initiate timely therapy to prevent additional damage.
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Introduction
Major improvements in the treatment for childhood malignancies have led to 

increased survival, with 5-year survival reaching over 80% in Europe.1 As survival 

has greatly improved, the impact of late adverse effects after treatment for 

childhood cancer has increased correspondingly.2–4

Renal toxicity is one of these late effects, manifesting as a decline in 

glomerular filtration rate (GFR), proteinuria, deterioration of tubular function, 

and/or hypertension. Chemotherapeutic agents with well-documented early 

nephrotoxicity are ifosfamide, cisplatin and carboplatin.5–10

There are few studies of long-term risk and risk factors for renal toxicity, and 

these are only in selected groups of survivors with a maximum of ten years’ 

follow-up.5,8,9 A mild reduction in GFR and proximal tubular damage were the 

most common toxicities ten years after ifosfamide use.5 Tubular toxicity seemed 

to resolve during follow-up, but after 10 years a decreased GFR was still present 

in 13% of the survivors.8 Platinum nephrotoxicity was persistent during follow-

up, but late deterioration of glomerular and tubular function did not occur.9 

The studies by both Skinner et al8,9 and Oberlin et al5 did not include patients 

treated with both ifosfamide and platinum derivates, although this combination 

is used in the treatment of certain tumours. Besides these agents, high-dose 

methotrexate and cyclophosphamide are known for their acute nephrotoxicity, 

but evidence regarding their long-term effects is lacking.11 Additionally, 

kidney surgery and radiation therapy may cause renal impairments such as 

hyperfiltration or radiation nephropathy, characterized by hypertension, decline 

in GFR and proteinuria.12–14 The long-term impact of radiation nephropathy and 

hypertension have not been studied previously. 

In this cross-sectional study we evaluate the prevalence and possible risk factors 

for renal dysfunction and elevated blood pressure (BP) in a large and complete 

cohort of childhood cancer survivors (CCS) after a minimum of 5 years since 

cancer diagnosis.
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Study population and methods

Study population
In 1996, the long-term follow-up outpatient clinic (AMC/LATER) was established 

at the Emma Children’s Hospital/Academic Medical Center Amsterdam (EKZ/

AMC). All 5-year CCS were identified using the Childhood Cancer Registry of 

the EKZ/AMC, which was established in 1966 and contains data on all patients 

treated in the EKZ/AMC regarding cancer diagnosis, treatment and follow-up. All 

CCS surviving for at least 5 years were invited to this outpatient clinic to receive 

specialized screening and care based on guidelines tailored to their previous 

treatment modalities. Patients gave informed consent for data collection on late 

effects. A specially designed database was used to register (a)symptomatic late 

effects.15 Eligibility criteria for the current study were: 1) diagnosed/treated for a 

primary malignancy in the EKZ/AMC between January 1966 and January 2003; 2) 

aged <18 years at diagnosis; 3) survived ≥5 years after diagnosis; 4) still alive at 

the start of the outpatient clinic (January 1996) or born since. 

Follow-up and Data Collection
All survivors who visited the AMC/LATER-outpatient clinic received a full medical 

assessment according to the previously mentioned guidelines. Regarding renal 

function the screening guidelines recommended measurements of serum 

creatinine, urinary dipsticks for proteinuria and a blood pressure measurement 

for all survivors. Survivors treated with ifosfamide, cisplatin, carboplatin, high-

dose cyclophosphamide (≥1 gram/m2/course) or high-dose methotrexate (≥1 

gram/m2/course), radiation of the kidney region, total body irradiation and/or 

nephrectomy were screened according to an additional nephrotoxicity guideline. 

This guideline prescribed measurements of serum magnesium and phosphate.

For this study we collected data on diagnosis, treatment, serum and urine 

analysis and blood pressure at survivors’ first visit to the AMC/LATER-outpatient 

clinic, at least 5 years after diagnosis.
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Definition of renal dysfunction
To assess glomerular function we measured serum creatinine using an 

enzymatic, IDMS-traceable method (Roche P800, Roche Diagnostics, Almere, 

the Netherlands) and estimated the glomerular filtration rate (GFR) using the 

Schwartz formula as adapted by Zappitelli for survivors aged up to 18 years (0.469 

* (height in cm/serum creatinine in mg/dL)).16 The CKD-EPI formula was used for 

all adult survivors.17 We defined decreased GFR as an estimated GFR below 90 ml/

min/1.73 m2, as recommended by the K/DOQI guidelines.18 Institutional reference 

values were used to determine abnormal levels of serum magnesium (males: 

<0.75 mmol/L; females: <0.71 mmol/L; <15 year: <0.68 mmol/L) and phosphate 

(adults: <0.81 mmol/L; children: age-dependent). Additionally, survivors receiving 

a magnesium or phosphate supplement were regarded as having abnormal 

serum levels. Random daytime spot urine samples were collected during the 

visit to the outpatient clinic. Dipsticks for albuminuria were considered normal 

only if they were negative; high (150 mg/dL), moderate (75 mg/dL), and equivocal 

proteinuria (25 mg/dL) were all considered abnormal for the purpose of this 

study. In adult survivors elevated BP was defined as having a systolic or diastolic 

blood pressure above 140 or 90 mmHg respectively. In paediatric survivors 

elevated BP was defined as having a systolic and/or diastolic blood pressure 

that was ≥95th percentile for gender, age and height19, using height z-scores for 

Dutch children.20 Survivors using anti-hypertensive medication were evaluated 

as hypertensive.

Statistical analysis
Descriptive statistics are presented as a mean (SD) for normally distributed 

variables or median (range) for variables without a normal distribution. The 

differences between values of two independent groups were assessed by a 

Student’s T-test or a χ2-/Fisher’s exact test as appropriate. To model the effect 

of potential risk factors on the different outcome variables, we performed 

multivariable logistic regression analyses. Based upon existing evidence, we 

included the following predictor variables: cisplatin, carboplatin, and ifosfamide 

(continuous variables, cumulative doses); high-dose cyclophosphamide (yes/
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no) and high-dose methotrexate (yes/no); nephrectomy (yes/no); radiotherapy 

on abdomen (yes/no); total body irradiation (yes/no) and gender. We corrected 

all models for age at cancer diagnosis and duration of follow-up since cancer 

diagnosis. The hypertension model was also corrected for body mass index. All 

aforementioned predictors were entered at once into the regression model. As 

recent data were available on the national prevalence of elevated BP, we also 

calculated prevalence ratios corrected for age group and gender by dividing the 

prevalence found in our study by the prevalence found in the normal population.21 

All computations were carried out in SPSS version 16.0 (SPSS Inc., Chicago IL, 

USA). 

Figure 1. Composition of the study group.*: None of the 136 survivors who died before they could 

visit the outpatient clinic died due to renal disease. †: Study group (N=1442) vs. original cohort 

(N=1845): 78.2%.
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Results

Study population, follow-up and data collection
Between January 1966 and January 2003, 1845 patients were treated for a 

malignant disease, survived at least 5 years since cancer diagnosis and were alive 

at the start of the AMC/LATER-outpatient clinic (January 1996) and thus eligible 

for inclusion. Our study consists of 1442 survivors who visited the outpatient clinic 

(78.2%). Of these 1442 survivors, 896 were treated with potentially nephrotoxic 

treatment (62.1%). Figure 1 shows the cohort composition. Patient and treatment 

characteristics are listed in Table 1 and Table 2. 

Table 1. Clinical characteristics of 1442 >5 year-survivors of childhood cancer

Characteristic
Treated with nephrotoxic 
therapy
N (%)

Treated without nephrotoxic 
therapy
N (%)

Overall 

N (%)

Male sex 498 (55.6) 293 (53.7) 791 (54.9)

Tumor type

  Bone tumors 80 (8.9) 28 (5.1) 108 (7.5)

  Hepatic tumors 13 (1.5) 7 (1.3) 20 (1.4)

  Germ cell tumors 32 (3.6) 20 (3.7) 52 (3.6)

  Renal tumors 206 (23.0) 1 (0.2) 207 (14.4)

  Soft tissue sarcoma 82 (9.2) 71 (13.0) 153 (10.6)

  Neuroblastoma 40 (4.5) 56 (10.3) 96 (6.7)

  Retinoblastoma 3 (0.3) 10 (1.8) 13 (0.9)

  CNS tumors 35 (3.9) 50 (9.2) 85 (5.9)

  Leukemia 249 (27.8) 127 (23.3) 376 (26.1)

  Lymphoma 144 (16.1) 158 (28.9) 302 (20.9)

  Other tumors 12 (1.3) 18 (3.3) 30 (2.1)

Age at diagnosis* 5.3 (2.9-9.8) 7.3 (3.1-11.8) 5.9 (2.9-10.9)

  0-4yr 434 (48.4) 202 (37.0) 636 (44.1)

  5-9yr 245 (27.3) 150 (27.5) 395 (27.4)

  10-14yr 167 (18.6) 161 (29.5) 328 (22.7)

  15-18yr 50 (5.6) 33 (39.8) 83 (5.8)

Age at follow-up* 18.2 (13.7-21.4) 22.6 (18.8-29.3) 19.3 (15.6-24.5)

  5-9yr 79 (8.8) 17 (3.1) 96 (6.7)

  10-14yr 198 (22.1) 42 (7.7) 240 (16.6)

  15-19yr 322 (35.9) 124 (22.7) 446 (30.9)

  20-24yr 179 (20.0) 144 (26.4) 323 (22.4)
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Table 1. Clinical characteristics of 1442 >5 year-survivors of childhood cancer

Characteristic
Treated with nephrotoxic 
therapy
N (%)

Treated without nephrotoxic 
therapy
N (%)

Overall 

N (%)

  25-29yr 77 (8.6) 97 (17.8) 174 (12.1)

  30-34yr 32 (3.6) 75 (13.7) 107 (7.4)

  35-39yr 9 (1.0) 30 (5.5) 39 (2.7)

  ≥40yr 0 (0.0) 17 (3.1) 17 (1.2)

Time since diagnosis* 9.9 (7.4-14.8) 16.5 (10.2-21.0) 12.1 (7.8-17.5)

  5-10yr 452 (50.4) 131 (24.0) 583 (40.5)

  10-15yr 229 (25.6) 100 (18.3) 329 (22.8)

  15-20yr 138 (15.4) 157 (28.8) 295 (20.5)

  20-25yr 49 (5.5) 89 (16.3) 138 (9.6)

  25-30yr 26 (2.9) 45 (8.2) 71 (4.9)

  >30yr 2 (0.2) 24 (4.4) 26 (1.8)

Treatment period

  1960-1969 6 (0.7) 21 (3.8) 27 (1.9)

  1970-1979 91 (10.2) 176 (32.2) 267 (18.5)

  1980-1989 315 (35.2) 220 (40.3) 535 (37.1)

  1990-1999 388 (43.3) 108 (19.8) 496 (34.4)

  2000-2002 96 (10.7) 21 (3.8) 117 (8.1)

BMI at follow-up†

  < 25 kg/m2 734 (85.7) 391 (75.3) 1125 (81.8)

  ≥ 25-29 kg/m2 93 (10.9) 98 (18.9) 191 (13.9)

  ≥ 30 kg/m2 29 (3.4) 30 (5.8) 59 (4.3)

Total 896 (62.1) 546 (37.9) 1442 (100.0)

*: median (interquartile range); †: Body mass index missing for 67 survivors (4.6%). Abbreviations: CNS: central nervous system; 
IQR: interquartile range; BMI: body mass index; HD: high-dose; MTX: methotrexate;  XRT: radiotherapy.

Table 2. Potentially nephrotoxic treatment characteristics of 1442 >5 year-survivors of childhood cancer

Nephrotoxic therapy Number of patients (%) Median cumulative dose (range)

Ifosfamide 202 (14.0) 30.0 g/m2 (17.3-54.0)

Cisplatin 112 (7.8) 320 mg/m2 (276-480)

Carboplatin 111 (7.7) 2.0 g/m2 (1.2-2.8)

HD MTX 368 (25.5) 15.0 g/m2 (6.0-36.0)

HD cyclophosphamide 124 (8.6) 3.0 g/m2 (3.0-6.8)

Abdominal XRT 103 (7.1) 20.0 Gy (15.0-30.0)

Total body XRT 22 (1.5) 7.5 Gy (7.5-12.0)

Nephrectomy (incl. partial) 212 (14.7) -
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Prevalence of therapy-related renal dysfunction
In total, 405 survivors (28.1%) suffered from at least one renal adverse effect or 

elevated BP. Table 3 shows the prevalence of the outcome measures at the first 

visit in the AMC/LATER-outpatient clinic, at least 5 years after diagnosis.

We could estimate the GFR of 1313 survivors (91%). Mean estimated GFR was 

121 ml/min/1.73 m2 (SD: 19 ml/min/1.73m2). Sixty-two survivors (4.5%) had an 

estimated GFR below 90 ml/min/1.73 m2. There were no survivors with end-

stage renal failure.

Only 534 (37%) survivors had both magnesium and phosphate measurements, 

including 408 patients (45.5%) who received potentially nephrotoxic treatment 

and 126 patients (23.0%) who did not.

Thirty-six of these 534 patients (8.8%) had hypomagnesemia including 

two patients receiving supplementation. In relation to therapy, 17/75 (22%) 

patients treated with cisplatin and 9/44 (20%) nephrectomy patients had 

hypomagnesemia.

The overall prevalence of hypophosphatemia was 3.0% (17/572 patients). In the 

ifosfamide subgroup of 202 patients serum phosphate was available for 139 

survivors. Six survivors (4%) had (mild) hypophosphatemia. No survivor required 

phosphate supplementation. 

Urine was tested for albuminuria in 1269 survivors (88%) and was found positive 

in 184 (14.5%). Table 4 shows the distribution of the albuminuria dipstick results 

in relation to glomerular function. 

In 1328 of the 1442 survivors (92.1%) blood pressure measurements were 

available. Elevated BP was found in 169 survivors (12.7%). An additional 18 (1.4%) 

were receiving antihypertensive medication and did not have a high blood 

pressure measurement in the registry and nine more did have hypertension in 

spite of receiving antihypertensive medication (0.7%). High BP was less prevalent 

in the group of survivors treated with potentially nephrotoxic therapies than in 
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Table 3. Prevalence of outcomes

Decreased GFR
Hypomagne-
saemia

Hypophospha-
temia Albuminuria

Elevated blood 
pressure

Therapy subgroup N N* (%) N* (%) N* (%) N* (%) N* (%)

No nephrotoxic 
therapy 546 4/524 (0.8) 3/126 (2.4) 5/144 (3.5) 49/477 (10.3) 96/513 (18.7)

Ifosfamide 202 29/190 (15.3) 8/123 (6.5) 6/139 (4.3) 48/181 (26.5) 19/179 (10.6)

Cisplatin 112 6/108 (5.6) 17/75 (22.7) 4/71 (5.6) 13/94 (13.8) 15/107 (14.0)

Carboplatin 111 9/100 (9.0) 2/50 (4.0) 2/58 (3.4) 19/93 (20.4) 6/92 (6.5)

HD methotrexate 368 5/349 (1.4) 7/188 (3.7) 2/188 (1.1) 42/331 (12.7) 25/337 (7.4)

HD Cyclo. 124 9/119 (7.6) 5/58 (8.6) 1/64 (1.6) 13/108 (12.0) 10/112 (8.9)

Nephrectomy 212 23/206 (11.2) 9/44 (20.5) 1/48 (2.1) 33/184 (17.9) 43/198 (21.7)

Abdominal 
irradiation 103 14/102 (13.7) 3/25 (12.0) 1/32 (3.1) 18/93 (19.4) 33/96 (34.4)

Total body 
irradiation 22 1/22 (4.5) 0/14 (0.0) 0/14 (0.0) 5/21 (23.8) 3/21 (14.3)

Therapy 
combinations

No nephrotoxic 
therapy 546 4/524 (0.8) 3/126 (2.4) 5/144 (3.5) 49/477 (10.3) 96/513 (18.7)

Ifosfamide only 75 11/72 (15.3) 1/49 (2.0) 2/58 (3.4) 21/69 (30.4) 8/68 (11.8)

Cisplatin only 53 2/51 (3.9) 7/31 (22.6) 2/29 (6.9) 8/44 (18.2) 5/49 (10.2)

Carboplatin only 23 1/21 (4.8) 0/9 (0.0) 0/11 (0.0) 7/20 (35.0) 1/19 (5.3)

Platinum agent + 
ifosfamide 82 9/75 (12.0) 7/48 (14.6) 3/53 (5.7) 12/73 (16.4) 8/71 (11.3)

HD Methotrexate 
only 265 2/248 (0.8) 1/136 (0.7) 2/130 (1.5) 31/239 (13.0) 17/238 (7.1)

HD Cyclo. only 20 0/19 (0.0) 0/8 (0.0) 0/9 (0.0) 1/16 (6.2) 1/18 (5.6)

Nephrectomy only 122 8/117 (6.8) 6/22 (27.3) 1/23 (4.3) 13/102 (12.7) 13/114 (11.4)

Radiotherapy only 28 1/28 (3.6) 0/8 (0.0) 1/10 (10.0) 5/26 (19.2) 5/26 (19.2)

Nephrectomy + 
NCTx 13 3/13 (23.1) 0/4 (0.0) 0/4 (0.0) 5/13 (38.5) 2/12 (16.7)

Nephrectomy + XRT 65 9/65 (13.8) 3/14 (21.4) 0/15 (0.0) 12/60 (20.0) 27/61 (44.3)

Nephrectomy + 
NCTx + XRT 12 3/11 (27.3) 0/4 (0.0) 0/6 (0.0) 3/9 (33.3) 1/11 (9.1)

Other NCTx 
combinations 118 7/114 (6.1) 8/62 (12.9) 1/65 (1.5) 14/102 (13.7) 9/109 (8.3)

Radiotherapy + 
NCTx 20 2/20 (10.0) 0/13 (0.0) 0/15 (0.0) 3/19 (15.8) 3/19 (15.8)

Total 1442 62 / 
1378 (4.5) 36/534 (6.7) 17 / 

572 (3.0) 184 / 
1269 (14.5) 196 / 

1328 (14.8)

*: cells show number of survivors with a positive test result / total number of survivors tested. Survivors can belong to 
more than one therapy subgroup, but have only received one therapy combination. Abbreviations: HD: high-dose; Cyclo: 
cyclophosphamide. XRT: abdominal radiotherapy and/or total body irradiation; NCTx: nephrotoxic chemotherapy defined as 
either high-dose cyclophosphamide, high-dose methotrexate, cisplatin, carboplatin and/or ifosfamide.
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the group treated without (12.3% vs. 18.7%; P=0.002). The prevalence of high BP 

in our cohort was significantly increased for males aged 30-39 (prevalence ratio: 

2.4; 95%-CI: 1.5-3.8) and females aged 20-29 (prevalence ratio: 3.0; 95%-CI: 1.2-

7.5) in comparison to the general population (Table 5) and seemed to be raised 

for almost all other subgroups.

Risk factors associated with therapy-related renal 
dysfunction

The results of the multivariable logistic regression analyses of the five outcomes 

of interest are presented in Tables 6 and 7. The first shows all therapies 

modelled as independent risk factors and the second shows therapy modelled 

as a categorical risk factor. A higher cumulative ifosfamide dose (OR: 1.6 per 

Table 4. Distribution of eGFR versus albuminuria

Albuminuria dipstick

No albuminuria 25 mg/dL 75 mg/dL 100 mg/dL Total

eGFR 
(in ml/min 
/1.73m2)

≥90 1038 128 14 5 1185

60-89 27 17 2 1 47

30-59 2 0 2 2 6

15-29 0 2 0 1 3

<15 0 0 0 0 0

Total 1067 147 18 9 1241

Abbreviations: eGFR: estimated glomerular filtration rate

Table 5. Elevated blood pressure prevalence ratios

Gender
Age
group Observed elevated BP 

Prevalence in general 
population Prevalence ratio 95%-CI 

Male 0-19 32/390 (8.2%) 2.0% 4.10 (0.78-21.61)

Female 0-19 22/302 (7.3%) 1.0% 7.29 (0.56-95.24)

Male 20-29 65/267 (24.3%) 17.0% 1.44 (0.88-2.32)

Female 20-29 32/213 (15.0%) 5.0% 3.00 (1.21-7.45)*

Male 30-39 28/74 (37.8%) 16.0% 2.36 (1.49-3.76)*

Female 30-39 10/65 (15.4%) 10.0% 1.54 (0.74-3.21)

Male 40-49 5/10 (50.0%) 34.0% 1.47 (0.76-2.82)

Female 40-49 2/7 (28.6%) 31.0% 0.92 (0.28-3.04)

Comparison of the age- and gender-specific elevated blood pressure prevalences to the prevalences in the normal population. 
Abbreviations: BP: blood pressure. *: P<0.05.
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additional 10 g/m2; 95%-CI: 1.4-1.8), use of high-dose cyclophosphamide (OR: 7.1; 

95%-CI: 2.7-18.5) and having had a nephrectomy (OR: 8.6; 95%-CI: 3.4-21.4) had 

the strongest association with a GFR <90 ml/min/1.73m2. The combination of 

nephrectomy with nephrotoxic chemotherapy seemed particularly detrimental 

(Table 7).

Cumulative cisplatin dose (OR: 1.7 per additional 100 mg/m2; 95%-CI: 1.3-2.1) and 

having had a nephrectomy (OR: 17.5; 95%-CI: 4.6-65.8) were both significant 

treatment-related risk factors for hypomagnesemia. No treatment-related risk 

factors could be identified for the occurrence of hypophosphatemia. Regression 

analysis on albuminuria only showed a significant association with cumulative 

ifosfamide dose when evaluating all treatments as independent risk factors 

(OR: 1.3 per additional 10 g/m2; 95%-CI: 1.2-1.5). In comparison to survivors 

who received no nephrotoxic therapy, the use of carboplatin was an additional 

significant risk factor for albuminuria (Table 7).

Abdominal irradiation was the only significant treatment-related risk factor for an 

elevated BP (OR: 2.5; 95%-CI: 1.4-4.5). A higher BMI and male gender were other 

risk factors. When looking at the mutually exclusive treatment groups, survivors 

treated with a nephrectomy and abdominal irradiation have the highest risk of 

developing a high BP (OR: 4.9; 95%-CI: 2.6-9.2). The higher prevalence in the 

group treated with non-nephrotoxic therapies may be explained in part by a 

significantly higher mean body mass index in that group (22.7 kg/m2 vs. 20.9 kg/

m2; P<0.001).

High-dose methotrexate and total body irradiation were not significantly 

associated with any of the outcome measures.

Discussion
This is the first study investigating the prevalence and risk factors for long-

term renal adverse effects and hypertension in a cohort of childhood cancer 

survivors representing a broad spectrum of diagnoses and treatment modalities, 

including surgery, radiation therapy, and different types of chemotherapy. After 
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a median of 12 years since cancer diagnosis and at a median age of 18 years, 

almost 30% of all survivors had at an impaired glomerular or tubular function 

or an elevated BP. Only a few studies have investigated long-term renal effects 

in survivors of childhood cancer, focusing on the effects of ifosfamide and 

platinum derivates.5,8,9 However, studies on long-term renal adverse effects and 

hypertension evaluating other types of chemotherapy, radiation therapy and 

surgery are lacking. The most important strength of this study is the long-term 

follow-up of a complete cohort of CCS and the high number of survivors included 

in the analysis. We were also able to thoroughly assess most patients, including 

GFR, albuminuria, and blood pressure. We used multivariable analysis, including 

precise information about the treatment-related risk factors.

We found a diminished GFR in 4.5% of all survivors in our cohort, with a much 

higher prevalence in some subgroups. Notably, in the subgroup of 190 survivors 

treated with ifosfamide (median cumulative dose: 30 g/m2), 15.3% had a lowered 

GFR. Earlier studies on diminished GFR were performed in subgroups of survivors 

and in most cases reported after a short follow-up period. Reported prevalences 

vary widely, from 7.6% in 137 bone marrow transplantation patients two years 

after transplantation22 up to 50% in 148 patients treated with ifosfamide after 

a median follow-up of 6 months.23 Differences in study population, treatment 

(doses), follow-up duration and outcome definition may explain a large part of 

the variation in prevalence. In our multivariable analysis a higher cumulative 

dose of ifosfamide, cisplatin and carboplatin, administration of high-dose 

cyclophosphamide, nephrectomy and abdominal radiation therapy increased 

the risk of having a diminished GFR. Additionally, a longer time since cancer 

diagnosis increased the risk of having a lower GFR, a finding recently confirmed 

by Oberlin et al in 183 CCS treated with ifosfamide after 10 years of follow-up.5 It 

should however be noted that time since cancer diagnosis is strongly correlated 

with attained age and that the decline in eGFR is a physiological consequence 

of senescence.

In our study we used the (adapted) Schwartz- and the CKD-EPI formula to 

calculate estimated GFR. It is well established that neither formula is as reliable 
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as a gold standard clearance measurement, such as the 51Cr-EDTA clearance.24 

However, clearance measurement is a cumbersome, invasive test. Furthermore, 

a recent meta-analysis showed that even a low estimated GFR is associated 

with all-cause mortality and cardiovascular mortality in the general population.25

Hypomagnesemia, caused by magnesium wasting due to proximal tubular 

toxicity, can cause fatigue, paraesthesia, convulsions, tetany and ultimately fatal 

cardiac arrhythmia.9,10,26 In our study 22.7% of all survivors treated with cisplatin 

and 4.0% of those treated with carboplatin had hypomagnesemia at a median of 

12.1 years since cancer diagnosis. Stöhr et al found prevalences of 2.3% and 3.0% 

in 148 sarcoma patients treated with cisplatin or carboplatin, respectively, at a 

median follow-up of 2 years.10 Prevalence of hypomagnesemia in their cisplatin 

group was much lower than in our study, although the median cumulative doses 

were comparable. The onset of hypomagnesemia may occur later in follow-up, 

as supported by the results of Skinner et al who found a prevalence of 32% in 

cisplatin-treated patients and 17% in carboplatin treated patients after 10 years 

of follow-up.9 Only long-term longitudinal studies can provide insight into the 

course of hypomagnesemia after platinum treatment in CCS. 

Renal phosphate loss can lead to development of hypophosphatemic rickets, 

osteomalacia and renal Fanconi syndrome and has been associated with 

ifosfamide use.27 As bone mineral density (BMD) deficits already pose a large 

problem in CCS due to non-renal factors, hypophosphatemia due to renal toxicity 

increases the risk for later BMD and osteoporosis even more.28,29 In our study 

hypophosphatemia occurred in 3.0% of the overall group and in 4.3% of the 

ifosfamide subgroup. No treatment specific risk factors could be identified. As we 

were only able to assess serum phosphate, the prevalence of renal phosphate 

wasting is probably higher, as dietary intake can mask the renal phosphate loss. 

As other studies report different prevalences and risk factors, including age at 

diagnosis, time since cancer diagnosis and cumulative ifosfamide dose, more 

research is needed on the causes and extent of renal phosphate wasting, to 

identify high-risk survivors for surveillance and adequate treatment. 

A limitation of this study is that serum magnesium and phosphate levels were 
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measured in only 46% of patients for whom it was recommended by the 

screening guideline. This finding illustrates that implementation of the guideline 

is suboptimal and needs attention. In a post-hoc missing variables analysis we 

could not detect possible sampling bias (e.g. differences in age or treatment 

exposure). Nevertheless, the conclusions regarding magnesium and phosphate 

should be interpreted with caution. Another limitation is that we assessed a large 

number of predictor variables, even for the outcomes that were measured and 

present in relatively few survivors, limiting the power to assess the predictors 

and leading to wide confidence intervals. 

The prevalence of albuminuria (>25 mg/dL in a random spot urine sample) was 

14.5%, much higher than in the normal population (0.7% for >20 mg/dL in early 

morning urine).30 If we would use a cut-off of >75 mg/dL to compensate for 

the overestimation of proteinuria caused by using random daytime samples, 

the prevalence would still be 3-fold higher (2.2%). Other studies found similar 

results: Mäkipernaa et al31 and Mancini et al32 both investigated albuminuria in 

survivors of Wilms’ tumours treated with nephrectomy and found prevalences of 

16.7% and 11.6%, which is similar to our nephrectomy subgroup (17.9%). Oberlin 

et al5 investigated proteinuria in 24-hour urine samples of ifosfamide survivors 

and found a prevalence of 11.3%. The high prevalence of albuminuria is clinically 

important in this relatively young population: even though glomerular function is 

still normal in most survivors, this early onset of albuminuria may have a marked 

effect on glomerular function during the normal aging process. Additionally, a 

recent meta-analysis showed that albuminuria measured with dipsticks is an 

independent predictor for mortality in the general population.25

The prevalence of elevated BP of 14.8% in this young survivor group is 

alarmingly high, with an on average doubled risk compared to the general 

population. However, blood pressure was measured only during a single visit in 

our study group, while hypertension should be confirmed during two additional 

consecutive visits. So far, three other studies have assessed hypertension 

in a heterogeneous and complete cohort of CCS. We previously performed a 

nested case-control study in 1362 survivors, using strict criteria for hypertension 
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(high blood pressure at three consecutive visits).33 Due to these strict criteria 

only 44 cases were identified and only obesity was significantly associated 

with hypertension. Haddy et al assessed 103 consecutive CCS at a long-term 

follow-up clinic after a median follow-up of 6 years and found a prevalence 

of 13.6%.34 In children and young adults, Pietilä et al found 8/54 (14.8%) brain 

tumour survivors to be hypertensive at a median follow-up of 6 years.35 Cisplatin 

treatment, cranial irradiation, decreased GFR, and hypomagnesemia increased 

the risk of hypertension. Haddy et al found Wilms’ tumour survivors to be at the 

highest risk.34 In our study, abdominal irradiation, especially in combination with 

a nephrectomy, was significantly associated with an elevated BP in comparison 

to the group treated without nephrotoxic therapies. However, the prevalence 

was highest in the group treated without potentially nephrotoxic therapies 

(18.7%). Future research should focus on investigating risk factors for developing 

hypertension in this subgroup, as well as on possible interventions. For example, 

survivors with hypertension and/or proteinuria who are at risk of (progression of) 

chronic kidney disease may benefit from tight blood pressure control targeting 

the renin-angiotensin system.36 

In conclusion, this study described the prevalence and risk factors for long-term 

nephrotoxicity in a large and complete cohort of childhood cancer survivors. 

A high percentage of childhood cancer survivors have a diminished GFR, 

albuminuria or elevated BP after a median of 12.1 years since initial diagnosis. 

This is clinically relevant as these outcome parameters are associated with a 

higher risk of mortality in the general population.25,37 Future research should 

focus on the development of renal dysfunction over time, including the renal 

function before the start of nephrotoxic treatment, on the clinical relevance of 

more sensitive markers to detect renal adverse effects (for example cystatin C 

for renal function and echocardiograms to assess left ventricular hypertrophy in 

the context of hypertension) and on identification of interventions that prevent 

renal dysfunction during and long after treatment. Furthermore, research 

should focus on additional risk factors for hypertension (e.g. cranial irradiation), 

possibly incorporating radiation dosimetry data. For clinical practice, continuous 

monitoring of renal function is necessary in childhood cancer survivors treated 
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with ifosfamide, cisplatin, carboplatin, high-dose cyclophosphamide, abdominal 

radiotherapy or nephrectomy. Blood pressure should be monitored in all survivors. 
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Abstract
Background  Impaired glomerular function is one of the health problems 

affecting childhood cancer survivors (CCS). It is unclear whether glomerular 

function deteriorates or recovers in CCS. We evaluated time trends and predictors 

of glomerular function in long-term CCS.

Methods  The cohort consisted of all five-year CCS treated in the Emma Children’s 

Hospital/AMC between 1966 and 2003. We evaluated repeated observations of 

estimated glomerular filtration rate (GFR) and glomerular dysfunction (GFR <90 

ml/min/1.73m2). Ifosfamide, cisplatin, carboplatin, high-dose (HD-)methotrexate, 

HD-cyclophosphamide, radiotherapy to the kidney region and nephrectomy (i.e. 

potentially nephrotoxic therapy) were investigated as predictors of glomerular 

function patterns over time in multivariable longitudinal analyses.

Results  Glomerular function was assessed in 1403 of 1845 eligible CCS at a 

median follow-up of 18 years after diagnosis. CCS treated with potentially 

nephrotoxic therapy had a significantly lower predicted GFR and higher 

glomerular dysfunction probability up till 35 years after diagnosis (P<0.001) 

compared to CCS treated without nephrotoxic therapy. Especially ifosfamide, 

HD-cisplatin and nephrectomy were associated with worse glomerular function 

that persisted during the entire follow-up period (P<0.01). Glomerular function 

deteriorated over time in all CCS (P<0.001). CCS treated with nephrotoxic therapy 

experienced no greater decline in glomerular function than other CCS.

Conclusions  The loss in glomerular function starts early, especially for CCS 

treated with ifosfamide, HD-cisplatin and nephrectomy, and seems to be 

persistent. We have no indication that CCS treated with nephrotoxic therapy 

experience faster decline than other CCS.

Impact  As glomerular function continues to deteriorate CCS are at risk for 

premature chronic renal failure. 
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Introduction
Due to advances in the treatment of childhood cancer most patients are 

expected to become long-term survivors.1,2 However, the improved prognosis 

has been accompanied by late, treatment-related complications. As a result, 

childhood cancer survivors (CCS) are a growing group of individuals who are at 

risk of premature morbidity and mortality.3,4

Nephrotoxicity is one of the late effects identified in CCS presenting either as a 

decline in glomerular filtration rate (GFR), deterioration of tubular function and/

or proteinuria. It has been suggested that CCS treated with ifosfamide, cisplatin, 

carboplatin, high-dose (HD-)methotrexate, HD-cyclophosphamide, radiotherapy 

to the kidney region and/or (partial) nephrectomy are at risk for nephrotoxicity.5–17 

Recently, we showed in a large cross-sectional cohort study including 1442 CCS 

with a median follow-up of 12 years after diagnosis that 28% had ≥1 renal late 

effect(s), of whom 62 (4.6%) developed glomerular dysfunction (GFR <90 ml/

min/1.73m2). Higher ifosfamide, cisplatin and carboplatin dose, high-dose (HD-)

cyclophosphamide, nephrectomy, and longer follow-up were identified as risk 

factors for glomerular dysfunction.18 

It is, however, not clear whether CCS will show recovery, deterioration or no 

change in glomerular function, and what the effects of specific cancer treatments 

are on the pattern over time. A few smaller cohort studies with limited follow-

up durations have evaluated the change in renal function over time, but results 

have been inconclusive.8,9,12,14,15,19

Chronic kidney disease may affect quality of life and can lead to premature 

co-morbidity, such as cardiovascular disease, anaemia, bone disease and 

malnutrition.20 To establish adequate follow-up protocols for CCS it is important 

to know their pattern of glomerular function over time. Therefore, the aim of this 

study was to investigate time trends and predictors of glomerular function in a 

large cohort of long-term CCS.
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Materials and Methods

Study Population
In 1996, the Late Effects Outpatient Clinic for CCS was established in the Emma 

Children’s Hospital/Academic Medical Center (EKZ/AMC). Here we offer medical 

follow-up to CCS for the assessment of late effects. All five-year CCS were 

identified using the hospital’s Childhood Cancer Registry (established in 1966), 

which contains data on all patients treated for childhood cancer in the EKZ/

AMC regarding diagnosis, treatment and follow-up. All CCS surviving ≥5 years 

after diagnosis and still alive at the start of the outpatient clinic were invited to 

participate and were subsequently enrolled into prospective follow-up protocols 

tailored to previous diagnosis and treatment. To be eligible for this study, patients 

had to meet the following criteria: 1) diagnosed between January 1966 and January 

2003 and treated for a primary malignancy; 2) aged <18 years at diagnosis; 3) 

treated primarily in the EKZ/AMC; 4) survived ≥5 years after diagnosis. 

Follow-Up and Data Collection
All CCS who visited the outpatient clinic between January 1996 and January 2010 

received a full medical assessment, consisting of a medical history, physical 

examination, and additional risk-based diagnostic tests and counselling. CCS 

were seen at regular intervals (every one, two, or five years), depending on 

previous cancer treatment and assumed risk for late effects. For example, 

low-risk childhood cancer survivors (e.g. survivors treated with surgery only) 

were invited every five years, while high-risk survivors (e.g. survivors treated 

with chemotherapy and/or radiotherapy) were invited every year. For each 

CCS we recorded patient and treatment characteristics, and serum creatinine 

measurements from each outpatient clinic visit.

The EKZ/AMC institutional review board reviewed and approved the collection of 

data used for the analyses presented. Written informed consent was obtained 

from all participants.
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Glomerular Function Assessment
To assess glomerular function we measured serum creatinine using an 

enzymatic IDMS-traceable method (Roche P800, Roche Diagnostics, Almere, the 

Netherlands). We estimated the GFR using the Schwartz formula for CCS aged 

≤18 years with a constant derived by Zappitelli et al. (41.5 * (height (cm)/serum 

creatinine (mmol/L)) and the Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI) formula for adult CCS.21–23 We defined glomerular dysfunction as a GFR 

<90 ml/min/1.73m2, as recommended by the Kidney Disease Outcome Quality 

Initiative guidelines.24

Statistical Analysis
To evaluate the patterns of glomerular function over time we fitted multivariable 

linear random effects models for GFR as a continuous outcome variable, and 

multivariable logistic regression models for GFR as a dichotomous outcome 

variable. 

In the random effects models, estimates were obtained via restricted maximum 

likelihood. In the logistic regression models, estimates were obtained using 

generalized estimating equations (GEE) with a compound symmetry working 

correlation matrix. All performed GFR measurements were taken into account. 

Follow-up time was included as a continuous predictor variable. The random 

effects models and GEE adjust for the correlation between repeated observations 

measured in the same subject and can handle longitudinal data on subjects with 

varying number of and unequally spaced observations. In all GEE analyses an 

exchangeable correlation structure was assumed. 

We first fitted models that only included follow-up time and having received 

any type of potentially nephrotoxic therapy, allowing for an interaction between 

the two. Next, we included the following potentially nephrotoxic therapies in 

the prediction models as separate effects: administration and cumulative doses 

of ifosfamide, cisplatin and carboplatin, administration of HD-methotrexate (≥1 

gram/m2/course) and HD-cyclophosphamide (≥1 gram/m2/course or a total 
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cumulative dose of ≥10 gram/m2), radiotherapy to the kidney region and (partial) 

nephrectomy. In addition, sex and age at diagnosis were included in the models. 

We allowed for interactions between age at diagnosis and nephrectomy, and 

all individual treatments and follow-up time. Interactions between follow-

up time and cumulative ifosfamide, cisplatin, and carboplatin dose were only 

included when statistically significant. We modelled the effects of follow-up 

time and age at diagnosis via linear splines with 4 knots to allow for a non-

linear relationship with the outcome variables. Because parameter estimates 

of individual spline components are hard to interpret, we presented results 

graphically using predicted values from the models. Plots were stratified by 

important determinants of glomerular function. To graphically present the 

effects of cumulative dose and age at diagnosis (all continuous variables), we 

divided their distribution into tertiles. Variable reference values and P values are 

presented in the figure legends. We performed analyses using R version 2.14 (R 

Foundation for Statistical Computing, Vienna, Austria). All statistical tests were 

two-sided and P values <0.01 were considered statistically significant. 

Figure 1. Flowchart of childhood cancer survivors included in this study. a: None of the 135 

childhood cancer survivors who died before they could visit the outpatient clinic died because of 

renal failure.
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Table 1. Baseline characteristics of 1403 childhood cancer survivors tested for glomerular function versus 401 
childhood cancer survivors excluded from the study

Characteristic
Patients with glomerular 
function testing

Patients not included 
in the study groupa P-value

n (%) n (%)

No. of childhood cancer survivors 1403 401

Sex
  Male
  Female

766 
637 

(54.6) 
(45.4)

224 
177 

(55.9)
(44.1)

0.65

Primary childhood cancer diagnosis
  Leukaemia
  Lymphoma
  Brain/CNS tumour
  Bone tumour
  Soft tissue sarcoma
  Renal tumour
  Hepatic tumour
  Germ cell tumour
  Neuroblastoma
  Retinoblastoma
  Other tumours

370 
294 
82 
106 
146 
204 
20 
51 
90 
12 
28 

(26.4)
(21.0)
(5.8)
(7.6)
(10.4)
(14.5)
(1.4)
(3.6)
(6.4)
(0.9)
(2.0)

105 
44 
46 
41 
45 
35 
5 
17 
38 
8 
17 

(26.2)
(11.0)
(11.5)
(11.0)
(11.2)
(8.7)
(1.2)
(4.2)
(9.5)
(2.0)
(4.2)

<0.001

Age at diagnosis, median (range) yr
  0-4 yr
  5-9 yr
  10-14 yr
  15-18 yr

5.9 
616 
384 
322 
81 

(0.0-17.8)
(43.9)
(27.4)
(23.0)
(5.8)

6.1
179 
101 
87 
34 

(0.0-17.8) 
(44.6)
(25.2) 
(21.7) 
(8.5)

0.22

Any nephrotoxic therapy
  No 
  Yes

491 
912 

(35.0)
(65.0)

146 
255 

(36.4)
(63.6)

0.60

Ifosfamide, median cumulative dose (range) 
g/m2
  No 
  Yes

30.0 
1203 
200 

(1.0-132.0) 
(85.7) 
(14.3)

25.5
316 
85 

(0.4-108.0) 
(78.8)
(21.2)

0.001

Cisplatin, median cumulative dose (range) 
mg/m2
  No 
  Yes

360.0 
1296 
107 

(15.6-1600.0)
(92.4) 
(7.6)

400.0
336 
35 

(
60.0-
3952.0) 
(91.3)
(8.7)

0.47

Carboplatin, median cumulative dose 
(range) mg/m2
  No 
  Yes

2000.0
1293 
110 

(15.0-6400.0)
(92.2)
(7.8)

1500.0
337 
64 

(95.5-
5360.0)
(84.0)
(16.0)

<0.001

HD-methotrexate, median cumulative dose 
(range) g/m2
  No  
  Yes

15.0 
1040 
363 

(1.5-138.0) 
(74.1) 
(25.9)

15.0
288 
113 

(2.4-98.0) 
(71.8) 
(28.2)

0.36
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Results

Study Population
The study population consisted of 1444 out of 1845 eligible CCS, of whom 1403 

(97.2%) underwent glomerular function testing (Figure 1). Clinical characteristics 

of CCS are presented in Table 1, Table 2 and Table 3. In total, 7432 GFR 

measurements have been performed in 1403 CCS, of whom 1153 (82.2%) had 

repeated observations. Of these 1153 CCS the median follow-up years from first 

until last glomerular function test was 7.0 years (range 0.8-14.3), with a median 

of 5 measurements per subject (range 2-15). The screening frequency was 

comparable between CCS treated with and without nephrotoxic therapy (0.91 and 

0.95 per year, respectively), and between CCS with a normal and an abnormal 

GFR during the course of follow-up (0.91 and 0.93 per year, respectively)

  

Table 1. Baseline characteristics of 1403 childhood cancer survivors tested for glomerular function versus 401 
childhood cancer survivors excluded from the study

HD-cyclophosphamide, median cumulative 
dose (range) g/m2
  No  
  Yes

5.8
1237 
166 

(1.0-26.6)
(88.2)
(11.8)

4.2
349 
52 

(1.0-45.0)
(87.0)
(13.0)

0.54

Radiotherapy, median cumulative dose 
(range) Gy
  No
  Yes
    Abdominal
    TBI

20.0 
1279 
124 
102 
22 

(5.0-46.0)
(91.2)
(8.8)
(7.2)
(1.6)

16.8
363 
38 
21 
17 

(7.0-45.0)
(90.5)
(9.5)
(5.2)
(4.3)

0.69

Nephrectomy
  No 
  Yes
    Partial
    Complete

1194 
209 
13 
196 

(85.1)
(14.9)
(0.9)
(13.8)

362 
39 
5 
34 

(90.3)
(9.7)
(1.2)
(8.5)

0.008

Recurrence of primary tumour
  No 
  Yes

1209 
194 

(86.2)
(13.8)

261 
140 

(65.1)
(34.9)

<0.001

Vital status
  Alive
  Deceased

1380 
23 

(98.4)
(1.6)

266 
135 

(66.3)
(33.7)

<0.001

Abbreviations: CNS, central nervous system; HD, high-dose; TBI, total body irradiation; yr, year. a: Childhood 
cancer survivors who died before first outpatient clinic visit, moved abroad, refused screening or lost to follow-
up.
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Table 2. Follow-up characteristics of 1403 childhood cancer survivors tested for glomerular function

Characteristic

Patients with 
glomerular function testing

n (%)

Age at first glomerular function test, median (range) yr
5-9 yr
10-14 yr
15-19 yr
20-24 yr
25-29 yr
30-34 yr
35-39 yr
≥40 yr

19.4 
85 
232 
436 
317 
174 
107 
37 
15 

(5.8-47.7) 
(6.1) 
(16.5)
(31.1)
(22.6)
(12.4)
(7.6)
(2.6)
(1.1)

Age at last glomerular function test, median (range) yr
5-9 yr
10-14 yr
15-19 yr
20-24 yr
25-29 yr
30-34 yr
35-39 yr
≥40 yr

25.8 
36 
133 
208 
274 
287 
201 
151 
113 

(6.6-53.1)
(2.6)
(9.5)
(14.8)
(19.5)
(20.5)
(14.3)
(10.8)
(8.1)

Time from diagnosis until first glomerular function test, 
median (range), yr
5-9 year
10-14 yr
15-19 yr
20-24 yr
25-29 yr
≥30 yr

12.3 
552 
326 
295 
136 
70 
24 

(5.0-36.1)
(39.3)
(23.2)
(21.0)
(9.7)
(5.0) 
(1.7)

Time from diagnosis until last glomerular function test, 
median (range), yr
5-9 year
10-14 yr
15-19 yr
20-24 yr
25-29 yr
30-35 yr
≥35 yr

18.3
209 
295 
295 
225 
204 
123 
52 

(5.0-42.0)
(14.9)
(21.0)
(21.0)
(16.0)
(14.5)
(8.8)
(3.7)

Number of glomerular function tests per patient
1
2
3-4
5-6
7-9
10-12
13-15

250 
199 
282 
196 
246 
130 
100 

(17.8)
(14.2)
(20.1)
(14.0)
(17.5)
(9.3) 
(7.1)

Abbreviations: yr = year.
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Time Trends and Predictors of Glomerular Filtration Rate – 
Multivariable Linear Random Effects Model

In Figure 2 the patterns of predicted GFR over time for CCS treated with and 

without potentially nephrotoxic therapy are presented. GFR declined in both 

groups during follow-up (P<0.001). At 5 years after diagnosis the mean predicted 

GFR for CCS treated with and without potentially nephrotoxic therapy was 117.9 

ml/min/1.73m2 (95% CI, 116.0-119.9) and 133.6 ml/min/1.73m2 (95% CI, 130.1-137.0), 

respectively. At 35 years after diagnosis the mean predicted GFR for CCS treated 

with and without potentially nephrotoxic therapy was 90.4 ml/min/1.73m2 (95% 

CI, 86.9-93.9) and 98.3 ml/min/1.73m2 (95% CI, 95.4-101.3), respectively. The 

differences in GFR between both groups were highly significant, as well as the 

differences in time trends (P<0.001). 

As measured by the multivariable model, the predicted GFR deteriorated over 

time in all CCS (P<0.001). Figure 3 shows the predicted GFR time trends for the 

separate potentially nephrotoxic therapies. No significant interaction effects 

between time and cumulative ifosfamide, cisplatin, and carboplatin dose were 

demonstrated (P=0.33), meaning that there was no significant difference in 

predicted GFR time trend for CCS treated with low versus high cumulative doses 

of ifosfamide, cisplatin, and carboplatin. Therefore, we did not include these 

interactions in the prediction models. In Figure 4 the predicted GFR time trends 

for different cumulative doses of ifosfamide and cisplatin are presented.

Overall, ifosfamide was associated with a lower predicted GFR (P<0.001). An 

Table 3. Screening characteristics of 1403 childhood cancer survivors

Mean number of GFR 
tests

Mean time between 
first and last test

Number of GFR tests 
per year

All childhood cancer survivors, n = 1403 5.3 5.7 yr 0.93

No nephrotoxic therapy, n = 491 5.9 6.2 yr 0.95

Nephrotoxic therapy, n = 912 5.0 5.5 yr 0.91

Normal GFR, n = 1116 5.0 5.5 yr 0.91

Abnormal GFR, n = 287 6.3 6.8 yr 0.93
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ifosfamide by time interaction was found (P=0.001), meaning that the pattern 

of predicted GFR over time was different for CCS treated with and without 

ifosfamide (Figure 3, A). The deterioration rate was higher in CCS treated without 

nephrotoxic therapy compared to CCS treated with ifosfamide, but only for the 

first 10 years of follow-up. Thereafter, CCS treated with ifosfamide experienced 

a further decline in predicted GFR, with a comparable deterioration rate as CCS 

treated without ifosfamide. As shown in Figure 4, A-C, higher ifosfamide dose 

was also associated with a lower predicted GFR (P<0.001).

Cisplatin had a marginally significant overall effect on predicted GFR (P=0.029), 

which seems to be related to cumulative cisplatin dose (dose effect P=0.009), 

with higher dose related to a lower predicted GFR. The time trends did not 
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Figure 2. Predicted time trends in glomerular filtration rate among 1403 childhood cancer 

survivors measured by the multivariable linear random effects model. 

Abbreviations: 95% CI, 95% confidence interval. Time effect P<0.001; treatment effect P<0.001; 

treatment by time effect P<0.001. No corrections were made in this model.
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Figure 3. Predicted time trends in glomerular filtration rate among 1403 childhood cancer 

survivors by potentially nephrotoxic therapy measured by the multivariable linear random 

effects model. 

Abbreviations: HD, high-dose; 95% CI, 95% confidence interval. Time effect P<0.001; age at diagnosis effect 

P<0.001; sex effect P=0.14; A) ifosfamide effect P<0.001, cumulative ifosfamide dose effect P<0.001, ifosfamide 

by time effect P=0.001; B) cisplatin effect P=0.029, cumulative cisplatin dose effect P=0.009, cisplatin by 

time effect P=0.77; C) carboplatin effect P<0.001, cumulative carboplatin dose effect P=0.82, carboplatin by 

time effect P<0.001; D) HD-cyclophosphamide effect P=0.37, HD-cyclophosphamide by time effect P=0.67; E) 

HD-methotrexate effect P<0.001, HD-methotrexate by time effect P=0.014; F) radiotherapy effect P<0.001, 

radiotherapy by time effect P=0.018; G) nephrectomy effect P<0.001, nephrectomy by time effect P<0.001, 

nephrectomy by age effect P=0.006.  

Predictions were based on male sex, age at diagnosis 7.0 years, and – depending on the sub-figure – on the 

administration of A) ifosfamide with cumulative dose 30 g/m2, B) cisplatin with cumulative dose 320 mg/m2, C) 

carboplatin with cumulative dose 2000 mg/m2, D) HD-cyclophosphamide, E) HD-methotrexate, F) radiotherapy 

to the kidney region, and G) nephrectomy. For every panel, the other treatments were set to zero.
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significantly differ by whether cisplatin had been given (P=0.77) (Figure 2B and 

Figure 4, D-F).  

Overall, carboplatin was associated with a lower predicted GFR (P<0.001). A 

carboplatin by time interaction was demonstrated (P<0.001), indicating that 

CCS treated with and without carboplatin showed different predicted GFR time 

trends. The differences in predicted GFR pattern over time occurred within the 

first 10 years of follow-up, with a higher deterioration rate in CCS treated with 
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Figure 4. Predicted time trends in glomerular filtration rate among 1403 childhood cancer 

survivors by cumulative ifosfamide and cisplatin dose measured by the multivariable linear 

random effects model. 

Abbreviations: 95% CI, 95% confidence interval. P-values are listed in the legends of Figure 2. Predictions were 

based on male sex, age at diagnosis 7.0 years, and the administration of ifosfamide and cisplatin with varying 

cumulative ifosfamide (A, B, C) and cisplatin (D, E, F) doses, respectively. For every panel, the other treatments 

were set to zero.
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carboplatin (Figure 3, C). Thereafter, it seemed that the decline in predicted GFR 

stabilized. No significant effect of cumulative carboplatin dose was observed 

(P=0.82). 

HD-methotrexate (P<0.001) and radiotherapy to the kidney region (P<0.001) had 

an effect on predicted GFR, whereas no significant effect of HD-cyclophosphamide 

was found (P=0.37). Marginally significant interactions were found with time for 

HD-methotrexate (P=0.014) and radiotherapy (P=0.018) (Figure 2, D-F).
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Figure 5. Predicted time trends in glomerular filtration rate among 1403 childhood cancer survivors 

by nephrectomy and age at diagnosis measured by the multivariable linear random effects model.  

Abbreviations: 95% CI, 95% confidence interval. Time effect P<0.001; nephrectomy effect P<0.001; 

nephrectomy by time effect P<0.001; age at diagnosis effect P<0.001; nephrectomy by age at 

diagnosis effect P=0.006. Predictions were based on male sex and nephrectomy at varying ages at 

diagnosis. For every panel, the other treatments were set to zero.
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Nephrectomy was associated with a lower predicted GFR (P<0.001). The 

predicted GFR time trend was different for CCS treated with and without 

nephrectomy, as demonstrated by the interaction with time (P<0.001) (Figure 3, 

G). The deterioration rate was higher in CCS treated without nephrotoxic therapy 

compared to CCS treated with nephrectomy, but only within the first 15 years 

of follow-up. Thereafter, CCS treated with nephrectomy experienced a further 

decline in predicted GFR, with a comparable deterioration rate as CCS treated 

without nephrectomy. Also, older age at diagnosis was associated with a lower 

predicted GFR (P<0.001). An interaction effect between nephrectomy and age at 

diagnosis was demonstrated (P=0.006), meaning that the effect of nephrectomy 

on predicted GFR was different for CCS nephrectomized at an older age versus 

CCS nephrectomized at a younger age (Figure 5). 

No significant effect of sex was demonstrated (P=0.14).

Time Trends and Predictors of Glomerular Dysfunction – 
Multivariable Logistic Regression Model 
To confirm the clinical relevance of the results on continuous GFR we present 

the predicted time trends in glomerular dysfunction probability (GFR <90 ml/

min/1.73m2) for CCS treated with and without potentially nephrotoxic therapy 

in Figure 6. The glomerular dysfunction probability increased in both groups 

(P<0.001). At 5 years after diagnosis the mean predicted glomerular dysfunction 

probability for CCS treated with and without potentially nephrotoxic therapy was 

12.4% (95% CI, 8.9-17.0) and 1.5%  (95% CI, 0.3-7.9), respectively. At 35 years 

after diagnosis the mean predicted glomerular dysfunction probability for CCS 

treated with and without potentially nephrotoxic therapy was 36.5% (95% CI, 

27.6-46.5) and 17.3% (95% CI, 12.0-24.2), respectively. These differences were 

highly significant, as well as the differences in time trends (P<0.001).

The glomerular dysfunction probability time trends for the separate potentially 

nephrotoxic therapies and for different cumulative doses of ifosfamide and 

cisplatin are shown in Figure 7 and  Figure 8. As in line with the results on 

continuous GFR, the time effects on glomerular dysfunction probability were 
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highly significant (P<0.001). In addition, the analyses confirmed that ifosfamide 

(P<0.001), higher cumulative ifosfamide dose (P<0.001), cisplatin (P=0.002), 

higher cumulative cisplatin dose (P<0.001), and nephrectomy (P<0.001) were 

associated with a higher glomerular dysfunction probability (Figure 7, A, B, G and 

Figure 8, A-F). 

In contrast to the results on continuous GFR, carboplatin (P=0.069), HD-

methotrexate (P=0.60), radiotherapy to the kidney region (P=0.099), and age at 

diagnosis (P=0.21) were not significantly associated with glomerular dysfunction 

probability. In addition, no significant interactions were observed with time for 

ifosfamide (P=0.21), carboplatin (P=0.11), and nephrectomy (P=0.59), meaning that 
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Figure 6. Predicted time trends in glomerular dysfunction probability among 1403 childhood 

cancer survivors measured by the multivariable logistic regression model. 

Abbreviations: glomerular dysfunction, glomerular filtration rate <90 ml/min/1.73m2; 95% CI, 

95% confidence interval. Time effect P<0.001; treatment effect P<0.001; treatment by time effect 

P<0.001. No corrections were made in this model.
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Figure 7. Predicted time trends in glomerular dysfunction probability among 1403 childhood 

cancer survivors by potentially nephrotoxic therapy measured by the multivariable logistic 

regression model.  

Abbreviations: glomerular dysfunction, glomerular filtration rate <90 ml/min/1.73m2; HD = high-dose; 95% CI, 

95% confidence interval. Time effect P<0.001; age at diagnosis effect P=0.21; sex effect P=0.078; A) ifosfamide 

effect P<0.001, ifosfamide by time effect P=0.21, cumulative ifosfamide dose effect P<0.001, cumulative 

ifosfamide dose by time interaction P=0.18; B) cisplatin effect P=0.002, cisplatin by time effect P=0.006, 

cumulative cisplatin dose effect P<0.001, cumulative cisplatin dose by time interaction P=0.001; C) carboplatin 

effect P=0.069, carboplatin by time effect P=0.11, cumulative carboplatin dose effect P=0.55, cumulative 

carboplatin dose by time interaction P=0.40; D) HD-cyclophosphamide effect P=0.016, HD-cyclophosphamide 

by time effect P=0.25; E) HD-methotrexate effect P=0.60, HD-methotrexate by time effect P=0.45; F) 

radiotherapy effect P=0.099, radiotherapy by time effect P=0.11; G) nephrectomy effect P<0.001, nephrectomy 

by time effect P=0.59.  Predictions were based on male sex, age at diagnosis 7.0 years, and – depending on the 

sub-figure – on the administration of A) ifosfamide with cumulative dose 30 g/m2, B) cisplatin with cumulative 

dose 320 mg/m2, C) carboplatin with cumulative dose 2000 mg/m2, D) HD-cyclophosphamide, E) HD-

methotrexate, F) radiotherapy to the kidney region, and G) nephrectomy. For every panel, the other treatments 

were set to zero.
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the effects of these treatments on glomerular dysfunction probability were not 

significantly different over time (Figure 7, A, C, E-G). We did identify a cumulative 

cisplatin dose by time interaction (P=0.001), indicating that the pattern of 

glomerular dysfunction probability over time was different for CCS treated with 

lower and higher cisplatin doses. Again, this effect was most profound in CCS 

treated in the highest dose group (≥500 mg/m2) (Figure 8, F).
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Figure 8. Predicted time trends in glomerular dysfunction probability among 1403 childhood 

cancer survivors by cumulative ifosfamide and cisplatin dose measured by the multivariable 

logistic regression model.  

Abbreviations: glomerular dysfunction, glomerular filtration rate <90 ml/min/1.73m2; 95% CI, 

95% confidence interval. P-values are listed in the legend of Figure 7. Predictions were based 

on male sex, age at diagnosis 7.0 years, and the administration of ifosfamide and cisplatin with 

varying cumulative ifosfamide (A, B, C) and cisplatin (D, E, F) doses, respectively. For every panel, 

the other treatments were set to zero.
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Discussion
This is the first large longitudinal cohort study reliably investigating time trends 

and predictors of glomerular function over time in CCS, taking into account the 

correlation between repeated observations measured within the same subject. 

This study demonstrates that CCS treated with nephrotoxic therapy have a 

worse glomerular function up till 35 years after diagnosis compared to CCS 

treated without nephrotoxic therapy. Especially ifosfamide, HD-cisplatin and 

nephrectomy are associated with lower GFR and with glomerular dysfunction 

(GFR <90 ml/min/1.73m2), which persists during the entire follow-up period. 

These CCS experience an early decline in glomerular function that does not 

recover. In all CCS, irrespective of treatment, glomerular function deteriorates 

over time. This decline starts at least as early as five years after cancer diagnosis 

and persists over the following 30 years. The deterioration rate of glomerular 

function was, however, not higher in CCS treated with versus without nephrotoxic 

therapy. Strengths of this study are the long and nearly complete follow-up, 

and the multivariable longitudinal analyses including precise information on 

treatment-related predictors.

To date, a few small studies have addressed glomerular function over time in CCS. 

Two studies investigated glomerular function in 63 CCS treated with cisplatin 

and/or carboplatin and 25 with ifosfamide 1 and 10 years after completion of 

treatment.8,9 Patients showed either recovery or deterioration in glomerular 

function, but the time trends were not significant. Two studies did also not 

demonstrate significant differences in GFR patterns in 23 CCS treated with 

carboplatin and 14 with cisplatin after 2 and 6 years, respectively,12,15 while another 

study showed a significant recovery of GFR 4 years after end of treatment among 

40 CCS treated with cisplatin.19 The results of these studies must, however, be 

interpreted with caution, since sample sizes were small, follow-up was relatively 

short, and only few follow-up measurements were taken into account. 

In the general population, the decline in glomerular function is a normal and 

expected phenomenon. The decline in creatinine clearance is a physiologic and 

pathologic consequence of aging.25–27 A cross-sectional study among 174,448 
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subjects aged ≥18 years showed that the age-related decline amounts 8-11 ml/

min/1.73m2 per 10 years.26 As longitudinal population data on GFR is not available, 

we used CCS treated without potentially nephrotoxic therapy as an internal 

control group. Although this may have led to an underestimation of the effect 

sizes in the risk factor analyses (e.g. due to antibiotic treatment for neutropenia in 

the control group), we had the advantage that longitudinal data was available for 

both groups and that the GFR assessment method was identical. It is essential 

to realize that our population is still young (median age 26 years) and has a long 

life expectancy. As glomerular function continues to deteriorate, CCS will be at 

increased risk for premature chronic renal failure. 

Thus far, no studies have evaluated predictors of glomerular function patterns 

over time in CCS. We showed that the time trend in predicted GFR is influenced 

by ifosfamide, carboplatin and nephrectomy in multivariable linear longitudinal 

analyses. Regarding CCS treated with ifosfamide and/or nephrectomy, it seems 

plausible that these patients experience an initial decline in glomerular function 

within the first five years after diagnosis. After a relatively stable period of ten 

years, the glomerular function starts to decline again, following the same pattern 

as CCS treated without nephrotoxic therapy. This latter decline is probably the 

result of aging. However, as we do not have longitudinal data on glomerular 

function within the normal population, we do not know if the age-related decline 

in childhood cancer survivors is worse than the decline in the general population. 

Concerning CCS treated with carboplatin, the deterioration in glomerular function 

within the first ten years of follow-up is worse compared to survivors treated 

without nephrotoxic therapy. Thereafter, it seems that the decline stabilizes. This 

stabilization is most probably due to a loss of power however, as carboplatin is 

a relatively new chemotherapeutic agent. As a result, there are only a few long-

term CCS treated with carboplatin just yet. Future studies have to confirm this 

stabilization after a longer follow-up duration.

Multivariable logistic longitudinal analyses showed that cisplatin dose was 

associated with a faster increase in glomerular dysfunction probability. Especially 

the highest cisplatin doses raise glomerular function abnormalities causing a 
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GFR drop <90 ml/min/1.73m2.

As in line with our results, previous cross-sectional studies showed that 

ifosfamide, cisplatin, higher ifosfamide and cisplatin doses, and nephrectomy 

were associated with diminished GFR (7, 10, 11, 18). In addition, we observed 

that carboplatin and HD-methotrexate were related with a lower GFR, but not 

with a GFR <90 ml/min/1.73m2. The effect of HD-methotrexate seems more a 

temporary than a long-term effect, since the association decreases over time. 

HD-methotrexate is known to cause transient reductions in renal function,28,29 

but the effects on late nephrotoxicity have been less intensively evaluated and 

results have been inconclusive.13,30

We observed that older age at diagnosis is associated with a decline in predicted 

GFR over time, especially in CCS treated with nephrectomy. Previous studies in 

Wilms’ tumour and neuroblastoma survivors did not find an influence of age 

at nephrectomy.31–33 However, some other cross-sectional studies investigating 

nephrotoxicity of ifosfamide and platinum derivates did report correlations 

between predicted GFR and older age at treatment.7,8 A possible explanation 

for the effect of older age at diagnosis in nephrectomized CCS may be that a 

younger kidney can better cope with hyperfiltration after a nephrectomy than 

an older kidney. 

In contrast to our expectations, we observed that CCS treated with radiotherapy 

had a higher GFR 15 years after diagnosis than CCS treated without nephrotoxic 

therapy. An explanation for this finding may be the occurrence of hyperfiltration 

after radiotherapy.34,35 Also, muscle atrophy and malnutrition may affect creatinine 

levels of CCS treated with abdominal irradiation, which may lead to higher GFR 

estimations. We do not have precise radiation dose estimates received by the 

kidney region. It has been well-known that HD-radiation is detrimental for the 

kidneys, and therefore we always take radio-protective measures in order not to 

exceed the kidney dose limits. Future studies should perform detailed radiation 

dosimetry to evaluate the association between kidney radiation dose and 

glomerular function time trends.
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Follow-up bias may have been present in this study as the frequency of follow-

up visits for CCS with more severe health problems may be higher than for 

healthy CCS, which may have overestimated the results. In addition, the GEE 

approach assumes data to be missing completely at random. This means that 

it is assumed that the availability of measurements in an individual does not 

depend on the actual value of the outcome, conditionally on the co-variables in 

the model and that might not be true. However, we have no indication that CCS 

treated with nephrotoxic therapy and with an abnormal GFR had more frequent 

screening than other CCS. Moreover, it is likely that non-renal health problems 

were the main cause for variations in follow-up visit frequency. Therefore, the 

risk of follow-up bias in our study is limited.  

The use of the Schwartz- and the CKD-EPI formulae to calculate estimated GFR 

may be another drawback of this study. It is well established that neither formula 

is as reliable as a gold standard clearance measurement, such as the 51Cr-EDTA 

clearance.36 However, clearance measurement is a cumbersome, invasive test, 

not suitable for screening purposes. Earley et al. found that the CKD-EPI formula 

was the estimation method of preference for public health and general clinical 

practice usage when compared to the MDRD-formula.37 Furthermore, a low 

GFR (<60 ml/min/1.93m2) as calculated by estimation formulae was associated 

with all-cause and cardiovascular mortality in the general population in a large 

meta-analysis by Matsushita et al.38 In conclusion, CCS treated with nephrotoxic 

therapy, especially ifosfamide, HD-cisplatin and nephrectomy, have a worse 

glomerular function compared to other CCS and this does not recover. We 

have no indication that CCS treated with nephrotoxic therapy experience faster 

decline in glomerular function than CCS treated without nephrotoxic therapy. 

This may suggest that first glomerular function assessment may be a more 

sufficient predictor for the pattern of glomerular function over time instead of 

nephrotoxic treatment. As glomerular function continues to deteriorate, CCS are 

at risk for premature chronic renal failure. For CCS treated with ifosfamide, HD-

cisplatin and nephrectomy special attention is warranted as deterioration occurs 

earlier which poses this group at additional premature risk. Future studies should 

focus on the predictive value of first glomerular function assessment and on 
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the longitudinal evaluation of other outcomes related to glomerular function, 

including proteinuria and hypertension. 
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Abstract
Aim  To evaluate final height in a cohort of Dutch childhood cancer survivors (CCS) 

and assess possible determinants of final height, including height at diagnosis.

Patients and Methods  We calculated standard deviation scores (SDS) for 

height at initial cancer diagnosis and height in adulthood in a cohort of 573 CCS. 

Multivariable regression analyses were performed to estimate the influence of 

different determinants on height SDS at follow-up.

Results  Overall, survivors had a normal height SDS at cancer diagnosis. 

However, at follow-up in adulthood, 8.9% had a height ≤-2 SDS. Height SDS at 

diagnosis was an important determinant for adult height SDS. Children treated 

with (higher doses of) radiotherapy showed significantly reduced final height 

SDS. Survivors treated with total body irradiation (TBI) and craniospinal radiation 

had the greatest loss in height (-1.56 and -1.37 SDS respectively). Younger age at 

diagnosis contributed negatively to final height. 

Conclusion  Height at diagnosis was an important determinant for height SDS at 

follow-up. Survivors treated with TBI, cranial and craniospinal irradiation should 

be monitored periodically for adequate linear growth, to enable treatment on 

time if necessary. For correct interpretation of treatment-related late effects 

studies in CCS, pre-treatment data should always be included.



Final height in survivors of childhood cancer compared to height standard deviation scores at diagnosis | 169

Introduction
Over the last five decades improvements in the treatment of childhood cancer 

have resulted in dramatically increased survival rates.1 However, oncologic 

treatment may induce different late effects. The quality of life of childhood cancer 

survivors (CCS) may be impaired by these late effects.2,3 Research on these late 

effects can improve quality of survivorship, for instance by earlier detection of 

health problems in this patient group, and adequate and earlier treatment. Future 

patients may benefit from this research as most toxic elements of therapy are 

identified and future treatment schemes may be adapted as long as survival 

rates are not influenced. 

One of the possible late effects of childhood cancer therapies is reduced final 

height. Growth impairment can negatively impact quality of life, especially 

in individuals with a low a priori target height. Impaired growth may hamper 

the social development of these children, who often already feel different 

from their peers due to other late effects. The association between impaired 

growth resulting in a decreased final height and childhood cancer therapy was 

previously investigated in 1997 with data of the first consecutive 285 CCS seen 

at our late effects outpatient clinic.4 Currently, 15 years later, all CCS of our late 

effects outpatient clinic have been identified and the cohort includes over 1500 

survivors. 

It is assumed that cancer treatment in childhood can influence final height 

through three major pathways. Firstly, skeletal growth may directly be influenced 

by cranial, spinal or abdominal radiation therapy.5,6 A second cause is the 

disturbance of hormone secretion by the hypothalamus and the pituitary gland, 

caused by radiation damage or a brain tumour.7 These disturbances may result 

in hypothyroidism, growth hormone deficiency and/or precocious puberty.4,8,9 

Finally, it has been hypothesized that short stature can be a result of treatment 

with  (chronic) steroids, treatment with chemotherapy, graft versus host-

disease or underweight.10,11 Besides these aforementioned factors, final height is 

determined by genetic factors. However, in most studies addressing final height 

after childhood cancer treatment, height at diagnosis or familial constitution 
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are not taken into consideration. One 

relatively small cohort study by Talvensaari 

et al. found that children with tall stature at 

diagnosis were at increased risk for reduced 

final height compared to children with short 

stature.12 In contrast to this finding, van Waas 

et al. recently assessed 84 survivors of non-

Hodgkin lymphoma (NHL) and reported that 

lower adult height was most likely due to 

lower height at diagnosis.13 They did not find 

any treatment-related risk factors.

The goal of this study was to assess final 

height in a large cohort of CCS and to 

assess the influence of (treatment-related) 

covariates, including height at diagnosis, for 

survivors’ final height.

Methods

Study population and data 
collection
In 1996, the Late Effects Outpatient Clinic for 

CCS was established in the Emma Children’s 

Hospital/Academic Medical Centre (EKZ/AMC). All five-year CCS were invited 

for regular screening according to standardized follow-up protocols adapted to 

the patient’s previous treatment modalities. The patient data are recorded in 

a hospital database, including information on patient demography, diagnosis, 

therapy and outcomes.14

To be eligible for inclusion in this study, survivors had to match the following 

inclusion criteria: 1) diagnosed and treated for childhood cancer in EKZ/AMC 

between 1966 and 2003; 2) survived ≥5 years after diagnosis; 3) aged ≥18 years 

Table 1. Categorization of drugs administered 
for anti-cancer treatment in the cohort

Alkylating agents Busulfan
Carmustine
Cyclophosphamide
Chlorambucil
Mechlorethamine
Dacarbazine
Ifosfamide
Lomustine
Melfalan
Procarbazine
Temozolomide

Anti-metabolites Cytarabine
Cladribine
Methotrexate
Mercaptopurine
Thioguanine

Anti-mitotic 
cytostatics

5-fluorouracil
Vinblastine
Vincristine
Vindesine

Anthracyclines Daunorubicin
Doxorubicin
Epirubicin
Idarubicin
Mitoxantrone

Other antitumor 
antibiotics

Bleomycin
Dactinomycin

Steroids Dexamethasone
Prednisolone
Prednisone

Other anti-cancer 
drugs

Amsacrine
Asparaginase
Carboplatin
Cisplatin
Etoposide
Interferon α
Teniposide
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in March 2008, 4) visited the outpatient clinic at least once. If no valid height 

measurement of the first outpatient clinic visit in adulthood was available, the 

survivor was excluded from the analyses. Survivors with syndromes known 

to affect growth and survivors who received growth inhibition treatment were 

excluded due to deviating growth curves and different reference ranges. Height 

at diagnosis was noted as missing when the measurement was taken more than 

six months after the date of diagnosis. For infants younger than one year a one-

month time span was used due to faster growth rates at this age. 

Chemotherapy used during childhood cancer treatment was divided into 

groups according to mode of action (Table 1). Radiotherapy fields and doses 

were classified into the cranial, spinal, and abdominal region or as total body 

irradiation (TBI) We converted the physical radiation dose into the equivalent 

dose in 2-Gy fractions (EQD2). The EQD2 includes both total dose and fraction size 

and is convenient to evaluate late effects, since fraction size also determines 

late effects (see also Table 3).15 Survivors could have been irradiated on more 

than one region.

Outcome measurements
Final height was defined as the first height measurement in our outpatient 

clinic at a minimal age of 18 years. Final height was available from the electronic 

medical record, height at diagnosis was recovered from initial patient records. 

Height standard deviation scores (SDS) were calculated with two reference 

standards based on the normal population from two different decades, to correct 

for secular growth changes in the Netherlands.16–18 All SDS were calculated to 

correct for age and sex. Short stature was defined as a final height below -2SD. 

Growth hormone deficiency was defined as having received growth hormone 

treatment after completion of cancer treatment.

Statistics
Descriptive statistics are presented as mean (SD) for normally distributed variables 

or median (minimum-maximum) for variables without a normal distribution. To 
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test whether the SDS of our population differed from the normal population one-

sample T-tests were used. The difference between height SDS at diagnosis and 

height SDS at follow-up was tested with paired T-tests. 

To model the effect of potential risk factors on height SDS at follow-up, we built a 

multivariable linear regression model that included age at diagnosis and height 

SDS at diagnosis as continuous variables, and treatment with all chemotherapy 

subgroups,  cranial, spinal, abdominal irradiation and TBI as dichotomous 

variables. In the second model, we investigated the effect of radiation dose by 

replacing the dichotomous radiotherapy variables with the EQD2 per treatment 

localization. In addition, we built two multivariable logistic regression models 

evaluating survivors with short stature (height SDS ≤-2) and/or GH deficiency 

versus survivors with a normal height SDS (>-2SD), evaluating the same risk 

factors as in the linear regression models. In all analyses all possible predictors 

were entered at once in the model. Analyses were performed using R 2.12.0 (R 

Foundation for Statistical Computing, Vienna, Austria). 

Figure 1. Cohort composition
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Results

Study population and baseline characteristics 
Of the original cohort of 1881 survivors, 1219 (64.8%) survivors visited the 

outpatient clinic at least once. Of these 1219 survivors, 9 (0.7%) had Down-

, Marfan- or Rothmund Thomson syndrome and were excluded due to the 

syndrome’s influence on final height. Of the remaining 1210 survivors, 133 (11.0%) 

were excluded due to a missing adult height measurement and another 504 

were excluded due to a missing height measurement at diagnosis. From 573 

survivors data of height at diagnosis of the malignancy and at follow-up could 

be retrieved and these were hence included in this study. Figure 1 shows the 

cohort composition.

Table 2. Characteristics of included and excluded 5-year cancer survivors

Characteristic

Survivors with height 
measurement at 
diagnosis
 (N = 573)
N (%)

Survivors without 
height measurement 
at diagnosis
 (N = 504)
N (%)

Survivors without 
adult height 
measurement
(N = 133)
N (%)

Sex  

Male 323 (56.4%) 259 (51.4%) 62 (46.6%)

Female 250 (43.6%) 245 (48.6%) 71 (53.4%)

Age at diagnosis

0 < 5 years 207 (36.1%) 181 (35.9%) 70 (52.6%)

5 < 10 years 154 (26.9%) 142 (28.2%) 41 (30.8%)

10 < 15 years 168 (29.3%) 143 (28.4%) 18 (13.5%)

15 < 18 years 44 (7.7%^) 38 (7.5%) 4 (3.0%)

Age at final height measurement

18 < 20 years 269 (46.9%) 128 (25.4%) N/A

20 < 30 years 249 (43.5%) 264 (52.4%) N/A

30 < 40 years 48 (8.4%) 102 (20.2%) N/A

≥ 40 years 7 (1.2%) 10 (2.0%) N/A

Radiotherapy

Cranial only 78 (13.6%) 84 (16.7%) 13 (9.8%)

Spinal only 37 (6.5%) 42 (8.3%) 5 (3.8%)

Abdominal only 37 (6.5%) 48 (9.5%) 6 (4.5%)

Lower extremities only 0 (0.0%) 2 (0.4%) 0 (0.0%)
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Table 2. Characteristics of included and excluded 5-year cancer survivors

Characteristic

Survivors with height 
measurement at 
diagnosis
 (N = 573)
N (%)

Survivors without 
height measurement 
at diagnosis
 (N = 504)
N (%)

Survivors without 
adult height 
measurement
(N = 133)
N (%)

TBI only 13 (2.3%) 2 (0.4%) 2 (1.5%)

Cranial and spinal combined 22 (3.8%) 47 (9.3%) 1 (0.8%)

Other combinations 10 (1.7%) 15 (3.0%) 7 (5.2%)

None 376 (65.6%) 264 (52.3%) 99 (74.4%)

Age at diagnosis (in years)

Median 7.6 7.5 4.9

Range 0.0 – 17.8 0.0 – 17.3 0.0 – 16.4

Age at final height measurement (in years)

Median 20.3 23.5 N/A

Range 18.0 - 44.7 18.0-46.7 N/A

Follow-up duration (in years)

Median 14.5 17.0 16.6

Range 5.0-32.5 5.0-36.1 8.2 – 45.0

Of 1219 survivors, 1077 fulfilled the original inclusion criteria. We could not retrieve the height at diagnosis of 504 survivors 
and had no information on adult height of 133 survivors. Abbreviations: TBI: total body irradiation. N/A: Not applicable.

Table 2 shows the baseline characteristics for the survivors with and without a 

height measurement at diagnosis, as well as survivors without an adult height 

measurement . Survivors of whom height at diagnosis could not be retrieved 

were older at follow-up, but not at time of diagnosis, indicating a longer follow-

up time. The majority of the 573 survivors were born between 1980 and 1990 

(n=289; 50.4%). Many survivors were under the age of 5 years at diagnosis 

(n=207; 36.1%). Median age at diagnosis was 7.6 years, median age at final 

height measurement 21.6 years and median duration of follow-up 14.5 years. 

We succeeded in calculating the EQD2 for 190 of the 197 survivors (96.4%) who 

received radiotherapy as part of their treatment (Table 3). 
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Table 3. Cumulative radiation doses in EQD2
*

Field Median dose (in Gy) Range N available N missing

Cranial RT† 24.8 16.2-247.5 98 5

Spinal RT 30.0 4.0-60.0 64 3

Abdominal RT 28.7 12.6-60.0 39 5

TBI 15.8 13.5-21.6 12 3

Survivors could be irradiated on more than 1 field.
* The EQD2 was calculated using the formula EQD2 = D * (d+α/ß)/(2+α/ß). The total dose D is the number of fractions 
multiplied by the fraction size d. The α/ß ratio originates from the linear quadratic model; its value depends on the tissue 
under consideration. We used an α/ß ratio of 3 Gray (Gy) for late responding tissues. The EQD2 for the cranial region only 
included boost doses when the pituitary gland was in the field. The EQD2 for the spinal and abdominal region includes boost 
doses under the condition that the spine was in the booster field. The EQD2 for the cranial region only includes boost doses 
when the pituitary gland was in the field.
† Four patients received orbital brachytherapy. Calculation of the EQD2-dose for orbital brachytherapy was performed using 
the formula EQD2 = D*(d*g+α/ß)/(2+α/ß), where D is the total dose (dose rate*exposure time) and d equals D in case of 
continuous single exposures. The repair factor g has to be calculated: g = 2*[μ*t – 1 + exp(-μ*t)]/( μ*t)2 where t is the exposure 
time and μ includes the repair half time T½: μ = loge2/T½. For late responding tissue the T½ is estimated at 3.5 hours.[15,31]

Abbreviations: EQD2: equivalent dose in 2-Gray fractions. Gy: Gray; RT: radiotherapy; TBI: total body irradiation.

Height SDS at diagnosis and final height SDS after 
treatment for childhood cancer
Overall, survivors had a significant reduced final height at follow-up (mean loss of 

height SDS: -0.29; P<0.001). Fifty one survivors (8.9 %) had short stature at final 

height, defined as final height ≤-2 SDS. Table 4 shows height SDS at diagnosis 

and at follow-up in relation to the different tumour types and treatment groups. 

Overall, survivors were not significantly smaller than the general population at 

diagnosis of their malignancy (mean height SDS: 0.02; P=0.760).

At follow-up, however, survivors treated for leukaemia, CNS tumours and solid 

tumours had a significantly reduced final height SDS in comparison to height SDS 

at diagnosis. Also, final height SDS was significantly reduced when compared to 

the height SDS of the Dutch reference population. Survivors of lymphoma had 

reduced final heights compared to height at diagnosis (P=0.009), but normal 

final heights compared to the Dutch population (P=0.093). Survivors treated 

without radiotherapy had, on average, a normal final height SDS (mean height 

SDS: 0.00; P=0.986). 
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In total, 33 survivors were receiving GH treatment at the moment of final height 

measurement. Twenty seven of these (82%) were treated with radiotherapy 

to the cranial region. Of these 33, 13 had a final height ≤-2 SDS despite GH 

treatment (mean height SDS: -2.67). The other 20 survivors treated with GH did 

reach a normal final height (mean height SDS: -0.04). 

Table 4. Mean height at SDS diagnosis compared to mean height SDS at follow-up per tumour and treatment type (n = 573)

 N
Height SDS 
diagnosis P value*

Height SDS 
follow-up P value*

P value 
height SDS 
diagnosis vs. height 
SDS follow-up†

Tumour type

   Leukaemia (ALL/non-ALL/AML) 152 0.06 0.503 -0.33 0.002 <0.001

   Lymphoma 114 0.11 0.375 -0.20 0.093 0.009

   CNS tumour 51 0.19 0.141 -0.42 0.011 <0.001

   Solid tumour 254 -0.10 0.202 -0.28 <0.001 0.023

   Other tumour 2 0.70 0.371 2.00 0.231 0.144

Chemotherapy‡

   Alkylating agents 324 0.01 0.926 -0.29 <0.001 <0.001

   Antimitotic cytostatics 477 0.05 0.323 -0.29 <0.001 <0.001

   Anthracyclines 263 0.05 0.504 -0.32 <0.001 <0.001

   Other antitumor antibiotics 248 0.01 0.858 -0.17 0.021 0.005

   Steroids 292 0.12 0.096 -0.33 <0.001 <0.001

   Chemotherapy other 252 0.10 0.192 -0.45 <0.001 <0.001

   Chemotherapy (all) without 
any radiotherapy 348 -0.00 0.961 -0.03 0.605 0.672

   Chemotherapy (all) with any 
radiotherapy 214 -0.04 0.679 -0.66 <0.001 <0.001

Radiotherapy ‡

   Cranial 103 0.16 0.175 -1.03 <0.001 <0.001

   Cranial/spinal 22 0.20 0.454 -1.37 <0.001 <0.001

   Spinal 67 -0.04 0.685 -0.75 <0.001 <0.001

   Abdominal 44 -0.08 0.572 -0.35 0.019 0.066

   TBI 15 0.01 0.957 -1.56 0.001 <0.001

   None 376 0.01 0.919 0.00 0.986 0.964

All survivors 573 0.02 0.760 -0.27 <0.001 <0.001

*: P value for the difference with the normal Dutch population with a mean SDS of 0.0 by definition (one-sample T-test). 
†: P value for the difference between the SDS at diagnosis and the SDS at follow-up (paired T-test). 
‡: survivors can be included in more than one treatment group.
Abbreviations: SDS: standard deviation score; ALL: acute lymphoblastic leukaemia; AML: acute myeloid leukaemia; CNS: central 
nervous system; TBI: total body irradiation.
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Multivariable risk factor analysis 
In order to assess the influence of different determinants on final height SDS, 

multivariable linear and logistic regression analyses were performed. Linear 

regression analysis showed that age at diagnosis, height SDS at diagnosis, 

treatment with cranial irradiation, spinal irradiation and/or TBI, use of 

anthracyclines and use of other chemotherapeutics all significantly contributed 

to final height SDS (Table 5). Cranial radiotherapy and TBI had the highest impact 

Table 5. Multivariable linear regression analyses of determinants for final height SDS

Model 1 Model 2

Determinant B (95%-C.I.) P-value B (95%-C.I.) P-value

Age at diagnosis (in years) 0.02 (0.00 – 0.04) 0.020 0.027 0.008 – 0.046 0.007

Height SDS at diagnosis 0.55 (0.48 – 0.62) <0.001 0.547 0.476 – 0.618 <0.001

Chemotherapeutic agents:

Alkylating agents 0.02 (-0.19 – 0.22) 0.880 0.010 -0.203 – 0.222 0.929

Anti-metabolites 0.15 (-0.15 – 0.45) 0.330 -0.051 -0.364 – 0.262 0.750

Anti-mitotic cytostatics -0.20 (-0.49 – 0.09) 0.182 -0.134 -0.441 – 0.172 0.389

Anthracyclines -0.21
(-0.41 – 
-0.01) 0.043 -0.152 -0.361 – 0.057 0.154

Other antitumor antibiotics 0.02 (-0.21 – 0.25) 0.858 0.029 -0.211 – 0.270 0.811

Steroids -0.03 (-0.29 – 0.22) 0.805 -0.064 -0.332 – 0.204 0.639

Other chemotherapeutic agents -0.27
(-0.48 – 
-0.07) 0.008 -0.295 -0.504 – -0.085 0.006

Radiotherapy:

Cranial -0.97
(-1.19 – 
-0.75) <0.001

Spinal -0.49
(-0.75 – 
-0.23) <0.001

Abdominal -0.26 (-0.58 – 0.05) 0.104

TBI -1.26
(-1.78 – 
-0.75) <0.001

Radiotherapy: EQD2 (per Gy)

Cranial -0.011 -0.016 – -0.007 <0.001

Spinal -0.021 -0.030 – -0.013 <0.001

Abdominal -0.013 -0.024 – -0.002 0.019

TBI -0.054 -0.088 – -0.020 0.002

In both models all variables were entered at once into the regression model. Model 1 included radiotherapy treatment as 
dichotomous yes/no variables, model 2 included radiation dose (i.e. EQD2) as continuous variables.
Abbreviations: SDS: standard deviation score; CI: confidence interval; EQD2: equivalent dose in 2-Gy fractions; Gy: Gray; TBI: 
total body irradiation.
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on final height SDS, lowering final height with -0.86 and -1.06 SDS, respectively. 

Furthermore, model 2 shows that higher radiation doses, regardless of field, 

significantly reduce the final height SDS.

Logistic regression was done to determine risk factors for having a final height 

SDS below -2 SD and/or receiving treatment with growth hormone (N=71, 

12.4%). Model 1 of Table 6 shows that cranial irradiation (odds ratio (OR): 13.62; 

P<0.001), spinal irradiation (OR: 5.74; P<0.001) and TBI (OR: 28.36; P<0.001) were 

the significant treatment-related risk factors and that a higher height SDS at 

diagnosis reduces the risk for a reduced final height (OR: 0.4; P<0.001). Model 

2 shows that higher cranial and spinal radiotherapy doses, as well as higher 

TBI doses, correspond with a higher risk of short stature and/or receiving GH 

treatment.

Discussion

In this large cohort of adult CCS with heights measured at time of diagnosis and 

at final height (n=573), nearly 10 per cent had significant and clinical relevant 

reduced final height (height SDS ≤-2). Furthermore, on average, all children had 

significant height loss compared to their height at diagnosis. We demonstrated 

that height at diagnosis was a major determinant for final height; the taller the 

child at diagnosis, the taller the survivor after treatment for childhood cancer. 

Additionally, we confirmed that cranial and spinal irradiation, TBI and younger 

age at diagnosis contribute negatively to final height. We also established 

significant dose-response relationships between the cumulative EQD2 and the 

final height SDS and short stature.

The normal height SDS at initial diagnosis of malignancy was an important finding: 

children presenting with malignant disease have no loss of height, regardless of 

the type of tumour. This is in contrast to the findings of van Waas et al., who 

noted that the height at diagnosis of NHL patients was already significantly 

lower in comparison to healthy controls and that height SDS remained lower 

throughout follow-up.13 Apparently, the metabolic and endocrine state of the 
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child diagnosed with cancer is comparable to the general population in respect 

to linear growth. This clearly changed during treatment, resulting in a reduced 

final height in almost 10% of young adults with a history of childhood cancer.

We found that children who had a shorter stature at diagnosis were at increased 

risk to have a reduced final height at follow-up. This is in conflict with the results 

of Talvensaari, who described in a small cohort (n=51) that children with the 

tallest height at diagnosis were most at risk to have an impaired growth after 

treatment for childhood cancer.12 Our findings may be explained by genetic and 

Table 6. Multivariable logistic regression analyses of determinants associated with short stature and/or growth hormone 
treatment

Model 1 Model 2

Determinant Odds ratio (95%-C.I.) P-value Odds ratio (95%-C.I.) P-value

Age at diagnosis (in years) 0.92 (0.86-1.00) 0.031 0.993 0.987 – 0.999 0.014

Height SDS at diagnosis 0.41 (0.31-0.54) <0.001 0.936 0.916 – 0.956 <0.001

Chemotherapeutic agents:

Alkylating agents 1.18 (0.53-2.61) 0.690 1.037 0.972 – 1.106 0.269

Anti-metabolites 0.80 (0.26-2.45) 0.687 1.051 0.956 – 1.156 0.301

Anti-mitotic cytostatics 0.54 (0.18-1.62) 0.264 0.927 0.845 – 1.018 0.111

Anthracyclines 0.87 (0.38-1.96) 0.744 0.970 0.911 – 1.034 0.351

Other antitumor antibiotics 1.43 (0.55-3.71) 0.462 0.998 0.928 – 1.073 0.957

Steroids 2.41 (0.88-6.56) 0.084 1.050 0.949 – 1.077 0.234

Other chemotherapeutic agents 1.25 (0.58-2.75) 0.570 1.011 0.949 – 1.077 0.738

Radiotherapy:

Cranial 13.62 (6.66-29.28) <0.001

Spinal 5.74 (2.42-13.88) <0.001

Abdominal 0.44 (0.06-2.07) 0.359

TBI 28.36 (6.78-125.51) <0.001

Radiotherapy: EQD2 (per Gy)

Cranial 1.004 1.002 – 1.005 <0.001

Spinal 1.006 1.004 – 1.009 <0.001

Abdominal 1.000 0.996 – 1.003 0.838

TBI 1.014 1.004 – 1.025 0.006

Short stature was defined as having a height SDS at follow-up of -2 SDS or lower. The analyses were based on 71 cases with 
either short stature or with growth hormone treatment at follow-up versus the 502 other survivors. In both models all 
variables were entered at once into the regression model. Model 1 included radiotherapy treatment as dichotomous yes/no 
variables, model 2 included radiation dose (i.e. EQD2) as continuous variables.
Abbreviations: SDS: standard deviation score; CI: confidence interval; EQD2: equivalent dose in 2-Gy fractions; Gy: Gray; TBI: 
total body irradiation.
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racial constitution: Visscher et al. estimated the proportion of variance in height 

due to genetic variation at 80%.19–21 Ideally, one would control for these factors 

with parental height data to calculate target height SDS and with patient race, 

but these were not recorded in our database. This is a limitation of our study. 

Using height SDS at diagnosis, however, gives in our opinion a reliable estimate 

of the genetic predisposition for target height. 

Overall, survivors had a reduced final height (mean loss of height SDS: -0.27; 

P<0.001), but it may be discussed whether this is clinically relevant. More 

important are the subgroups with a significant risk for short stature, namely 

survivors treated with cranial and/or spinal irradiation or with TBI. For these 

survivors height reduction may lead to impaired quality of life. 

Spinal irradiation leads to growth reduction due to the direct skeletal damage in 

the spinal column. Xu et al. showed that younger age at radiation and the radiation 

dose both influence the effect of radiation on the spine,22 so these two factors 

should be taken into consideration during the development of new treatment and 

follow-up protocols. Cranial irradiation may reduce final height through damage 

of the hypothalamo-pituitary axis, which can result in growth hormone deficiency 

(GHD), central precocious puberty or other endocrinopathies.23 GHD is diagnosed 

in 29.0-39.1% of survivors who have been cranially irradiated during childhood.9 

Precocious puberty can negatively influence final height by limiting the duration 

of the pubertal growth spurt and premature closure of the epiphyseal growth 

plates. Prompt diagnosis of GHD and early recognition of precocious puberty 

may improve final height by early GH treatment and if necessary treatment with 

gonadotropin-releasing analogues.11 

We could not assess onset of puberty or the exact time of start of GH treatment 

for the survivors in our study. The relation between onset of puberty and final 

height was however previously studied by Noorda et al. who found significantly 

earlier menarche in 124 girls after cranial irradiation.4 Groot-Loonen et al. also 

described an earlier onset of puberty and menarche and shorter duration of 

the pubertal growth spurt in children treated for acute lymphoblastic leukaemia 

(ALL), resulting in a shorter than expected final height.24
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There is still much debate on the effects of chemotherapy on final height.11 

It has been suggested that growth is more severely affected in children who 

have had both chemotherapy and radiation treatment.25 Also Ogilvy-Stuart and 

Shalet showed a profound effect of chemotherapy on final height.26,27 Temporary 

height loss was described in children with ALL who did not receive radiotherapy, 

but these patients attained normal adult heights thanks to sufficient catch-up 

growth.28 In our linear regression analyses, treatment with anthracyclines or 

with other chemotherapeutic agents lowered final height significantly (Table 5). 

We could not confirm these effect in the logistic regression analyses, probably 

because these agents do not result in GHD and do not result in final height ≤-2 

SDS . It is unclear what the pathophysiological mechanism is for anthracyclines 

on height reduction, but they have previously been related to the development 

of underweight.29,30 It may be hypothesized that CCS with underweight lose 

height due to malnutrition and low IGF-1 levels. Additional studies are warranted 

into the effects of chemotherapy and linear growth. 

Strengths of our study include the size of our cohort, including all types of 

tumours, the completeness of both treatment and follow-up data and the 

inclusion of pre-treatment height measurements as an important determinant 

in the regression models. The inclusion of pre-treatment data is not often done, 

but is essential for a correct interpretation of tumour- and treatment-related late 

effects in CCS. Only when follow-up patient characteristics are compared to the 

characteristics of the patient at time of diagnosis, causality between the tumour 

and its treatment and a specific late effect can be studied and pre- or coexisting 

conditions can be ruled out.

Weaknesses of our study are the lack of data concerning onset of puberty, 

parental heights, race and the high percentage of missing data regarding height 

at diagnosis. This may have introduced an information bias, as normal heights 

may not have been recorded as much as abnormal values. However, the groups 

with and without a measurement at diagnosis proved to be comparable on 

almost all parameters. Due to the retrospective nature of data collection, we 

cannot exclude that some height measurements at diagnosis were taken while 
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the patient was stretched due to serious illness. We also were not able to take 

the Tanner stages of survivors into consideration, which may have led to an 

underestimation of the final height SDS’s, as a small percentage of the younger 

survivors may not have reached final height at age 18 yet. 

Future prospective studies should focus on early diagnostics of GH deficiency 

and the exact effect of GH treatment on growth velocities in the different 

subgroups of CCS. In the current study, we assumed that the treating physician 

adequately evaluated the presence of GHD and timely started treatment with 

GH, but we did not have the exact information on the doses and duration of 

GH treatment. Additionally, adding delta arm length (D-SDS arm) to total body 

height and sitting/height ratio may be interesting in the future to validate catch-

up growth after cranial versus spinal radiation therapy. 

In conclusion, the majority of children treated for cancer have a significantly 

reduced final height SDS compared to height SDS at diagnosis and almost 

10% have a clinically significant lower final height (≤-2 SDS). Final height SDS 

is largely determined by height SDS at diagnosis, but increased risk to develop 

short stature is present after treatment with spinal and/or cranial irradiation and 

TBI. Furthermore, a dose-response relationship exists between the cumulative 

EQD2 and the final height SDS. The exact effect of anthracyclines on height in 

CCS must be further evaluated. All children, especially those with a small target 

height SDS, treated with one of these three modalities should be monitored 

periodically for growth velocity, body weight, the development of GHD and the 

onset of puberty, for timely intervention to improve final height. 
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Abstract
Background  Knowledge about past disease, treatment and possible late effects 

has previously been shown to be low in survivors of childhood cancer and their 

relatives. This study investigated the information needs of childhood cancer 

survivors and their parents and explored possible determinants for differences 

in information need and health-related internet use.

Procedure  Childhood cancer survivors or their parents were contacted 

to complete a questionnaire about their characteristics, internet use and 

requirements/expectations of a website on late effects (N=160). 

Results  One-hundred and forty-five questionnaires (90.6%) were returned. Of 

the 69 respondents (49.3%) who had visited a late effects outpatient clinic prior 

to the survey, 20 (29.0%) had questions left after the consult. The large majority 

of the population had home access to internet and 71 respondents (49.3%) used 

internet for medical questions. Only 15 respondents (10.5%) used internet to look 

for information on late effects of childhood cancer and only four survivors found 

what they were looking for. Main information items requested were information 

about recognizing late effects, personalized information on late effects treatment 

and information on self-care. Only six respondents (4.2%) stated they would not 

visit a late effects website if it would be available. 

Conclusions  The need for late effects information showed to be of high priority 

by the majority of respondents, as was their interest in visiting a late effects 

website. In the development of a late effects website, attention should be given 

to patient information tailored to the personal situation of the website’s users.



Health information needs of childhood cancer survivors and their family | 187

Introduction
In the Netherlands, almost 40 per 100.000 children and adolescents in the age 

of 0-24 years develop cancer each year.1 Great improvements in treatment for 

malignant disease in childhood have led to a major increase in survival, reaching 

up to 85%.1 With this rise in survival rate, the need to assess the quality of life 

has increased correspondingly. Late toxicities of treatment regimens may impair 

normal development and maturation in these children, cause lifelong health 

problems, disability or even lead to premature death.2–4 Geenen et al. studied a 

complete hospital-based cohort of 1362 Dutch childhood cancer survivors with 

almost 75% of the survivors having one or more adverse events at a median 

follow-up of 17 years, indicating that even at the very long term, survivors are 

still at increased risk of many severe health problems after cancer treatment.5

To improve the quality of the existing follow-up care in The Netherlands, national 

guidelines providing recommendations for screening and follow up of Dutch 

cancer survivors on late cancer treatment effects are currently under revision.6–8 

Patient education seems to be an important vehicle in empowering patients 

to actively participate in follow-up and self-care. Previous studies in different 

healthcare settings have shown promising results regarding online information 

supply on patient participation in healthcare programs, health information 

awareness and patient satisfaction, leading to an improved patient-provider 

relationship and ultimately to improved health outcomes.9–11 To assure these 

factors in our national follow-up program, we plan on developing an informative 

patient website to centralize information regarding childhood cancer survival 

and potential related late effects. 

So far little is known about the information needs of childhood cancer survivors. 

However, a few studies have shown that a rather large proportion of survivors of 

childhood cancer is not well informed about their past disease and the potential 

late toxicities.12–14 These knowledge deficits may impair the survivors’ ability to 

seek the appropriate care, participate in follow-up screening programs and 

imply an implicit need of survivors for this information.15 An explicit requirements 

analysis on information needs of childhood cancer survivors has never been 
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performed though. We found only one study qualitatively investigating the 

attitudes towards information supply and expectations of follow-up in focus 

groups of 26 childhood cancer survivors and their parents.16 This study showed 

a range of shortcomings in information supply, including a lack of adequate 

written and verbal information about prior treatment, potential late side effects 

and how to anticipate them and about appropriate follow-up care.16

In this study, we want to elucidate the information needs of long-term childhood 

cancer survivors and their parents and explore possible determinants for 

differences in information need and health-related internet use. In this paper we 

report the results of a survey amongst a cohort of childhood cancer survivors.

Methods

Study participants
All study participants invited for this survey were randomly selected from 

the population of childhood cancer survivors of the Academic Medical 

Center Amsterdam and the VU University Medical Center in Amsterdam. The 

questionnaire was sent out to 160 survivors and parents of survivors with an 

equal distribution regarding tumour type, cancer treatment, gender, age, amount 

of follow-up visits and level of education. A relative high percentage of patients 

with retinoblastoma was invited as the VU University Medical Center is the main 

Dutch treatment hospital for these patients.

Questionnaire
We developed a structured questionnaire comprising 24 questions divided 

into 3 sections: 1) personal information, including gender, age, type of tumour, 

cancer therapy and level of education and amount of visits to and evaluation of 

information supplied by the outpatient follow-up clinic; 2) internet availability, 

health related internet use and late effects-related internet use; 3) information 

and functional requirements for and expectations of a late effects web site. 

Appendix I contains the original Dutch questionnaire, translated to English.
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In the section on informational and functional requirements, we asked our 

respondents to score a 5-point Likert-scale on 22 items involving different 

kinds of information, which might be of interest for visitors of our outpatient 

clinic. Items were scored from 1 as very unimportant to 5 as very important. 

The questionnaires were adapted for three different subgroups of survivors: 

parents of young survivors aged <12 year, survivors aged 12-17, if necessary 

filled in in cooperation with their parents and a version for adult survivors of 

childhood cancer aged 18 or over, which is shown in appendix I. The three 

versions comprised the same questions but addressed different age groups in 

an appropriate language style. 

Outcome measures and data analysis 
To describe the results of the first three parts of the questionnaire, descriptive 

statistics such as mean and proportions are reported. To explain differences in 

internet use, different variables were evaluated by χ-square or Fisher’s exact 

test for categorical and Student’s T-test or ANOVA for continuous variables. For 

part three of the questionnaire the median Likert-scale score of the requirement 

items was described. 

Also for part three, we wanted to evaluate possible determinants for information 

needs by generating an overall composite score, averaging the scores of questions 

22H-N, the items most related to late effects information: 1) information on late 

effects tailored to the patient’s situation; 2) information on all late effects; 3) 

information on self-recognition of symptoms potentially indicating late effects; 

4) information on possible treatment of late effects tailored to the patient’s 

situation; 5) information on possible treatments of all late effects; 6) information 

on self-care to minimize the potential impact of late effects and 7) news items 

on late effects of childhood cancer. 

As possible factors of influence on the information requirements composite 

score we analysed age at diagnosis, age at survey, duration of follow-up, type of 

tumour, internet availability, hours per week spent on internet, level of education 

and the amount of visits to the specialized outpatient clinic. All statistical 
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analyses were carried out using SPSS version 15.0.

Results

Study participants
Of the 160 subjects invited for the survey, 145 survivors (90.6%) agreed to 

participate and returned the filled out questionnaire. Table 1 presents the 

demographic statistics of the 145 respondents. Regarding education, 45 of the 

49 adult survivors and 71 of the 72 parents of the young survivors were at least 

educated at high school level. 

Sixty-nine respondents (49.3%) visited the specialized outpatient clinic for late 

effects of childhood cancer at least once. The remaining group of 76 respondents 

was still being seen by their paediatric oncologist. The supplied information 

during the consultation was considered sufficient and complete by 66 of the 

69 patients (95.7%), although 20 patients (29.0%) had questions left after the 

Table 1. Patient characteristics

Item Mean (SD)

Age at diagnosis in years 
Current age in years
Time since diagnosis in years

6.0 
16.2 
10.2

(4.4) 
(7.2) 
(6.1)

Item N (%)

Male, no. (%) 81/145 (55.9)

Respondents 
   Parents of young survivors (≤11 yr) 
   Adolescent survivors (≥12 - <18 yr) 
   Adult survivors (≥18 yr)

 
72/145 
24/145  
49/145

 
(49.7) 
(16.6) 
(33.8)

Diagnosis, no. (%) 
   Leukaemia 
   Lymphoma 
   Bone tumour 
   Wilms’ or any other kidney tumour 
   Neuroblastoma 
   Germ cell tumour 
   CNS tumour 
   Retinoblastoma

 
33/127 
27/127 
6/127 
16/127 
4/127 
3/127 
22/127 
16/127

 
(22.8) 
(18.6) 
(4.1) 
(11.0) 
(2.8) 
(2.1) 
(15.2) 
(11.0)

Highest level of education* 
  High school level or higher 
  Primary school or special education

 
112/118 
6/118

 
(94.9) 
(5.1)

Abbreviations: SD, standard deviation; Diagnosis missing in 18 cases. *: Only presented for adult survivors and parents of 
young survivors
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consultation. Main reasons for not asking these questions were that the patient 

had thought up the question after the consult (n=9); the patient had forgotten 

to ask the question during the consult (n=6); the patient had been ashamed of 

asking the question (n=6); the patient had felt there was not enough time during 

consult (n=3) and the patient had been afraid of the clinician’s answers (n=3). 

Internet use
The majority of the respondents has home access to the internet and indicated 

having an own email address (Table 2). Approximately 50% of the respondents 

used the internet for personal health education and the majority of those were 

able to find the information they needed. Regarding information on late effects 

of childhood cancer (therapies), only very few respondents indicated searching 

for this kind of information and even fewer indicated to be able to find this 

particular information online. The question ‘Would you use a website to look up 

information on late effects of childhood cancer?’ was answered positively by 118 

respondents, neutrally by 19 responders and negatively by only 6 respondents.

Table 2. Internet use among childhood cancer survivors and their family

Total group Adolescents
Parents of young 
survivors Adult survivors

Item N (%) N (%) N (%) N (%)

Home access to internet 
   Broadband internet  
   Dial-up 
   No internet

 
122/142 
11/142  
9/142 

 
(85.9) 
(7.7) 
(6.3)

 
21/23 
1/23 
1/23

 
(91.3) 
(4.3) 
(4.3)

 
61/70 
6/70 
3/70

 
(87.1) 
(8.6) 
(4.3)

 
40/49 
4/49 
5/49

 
(81.6) 
(8.2) 
(10.2)

Have own email address 135/143 (94.4) 22/24 (91.7) 68/70 (97.1) 44/48 (91.7)

Searching general health 
information on the internet 
   Ability to find the info

 
 
71/144  
   65/71

 
 
(49.3) 
(91.5)

 
 
2/24 
2/2

 
 
(8.3) 
(100.0)

 
 
45/71 
39/45

 
 
(63.4) 
(86.6)

 
 
24/49 
23/24

 
 
(49.0) 
(95.8)

Searching late effects 
information 
 on the internet 
   Ability to find the info

 
 
15/143 
   4/15

 
 
(10.5) 
(26.7)

 
 
1/23 
1/1

 
 
(4.2) 
(100.0)

 
 
7/71 
2/7

 
 
(9.9) 
(28.6)

 
 
5/48 
1/5

 
 
(10.4) 
(20.0)

Respondent would use a late 
effects  
website 
  Positive 
  Neutral 
  Negative

 
 
 
118/143 
19/143 
6/143

 
 
 
(82.5) 
(13.3) 
(4.2)

 
 
 
15/24 
6/24 
3/24

 
 
 
(62.5) 
(25.0) 
(12.5)

 
 
 
65/71 
6/71 
0/71

 
 
 
(91.5) 
(8.5) 
(0.0)

 
 
 
38/48 
7/48 
3/48

 
 
 
(79.2) 
(14.6) 
(6.25)

Total 145 (100.0) 24 (100.0) 71 (100.0) 49 (100.0)
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There was a significant difference in health-related internet use between the 

different subgroups (Table 3): adult survivors and parents of young survivors used 

the internet significantly more than adolescents, of which only 2 respondents 

used the internet for self-education (P<0.001). Likewise, education played a 

significant role in health search behaviour: higher educated respondents were 

more inclined to search the web than lower educated ones (P<0.001). There 

were no statistical differences in health-related internet use between people 

who had and who had not yet visited the outpatient clinic. Respondents who 

stated they did search for late effects-information also indicated they had more 

questions left after an outpatient visit than those who did not search for late 

effects-information on the internet (P<0.01). 

Website requirements

All requirements items and their mean scores are listed in Table 4. The majority 

of the items received a median score of 4. Three items stood out with a median 

score of 5: information on recognizing late effects, personalized information on 

late effects treatment and information on self-care regarding late effects. Items 

which scored neutral were: photographs of the attending doctors, email address 

of the doctor, links to medical journals, links to medical agencies/departments 

and announcements of medical events. All other items were scored as important, 

indicating that most of the respondents attached value to information supply 

regarding late effects of childhood cancer through a patient website in general. 

The three items scoring very important were all part of the composite score. 

Table 3. Determinants of health-related internet use

Item N (%)

Type of survivor* 
   Parent of young survivor 
   Adult survivor 
   Adolescent survivor

 
45/71 
24/49 
2/24

 
(63.4) 
(49.0) 
(8.3)

Education level* 
  Primary school + Lower (general) professional education 
  Higher (general) professional education and higher

 
23/66 
48/76

 
(34.8) 
(63.2)

Prior visit to outpatient clinic 
  Yes 
  No

 
34/69 
36/71

 
(49.3) 
(50.7)

*P<0.001
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 Table 4. Mean scores for all information requirements

Item Mean SD

Address of the hospital 4.0 1.0

Phone-number of outpatient clinic 4.2 0.9

Location of outpatient clinic in the hospital 3.7 1.0

Route description to the hospital 3.8 0.9

Name and function of the doctor 3.9 0.8

Photo of the doctor 2.7 1.0

Email address of the doctor 3.0 1.0

Information about late effects tailored to your personal situation 4.2 0.7

Information about all possible late effects 4.1 0.8

Information about recognizing symptoms of possible late effects 4.5 0.6

Information on possible therapies for the late effects tailored to your specific situation 4.3 0.7

Information on all possible therapies for all possible late effects 4.1 0.8

Information about self-care to minimize the impact of possible late effects 4.4 0.7

Up to date news about late effects of childhood cancer 4.2 0.8

“What do I ask my doctor”: a list of questions to prepare yourself for a consultation 3.8 0.8

A medical wordlist / encyclopaedia (to look up medical terms) 3.7 0.9

Links to relevant medical or healthcare websites 3.7 0.8

Links to medical journals 3.1 0.8

Links to medical organizations (i.e. rehabilitation centres) 3.4 0.8

Announcements of medical or health care events (conferences, symposia, etc.) 3.2 0.9

Information about mortgages, insurances and physical examinations for work 3.7 1.0

Exchanging experiences with other (ex-)patients 3.7 0.9

Information about the rights you have as a patient 4.1 0.7

Function to make an appointment, after which you get mailed/called back for approval 3.6 1.0

Asking health-related/medical questions through email and receiving and answer via email or telephone 4.0 0.8

Possibility to print questionnaires about your possible symptoms, filling them out at home and take them 
with you to the outpatient clinic

3.7 0.8

A forum to exchange experiences and stories with fellow (ex-)patients 3.3 0.9

A guestbook to make remarks about the site 3.3 0.8

A search engine to search the site 4.0 0.7

Possibility to subscribe to a newsletter 3.4 0.7

Item scores are mean Likert scores (scale: 1-very unimportant to 5-very important). The items printed in italic are the 
components of the composite score. Mean composite score (SD): 4.3 (0.6).
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The other 4 items of the composite score all scored a median of 4, resulting in a 

mean composite score of 4.3 (SD ±0.6). 

We evaluated the influence of the type of respondent on the composite score: 

parents of young survivors scored the highest, with a mean score of 4.4 versus 

4.1 for adult survivors and 4.0 for adolescent survivors (P<0.01). Also, people who 

stated they used the internet to lookup health information prior to the study had 

a higher mean score than those who did not (mean score 4.4 vs. 4.1, P<0.01). 

Gender, age at diagnosis, age at survey, duration of follow-up, type of tumour, 

availability of internet at home, hours per week spent on the internet, level of 

education of the respondent and prior visiting the outpatient clinic all did not 

have any significant influence on the composite information requirements score. 

Discussion
In this study we evaluated the requirements for a website on late effects of 

childhood cancer in a representative sample of 145 childhood cancer survivors 

and/or their parents. Access to internet was high, reaching over 90%. The 

majority of the respondents who looked for information on late effects online 

have not been able to find it thus far. Most respondents would visit a late effects 

information site if one would be available, indicating a need for such a website. 

This website should address both parent of survivors and adolescent/young 

adult survivors of childhood cancer and focus on personalized information on 

late effects, follow-up strategies and preventive healthcare. 

The discrepancy between the 10.5% of respondents using the internet with the 

aim to look up late effects information and the 82.5% of respondents who indicate 

they would use a late effects website is highly remarkable. Although part of this 

discrepancy may be explained by socially desirable answering of the patients, it 

seems that online information concerning late effects is not sufficiently available 

or difficult to access through search engines or other sites. Alternatively, late 

effects information may be available and easily retrievable but may hardly be 

focused on the specific information needs of survivors. Consequently, survivors 

may find this information incomprehensive or unsuitable and may stop searching 
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for this information on the internet. Irrespective of the underlying causes for 

this discrepancy, these findings emphasize the need for a central, well-marketed 

source of online information for childhood cancer survivors and their relatives.

The most anticipated items for an informational website were those regarding 

the patient’s personal situation, emphasizing the need for an interactive website: 

personal baseline data can either be entered real-time or be looked up in a 

patient database, enabling information supply tailored to the specific situation 

and cancer history of the patient. Though information supply by clinicians during 

patient visits was rated sufficient, one-third of the respondents stated they had 

remaining questions after a follow-up consult. This group searched the internet 

more often for information than the group that did not have any questions left, 

again indicating a need for online information supply. One can imagine that the 

internet could serve an excellent role in answering these left-over questions, 

especially in handling delicate and shameful matters of which patients are 

reluctant to talk about during the consultation. The low frequency of follow-up 

visits, i.e., once a year or less, underlines the usefulness of a website in providing 

information in between patient visits.

Parents of survivors exhibited a higher information need than adult and 

adolescent survivors, although even the adolescents appeared much interested 

in late effects information. Apart from prior health-related internet use which 

appeared to be related to education level, no other factors were of influence on 

the composite information score. Apparently, irrespective of age, availability of 

internet, hours of internet-use, and level of education, all respondents have a high 

need for personalized late effects information. The small group of respondents 

with no internet access at home may still be able to visit the website at work, 

school or with relatives. 

In this study we determined the informational and functional requirements for 

an interactive website for long-term survivors of childhood cancer. The need for 

late effects information was scored high by the majority of respondents, as was 

their interest in visiting a late effects website. However, only 10% stated to have 

searched the internet for late effects information in the past. In the development 
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of a late effects website, focus should be put on patient information tailored 

to the personal situation of the website visitor. We will now start with the 

development of such an interactive site for the Dutch population by which we 

hope to accommodate their information needs in the future. 
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Appendix I: questionnaire
This appendix contains the questionnaire that was sent to adult survivors of 
childhood cancer, translated from Dutch to English. The questionnaires sent to 
adolescent survivors and to parents of survivors contained the same questions, 
but used different wordings to address the different age groups.

Pre-question 1:

I fill out this questionnaire: myself  /  with the help from someone else

Part 1: Personal / demographic information

What is your gender?

What is your current age?

What is your nationality?

What was your age when you were diagnosed with cancer?

What type of cancer did you have? 
Leukemia / Neuroblastoma / Bone tumor / Germ cell tumor / Lymphoma/ Brain 
tumor / Wilms’ tumor or other kidney tumor / Retinoblastoma / Don’t know / 
Something else: ……….

What kind of therapy did you receive? 
Bone marrow transplantation / Chemotherapy / Radiotherapy / Surgery / Don’t 
know / Something else: ………

What is the highest education level you reached? 
Primary school / Lower general secondary education (MAVO) / Lower 
professional education (MBO) / Higher general secondary education (HAVO) 
/ Higher professional education (HBO) / Pre-university secondary education 
(VWO) / University (WO) / Special education / Something else: ………

How often did you visit a late effects outpatient clinic? 
Once / Two to four times / More than four times/ Never

Do you think the information given at the consult was sufficient and complete? 
Yes / No
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Did you ever leave the outpatient clinic with questions you intended to ask your 
doctor, but didn’t ask? 
Yes / No

What was/were the reasons for not asking these questions? 
You were too ashamed to ask the question / You were scared of the possible 
answers / There was not enough time to ask the question / You forgot the 
question during the consult / You came up with the question after the consult / 
You did not want to ask the question in the company of your partner or parents 
/ The question was not directly medical related / Other reason: ………

Part 2: Internet use

Do you have an internet connection at home? 
Yes (Broadband i.e. cable/adsl) / Yes (Dial-up) / No

Do you use an email address? 
Yes / No

How many hours a week do you use the internet for personal purposes? 
Never / Less than 1 hour / 1-2 hours / 2-5 hours / More than 5 hours

In general, do you search for healthcare information on the internet? 
Yes / No

Which type of health care information do you generally look for online?  
Information on healthcare organizations / Information on certain diseases/
health problems / Information on treatment / Information on side effects / 
Information from other survivors of childhood cancer / Other information: ………

Can you find the healthcare information in general? 
Yes / No

Can you name the websites you normally find the information you’re looking 
for?

Do you search the internet for information on late effects of childhood cancer? 
Yes / No

Can you find the information on late effects of childhood cancer that you’re 
looking for? 
Yes / No

Can you name the websites you normally find the late effects information 
you’re looking for?

Part 3: information and functional requirements for and expectations of a late 
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effects web site.

Can you rate how important you consider the following information items to be 
available on a website (on a scale of 1-5)?

General information about the hospital
Address of the hospital
Phone number of outpatient clinic
Location of outpatient clinic in the hospital
Route description to the hospital
Name and function of the doctor
Photo of the doctor
Email address of the doctor
Medical information 
Information about late effects tailored to your personal situation
Information about all possible late effects
Information about recognizing symptoms of possible late effects
Information on possible therapies for the late effects tailored to your specific 
situation
Information on all possible therapies for all possible late effects
Information about self-care to minimize the impact of possible late effects
Up to date news about late effects of childhood cancer
“What do I ask my doctor”: a list of questions to prepare yourself for a 
consultation
A medical wordlist / encyclopedia (to look up medical terms)
Links to relevant medical or healthcare websites
Links to medical journals
Links to medical organizations (i.e. rehabilitation centers)
Announcements of medical or health care events (conferences, symposia, etc)
Other information 
Information about mortgages, insurances and physical examinations for work
Exchanging experiences with other (ex-)patients
Information about the rights you have as a patient
Other information you missed in the above list: ………
Can you rate how important you consider the following possible functionalities 
to be available on a website (on a scale of 1-5)?
Function to make an appointment, after which you get mailed/called back for 
approval
Asking health-related/medical questions through email and receiving and 
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answer via email or telephone
Possibility to print questionnaires about your possible symptoms, filling them 
out at home and take them with you to the outpatient clinic
A forum to exchange experiences and stories with fellow (ex-)patients
A guestbook to make remarks about the site
A search engine to search the site
Possibility to subscribe to a newsletter
Other functionalities not mentioned:………

Please imagine the development of a good qualitative website about late 
effects is finished. Can you rate how you agree with the following propositions 
(scale from 1 to 5):

If there would be a late effects website, I would use it to look up information

If I could use a late effects website, it would take me less time to search for 
information 

If there would be a late effects website, it would be easier to obtain reliable 
information

If I could use a late effects website, it would improve health care for me

If I could use a late effects website, I can make better decisions about my 
health

If there would be a late effects website, I would refer my friends, family and 
other interested persons to it.
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Abstract
Background  The application of user-centred design principles is an essential part 

of modern website development and evaluation. The Website Developmental 

Model for the Healthcare Consumer (WDMHC) is an extensive and successfully 

evaluated framework that incorporates these design principles. However, due to 

its extensiveness the application in daily practice may be limited. In the current 

study we apply a limited subset of the WDMHC framework in a case study 

concerning the development and evaluation of a website aimed at childhood 

cancer survivors (CCS). 

Objective  To assess whether the implementation of a limited subset of the 

WDMHC-framework is sufficient to deliver a high-quality website with few 

usability problems, aimed at a specific patient population.

Methods  The website was developed using a six-step approach divided into 

three phases, all of which were derived from the WDMHC: 1) information needs 

analysis, mock-up creation and focus group discussion; 2) website prototype 

development; 3) heuristic evaluation (HE) and think aloud analysis (TA). The 

HE was performed by three double experts (knowledgeable both in usability 

engineering and childhood cancer survivorship), who assessed the site using 

the Nielsen heuristics. For the think aloud analysis eight end-users were invited 

to complete three scenarios covering all functionality of the website.

Results  For the information needs analysis, a survey was completed by 145 

potential end-users, which led to a structured and prioritized requirements 

document. This document served as the input for the mock-up creation and both 

this mock-up and the requirements document were used as an agenda for the 

focus group discussion during which refinements for both were proposed. After 

the prototype website was built, the HE and TA were performed concurrently. 

The HE resulted in 29 unique usability issues; the end-users performing the TA 

encountered 67 usability problem occurrences which could be classified into 

eleven unique problems. All the major usability issues discovered in the heuristic 

evaluation were likewise revealed by the think aloud user test sessions and vice 
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versa. The four additional issues revealed by heuristic evaluation concerned 

cosmetic design flaws, whereas the two additional problems revealed by think 

aloud were related to website content. 

Conclusion  Due to the involvement of both end-users and double experts 

throughout the project, we were able to deliver a prototype website that closely 

matched the expectancy of the end-users and resulted in relatively few usability 

problems during end-user testing. With the successful application of this limited 

subset of the WDMHC, we provide developers with a small, clear and easily 

applicable framework for the development of healthcare websites with high 

usability aimed at specific medical populations. 
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Introduction
In the Netherlands, almost 40 per 100.000 children and adolescents develop 

cancer each year.1 Great improvements in treatment for malignant disease in 

childhood have led to a major increase in survival rates, up to 85%.2 With the 

rise in survival, a new and quickly growing population of long term survivors of 

childhood cancer emerged. In a recent study, Geenen et al. found that 75% of 

all survivors suffer from at least one adverse event at a median follow-up of 

seventeen years, emphasizing the need for adequate life-long follow-up care.3 In 

order to improve the quality of care and to successfully conduct clinical research, 

the DCOG (Dutch Childhood Oncology Group) LATER (Long term effects after 

childhood cancer) project pursues to follow-up all Dutch 5-year survivors and 

screen them based on evidence-based guidelines.4–6

Previous research showed that survivors of childhood malignancies are not 

well informed about their past disease and the potential late effects.7–9 Due to 

the long intervals between and the limited timeframe within follow-up visits, 

childhood cancer survivors may have a need for a more continuous source 

providing this information. As for instance Lewis showed, well informed patients 

tend to be more compliant to screening and therapy, facilitating earlier diagnosis 

and treatment of late toxicities of treatment.10 Patient information websites allow 

patients to educate themselves using web-based, personalized information at 

the time and place of their preference.11,12

In 2007, Johnson and Turley presented the Website Developmental Model for 

the Healthcare Consumer (WDMHC), a framework for  the user-centred, iterative 

design and development of healthcare websites.13 This framework incorporates 

well-documented user-centred design principles aimed at assisting the 

development of websites for healthcare consumers in the broadest sense. 

Although the framework was successfully applied in practice during the redesign 

of a consumer health information website, it is too extensive for projects with a 

limited scope and with limited resources.14 Specifically, for the current study we 

had a well-defined end-user population with a specific medical background and 

only limited resources available for website development and evaluation. We 
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Figure 1. Left side: Website Developmental Model for the Healthcare Consumer (WDMHC) 

by Johnson et al.13 Right side: adapted subset of the WDMHC for patient centred information 

websites.
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hypothesized that the deployment of a limited subset of the WDMHC principles 

would be sufficient for delivering a patient information website aimed at a 

small and well-defined population that meets the end-users’ requirements and 

expectations by providing high-quality and trustable content and does so with a 

sufficient usability. For example, one of the usability methodologies used in the 

WDMHC was the keystroke level model.15 This method focuses on efficiency of 

a given system, which was not relevant for this project due to its limited scope.

In most studies reporting on website development, different usability testing 

methods are employed in different phases of the software development 

process.16–19 Often, usability inspection methods, like the heuristic evaluation, 

are used early in the development process, where system mock-ups and 

system prototypes are evaluated by usability experts, whereas end-user testing 

methods like the think aloud method are more often used later in the system’s 

development process.16,18 A literature review by Jaspers showed that the think 

aloud method gains the best insights in the cognitive processes of end users, but 

at a high cost.20 On the other hand the heuristic evaluation can also give good 

results at a much lower cost. However, it is known that the heuristic evaluation 

can find a broad range of cosmetic and minor problems which may disguise 

more severe problems.20 

In the present study we aimed to test the hypothesis that implementation of a 

subset of the WDHMC principles is sufficient for the development and evaluation 

of a patient information website aimed at a specific medical patient population, 

in our case long term childhood cancer survivors. Additionally we aimed to 

compare the surplus value of two widespread usability evaluation methods, the 

heuristic evaluation and the think aloud method, in the context of the deployed 

user-centred development approach. 

Methods
The original WDMHC framework consists of more than 15 steps conducted 

in four phases: 1) user-, task- and environmental analysis; 2) functional- and 

representational analysis and their relation to visual and content representation 
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criteria; comparative analysis to similar websites; 3) cognitive walkthrough, 

keystroke level model, heuristic evaluation and incorporation of metrics and 

guidelines and 4) content-based testing, expert-based testing and user-based 

testing. 

The multifaceted approach we undertook for the development of our website 

consisted of six steps in three phases: 1) information needs analysis, mock-

up creation and focus group; 2) website prototype development; 3) heuristic 

evaluation and think aloud analysis. The whole process is outlined in Figure 1. 

The following sections will shortly describe the methods undertaken for each 

step.

Information needs analysis
Understanding the end-users’ information needs as well as the required 

functionalities are prerequisites for delivering a website that end-users intend 

to visit. Requirements for the website were elucidated using a structured 

questionnaire comprising 24 questions, sent out to 160 survivors of childhood 

cancer or their parents. We asked our respondents to score a 5-point Likert-scale 

on 22 items involving different kinds of (health) information and functionalities 

which might be of interest for survivors of childhood cancer or their relatives. 

The information needs analysis resulted in a prioritized list of information 

requirements for the website.

Mock-up, focus group and prototype development
The visual representation or design of the website and its content should be 

optimized to allow for an optimal match between functionality and structure 

on the one hand and the goals of its end-users on the other hand. Based 

on the prioritized list of information needs, a simple mock-up website was 

created depicting its main functionality, content and navigational structures. 

Subsequently, we organized a focus group to assess whether the prioritized 

requirements list gathered from the survivors’ survey and the mock-up website 

corresponded with end-users’ expectations. To allow for a friendly and open 
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discussion environment, we decided to limit the amount of participants. We 

invited two childhood cancer survivors and two parents of survivors who 

previously had responded to the questionnaire as well as a paediatrician, a 

paediatric oncologist and two human factors engineering and usability experts. 

A trained focus group facilitator chaired the session using a structured agenda 

in combination with a brainstorm approach. All participants were free to discuss 

their opinions and make suggestions to our initial mock-up. Minutes of the 

focus group in combination with the initial information needs assessment 

were used as input for the development of a working prototype of the website. 

The development of the prototype was outsourced to an external web design 

company, who incorporated established website usability guidelines during the 

development process.21

Usability evaluation
To evaluate the prototype website on its usability we aimed to compare two well-

known methods from the field of usability engineering: the heuristic evaluation 

and the think aloud analysis.20,22 Although both methods are usually deployed 

in different stages of the software development life cycle, we were interested in 

the (additional) value in terms of differences in output of both methods from the 

viewpoint of the complete user-centred development approach.

Heuristic evaluation

In a heuristic evaluation (HE), usability evaluators inspect a system according 

to a predefined set of rules of thumb: heuristics. The most widespread set of 

heuristics was developed in the early nineties by Nielsen and Molich and consists 

of ten heuristics.23 Each evaluator first assesses the system under investigation 

in a global way, to get an idea of structure and navigation of the system and 

then makes a second iteration to assess user interface elements in detail. All 

possible usability issues are written down and the severity of each issue is rated 

on scale from 0 (cosmetic) to 4 (catastrophic).24 For our heuristic evaluation three 

evaluators independently inspected the prototype website according to Nielsen´s 

heuristics. All three were trained in usability evaluation and usability research 
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and had domain expertise in the field of childhood cancer survivorship care.

Think aloud method

The think aloud method (TA) is a verbal report method that stems from the field 

of cognitive psychology. During a think aloud session, participants interact with 

a system according to predefined protocols/task scenarios while they verbalize 

their thoughts aloud. These verbalizations get recorded and in combination with 

the screen recordings of the users’ website navigation patterns and their task 

performances, a deep insight can be gained into the system’s usability and the 

related usability problems.

 For this study we created four scenarios that covered all the functionality the 

website offered: using the late effects search structure, finding information about 

diagnoses and anti-cancer therapy, looking up outpatient clinic information, 

etcetera (see Appendix 1). We selected a representative sample of eight potential 

end-users, as this number would be sufficient to reveal over 90% of real usability 

problems, as empirically shown by Nielsen.25 We visited the participants in their 

home situation as this was the intended environment where the website would 

be used. We used a mobile ‘usability laboratory’ consisting of a laptop with 

Morae™ software (TechSmith Corp., Okemos, MI, USA) to capture the screen, 

mouse gestures and mouse clicks through screen recording and the participant’s 

face and voice through an integrated webcam. After all task scenarios were 

completed, users were automatically presented a 10-item System Usability Scale 

questionnaire to get a quick insight in the user’s perception of the prototype 

website usability.26

All recorded data were analysed with the Morae™ software. Firstly, all occurrences 

of usability problems were marked by reviewing the recordings. From the list 

of all occurrences a coding scheme was developed bottom-up by one author 

by grouping all the unique usability problem types into categories. A second 

evaluator (SK) individually reviewed all recordings, marked all usability problem 

occurrences and used the coding scheme to categorize them. Results of both 

reviewers were compared and discrepancies were resolved by discussion.
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Assessment of the surplus value of both usability evaluation methods

From the literature it is clear that the HE and the TA both have their proper 

uses in the software developmental lifecycle.17,27–32 However, the costs associated 

with the TA are much higher than those of the HE. We aimed to compare the 

surplus value of each method in the perspective of our multi-faceted and user-

centred approach. To assess possible differences in the detected problems by 

both methods, we qualitatively mapped the problems found with both methods 

to each other.

Results

Information needs assessment
One-hundred forty-five survivors or parents of survivors returned the 

questionnaire on information requirements (90.6%). Of these 145, only 15 

respondents (10.3%) used the internet to look for information about late effects 

of childhood cancer and only four (27%)  of them managed to find the information 

they were looking for. On the other hand, only 4% of all respondents stated they 

Table 1. Information- and functional requirements based on the information needs 
analysis   

Requirements for the website Mean rating SD

Address of the specialized late effects outpatient clinic 4.0 1.0

Phone number of the outpatient clinic 4.2 0.9

Information about late effects tailored to your personal situation 4.2 0.7

Information about all possible late effects 4.1 0.8

Information about recognizing symptoms of possible late effects 4.5 0.6

Information on possible therapies for the late effects tailored to your specific situation 4.3 0.7

Information on possible therapies for all possible late effects 4.1 0.8

Information about self-care to minimize the impact of possible late effect 4.4 0.7

Up-to-date news about late effects of childhood cancer 4.2 0.8

Information about the rights you have as a patient 4.1 0.7

Asking health-related/medical questions through email and receiving an answer via 
email or telephone 4.0 0.8

A search engine to search the site 4.0 0.7

Rating were scored on a 5 point Likert scale (1: very unimportant to 5: very important).
Abbreviations: SD: standard deviation.
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would not visit a late effects information site when available. Table 1 presents 

all items concerning  survivors’ information needs  that were received a mean 

rating of ‘important’ or higher. The complete results of the questionnaire have 

been presented elsewhere.33

Mock-up, focus group and prototype development
Based on items listed in Table 1, we envisioned a website structure divided in six 

sections: Home, News, LATER Information, Outpatient Clinics, Links and Contact. 

As the need for tailored information supply among survivors is high whilst 

their prior knowledge of disease, treatment and risks of late effects is low, we 

devised a search structure where survivors could search information in a linked 

network of diagnoses, their associated treatments and the potential late effects 

caused by these treatments. This search structure was envisioned through three 

columns (diagnosis, treatment, late effects) with clickable data labels,  where the 

selection of an item in one of the three columns would automatically filter the 

related items in the other two columns.

During the focus group the results of the information needs assessment were 

discussed and the mock-up of the website was presented. The proposed division 

into six sections was used as an interview guideline and each section was 

discussed separately. The survivors’ response on the mock-up was very positive, 

even though the design was still very basic. Input from the survivors was useful 

in prioritizing the requirements. There were three main comments regarding the 

mock up website: firstly, there was a need for additional information on diagnoses 

and treatments apart from information on late effects; secondly, functionality to 

seek contact with a health care provider was not necessary, as the goal of the 

website was to inform survivors, not to facilitate contact between survivors and 

physicians. Also, the proposed functionality of a discussion board was discarded 

as there was an existing and well-visited discussion board on the website of the 

Dutch Childhood Cancer Parent Organization (DCCPO). Survivors also expressed 

the opinion that discussion boards should be separated from websites visited 

by health care professionals, to keep a sense of privacy. The third comment was 
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Figure 2. Screenshot of the prototype website’s homepage.

Figure 3. Screenshot of the late effects information search structure.
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that the communication of all information should be in a conservative manner, 

to focus on reassurance instead of giving rise to anxiety.

Based on the original requirements and the feedback from the focus group, 

an external web design company developed the first working prototype of 

the website, incorporating the suggested search structure for finding targeted 

information on late effects. All content for the website was generated and peer-

reviewed by members of the Information Service of the DCOG LATER project 

in cooperation with the Dutch Childhood Cancer Parent Organization (DCCPO). 

Screenshots of the prototype can be found in Figure 2 and Figure 3. 

Usability evaluation

Heuristic evaluation

Three double experts (usability experts with domain knowledge on childhood 

cancer survivorship) listed a total of 40 occurrences of usability issues according 

to the 10 heuristics described by Nielsen.24 After removing duplicates, 29 issues 

represented unique problem types (average pairwise inter-rater agreement: 

33.3%). The usability problems with a severity rating higher than 2 and those 

problems found by more than 1 evaluator are listed in Table 2. The problems 

rated as most severe were the fact that hyperlinks to external websites were 

not depicted as such and that using the back-button while browsing the search 

structure for finding targeted information on late effects  and its underlying 

information pages did not function correctly. These issues could severely 

hamper the end user’s website interaction experience. Other usability issues 

were related to design consistency over different pages (different colours for 

hyperlinks on different pages, the search box was placed on different positions), 

deviations from standard web design guidelines (the website’s logo should be 

clickable to return the homepage) and the website’s content (the explanation 

of the search structure’s mechanism was regarded as too complicated for the 

target audience).
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Table 2. Results of the heuristic evaluation

Description of usability problem
Mean severity 
rating

Evaluators
(found / total)

External links are not clearly depicted as such 3.5 2/3

Search structure ‘back’ doesn’t function correctly; results and selections in tables change 
after ‘back’

3.5 2/3

Automatic change of results when using search structure is not visible because the user 
needs to scroll down to see those changes

3 1/3

Deeplink of diagnosis results on external site do not lead to relevant information directly 3 1/3

Search bar only matches full strings 2.5 2/3

‘all diagnosis/all…’ selectable items in the search structure all seem to be active and 
selected, but only ‘all diagnosis’ is really active and selected.

2 2/3

No ‘back’ at search structure explanation 2 2/3

Colored blocks on homepage not clearly clickable 2 1/3

Inconsistent use of hyperlink colors 2 1/3

Inconsistent search box placement 1.5 2/3

Submenu is not clearly visible 1.5 2/3

2 hyperlink lines in results of treatment, diagnosis which link to the same site 1 2/3

Logo’s on homepage not clickable 1 2/3

Table 3. Results of the think aloud evaluation

Division
Coding 
category ID Usability problem

Total 
occurrences

Number 
of testers 
encountering 
problem

Menu or 
submenu

C M1
Users think information about late effects is found under 
‘information’ 5 5/8

C M2 Outpatient clinic abbreviations are not known to users 2 2/8

N M3 Users cannot find/do not notice submenu 4 4/8

Search 
structure

N Z1 User cannot return to previous page 5 3/8

N Z2 User cannot proceed to full information (read more) 5 4/8

S Z3
Selection is gone after browser ‘back’, has to be performed 
again 10 6/8

S Z4 User wants to display results by clicking 12 6/8

S Z5
Users see a selection displayed, but this is not actual active 
selection 8 6/8

M Z6
Users cannot distinguish which hyperlink line leads to 
correct information 3 3/8

M Z7 Users do not perceive links to external websites as such 4 4/8

Search bar S B1 Users do not get results with legitimate search query 9 7/8

Interrater agreement for categorization was 72%, after which all discrepancies were resolved by discussion. Coding category 
abbreviations: C: representation of content; N: navigational options; S: system response; M: mismatch between system and 
user’s expectations.
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Think aloud method

The think aloud population consisted of five survivors and three parents of 

childhood cancer survivors. Average age of the testers was 35 years and mean 

time since initial cancer diagnosis was 16 years. All participants had broadband 

connections available at home and used the internet for at least two hours a 

week. Testing sessions lasted for approximately 30 minutes per participant. 

Testers expressed little difficulty with thinking out loud, although some of the 

testers had to be reminded to keep talking on multiple occasions during the 

session. 

In total the eight testers encountered 67 usability issue occurrences which could 

be classified into eleven unique problems (Table 3) and four categories. System 

response concerned usability problems related to how the prototype website 

responded to actions taken by the participants. Problems that arose during 

navigation through the website were categorized as navigational problems and 

the category ‘representation of content’ comprised all usability problems relating 

to participants not understanding the presentation of certain website content. 

The fourth category comprised all usability problems concerning ‘mismatches 

between system and user’s expectations’.

The majority of the issues were encountered in the late effects information search 

structure. The most occurring problem, encountered 12 times by 6/8 users, was 

that users clicked on the search structure’s list entries, assuming that that would 

take them directly to information of interest, while clicking on these entries only 

updated the  selection of relevant links displayed below the search structure 

itself (Z4). Another major problem was that the selected entries in the diagnosis/

treatment/late effects list boxes were not persistent when using the browser’s 

back button: depending on the used internet browser the search structure would 

either forget the previous user selection (Z3) or, if it did show, the results of 

that selection were not updated correspondingly (Z5). Also, the search bar that 

was incorporated to search on the overall website did not behave as the test 

users expected from an online search engine. Legitimate search queries, for 

instance for ‘leukaemia’, did not retrieve relevant information, as the leukaemia 
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information on the site was actually a link to an external page on the site of the 

DCOG. 

Assessment of the surplus value of both usability evaluation methods

Table 4 lists a comparison of problems found in both the TA and the HE. All 

the major usability issues discovered in the heuristic evaluation were likewise 

revealed by the think aloud user test sessions and vice versa. The four additional 

issues revealed by heuristic evaluation concerned cosmetic design flaws, 

whereas the two additional problems revealed by think aloud were related to 

website content. 

The time spent on both analyses differed a lot. The heuristic evaluation took 

each evaluator approximately one hour, after which it took another hour to 

aggregate the results, resulting in a total of four hours spent on the HE. The 

think aloud analysis cost around 30 minutes to perform, but took a lot more time 

to analyse: two evaluators both went through all the participants audio-visual 

recordings to transcribe the usability problems the participants uncovered. This 

took at least another 30 minutes per participant per evaluator, even though we 

used a sophisticated software suite specialized at this kind of tasks. We estimate 

the total time spent on the think aloud analysis at least 30 hours (excluding 

travel time to/from the participants). 

Discussion
In this study we successfully implemented a practical multi-faceted, user-

centred and iterative development approach for the development of a patient 

information website aimed at childhood cancer survivors and their relatives. Due 

to the involvement of end-users from the start of the project on and continuing 

in every phase of the development, we were able to deliver a prototype website 

that closely matched the expectancy of the end-users and resulted in relatively 

few usability problems during end-user testing.

User-centred design is one of the critical factors for the success of a website 

development project. When end-users are involved throughout the development 
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process, the chance that the implemented solutions fulfil the needs of the end-

users increases. This will subsequently lead to user adoption and user goal 

realization.34 The most comprehensive framework for website development 

that incorporates user-centred design is the Website Developmental Model for 

the Healthcare Consumer (WDMHC).13 This framework consists of more than 

fifteen methodological steps aimed to assist the development of websites for 

healthcare consumers in the broadest sense. Although these steps were shown 

to be successfully applicable in a case study on the redesign of consumer health 

information website, the model is too extensive for projects with a limited scope 

and with limited resources.14 By testing whether the implementation of the limited 

subset of the WDMHC resulted in a website with good usability, we provide 

Table 4. Comparison of the results of the think aloud analysis and the heuristic evaluation.

Think aloud usability problem descriptions N
Associated findings of the heuristic  
evaluation S

Users think information about late effects is under general 
‘Information’ header

5

Use of unknown (medical) abbreviations 2

Users cannot find/do not notice submenu 4 Submenu is not clearly visible 1.5

User cannot return to previous page 5 No ‘Back’ at search structure explanation 2

User cannot proceed to full information (read more link)
User wants to display results by clicking

5
 
12

Automatic change of results not clear 
when using search structure

3

Selection is gone after browser ‘back’, reselection needed 10 Search structure ‘Back’ doesn’t function 
correctly

3.5

Users see a selection displayed, which is not the actual 
active selection

8 ‘all diagnosis/all…’ selectable items in the 
search structure seem to be all active, 
but only ‘all diagnosis’ is really active and 
selected

2

Users cannot distinguish which hyperlink line leads to 
correct information

3 2 hyperlink lines linking to the same site 1

Users do not perceive external links as such (and get lost) 4 External links are not depicted as such 
Deeplink of diagnosis results on external 
site do not lead to relevant information 
directly

3.5 
3 

Users do not get results with legitimate search query 9 Search bar only matches full strings 2.5

Colored blocks on homepage not clearly 
clickable

2

Inconsistent use of hyperlink colors 2

Inconsistent placement of search box 1.5

Logo’s on homepage not clickable 1

N: the amount of occurrences of the usability problem found by think aloud analysis. S: Severity score of the usability problem 
found by heuristic evaluation
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developers with a small, clear and easily applicable framework for healthcare 

websites aimed at specific medical populations. 

In the current study we showed that the deployment of a minimalist subset of 

the methods described in the WDMHC can also be sufficient to build a website 

revealing relatively few problems during end-user testing. For our subset of the 

WDMHC  we decided a priori that we had to include at least one method for the 

requirements phase, the development phase and for the evaluation phase. We 

then selected those methods that we reckoned to give the highest additional 

value with the lowest associated costs. The only exception was the think aloud 

analysis, which is known to have high costs, as we wanted to include at least one 

end user evaluation method to test whether end-users could read, understand the 

website and would trust the website content. Of course the methods we used in 

our subset can be interchanged with similar methodologies. For example, Kinzie 

et al. earlier developed a website development framework that can be mapped 

to the WDMHC as well.34 They also started with a needs assessment including 

interviews, surveys and focus groups, followed by solution identification and task 

analysis, and finally iterative cycles of website design (guided by website design 

guidelines), development, and evaluation using cognitive walkthroughs and think 

aloud end-user testing. We recommend that the choice of the methodologies 

used for the specific phases of the development process should be adapted to 

the characteristics and needs of an individual project.

Childhood cancer survivors are at risk for developing late adverse effects of their 

treatment.3 However, they have little knowledge about these late effects, as 

well as about their initial diagnosis and the treatment they received.9,35 These 

knowledge deficits may hamper survivors’ abilities to engage in a healthy 

lifestyle, to participate in screening programs and to adequately be able to 

engage in self-management and self-care. The results of the information needs 

assessment proved that survivors did indeed have unmet information needs 

regarding late effects of childhood cancer.33 Respondents rated an extensive list 

of possible information items and website functionalities, resulting in a detailed 

prioritization of requirements for the website.
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Focus groups, if used at all in the development process of health information 

websites, are often employed near the end of the process, after usability testing 

or during a redesign iteration.17,36 We reckoned that a live meeting with all the 

stakeholders early in the development process would result in a more detailed 

specification of requirements, resulting in a closer match between website 

content, functionality and structure and end-users expectations and needs. The 

focus group proved worthwhile at this stage of the development: we gained 

additional insights regarding the requirements of the potential end-users. The 

participating survivors knew what information and functionality was already 

available online and which resources were still missing, enabling us to focus 

on the information and functionality with the highest priority in designing the 

website. Additionally, based upon the mock-up, survivors were able to pinpoint 

possible (usability) problems with both the navigational structure of the site and 

search structure for late effects information before we even started building a 

prototype. The information gathered during these two initial phases was valuable 

for the development of the first version of the website.

Several studies have been performed comparing the performance of heuristic 

evaluation and think aloud analysis applied either concurrently or at different 

time points in the software development life.27–29 In comparison to the think 

aloud analysis, heuristic evaluation is known to find a higher number of usability 

issues, with both low- and high severity, at much lower costs. Our results are 

in line with these common findings: the heuristic evaluation revealed many 

more, especially low-severity or cosmetic problems in comparison to the think 

aloud analysis at much lower cost. However, several studies state that end-

user usability testing is imperative to uncover the remaining problems not found 

in heuristic evaluation.14,17,30–32 This was not the case in our study. All but two 

minor issues encountered by end-users during testing were also covered by the 

heuristic evaluation. The two items solely found by participants of the TA were 

“Users think information about specific late effects is under general ‘Information’ 

header instead of under ‘Late Effects’ header” and “Use of unknown (medical) 

abbreviations”. The domain knowledge and the involvement in the development 

process of the three double experts who performed the HE may explain that 
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these two issues were overlooked in the heuristic evaluation. It should be noted 

that these two issues were the only ones found that related to readability, 

credibility, accuracy and understandability of the website’s content. We think 

that the deployed methodology, in combination with the editing and peer-

reviewing of the content by a team of medical professionals and members of 

the DCCPO, resulted in a website that end-user can read, understand and trust. 

Formal evaluation using validated measurements may be performed in future 

studies to confirm this. 

The good results of the heuristic evaluation in comparison to the think aloud 

evaluation may have had several reasons. The user-centred approach, from the 

initiation of the project and onwards, may have led to a close match between 

the design and the end-users’ strategies in approaching the website, resulting in 

less (severe) usability problems during testing. The inclusion of three evaluators 

knowledgeable both in usability evaluation studies and childhood cancer 

survivorship may also have contributed to the relatively better performance of 

the HE. Nielsen and Landauer found that, in a series of six heuristic evaluations 

of different user interfaces, the use of 5 evaluators resulted in a detection 

coverage of 75% of the usability problems.37 Detection rates improve strongly 

though with the expertise of the evaluators: one skilled usability expert with 

additional medical knowledge regarding the application’s content domain may 

account for up to 60% of all usability issues.37–39 In situations that skilled usability 

evaluators are not familiar with the website’s medical domain, a work-domain 

expert could assist the evaluator in tackling domain specific problems. These 

work domain experts in these so-called ‘participatory heuristic evaluations’ may 

help usability evaluators in considering how the system contributes in reaching 

certain goals in that particular area of skills.20

A possible limitation of this study was the scope of the website under study. 

Use of the website was uncomplicated as the system mainly consisted of 

static information content with some dynamic behaviour implemented through 

JavaScript. Of course appropriate usability testing is also essential for smaller 

websites, but future studies should investigate the reliability of our methodology 
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when implemented for the development of more advanced healthcare websites.

In conclusion, we successfully implemented a practical, user-centred and 

iterative development methodology for the development of a patient 

information website for childhood cancer survivors. If time and resources are 

limited, heuristic evaluation with double experts may be sufficient to discover all 

usability problems on a patient information website. In our case all encountered 

usability problems have been translated into recommendations for redesign and 

were given as feedback to the website developers. The redesigned website was 

launched in 2009 and in the  final evaluation respondents were satisfied with 

its usability and contents.40 As patient information websites should be designed 

to match end users’ expectations, our approach can serve as a low-cost and 

practical framework for their development and evaluation. In the future, we aim 

to extend the current website to a patient portal where survivors can login to 

exchange medical record data with healthcare professionals and where they can 

receive truly tailored health information based on their electronic medical record.
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Abstract
Purpose  Childhood cancer survivors (CCS) are in need of specialized information 

about late effects of treatment. In the current study we assessed the perceived 

usability and satisfaction with content of a national website with information on 

late effects and analysed possible determinants related to website usability and 

content satisfaction. 

Methods  CCS and their parents were contacted through our local follow-up 

program and via online media to complete an online questionnaire regarding their 

baseline characteristics, medical decision style and the usability and content of 

the website. Usability was evaluated using the System Usability Scale (SUS), a 

validated questionnaire resulting in a score from 0 to 100. For the content rating 

we constructed a 6-item scale resulting in a score from 1 to 5 (Cronbach’s α: 

0.83). Comments were analysed qualitatively.

Results  Fifty five survivors and forty three parents of survivors completed 

the questionnaire. Median age of respondents was 41 years (range: 17-58). 

Respondents rated the website’s usability with a mean SUS-score of 72.5 (95%-

CI: 69.2-74.9). The mean content rating was 3.7 (95%-CI: 3.5-3.8). No determinants 

were significantly related to perceived usability or content satisfaction in 

multivariate analyses. Qualitative analysis revealed respondents’ preference for 

more detailed and even scientific information of late effects.

Conclusion  Respondents were satisfied with the usability and the contents of a 

website targeted at their information needs. As knowledge about late effects is 

still limited among survivors, a website can be a valuable resource to improve 

their knowledge, promote healthy behaviour and in the end improve their quality 

of life.
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Introduction
In Western countries, the age-standardized incidence rate of childhood cancer 

ranges between 131 and 160 cases per million person-years.1 Over the last decades 

the chance to survive cancer for at least five years has greatly improved. In 

childhood cancer, patient survival now reaches over 80%.2 Unfortunately, five-

year survival is not the end. A British childhood cancer cohort studied by Reulen 

et al showed an eleven-times increased death risk for survivors compared to 

the general population.3 Besides higher mortality, almost 75% of all survivors in 

a large Dutch cohort experienced at least one late effect and 40% of survivors 

had at least one severe, life-threatening or disabling event at a median follow-

up period of 17 years.4 Long-term follow-up care is needed to ensure an optimal 

quality of life and decreased mortality and morbidity risk in childhood cancer 

survivors (CCS).

Late effects caused by childhood cancer and its treatment can manifest many 

years after the initial diagnosis. Educating CCS is essential for prevention and 

risk-reduction of these late effects. However, not all CCS are well informed 

about their past disease, treatment and the associated late toxicities.5–8 This 

is a logical consequence of the young age at diagnosis, the complexity of the 

disease and its treatment, and the potentially very long timeframe between 

initial diagnosis and the incidence of late effects. Lack of knowledge about late 

effects can hamper CCS’ ability to seek appropriate care and to participate in 

designated follow-up programs.9 An additional health risk for CCS is that, due to 

low incidences of childhood cancer, health care providers are usually not familiar 

with cancer-related health risks and late effects.10 Hereby the first symptoms of 

cancer treatment-related late effects can easily be missed.

The Dutch Childhood Oncology Group (DCOG) Late Effects Registration program 

(LATER) pursues to follow-up all Dutch 5-year survivors and screen them on late 

effects using evidence-based guidelines.11 As part of the educational arm of this 

initiative we developed a patient information website aimed at CCS, providing 

targeted information based on CCS’ previous treatment modalities. Patient 

information websites should match the end user’s needs and requirements 
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as closely as possible: the usage and impact of a patient information website 

are strongly related to its usability.12 Additionally, user characteristics can also 

influence the use of Internet resources.13 For example, survivors treated with 

surgery for a brain tumour or who received prophylactic cranial radiation for 

leukaemia are at risk to develop neurocognitive sequelae.14 These survivors may 

encounter different problems with using and understanding the website than 

survivors treated with other regimens. Also, we already know that parents of 

survivors have a higher information need than survivors themselves.15 

The way an individual manages and processes medical information is another 

characteristic of end users that may influence their perception of website 

usability and content. In the early nineties, Pierce investigated the medical 

decision making process in women diagnosed with early stage breast cancer.16 

As the two major treatment options for early stage breast cancer, mastectomy 

and lumpectomy, had equivalent survival statistics, the treatment decision 

process depended mostly on the individual’s preferences, hopes, wishes and 

expectations. By interviewing the women who were to make the decision, 

Pierce identified four major factors that influence the way an individual copes 

with medical information and makes medical decisions: deferring responsibility, 

information seeking, deliberation and avoidance.16 A sixteen-item questionnaire, 

the Michigan Assessment of Decision Style (MADS), was developed and validated 

to model these four factors.17 

The first aim of the current study was to assess the perceived usability and 

satisfaction with content of the DCOG LATER website. As a second aim, we 

wanted to investigate whether we could identify characteristics of potential end-

users that influenced the perceived usability and content ratings, including the 

four aforementioned decision style factors.

Methods

Website development  
We firstly assessed the health information needs of childhood cancer survivors 
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and their family.15 Although 50% of respondents used the Internet as an health 

information source, only 10% of (parents of) survivors used Internet to look-

up information about late effects. The majority could not find the late effects 

information they were looking for. However, almost all respondents indicated that 

they would visit a late effects website, if available. Based on the requirements 

gathered from the questionnaire, a targeted patient information website was 

developed for the Dutch cohort of CCS, which comprises over 6000 survivors. 

To maximize usability of the website, we used a multifaceted, iterative, user-

centred approach for the development of the website. This approach used focus 

groups, heuristic evaluation and think aloud testing.18 The website launched in 

February 2009 at http://www.lateeffecten.nl and recorded over 30.000 hits in 

2011 (source: Google Analytics).

Website content
The current website provides information on late effects in a structured fashion: 

survivors can browse through a list of possible diagnoses, treatments related 

to each diagnosis and then through the potential late effects related to the 

selected treatment modality. Detailed information is available for each diagnosis, 

treatment modality and especially for all potential late effects. Late effects 

are categorized by organ system that may potentially be affected, i.e. heart, 

liver, but also in categories as fertility and chronic fatigue. For each of these 

organ systems and categories information is provided on signs and symptoms 

of abnormal organ functioning, how to prevent late effects and which options 

are available for diagnosing and treating a late effect, including information on 

self-care/self-management. This content was developed by the authors (ABV 

and KIB) in cooperation with members of the Dutch Childhood Cancer Parenting 

Organization (DCCPO). Additionally, the website provides information on the 

seven Dutch specialized outpatient clinics for late effects and a section with 

general information on the DCOG LATER project, including frequently asked 

questions, news, recent publications and links to other resources.
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Study participants
We recruited participants for this study using three methods. First, we sent out 

questionnaires to 78 survivors ≥18 years and parents of survivors <18 years, who 

had earlier indicated to be available for follow-up research regarding a late effects 

website.15 Second, we invited 50 survivors from the long-term follow-up clinic in 

the Emma Children’s Hospital of the Academic Medical Center, Amsterdam to 

participate. Third, the DCCPO used online social media like Twitter, their weblog 

and their online discussion board to invite (parents of) survivors. Responses were 

collected anonymously. Follow-up of non-responders was not possible: due to 

the large amount of research participation requests Dutch childhood cancer 

survivors receive, all requests are organized centrally and dispensed in batches. 

Although we were allowed to send our questionnaire outside these batches, we 

were not allowed to send follow-up reminders, to minimize the potential burden 

for survivors.

Questionnaire
We developed a structured questionnaire comprising four sections: 1) baseline 

questions, including respondent demographics, survivor’s cancer history and 

internet use; 2) the MADS-questionnaire, a 16-item instrument to measure 

four decision styles related to medical decision making.19 It covers deferring 

responsibility (three items, Cronbach’s α=0.57), information seeking (four items, 

α=0.90), deliberation (five items, α=0.86) and avoidance (four items, α=0.68). 

The alpha of ‘deferring responsibility’ would have improved to 0.66 when one 

of its three items was removed, but we decided to keep the scales like they 

were originally defined, as the utility of the scales have been proved in other 

studies with different populations.20–22 Items were scored on a 5-point Likert-

scale ranging from “strongly disagree” to “strongly agree”, which related to 

score 1 and 5 respectively. For each of the four factors influencing decision 

making style, the mean of the relevant questions was calculated, with higher 

means indicating a higher level of deferring responsibility, information seeking, 

deliberation and avoidance. The MADS questionnaire was translated into Dutch 

by two bilingual individuals, using a forward – backward translation procedure; 
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3) a seven-item scale we developed specifically for this study, to assess the 

satisfaction with the content of the late effects information website. The seven 

items were content completeness, relevance, comprehensibility, tone, structure, 

information discovery and reassurance. Items were scored on a 5-point Likert-

scale. To assess whether these items fitted within a single scale we first analysed 

them using principal components analysis. All items, except “Did you find the 

tone of the website appropriate?” fitted within one component. For that reason 

we excluded the mismatching item and constructed a scale based on the mean 

of the other 6 items. The website’s content rating ranged from 1 to 5 and was 

internally consistent (Cronbach’s α: 0.83); 4) the System Usability Scale (SUS) 

questionnaire, which assesses the overall usability score of computer interfaces. 

It consists of 10 items on a 5-point Likert-scale and is psychometrically validated 

and standardized. The result of the SUS is a single score ranging from 0-100.23,24 

SUS-scores have been interpreted by mapping them to adjectives: >51 is ok, 71 is 

good, 86 is excellent and 91 is best achievable.25 Finally, participants could add 

free-text comments about anything website-related.

The questionnaire was developed using an online system (http://www.

surveymonkey.com, SurveyMonkey.com LLC, Palo Alto, CA, USA) and participants 

could complete the questionnaire online. Survivors who were personally mailed 

to participate also could return the questionnaire by mail.

Outcome measures and statistical analysis

The outcome measurements for this study were firstly the overall score on the 

SUS and secondly the rating of the website’s content. To describe the results, 

means and standard deviations were provided for normally distributed continuous 

variables, medians and ranges for skewed continuous variables and numbers 

combined with percentages for discrete variables. Differences in baseline 

characteristics were assessed using χ2-, Fisher’s exact-, and Mann-Whitney U 

tests where appropriate. To model the effect of respondents’ characteristics on 

the SUS-score and the content rating, we performed two multivariable linear 

regression analyses. Based on existing evidence, we included the following 

determinants in the analyses: survivor’s age at diagnosis, respondent’s age at 
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Table 1. Characteristics of respondents

 Survivors Parents Total P value

  N % N % N %

Gender Male 23 41.8% 8 18.6% 31 31.6%

Female 32 58.2% 35 81.4% 67 68.4% 0.026

 

Type of participant Invited 33 60.0% 25 58.1% 58 59.2%

Volunteers 22 40.0% 18 41.9% 40 40.8% 0.983

 

Education Primary school 2 3.6% 0 0.0% 2 0.2%

Secondary school 32 58.2% 17 39.5% 49 50.0%

Beyond secondary 
school 21 38.2% 26 60.5% 47 48.0% 0.045

 

Computer use 0-5 hours/week 16 29.1% 5 11.6% 21 21.4%

5-10 hours/week 13 23.6% 9 20.9% 22 22.4%

10-20 hours/week 5 9.1% 10 23.3% 15 15.3%

>20 hours/week 21 38.2% 19 44.2% 40 40.8% 0.076

 

Internet use 0-5 hours/week 20 36.4% 19 44.2% 39 39.8%

5-10 hours/week 15 27.3% 11 25.6% 26 26.5%

10-20 hours/week 14 25.5% 8 18.6% 22 22.4%

>20 hours/week 6 10.9% 5 11.6% 11 11.2% 0.824

 

Outpatient clinic 
visits Once 6 10.9% 3 7.0% 9 9.2%

2-4 times 20 36.4% 15 34.9% 35 35.7%

>4 times 22 40.0% 9 20.9% 31 31.6%

Never 7 12.7% 16 37.2% 23 23.5% 0.025

 

Treatment 
summary Yes 27 49.1% 21 48.8% 48 49.0%

No 18 32.7% 20 46.5% 38 38.8%

Don’t know 10 18.2% 2 4.7% 12 12.2% 0.091

Characteristics of primary tumour of 
survivors

Tumour type
Leukaemia/
Lymphoma 28 50.9% 20 46.5% 48 49.0%

Solid tumours 14 25.5% 5 11.6% 19 19.3%

CNS tumours 12 21.8% 9 20.9% 21 21.4%

Don’t remember 1 1.8% 0 0.0% 1 1.0%

Missing 0 0.0% 9 20.9% 9 9.2% 0.556

 



Evaluation of a patient information website for childhood cancer survivors | 233

Table 1. Characteristics of respondents

 Survivors Parents Total P value

  N % N % N %

Chemotherapy Yes 39 70.9% 40 93.0% 79 80.6%

No 16 29.1% 3 7.0% 19 19.4% 0.013

 

Radiotherapy Yes 27 49.1% 8 18.6% 35 35.7%

No 28 50.9% 35 81.4% 63 64.3% 0.004

 

Surgery Yes 38 69.1% 24 55.8% 62 63.3%

No 17 30.9% 19 44.2% 36 36.7% 0.254

Age at diagnosis in years (median - 
range) 10 1.0-22.0 3 0.0-12.0 6 0.0-22.0 <0.001

Follow-up duration in years (median - 
range) 23 4.0-45.0 11 1.0-21.0 15 1.0-45.0 <0.001

Current age respondent in years (median 
- range) 31 17.0-55.0 48 33.0-58.0 40.5 17.0-58.0 <0.001

questionnaire (both as continuous variables), sex, type of respondent (survivor 

or parent of survivor), treated with chemotherapy, treated with radiotherapy, 

treated with surgery, attending a late effects follow-up program, educational 

level, amount of time spent online per week, method of recruitment (all as 

dichotomous variables), avoidance, deferring of responsibility, information 

seeking, and deliberation (all as continuous variables). All predictors were entered 

at once in the regression models. 

Results

Study participants
Response rate for the invited participants was 60/128 (47%) and an additional 

46 respondents completed the questionnaire after calls on social media by the 

DCCPO. Eight responders did not complete the baseline questions and were 

excluded. The final study group consisted of 55 survivors and 43 parents of 

survivors. Their baseline characteristics are described in Table 1. There were 

also differences between invited participants and online recruited volunteers: 

the latter used their computer and the Internet significantly more than the 

invited respondents (P=0.023 and P=0.024), were more often female (P=0.002) 
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and were less frequent visitors of the late effects outpatient clinic (P=0.002). 

Additionally, invited participants were older and had a longer follow-up duration 

than the online group. Overall, eighteen respondents had visited our website 

prior to receiving the questionnaire. The results of the MADS questionnaire are 

listed in Table 2.

System usability scale and website content rating

Mean SUS-score was 72.5 (SD: 12.8) and scores ranged from 40.0 to 97.5. There 

were no significant differences between any of the subgroups. The multivariable 

linear regression analysis is presented in Table 3. We were not able to identify 

any significant determinants for a higher SUS-score. 

The website content score (mean: 3.7; SD: 0.6; range: 2.0-5.0) was strongly 

correlated with the SUS score (Pearson’s correlation coefficient: 0.681; P<0.001). 

Also for this outcome measure, there were no significant differences between any 

of the subgroups, nor were there any significant determinants in multivariable 

linear regression.

Qualitative analysis of comments
Twenty two respondents added free-text comments (22%). Six survivors solely 

gave positive feedback. Only three respondents stated new usability issues: 

Table 2. Results  of the MADS questionnaire

MADS decision style Survivors Parents of survivors Overall

Deferring responsibility Mean (SD) 3.86 (0.66) 3.83 (0.66) 3.89 (0.63)

Range 2.00-5.00 2.67-5.00 2.00-5.00

Information seeking Mean (SD) 3.61 (1.10) 4.01 (0.83) 3.80 (1.00)

Range 1.50-5.00 2.00-5.00 1.50-5.00

Deliberation Mean (SD) 4.43 (0.51) 4.48 (0.54) 4.45 (0.52)

Range 3.00-5.00 3.00-5.00 3.00-5.00

Avoidance Mean (SD) 1.77 (0.59) 1.79 (0.76) 1.78 (0.67)

Range 1.00-3.00 1.00-4.00 1.00-4.00

MADS: Michigan Assessment of Decision Style; SD: Standard deviation.
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the site was not accessible for text-to-speech software, it was not possible to 

format the content in a printer-friendly way, and one parent stated: “Please add 

more photos or videos to the site. There is much text, diversification with visual 

material may help to clarify the content.”

The majority of the comments concerned the supplied information on the 

website. Eleven survivors indicated that they missed certain content in different 

sections of the site. The main complaint was the generality of the late effects 

information: all eleven wanted more detailed information on late effects, including 

scientific evidence, additional information on dose-effect relationship and recent 

news about late effects. For example, a 48-year old survivor of a non-Hodgkin 

lymphoma stated: “The information presented on the site does not encourage to 

revisit the site more than once, as a single visit is enough to learn all the website 

content. Adding more in-depth information would encourage me to come back 

more often. This would also include scientific articles”. Nine of the 11 respondents 

 Table 3. Multivariable linear regression analyses on the SUS- and the content score

SUS score (mean: 72.5; SD: 12.8) Content score (mean: 3.7; SD: 0.6)

Coefficient (95%-CI) P-value Coefficient 95%-CI P-value

Survivor’s age at diagnosis (in years) -0.6 (-1.7 - 0.0) 0.172 -0.02 (-0.07 - 0.02) 0.275

Age at questionnaire (in years) -0.1 (-0.3 - 0.7) 0.760 0.01 (-0.01 - 0.04) 0.309

Female sex 3.4 (-2.6 - 15.1) 0.464 0.12 (-0.32 - 0.56) 0.585

Parent of survivor -1.0 (-23.0 - 5.0) 0.874 -0.20 (-0.89 - 0.49) 0.569

Received chemotherapy -1.2 (-10.7 - 8.1) 0.781 -0.06 (-0.52 - 0.41) 0.812

Received radiotherapy 2.4 (-5.9 - 10.8) 0.561 0.31 (-0.10 - 0.72) 0.135

Received surgery -2.3 (-9.2 - 4.6) 0.511 -0.15 (-0.49 - 0.19) 0.369

Ever attended a LTFU program -9.8 (-20.1 - 0.5) 0.062 -0.34 (-0.85 - 0.17) 0.188

Educational level beyond secondary 
school 0.4 (-6.8 - 7.5) 0.915 -0.14 (-0.50 - 0.22) 0.434

Spends >10 hours/week online 3.4 (-3.9 - 10.7) 0.358 0.20 (-0.16 - 0.57) 0.266

Avoidance -1.0 (-6.4 - 4.5) 0.719 0.05 (-0.22 - 0.32) 0.719

Deferring responsibility 1.0 (-5.0 - 7.0) 0.738 0.03 (-0.26 - 0.33) 0.821

Information seeking -1.1 (-5.0 - 2.8) 0.571 -0.14 (-0.33 - 0.06) 0.166

Deliberation 2.3 (-4.6 - 9.1) 0.511 0.11 (-0.23 - 0.44) 0.533

Respondent recruited online -2.7 (-11.2 - 5.8) 0.530 -0.02 (-0.44 - 0.40) 0.912

SD: standard deviation; LTFU: long-term follow-up.
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who requested more detailed information had a higher vocational or university 

degree. Another survivor emphasized the need for regular content updates: “The 

news section on the site does not seem up-to-date, there must be more recent 

news than currently presented. Apart from that, good job”.

Four respondents mentioned that the current search structure (clicking on a 

treatment modality shows the related late effects), should be even more targeted, 

for example by specifying late effects per treatment protocol or by stratifying 

late effects by treatment decade. A 24-year old leukaemia survivor said: “I think 

the content is too general at the moment. The late effects information should be 

targeted based on treatment protocol and the cumulative dose, as these may 

influence the severity of the late effects. This may prevent anxiousness and fear 

when people visit the site”. A 45-year old survivor added: “In an ideal situation 

you would enter your treatment regimen and the treatment period and then 

receive a tailored summary with risk estimations of late effects and follow-up 

recommendations”.

Discussion
This is the first study to scientifically evaluate a patient information website 

aimed at childhood cancer survivors, showing that the website’s usability and 

content both received good ratings of 72.5 on a 1-100 scale and 3.67 on a 1-5 

scale. We aimed to identify potential subgroups of website visitors who were 

dissatisfied with the website’s content or felt that the usability of the website was 

flawed, to ultimately be able to improve its shortcomings for those subgroups. 

In contrast to our hypotheses, we could not identify differences between any 

of the subgroups, not when investigating the website’s usability, nor when 

looking at its content ratings. We expected that determinants like educational 

level, internet/computer use and also certain baseline characteristics like type 

of tumour and having received radiotherapy would influence the ease with 

which survivors would use the website. Additionally, we thought that factors 

influencing the decision making process of individuals would also influence the 

website’s perceived usability and content. However, no significant relationships 
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between these variables could be established.

Our study also provides important information for future late effects websites 

based on the qualitative results. This analysis revealed survivors’ preference 

for more in-depth and more scientifically based information on late effects 

of childhood cancer treatment. This additional information was requested 

predominantly by respondents with a higher education. Apparently a gap exists 

between the information needs of higher educated survivors and the information 

we supplied on the website. As a first step to fill this gap, links to scientific 

background information could be added to the current information, so visitors of 

the website can browse to more in-depth information, as well as the underlying 

evidence. Another suggestion is to stratify information: one or two extra layers 

of information with increasing complexity and details could be added behind the 

current general information on late effects, treatment modalities and primary 

cancer diagnoses to fulfil additional information needs of survivor subgroups. 

The editorial team of the website should also try to keep up with published 

literature on late effects and translate and edit new evidence for reading by a 

broader audience. Regular updates to the news section would give an incentive 

for survivors to visit the website more often. Several survivors stated that they 

preferred a higher level of detail in the targeting of information, like exact dose-

toxicity relationships and the risks of late effects after a combination of different 

treatments. Evidence on these relationship is often not yet available. As visitors 

of the site expect that this knowledge is available, it should be made clearer what 

is known and what is not known yet. A personalized overview of the previous 

treatment linked to an evidence-based, targeted summary providing risk 

estimations of late effects and follow-up recommendations could be additional 

sources of information, but are not available at the moment.

Patient education about late effects is necessary for survivor empowerment, to 

encourage them to actively participate in screening programs, to engage them 

in self-care and self-management and to promote a healthy lifestyle. Because 

of the existence of many late effects screening programs one could expect that 

knowledge about late effects in the CCS population would have increased over 
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the last decade. However a study of 128 adult five-year survivors of childhood 

lymphoma investigated in Norway showed that 85 (66%) were unaware of 

potential late effects after their given treatment.5 Also, in the Netherlands, even 

though all five-year CCS are systematically invited to specialized follow-up clinics 

or are seen by trained general practitioners, the need for late effects information 

is still high.11,15,26 In countries where no systematic long-term aftercare programs 

are available the deployment of online CCS late effect information is needed to 

inform survivors about their health risks. In addition, a website with more in-

depth and preferably personalized late effect information is useful for CCS who 

are aware of their risks, but still in need of additional information.

From the literature it is known that adherence to online health interventions 

is very low.27–33 Several factors have been proposed to influence adherence, 

including live contact with health professionals,32,33 perceived external barriers by 

the end-user, educational attainment,31 tailoring of information,34 and of course 

user experience.12,28 Even though the DCOG LATER website was by no means 

intended as an intervention program but only as an online, targeted source of 

information, we do have to think about how we can reach and continuously involve 

our target population in late effects screening programs. To increase awareness 

about the site, the address is printed on all printed information leaflets about 

late effects and, more importantly, on all communication regarding the national 

late effects screening program that will start at the end of 2012. Furthermore, 

word of mouth marketing will also contribute to awareness about the site, as 

several online communities exists where childhood cancer survivors and their 

relatives communicate about their issues, including the website of the DCCPO.35

Selection bias may have influenced the results of our study. We invited (parents 

of) survivors who previously stated to be willing to participate in research. 

Additional participants were recruited voluntarily via online media. It is possible 

that these participants represented a subgroup that is interested in their disease 

and its late effects, has a low avoidance score, and hence gives good ratings to 

the website. To limit the risk of selection bias we also invited a random sample of 

survivors from our late effects outpatient clinic, which enrols all >5-year survivors 
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of childhood cancer. Response bias may have occurred as well in our study, as 

the response rate of 47% for invited survivors was relatively low in comparison 

to other questionnaire-based studies in CCS in the Netherlands. A possible 

explanation could be the fact that we had to use five-year old addresses as 

provided by the 78 respondents of the previous questionnaire. As the responses 

were filed anonymously, we could not make a distinction in response rates 

between the respondents invited from the previous questionnaire and those who 

were invited from the outpatient clinic registry. Altogether, we cannot exclude 

a possible influence of selection and response bias on the study outcomes. 

Furthermore, the clinical determinants, including type of tumour and type of 

treatment, were all self-reported. This may have influenced results, as it’s known 

that survivors are not that well aware of their former disease and treatment.6 

However, although approximately 10% of the respondents did not know the type 

of tumour, all participants knew whether they received surgery, chemotherapy 

and/or radiotherapy. 

Another limitation was the reliability of parts of the MADS questionnaire: two of 

the four subscales had only modest levels of reliability (Cronbach’s α: 0.57 and 

0.68). The results of these subscales have to be interpreted with caution. To 

assess the factors avoidance and deferring responsibility in the light of medical 

decision making, alternative instruments should be sought to improve validity. 

Usability studies on patient information websites are scarce, especially in the 

subspecialty field of paediatric oncology and late effects. Stinson et al. published 

a systematic overview of the quality and content of websites with paediatric 

cancer information and concluded that there is a paucity of high quality internet 

information sources.36 Of the twenty nine English sites they reviewed, only 

50% mentioned late effects and only one website mentioned the transitioning 

process to specialized aftercare or the transition from paediatric to adult health 

care. This indicates indicate that resources for survivors are scarce, even though 

finding websites on survivorship was not the main focus of their study.

In conclusion, this study proved that it is feasible for health care professionals to 

combine forces with patient and parenting organizations to create new resources 
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supplying targeted, detailed and trustable information regarding the transitioning 

process from patient to survivor and specifically on the potential late effects 

associated with the prior treatment modalities. Childhood cancer survivors and 

their parents were satisfied with the usability and the contents of the website. 

By statistical analysis there were no identifiable subgroups that significantly 

differed in opinion regarding the content or the usability. As knowledge about 

late effects is still insufficient among survivors, (national) website initiatives, just 

as described in the current study, may provide an invaluable resource to improve 

survivors’ knowledge, promote healthy behaviour and ultimately improve their 

quality of life. 
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General discussion
The general aim of this thesis was two-fold: the first aim was to assess the 

prevalence and risk factors of two specific late effects of childhood cancer 

therapy, renal toxicity and short stature in adulthood. The second aim was to 

develop and evaluate a patient website for childhood cancer survivors, providing 

survivors with information about their past disease, treatment and especially 

about late effects. As part of an iterative and user-centred framework process, 

we first analysed the requirements, designed a website prototype, tested and 

evaluated the prototype with experts and end users, and performed a usability 

and content analysis with the website after it had been redesigned.

The studies addressing the first aim were performed in the context of the Emma 

Children’s Hospital/Academic Medical Center (EKZ/AMC) cohort of childhood 

cancer survivors, whereas the studies concerning the development and 

evaluation of the patient information website were carried out in the context of 

the Dutch Childhood Oncology Group (DCOG) Late Effects of Childhood Cancer 

(LATER) project. In this chapter we will briefly discuss the main findings of the 

studies presented in this thesis, their impact on (clinical) practice and we will 

provide recommendations for future research.

Main findings

Part 1: epidemiology of late effects of childhood cancer
The aim for Part 1 of this thesis was to assess the prevalence and risk factors for 

two types of late effects after childhood cancer: renal toxicity and short stature 

in adulthood. Concerning renal toxicity we performed a Cochrane systematic 

review and two cohort studies within the context of the EKZ/AMC cohort of 

childhood cancer survivors. Final height after treatment for childhood cancer 

was assessed within the  EKZ/AMC cohort as well.

In Chapter 2 we presented a Cochrane systematic review of the literature to 

answer the following research question:
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What is the existing evidence on the prevalence and risk factors for developing 

renal dysfunction and/or hypertension after treatment for childhood cancer with 

ifosfamide, cisplatin, carboplatin, radiotherapy involving the kidney region and/

or a nephrectomy?

We were able to include 57 studies that met all inclusion criteria. Forty-eight 

studies (84%) suffered from methodological limitations. The prevalence of renal 

late adverse effects varied widely, from 0% to 84%. This large heterogeneity 

in reported prevalences may be caused by the diversity in studied patient 

populations, the prescribed treatment regimens, variations in the reported 

outcome measurements or outcome measurement definitions, and variations 

in the methodological quality of the studies. Glomerular filtration rate (GFR) 

was assessed in 32 of the 57 studies and an impaired glomerular function 

was found in 0%-50% of all assessed survivors. Of the included treatments of 

interest, only total body irradiation was reported as an independent risk factor 

for glomerular dysfunction in multivariable analyses. Other reported risk factors 

in multivariable analyses were concomitant treatment with aminoglycosides and 

vancomycin, amphotericin B, cyclosporine A, older age at treatment and longer 

follow-up duration. Proteinuria was present in 0% to 84% of all survivors (15/57 

studies), but no study performed multivariable analysis to assess risk factors 

for proteinuria. Treatment with cisplatin and carboplatin were both associated 

with a significantly lower serum magnesium level in multivariable analyses and 

the reported prevalence of hypomagnesaemia varied between 0% and 29% in 

the six studies reporting on serum magnesium. Reported hypophosphataemia 

prevalences were low (range: 0%-8%; 5/57 studies), but the prevalence of 

impairment of the tubular phosphate reabsorption was much higher (range: 0%-

63%; 11/57 studies). Higher cumulative ifosfamide dose, concomitant cisplatin 

treatment and nephrectomy were reported as risk factors for an impaired tubular 

phosphate reabsorption in multivariable analyses. Reported hypertension 

prevalence ranged from 0% to 18% (22/57 studies). As the large majority of 

the included studies had serious methodological limitations, the need for well-

designed cohort studies is high. New research projects should particularly focus 

on complete data collection, well-defined outcome measurements and especially 
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on multivariate analysis methods. As the evidence gathered in this review was 

not conclusive, all CCS treated with cisplatin, carboplatin, ifosfamide, kidney or 

total body irradiation and/or nephrectomy should be included in prospective, 

longitudinal follow-up programs to gain insight in the prevalence and especially 

the risk factors for kidney disease.

In Chapter 3 we describe the results of a cross-sectional cohort study of all five-

year survivors who visited the EKZ/AMC outpatient clinic. The research question 

we addressed was: 

What are the prevalence and risk factors for the development of renal dysfunction 

or elevated blood pressure in the EKZ/AMC cohort of 5-year childhood cancer 

survivors at their first visit to the outpatient clinic?

We assessed the estimated GFR, albuminuria, hypomagnesaemia, 

hypophosphataemia and blood pressure (BP) in 1442 survivors at least 5 years 

after diagnosis and used multivariable logistic regression to estimate the 

effects of chemotherapy, nephrectomy and radiotherapy on the five included 

outcome measures. A diminished GFR (<90 ml/min/1.73m2) was present in 

4.5% of the cohort. A higher cumulative ifosfamide dose, use of high-dose 

cyclophosphamide and having had a nephrectomy had the strongest association 

with a diminished glomerular function. Cumulative doses of cisplatin and 

carboplatin and time since cancer diagnosis were independent risk factors as 

well. No survivors required renal replacement therapy. Hypomagnesaemia was 

present in 36 of 534 assessed survivors (6.7%). Cumulative cisplatin dose and 

having had a nephrectomy were independent treatment related risk factors. For 

hypophosphataemia (prevalence: 3.0%) no treatment related risk-factors were 

found. The prevalence of albuminuria was higher: 14.5%. Cumulative ifosfamide 

dose and use of carboplatin were independent risk factors for the development 

of albuminuria. Elevated BP was found in 14.5% of all survivors, with a lower 

prevalence in the group of survivors treated with potentially nephrotoxic 

therapies than in the group treated without (12.3% vs. 18.7%; P=0.002). Overall 

almost 30% of all survivors suffered from one or more kidney-related late 

adverse effects. This is clinically relevant as a diminished GFR, proteinuria and 
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hypertension are all independently associated with a higher risk of mortality in 

the general population.1,2 Children treated with ifosfamide, cisplatin, carboplatin, 

high-dose cyclophosphamide, radiotherapy including the kidney region and/

or a nephrectomy should be monitored for renal function impairments. Blood 

pressure should be monitored in all CCS, irrespective of the received treatment. 

In Chapter 4 we continued our investigations regarding late renal adverse effects 

with a longitudinal cohort study investigating glomerular function patterns over 

time in the EKZ/AMC cohort of CCS. The research question we wanted to answer 

was:

What are the time trends and associated risk factors for glomerular function in 

long-term survivors of childhood cancer in the EKZ/AMC cohort?

As we found in Chapters 2 and 3, follow-up duration is one of the risk factors 

for glomerular dysfunction in CCS. From literature it is known that the decline 

in GFR over time is a normal and expected consequence of aging.3–5 Our study 

was the first to compare the glomerular function over time in survivors treated 

with and without potentially nephrotoxic cancer treatment (defined as cisplatin, 

carboplatin, ifosfamide, high-dose (HD) methotrexate, HD cyclophosphamide, 

radiotherapy to the kidney region and nephrectomy). We fitted multivariable 

linear random effects models for GFR as a continuous outcome variable, and 

multivariable logistic regression models for GFR as a dichotomous outcome 

variable. CCS treated with potentially nephrotoxic treatment had worse 

glomerular function than CCS treated without potentially nephrotoxic treatment, 

from the first moment of follow-up at 5 years up till 35 years after diagnosis. 

Especially ifosfamide, HD-cisplatin and nephrectomy were associated with a 

lower GFR and with glomerular dysfunction (GFR <90 ml/min/1.73m2) in CCS, 

which persisted during the entire follow-up period. However, the deterioration 

rate of glomerular function was not higher in CCS treated with versus without 

nephrotoxic therapy, indicating that the initial difference between both groups 

at the start of follow-up must have originated from irreversible acute toxicity 

or from damage developed between end of treatment and the first follow-up 

measurement performed at least 5 years after diagnosis. As the deterioration 
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rates of glomerular function did not differ between these groups of survivors, 

a single glomerular function assessment at the first follow-up moment 5 years 

after diagnosis is perhaps be a better predictor for the pattern of glomerular 

function over time than the initial treatment regimen. Future studies should 

investigate the predictive value of such a measurement and should focus on 

the longitudinal assessment of other outcomes related to glomerular function, 

including proteinuria and hypertension. Until more evidence is available on the 

aetiology and predictors of glomerular function impairment after nephrotoxic 

therapy, survivors treated with potentially nephrotoxic treatment should receive 

regular screening of glomerular function.

In Chapter 5 we evaluated the height of all adult survivors of childhood cancer 

in the EKZ/AMC cohort, to answer the following research question:

What is the risk of short stature in adulthood after treatment for childhood cancer 

and what are the determinants of final height?

We were able to include 573 adult survivors of childhood cancer for whom 

height measurements were available at diagnosis and at follow-up in adulthood. 

Heights were converted to standard deviations scores (SDS) based on national 

age- and sex-matched reference data. At a median age of 20.3 years (range: 

18.0-44.7), survivors had a significant reduced final height SDS in comparison to 

their height at diagnosis (mean loss of height SDS: -0.29; P < 0.001), as well as 

in comparison to the general population (P < 0.001). Short stature (defined as a 

height SDS ≤ -2 SDS) was present in 51 of 573 survivors (8.9%).  All multivariable 

regression analyses showed that height SDS at diagnosis is a strong determinant 

for final height SDS. Additionally, multivariable linear regression models on final 

height SDS showed that total body irradiation (TBI), cranial irradiation and spinal 

radiation were significant risk factors for a lower final height SDS when entered 

as dichotomous variables in the model. When these dichotomous variables 

were replaced with continuous variables representing the radiotherapy doses 

expressed in equivalent doses in 2 Gray fractions (EQD2), abdominal irradiation 

dose became an additional significant risk factor. Treatment with anthracyclines 

was also associated with a lower final height SDS, as was younger age at diagnosis. 
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In multivariable logistic regression analyses of determinants associated with 

short stature and/or receiving growth hormone (GH) we identified total body 

irradiation, cranial irradiation and spinal irradiation as important risk factors, as 

were their cumulative doses in EQD2. Children treated with total body irradiation, 

cranial irradiation or spinal irradiation should be monitored periodically for 

growth velocity, body weight, the development of GH deficiency and the onset 

of puberty, so that a paediatric endocrinologist can instigate timely interventions 

when necessary.

Part 2: methods for the development and evaluation of a 
patient information website for childhood cancer survivors
In Part 2 of this thesis we set out to develop and evaluate a patient information 

website aimed at childhood cancer survivors and their family. We first assessed 

their survivorship-related information needs. In the next step we developed a 

concise framework for the development and evaluation of patient information 

website and implemented the framework in a case study on the DCOG LATER 

website. As a final step we evaluated the perceived usability and satisfaction 

with website content in a survey amongst childhood cancer survivors.

In Chapter 6 we presented the results of a survey study amongst childhood 

cancer survivors and their parents to answer the research question:

What are the information needs of long-term childhood cancer survivors and 

their family and are there identifiable determinants for differences in information 

needs and health-related use of the Internet?

We asked 160 childhood cancer survivors or their parents to complete a survey 

about their baseline characteristics, their (health-related) Internet use and 

their requirements for a website about late effects. We asked respondents to 

rate potential requirements, defined as 22 items involving different kinds of 

information, on a 5-point Likert-scale (1: very unimportant to 5: very important). 

One hundred and forty five respondents completed the questionnaire (90.6%), 

of whom 72 were parents of younger survivors (aged < 12 years), 49 were adult 
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survivors (aged ≥18 years) and 24 were adolescent survivors (aged ≥12 and <18 

years). Of the 69 respondents that visited a late effects outpatient clinic, 20 

patients (29%) had questions left after the consultation. Approximately 50% 

of the respondents used the Internet for personal health education. However, 

only very few respondents stated to search the Internet for information on late 

effects of childhood cancer. Of the 15 respondents that did only 4 were able to 

find the information they were searching for. Respondents that did search for 

late effects more often indicated they had questions left after a consultation (P 

< 0.01).

Respondents rated the majority of the 22 possible information items as 

important. Three items received a median score of very important: information 

on recognizing late effects, personalized information on late effects treatment 

and information on self-care regarding late effects. Parents of survivors gave 

higher scores for information items than survivors themselves. On the question 

“Would you visit a late effects website when it is available? “ only 6 respondents 

answered negatively. 

Survivors often have knowledge deficits regarding their primary diagnosis 

and treatment and are unaware of the risk of late adverse effects, hampering 

their ability to seek appropriate care and to participate in designated follow-up 

programs.6–9 The results of this survey confirm this, as only a small proportion 

of survivors stated to use the Internet as an information source regarding late 

effects. However, the high rating for almost all information items by the study 

participants and the fact that most respondents would visit a late effects website 

when available indicate the need for a patient information website for childhood 

cancer survivors. Such a website should address the information needs  both 

parents of survivors and adolescent/young adult survivors of childhood cancer 

and focus on personalized information on late effects, follow-up strategies and 

preventive healthcare.

The application of user-centred and iterative design, development and evaluation 

is an essential component of modern day website development. In Chapter 7 

we proposed a concise and practical framework for the development of patient 
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information websites and implemented the framework in the development of 

the DCOG LATER website, to answer the following the research question:

How can a limited subset of the Website Developmental Model for the Healthcare 

Consumer (WDMHC) Framework be implemented to deliver a high-quality website 

with few usability problems, aimed at a specific patient population?

The WDMHC framework is a framework for the iterative development and 

evaluation of websites for healthcare consumers in the broadest sense, 

consisting of more than fifteen steps in four phases that incorporate well-

documented user-centred design principles.10 However, for projects with a 

limited scope and with limited resources the WDHMC framework is too extensive 

and costly .11 In this study we hypothesized that implementation of a subset 

of the WDHMC principles is sufficient for the development and evaluation of 

a patient information website aimed at a specific medical patient population, 

in this case study childhood cancer survivors, whilst maintaining high usability, 

high quality content and minimizing the burden on a project’s resources. For our 

subset of the WDMHC we decided a priori that we had to include at least one 

method for the requirements phase, the website development phase and for the 

evaluation phase. We then selected those methods that we reckoned to give the 

best results  with the lowest associated costs. We made one exception to this 

premise: we included the think aloud method, known for its high costs, as we 

wanted to include at least one end user evaluation method to test whether end-

users could read, understand the website and would trust the website content. 

Our multifaceted approach consisted of six steps in three phases: 1) information 

needs analysis (described in chapter 6), mock-up creation and focus group; 2) 

website prototype development; 3) heuristic evaluation and think aloud analysis.

Based on the results of Chapter 6 we created mock-ups of the website, including 

a search structure where survivors could search information in a linked network 

of diagnoses, their associated treatments and the potential late effects caused 

by these treatments. During a focus group with survivors, parents of survivors, a 

paediatric oncologist and two human factors and usability experts these mock-

ups were received very positively and based on the discussions a prioritization of 
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requirements could be made. A first prototype of the website was developed by 

an external web design company. This prototype was evaluated with a heuristic 

evaluation performed by three double experts (knowledgeable both in the field of 

human factors engineering and in the domain of interest, in this case childhood 

cancer survivorship). Twenty nine unique usability problems were discovered 

using Nielsen’s set of heuristics, of which thirteen were found by more than one 

evaluator or were perceived as a major usability problem (severity rating > 2).12 

In the think aloud evaluation eight potential end users of the website completed 

three scenarios that covered all website functionality. The testers encountered 67 

usability issue occurrences which could be classified in to eleven unique usability 

problem types. As both usability evaluations were carried out simultaneously 

we could compare the results of both methodologies. All the major usability 

issues discovered in the heuristic evaluation were likewise revealed by the think 

aloud user test sessions and vice versa. The four additional issues revealed 

by heuristic evaluation concerned cosmetic design flaws, whereas the two 

additional problems revealed by think aloud were related to website content. 

However, the costs for the think aloud analysis were much higher than the costs 

of the heuristic evaluation. Heuristic evaluation may therefore be sufficient to 

discover all usability problems on a patient information website, especially when 

double experts are used as evaluators.

Overall, the implementation of the user-centred framework in the case study 

on the DCOG LATER website resulted in the delivery of a prototype website that 

closely matched the expectancy of the end-users and resulted in relatively few 

usability problems during end-user testing. All usability problems were translated 

into redesign recommendations which were communicated as feedback to the 

website developers. The redesigned website was launched in 2009 and reached 

over 12.000 unique visitors and over 35.000 page views in 2012. 

In Chapter 8 we present the results of the final evaluation of the DCOG LATER 

website, in which we addressed the following research question:

What are the perceived usability and satisfaction with content of a national 

patient information website aimed at childhood cancer survivors and what are 
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possible determinants related to website usability and content satisfaction?

To answer this research question we recruited childhood cancer survivors and 

their parents through the EKZ/AMC late effects follow-up program and via online 

media to complete an online survey regarding their baseline characteristics, 

medical decision style and the usability and content of the website. To measure 

perceived usability we used the System Usability Scale (range: 0-100),13 for 

the content rating we constructed a 6-item scale (range: 1-5; Cronbach’s α: 

0.83). Respondents could also give free-text comments, which were analysed 

qualitatively. Ninety eight respondents completed the questionnaire, their median 

age was 41 years (range: 17-58 years). The mean SUS-score for perceived usability 

was 72.5 (95%-CI: 69.2-74.9) and the mean content rating was 3.7 (95%-CI: 3.5-

3.8). It was not possible to associate any patient characteristics with the SUS 

score or the content rating using multivariable analyses, which indicates that 

there were no subgroups identifiable that rated the website significantly higher 

or lower than the rest of the study population. However, the qualitative analysis 

of the free-text comments provided additional insights in potential usability 

issues and flaws in the website’s content. Several respondents, predominantly 

with a higher education, requested more in-depth and more scientifically based 

information on late effects of childhood cancer treatment. Additionally, several 

survivors stated that they preferred a higher level of detail in the targeting of 

information, like exact dose-toxicity relationships and the risks of late effects after 

a combination of different treatments. As this evidence is often not available, the 

website should explicitly state what evidence is available , for example by adding 

a “What do we already know” and “What is not known yet” paragraph to all late 

effects information pages, in a way similar to evidence summaries in guidelines 

and systematic reviews.

Strengths and limitations of our studies

Part 1: epidemiology of late effects of childhood cancer
Strengths of the Cochrane systematic review presented in Chapter 2 include 

the extensive search strategy that was deployed to find all relevant available 
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evidence  and the independent selection of eligible studies, data extraction 

from and quality assessment of the included studies by two reviewers . The 

selection of relevant clinical outcomes reported the most often and the most 

consistently may have introduced reporting bias, as the reporting of a certain 

outcome in a study may be directly related to the nature and direction of its 

results. Furthermore selection bias of studies may have occurred as we only 

included studies written in English, German, French, Italian and Spanish. 

One of the most important strengths of the EKZ/AMC cohort, studied in Chapters 

3 to 5, is the long and near-complete follow-up of childhood cancer survivors. All 

survivors are identified and included through the local Childhood Cancer Registry 

(CCR), which was established in 1966. The CCR tracks all patients diagnosed with 

and treated for a paediatric malignancy in the EKZ/AMC. As patients are already 

included at the time of initial diagnosis, selection bias by survivorship, outpatient 

clinic visits or the diagnosis of late adverse effects are effectively ruled out. 

Another strength is that comprehensive and detailed treatment information is 

available from the registry for all survivors in the cohort, independent of their 

follow-up status. This makes it possible to assess potential attrition bias by 

comparing demographic and treatment characteristics between survivors who 

did and did not visit the outpatient clinic. The fact that all outcomes registered 

in our cohort are based on clinical follow-up poses an additional strength in 

comparison to other survivor cohorts that obtain outcomes from questionnaires 

and/or population registries.14–16

Another strength of studies presented in Chapter 3 to 5 is the use of multivariable 

regression analyses. As shown in the systematic review in Chapter 2, the 

majority of studies on late adverse effects after childhood cancer do not adjust 

their analyses for potential confounders. This poses serious limitations to the 

interpretation of risk factor analyses, as univariable analysis may both over- and 

underestimate the real effect of a risk factor. Due to the large size of our cohort 

and the availability of detailed information on the types and doses of chemo- 

and radiotherapy that survivors received, we were able to make accurate, 

multivariable models for the assessment of determinants for renal function and 
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final height. 

An additional strength of Chapter 5 was the use of the equivalent dose in 2-Gray 

fractions (EQD2). The association between radiotherapy and late effects is often 

analysed using dichotomous variables (yes/no), dose categories or total dose. 

However, the development of late effects is also dependent on the fractionation 

dose.17 The EQD2 accounts for both the total- and the fractionation dose, adjusting 

for the biological effect of differences in dosage. This allows for a more precise 

assessment of the relation between radiotherapy exposure and late effects and 

makes it easier to compare patients treated with different protocols over time. 

An important limitation of the EKZ/AMC childhood cancer survivor cohort is 

that there is no readily available control population. Due to the clinical-based 

longitudinal follow-up it is not possible to assess controls in a similar fashion as 

survivors. In Chapters 3 and 4 we tried to solve this by comparing risks between 

treatment groups (those treated with and without potentially nephrotoxic 

treatment). In Chapter 5 we were able to use national reference data to compare 

the height in our cohort with the general population. Furthermore the sample 

sizes of patients in some of the treatment groups were relatively small, resulting 

in limited power to detect an effect of the treatment or its cumulative dose 

on renal toxicity or final height. Another limitation of the EKZ/AMC cohort is 

that it is hospital-based and not population-based, which may have influenced 

the external validity of the reported prevalences and risk estimates. Future 

nationwide studies performed by the SKION LATER initiative will eliminate these 

limitations.

The use of estimation formulas for the calculation of estimated glomerular 

filtration rate was a limitation in the study results of Chapters 3 and 4. It is well 

established that the Schwartz- and the CKD-EPI formulas are not as reliable as 

the golden standard clearance measurements, such as the 51Cr-EDTA or 99Tc-DTPA 

clearance. However, these golden standard measurements are cumbersome, 

invasive tests involving radioisotopes, rendering them unsuitable for application 

in a screening setting. In a systematic review comparing the performance of the 

CKD-EPI and the MDRD formulae, Earley et al. found that the CKD-EPI formula 
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was the estimation  method of preference for public health and general clinical 

practice usage.18 

Part 2: methods for the development and evaluation of a 
patient information website for childhood cancer survivors
The core strength of the studies described in Chapters 6 to 8 is the structured 

approach in which we  applied user centred development principles by involving 

potential end users throughout the complete process of the development and 

evaluation of a website aimed at childhood cancer survivors. By firstly identifying 

the user needs, discussing those needs during a focus group, and by iteratively 

evaluating and redesigning the prototype website we were able to deliver a 

website that childhood cancer survivors and their parents were satisfied with. 

With the applied and validated methodology as described in the case study 

in Chapter 7 we provide developers with a small, clear and easily applicable 

framework for the development of healthcare websites aimed at specific medical 

populations, that can overcome the drawbacks of more general and extensive 

frameworks as the Website Developmental Model for the Healthcare Consumer 

framework.10,11 Another strength of the website is that all content on the website 

was developed in a cooperative fashion by paediatric oncologists,  late effects 

specialists and members of the Dutch Childhood Cancer Parenting Organization, 

ensuring that all information offered was correct as well as easily apprehensible 

for laymen.

A possible limitation of the studies in the second part of this thesis was the scope 

of the website under study. Use of the website was uncomplicated as the system 

mainly consisted of static information content with some dynamic behaviour 

implemented through JavaScript. Although user-centred, iterative development 

and usability evaluation testing is essential irrespective of the size and scope of 

the website, future studies should validate our deployed methodology during the  

development and evaluation of more advanced patient information websites, 

targeting larger and different patient populations, that offer a larger amount 

of content and require more complex navigation structures and hence more 
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complex user interactions. The methodology could also be validated in other 

online healthcare applications, including patient self-management tools and 

web-based personalized health records.

Furthermore, selection bias may have influenced the results of the studies 

in chapter 8, as the majority of study participants were either patients who 

previously participated in the survey in Chapter 6 or volunteers recruited via 

the internet. Although we recruited additional participants through the EKZ/AMC 

outpatient clinic, it is possible that the study group represented a subgroup of 

survivors with a higher than average interest in their previous disease and the 

related late effects and who may potentially be willing to give better ratings for 

the website.

Recommendations for practice

Part 1: epidemiology of late effects of childhood cancer
The studies presented in this thesis have implications for both future cancer 

patients and survivors. Chapters 2 to 5 show that long-term survivors of 

childhood cancer are at risk for the development of renal function impairment, 

elevated blood pressure and growth impairment. Both survivors and healthcare 

professionals should be aware of the risks of these treatment-induced late 

effects. Childhood cancer survivors should receive individualised screening and 

appropriate follow-up care in order to detect the development of these potential 

late effects as early as possible. Early detection can prevent deterioration of 

the affected organ systems by providing medical- or lifestyle interventions, 

ultimately maintaining or increasing quality of life of childhood cancer survivors. 

Based on the results of Chapters 2 to 5 we can make the following 

recommendations for screening:

• Childhood cancer survivors treated with cisplatin, carboplatin, high-dose 

cyclophosphamide abdominal radiotherapy or a nephrectomy should be 

regularly screened for an impaired glomerular or tubular function. 
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• All childhood cancer survivors should receive regular screening for 

hypertension.

• Childhood cancer survivors treated with cranial, spinal or total body 

irradiation should be monitored regularly for growth velocity, body weight 

and the development of growth hormone deficiency.

Studies like the ones presented in the first part of this thesis provide new 

evidence regarding late effects continuously. To assure that the cumulative 

evidence will be applied in clinical practice, clinical practice guidelines need to be 

developed and updated on a regular basis as well. Fortunately several initiatives 

have already started to translate the available evidence into guidelines for 

surveillance of late effects in childhood cancer survivors. In the Netherlands the 

national evidence-based guidelines for follow-up after treatment for childhood 

cancer were published in 2010, providing risk-based follow-up recommendations 

based on the treatment exposures.19 A more recent and global approach is the 

initiative of the International Guideline Harmonisation Group for Late Effects 

of Childhood Cancer, an international collaboration for the harmonisation 

of the different late effects surveillance guidelines available in the different 

participating countries. 20 The harmonization process starts with a comparison 

of recommendations from all available (national) guidelines. For all concordant 

and discordant recommendations supporting evidence is collected from the 

guidelines or from the scientific literature, after which uniform recommendations 

are formulated. Gaps in knowledge are added to a research agenda. In order 

to keep the guidelines up to date, the group plans to update the guidelines 

bi-annually. An online platform could facilitate this (international) process, for 

example by providing a database  for the systematic collection and appraisal of 

new evidence and collaboration tools like wiki’s for the continuous updating of 

the guidelines to which the new evidence leads.

Part 2: methods for the development and evaluation of a 
patient information website for childhood cancer survivors
The DCOG LATER patient information website is one of the first websites in the 

world focusing on targeted, online patient education based on survivors’ previous 
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diagnosis and treatment. Additionally the website gives general information on 

late effects and late effects care in the Netherlands. Although the availability of 

such a website provides a continuous opportunity for childhood cancer survivors 

and healthcare professionals to find information regarding survivorship issues 

and late effects, it is by no means a definitive solution to counter knowledge 

deficits and lack of awareness about late effects among survivors. During 

survivor’s visit to the LATER outpatient clinics the attending physician should 

provide individualised counselling and educate survivors on the risks of late 

effects and the importance of a healthy lifestyle. 

The upcoming DCOG LATER Q2008 study, which will start in 2013, will provide 

a perfect opportunity for counselling and educating childhood cancer survivors. 

In this study all approximately 7000 Dutch childhood cancer survivors will be 

invited to visit a LATER outpatient clinic to assess long-term morbidity. Trained 

data managers from the seven Dutch paediatric oncology centres collect 

detailed information from patient records on survivors’ medical history, tumour 

diagnoses and the received treatments. All data is registered in a web-based 

central registry compliant with the Dutch privacy regulations; all information that 

can be linked to an individual patient is removed and replaced with a unique 

but anonymous patient identifier. Only the centre that coordinates the care for 

a survivor can link this patient identifier to the patient’s personal details. This 

web-based registry also offers advanced functionality to conduct questionnaires 

amongst study participants. Physicians can provide survivors with a personalized 

login and password with which they can securely access the registry system to 

complete the questionnaires they are invited for. 

The infrastructure that is now readily available for the LATER registry would be 

perfectly fit to integrate with the patient information website as described in 

Part 2 of this thesis.  As survivors currently have to remember what types of 

treatment they received in order to be able to get targeted information about 

the late effects they are at risk of, the wealth of information available in the 

online registry can serve to provide targeted or even tailored patient education 

regarding late effects.21 The questionnaire functionality also provides a flexible 
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yet powerful platform to address new patient related late effects research 

questions. In the near future the registry will be extended to allow the data entry 

of a pre-defined set of all relevant clinical outcomes related to childhood cancer 

survivorship. When functionality for survivors would be added to communicate 

all the information in the registry back to the survivors, in combination with 

additional (education) resources, the LATER registry web application can form 

the basis of an electronic, personalized health record (PHR) that can be accessed 

by both the patient and the physician. Such an online system could then be 

extended to be used as a communication channel between survivors and 

health care providers, for example to share the results from laboratory tests 

or other screening modalities or to keep a patient diary that can be perused by 

the physician. It could also serve as community-like platform where survivors 

can communicate with each other. Interventions for late effects-related issues 

(e.g. psychosocial- or health behaviour interventions) could be offered on the 

same site as well. For health care professionals the platform could be used for 

communication and collaboration as well, for example for the development and 

updating of guidelines (see the previous section), the discussion of treatment 

protocols, the recruiting of patients of trials and for the dissemination of new 

insights regarding paediatric oncology and childhood cancer survivorship.

However, the initial focus should be on the provision of survivors with tailored 

information regarding the risks of late effects, as this can increase adherence to 

lifestyle recommendations, which ultimately increases the quality and duration 

of survivorship. In addition, well-informed survivors may be more eager to visit 

the long-term follow-up outpatient clinics and may be more compliant with 

prescribed medication and lifestyle advices.

Recommendations for future research

Part 1: epidemiology of late effects of childhood cancer
Although the studies in this thesis answered several questions regarding the 

prevalence and risk factors of renal function, elevated blood pressure and 

growth impairment, several recommendations can be formulated based on the 
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results of the presented studies and the remaining gaps in knowledge. Studies 

investigating late adverse effects after treatment for childhood cancer should: 

1) incorporate multivariable analyses when assessing potential risk factors to 

correct for possible confounders; 2) include pre-treatment data on the outcome 

of interest as a confounder for the correct interpretation of tumour- and treatment 

related risk factors and 3) assess the development of late effects over time to 

be able to provide evidence-based timeframes for the frequency of follow-up 

screening.

Future studies investigating renal function should focus on the predictive 

value of the first glomerular function assessment five years after diagnosis, 

as this assessment may be a sufficient predictor for glomerular function over 

time, enabling a reduction in screening frequency for survivors at low risk for 

glomerular dysfunction. More research is needed regarding the development 

of comorbidities over time, including proteinuria and hypertension, and on their 

influence on glomerular function. Additional risk factors should be evaluated 

for the development of hypertension, including cranial irradiation and genetic 

variations that are already identified as risk factors for cardiotoxicity. The impact 

of varying radiotherapy doses (in EQD2) should be evaluated for the development 

of renal function impairments and hypertension. Regarding growth, prospective 

studies are needed to establish the effect of growth hormone treatment on 

growth velocity in childhood cancer survivors with growth hormone deficiency. 

Additionally, adding delta arm length (D-SDS arm) and/or sitting height ratio to 

total body height may be interesting in the future to validate catch-up growth 

after cranial versus spinal radiation therapy. 

Part 2: methods for the development and evaluation of a 
patient information website for childhood cancer survivors
Based on the results of the studies in the second part of this thesis, several 

recommendations for future research can be proposed. The framework for the 

development and evaluation of patient information websites as described in 

Chapter 7 should be implemented and evaluated in projects with a larger scope. 
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Although the framework was created specifically for the development of patient 

information websites aimed at pre-defined and specific patient populations such 

as childhood cancer survivors, the relatively small size and complexity of the 

website and the limited amount of interaction it required may have contributed 

positively to the results of implementation of the framework in achieving a 

website that was appreciated by childhood cancer survivors.

Future research should also determine the effect of the content of educational 

materials written for childhood cancer survivors. Although it is generally 

accepted that raised awareness about late effects can positively influence 

survivor’s ability to search appropriate care, engage in dedicated follow-

up programs and increase the adherence to a healthy lifestyle,22 there have 

been no studies that assessed the influence of (online) educational materials 

on changes in patient behaviour or clinical outcomes either quantitatively or 

qualitatively. There is also very little evidence on the psychological impact of 

offered information. As late effects can have a profound impact on the quality of 

life, the discovery that one has an increased risk for these late effects through 

online education materials may cause anxiety and stress. Psychological distress 

seems correlated with coping variables like suppression of negative thoughts 

and low optimism.23 A web-based, personalized electronic health record for 

childhood cancer survivors could also serve as a platform for research on these 

kind of psychosocial outcomes. A randomized trial where survivors are educated 

using varying educational materials, to assess the impact of different ways of 

informing  patients on psychosocial outcomes like anxiety and stress, would be 

one of the possibilities of such a platform.

References
1  Matsushita K, Van der Velde M, Astor BC, et al. Association of estimated glomerular 

filtration rate and albuminuria with all-cause and cardiovascular mortality in 
general population cohorts: a collaborative meta-analysis. Lancet 2010;375:2073–
81.

2  Hillege HL, Janssen WM, Bak AA, et al. Microalbuminuria is common, also in a 
nondiabetic, nonhypertensive population, and an independent indicator of 
cardiovascular risk factors and cardiovascular morbidity. J Intern Med 2001;249:519–



264 | Chapter 9

26.
3  Carter JL, Stevens PE, Irving JE, et al. Estimating glomerular filtration rate: 

comparison of the CKD-EPI and MDRD equations in a large UK cohort with 
particular emphasis on the effect of age. QJM 2011;104:839–47.

4  Douville P, Martel AR, Talbot J, et al. Impact of age on glomerular filtration 
estimates. Nephrol Dial Transplant 2009;24:97–103.

5  Glassock RJ, Winearls C. Ageing and the glomerular filtration rate: truths and 
consequences. Trans Am Clin Climatol Assoc 2009;120:419–28.

6  Hess SL, Jóhannsdóttir IM, Hamre H, et al. Adult survivors of childhood malignant 
lymphoma are not aware of their risk of late effects. Acta Oncol 2011;50:653–9.

7  Kadan-Lottick NS, Robison LL, Gurney JG, et al. Childhood cancer survivors’ 
knowledge about their past diagnosis and treatment: Childhood Cancer Survivor 
Study. JAMA 2002;287:1832–9.

8  Ruud E, Kanellopoulos A, Zeller B, et al. Patient knowledge of late effects of acute 
lymphoblastic leukaemia. Tidsskr Nor Laegeforen 2012;132:2052–5.

9  Byrne J, Lewis S, Halamek L, et al. Childhood cancer survivors’ knowledge of their 
diagnosis and treatment. Ann Intern Med 1989;110:400–3.

10  Johnson C, Turley J. A new approach to building web-based interfaces for healthcare 
consumers. Electron J Health Inform 2007;2:e1–7.

11  Taylor H a, Sullivan D, Mullen C, et al. Implementation of a user-centered framework 
in the development of a web-based health information database and call center. 
J Biomed Inform 2011;44:897–908.

12  Nielsen J. Finding usability problems through heuristic evaluation. In: Proceedings 
ACM CHI’92 Conference. Monterey, Canada 1992. 373–80.

13  Brooke J. SUS: a “quick and dirty” usability scale”. In: Jordan P, Thomas B, 
Weerdmeester B, et al., eds. Usability Evaluation in Industry. London: Taylor and 
Francis 1996. 

14  Robison LL, Mertens AC, Boice JD, et al. Study design and cohort characteristics 
of the Childhood Cancer Survivor Study: a multi-institutional collaborative project. 
Med Pediatr Oncol 2002;38:229–39.

15  Hawkins MM, Lancashire ER, Winter DL, et al. The British Childhood Cancer 
Survivor Study: Objectives, methods, population structure, response rates and 
initial descriptive information. Pediatr Blood Cancer 2008;50:1018–25.

16  McBride ML, Rogers PC, Sheps SB, et al. Childhood, adolescent, and young adult 
cancer survivors research program of British Columbia: objectives, study design, 
and cohort characteristics. Pediatr Blood Cancer 2010;55:324–30.

17  Joiner MC, Bentzen SM. Fractionation: the linear-quadratic approach. In: Joiner MC, 
Van der Kogel AJ, eds. Basic Clinical Radiobiology. London, UK: Hodder Arnold 
2009. 102–19.

18  Earley A, Miskulin D, Lamb EJ, et al. Estimating equations for glomerular filtration 
rate in the era of creatinine standardization: a systematic review. Ann Intern Med 
2012;156:785–95, W–270, W–271, W–272, W–273, W–274, W–275, .



Summary, conclusion, general discussion and recommendations for clinical practice and future research | 265

19  SKION LATER. Richtlijn follow-up na kinderkanker meer dan 5 jaar na diagnose. 
First edit. Den Haag/Amsterdam, the Netherlands: SKION 2010. 

20  Kremer LCM, Mulder RL, Oeffinger KC, et al. A worldwide collaboration to 
harmonize guidelines for the long-term follow-up of childhood and young adult 
cancer survivors: A report from the international late effects of Childhood Cancer 
Guideline Harmonization Group. Pediatr Blood Cancer 2013;60:543–9.

21  Kreuter MW, Skinner CS. Tailoring: what’s in a name? Health Education Research 
2000;15 :1–4.

22  Caprino D, Wiley TJ, Massimo L. Childhood cancer survivors in the dark. J Clin Oncol 
2004;22:2748–50.

23  Wenninger K, Helmes A, Bengel J, et al. Coping in long-term survivors of childhood 
cancer: relations to psychological distress. Psychooncology Published Online 
First: 28 March 2012. doi:10.1002/pon.3073 





Nederlandse samenvatting | 267

Nederlandse 
samenvatting





Nederlandse samenvatting | 269

Kanker bij kinderen is een zeldzame aandoening: in 2010 werden in Nederland 

598 kwaardaardige tumoren ontdekt bij kinderen en jongvolwassenen onder 

de 18 jaar. De overlevingskansen voor deze kinderen is de afgelopen 50 

jaar gelukkig sterk toegenomen: vijf  jaar na diagnose is tegenwoordig nog 

circa 80% van alle kinderen in leven. Desalniettemin heeft deze positieve 

ontwikkeling ook een keerzijde: veel behandelingen geven een verhoogd risico 

op gezondheidsproblemen, de zogeheten late effecten. Vijfenzeventig procent 

van alle overlevenden ontwikkelt ten minste één aandoening en 25% heeft ten 

minste 5 aandoeningen. Veertig procent van de overlevenden heeft tenminste 

één aandoening die ernstig/invaliderend of levensbedreigend genoemd kan 

worden. Van een aantal late effecten van kinderkanker is nog weinig bekend 

in de wetenschappelijke literatuur, zowel met het betrekking tot hoe vaak ze 

voorkomen (de prevalentie), als over de risicofactoren. 

Uit eerder onderzoek weten we dat overlevenden van kinderkanker vaak slecht op 

de hoogte zijn van hun ziektegeschiedenis, hun behandeling en in het bijzonder 

van de gezondheidsrisico’s die ze lopen door hun behandeling. Hoewel er 

verschillende logische verklaringen zijn voor dit kennisgebrek (o.a. jonge leeftijd 

bij diagnose en de lange periode van follow-up), kan dit voor survivors een grote 

barrière vormen tot het zoeken van de juiste zorg en tot hun deelname aan voor 

hun opgezette, gespecialiseerde follow-up- en screeningsprogramma’s. 

Het doel van dit proefschrift was dan ook tweeledig: ten eerste wilden we 

meer inzicht verkrijgen in de prevalentie en risicofactoren van twee specifieke 

late effecten: nierschade en verminderde lichaamsgroei. Ten tweede wilden 

we onderzoeken op welke manier je het beste een informatieve website kunt 

ontwikkelen en evalueren, in dit geval een website gericht op late effecten voor 

kinderkankeroverlevenden.

In Deel 1 van dit proefschrift beschrijven we een systematische literatuurstudie 

naar de beschikbare kennis over nierschade en drie cohort studies uitgevoerd 

in het Emma Kinderziekenhuis/Academisch Medisch Centrum Amsterdam (EKZ/

AMC) cohort van vijf-jaars overlevenden van kinderkanker die de Polikliniek Late 

Effecten Kindertumoren (PLEK) hebben bezocht. In deze studies hebben we 
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onderzocht hoe vaak nierschade en verminderde lichaamslengte voorkomen, 

wat de mogelijke risicofactoren voor deze late effecten zijn, en ook hoe het 

beloop van de nierfunctie is over de tijd.

In Hoofdstuk 2 beschrijven we een systematische literatuurstudie naar de 

prevalentie en de risicofactoren van nierschade en hypertensie bij overlevenden 

van kinderkanker die zijn behandeld met cisplatine, carboplatine, ifosfamide, 

radiotherapie op de nier en/of met een nefrectomie. We konden 57 studies 

includeren die voldeden aan alle inclusiecriteria. De methodologische kwaliteit 

van 48 van de 57 studies (84%) liet sterk te wensen over. De prevalentie van 

late nierschade varieerde sterk tussen de studies, van 0% tot 84%. Deze grote 

verschillen kunnen deels verklaard worden door verschillen in de gegeven 

(combinaties van) therapieën, variaties in de gebruikte uitkomstmaten en 

definities van uitkomstmaten en door verschillen in de methodologische 

kwaliteit van de studies. De glomerulaire filtratie snelheid (GFR) werd in 32 

van de 57 studies onderzocht, waarbij een verminderde GFR werd gevonden 

in 0% tot 50% van alle onderzochte overlevenden. Totale lichaamsbestraling 

(TBI), behandeling met aminoglycosides, behandeling met amfotericine B 

en behandeling met cyclosporine A  werden gerapporteerd als significante 

risicofactoren voor een verminderde GFR in multivariabele analyses, net als een 

oudere leeftijd tijdens de behandeling en een langere duur van follow-up. Eiwit 

in de urine (proteïnurie) werd onderzocht in 15/57 studies en werd gevonden bij 

0% tot 84% van alle onderzochte overlevenden. Geen enkele studie onderzocht 

risicofactoren voor proteïnurie met multivariabele analyse. Behandeling met 

cisplatine en carboplatine hielden beiden significant verband met een lager 

serum magnesium in multivariabele analyses. De prevalentie van een te laag 

serum magnesium varieerde tussen de 0% en de 29% in de zes studies die 

deze uitkomst onderzochten. Vijf studies onderzochten een laag serum fosfaat 

en vonden een lage prevalentie (0%-8%). De prevalentie van een verminderde 

tubulaire fosfaatreabsorptie lag desalniettemin een stuk hoger (0%-63% 

in 11/57 studies). Significante risicofactoren voor een verminderde tubulaire 

fosfaatreabsorptie waren een hogere cumulatieve ifosfamide dosis, gelijktijdige 

behandeling met cisplatine en ifosfamide en het ondergaan van een nefrectomie. 
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Hypertensie werd onderzocht in 22 van de 57 studies, waarbij een hoge bloeddruk 

voorkwam bij 0% tot 18% van alle overlevenden. Aangezien het merendeel van 

de geïncludeerde studies ernstige methodologische tekortkomingen had, is het 

van belang dat toekomstige studies zich richten op een goed studiedesign met 

complete datacollectie en follow-up. Studies dienen waar mogelijk multivariabele 

analysemethoden te gebruiken voor risicofactoranalyses om het risico op 

confounding te verminderen. Ook zou er op internationaal niveau consensus 

moeten worden bereikt over welke uitkomstmaten relevant zijn en welke 

uitkomstdefinities gehanteerd dienen te worden. Door de grote heterogeniteit 

zijn kunnen we geen uitspraken doen over de prevalentie en risicofactoren voor 

nierschade na kinderkanker.

Hoofdstuk 3 beschrijft de resultaten van een cohortstudie naar de prevalentie 

en risicofactoren van late effecten van de nieren in het gehele EKZ/AMC 

cohort van kinderkankeroverlevenden. Na een mediane periode van 12 jaar na 

de oorspronkelijke kinderkankerdiagnose bepaalden we bij 1442 overlevenden 

de glomerulaire filtratiesnelheid aan de hand van de creatinineconcentratie 

in het bloed, proteïnurie, serum magnesium, serum fosfaat en de bloeddruk. 

De meest voorkomende afwijkingen waren hoge bloeddruk  en proteïnurie 

met een prevalentie van respectievelijk 14.8% en 14.5%. Een verminderde 

GFR, gedefinieerd als een GFR < 90 ml/min/1.73m2, werd gevonden bij 62 

overlevenden (4.5%). In vergelijking met de algemene Nederlandse populatie 

kwam een hoge bloeddruk bij een aantal leeftijdsgroepen significant vaker voor 

bij kinderkankeroverlevenden. Uit multivariabele logistische regressieanalyses 

bleek dat behandeling met een nefrectomie, ifosfamide, cisplatine, carboplatine, 

hoge dosis cyclofosfamide het risico op nierafwijkingen verhoogde. Behandeling 

met hoge dosis methotrexaat leek op geen enkele uitkomstmaat van significant 

effect.

In Hoofdstuk 4 beschrijven we de resultaten van een studie naar het beloop 

van de glomerulaire functie in ons gehele cohort van kinderkankeroverlevenden. 

Aangezien uit de literatuur bekend is dat de GFR gedurende de levensloop 

langzaam maar zeker daalt, vroegen we ons af of deze daling verschillend zou 
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verlopen bij overlevenden van kinderkanker behandeld met en zonder potentieel 

schadelijke therapieën voor de nieren (ifosfamide, cisplatine, carboplatine, 

hoge dosis methotrexaat, hoge dosis cyclofosfamide, radiotherapie waarbij de 

nieren in het veld hebben gelegen en het hebben gehad van een nefrectomie). 

Hiervoor berekenden we de glomerulaire filtratiesnelheid aan de hand van de 

creatinineconcentratie in het bloed van 1404 overlevenden bij wie op meerdere 

tijdstippen bloed was afgenomen. In alle analyses werd vervolgens rekening 

gehouden met de samenhang van meerdere metingen binnen één overlevende. 

Overlevenden met potentieel schadelijke therapieën hadden een lagere GFR 

dan de overige overlevenden gedurende de gehele periode van follow-up (tot 35 

jaar na diagnose).  Bij alle overlevenden daalde de GFR over de tijd. Er leek echter 

geen significant verschil te zijn in de snelheid van die daling tussen overlevenden 

behandeld met en zonder voor de nieren schadelijke behandelingen. Desondanks 

zullen kinderen behandeld met ifosfamide, hoge dosis cisplatine en met een 

nefrectomie een risico lopen op het vroegtijdig ontwikkelen van chronisch 

nierfalen ten opzichte van overlevenden behandeld met andere therapieën, 

veroorzaakt door de initieel lagere GFR.

In Hoofdstuk 5 onderzochten we het risico op een te kleine lichaamslengte 

en bekeken we determinanten van lengte bij volwassen overlevenden van 

kinderkanker (≥18 jaar). Om goed te kunnen beoordelen of de lichaamslengte 

echt was beïnvloed door de gegeven behandelingen includeerden we alleen 

overlevenden waarvan we ook een betrouwbare lengtemeting hadden bij de 

initiële kinderkankerdiagnose. Zowel de lengte bij diagnose als de volwassen 

lengte werden omgezet naar standaarddeviatiescores (SDS) gebaseerd op de 

normaalwaardes van de Nederlandse bevolking, gecorrigeerd voor leeftijd, 

geslacht en periode van geboorte. Volwassen survivors waren zowel significant 

kleiner in vergelijking met hun meting bij diagnose als in vergelijking met de 

algemene Nederlandse bevolking. Een te kleine lichaamslengte, gedefinieerd als 

een lengte ≤-2 SDS, werd gevonden bij 51 van de 573 geïncludeerde overlevenden 

(8.9%). De belangrijkste determinant van zowel de uiteindelijke lengte als van 

een te kleine lichaamslengte was de lengte bij diagnose. In de multivariabele 

regressieanalyses vonden we verder dat totale lichaamsbestraling, bestraling 
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op het hoofd, bestraling op de wervelkolom en behandeling met anthracyclines 

significant verband hielden met een kleinere of te kleine lengte. Het krijgen van 

een hogere stralingsdosis zorgde voor een kleinere lengte en een verhoogde 

het risico op een klein statuur. Kinderen die behandeld worden met genoemde 

therapieën moeten gedurende hun follow-up op regelmatige basis gemonitord 

worden op groeiafwijkingen (lengte en gewicht), groeihormoondeficiëntie en de 

ontwikkeling van de puberteit, zodat waar nodig ingegrepen kan worden door 

kinderendocrinoloog.

In Deel 2 van dit proefschrift presenteren we de resultaten van drie studies met 

betrekking tot de ontwikkeling en evaluatie van een informatieve website over 

late effecten van kinderkanker en de daarmee gepaard gaande methodologie.

In Hoofdstuk 6 presenteren we de resultaten van een onderzoek naar de 

informatiebehoefte van overlevenden van kinderkanker en hun naaste 

familieleden. We vroegen 160 overlevenden en ouders van overlevenden om 

een vragenlijst in te vullen over hun ziektegeschiedenis, computergebruik, 

internetgebruik en hun wensen aangaande een mogelijk te ontwikkelen website 

over late effecten. Om een prioritering van content te kunnen opzetten vroegen 

we hen 22 mogelijke items over verschillende types informatie te beoordelen op 

een 5-punts Likert schaal lopend van “zeer onbelangrijk” (1) tot “zeer belangrijk” 

(5). Honderd en vijfenveertig respondenten stuurden de vragenlijst ingevuld 

terug (90.6%): 72 ouders van jonge overlevenden (<12 jaar), 49 volwassen 

overlevenden en 24 adolescente overlevenden (12-18 jaar). Bijna 30% van de 

respondenten zei onbeantwoorde vragen over late effecten te hebben na een 

bezoek aan hun arts. Hoewel de helft van de respondenten aangaf het internet 

als bron van gezondheidsinformatie te gebruiken, stelden slechts 15 dat ze 

online hadden gezocht naar informatie over late effecten. Van deze 15 konden 

slechts 3 respondenten de informatie vinden die zij zochten. Op de 22 items 

werd overwegend positief gereageerd: de mediane score op bijna alle items was 

“belangrijk” (4). Drie items werden als zeer belangrijk gekenmerkt: informatie 

over het herkennen van late effecten, gepersonaliseerde informatie over de 

behandeling van late effecten en informatie over zelfzorg met betrekking tot late 
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effecten. Op de vraag of de respondenten een website over late effecten zouden 

bezoeken antwoordden slechts 6 mensen negatief. Dit gegeven, samen met de 

hoge ratings voor bijna alle informatieve items duiden er op dat er een vraag 

bestaat naar meer informatie over late effecten onder kinderkankeroverlevenden 

en hun familie en dat aan die vraag voldaan zou kunnen worden met een website.

In Hoofdstuk 7 beschrijven we een beknopt en praktisch framework voor de 

ontwikkeling van informatieve patiëntenwebsites in het algemeen. Het nauwgezet 

en consequent betrekken van de eindgebruikers is essentieel bij de ontwikkeling 

en evaluatie van websites, ook wanneer deze gericht zijn op patiënten.  Het 

“Website Developmental Model for the Healthcare Consumer” (WDMHC) is een 

framework dat middels vier fases en meer dan vijftien stappen een handreiking 

biedt voor de te gebruiken methodes voor ontwikkeling en evaluatie van 

patiëntenwebsites. Voor veel ontwikkelingstrajecten van patiëntenwebsites zal 

dit framework echter te uitgebreid zijn en de implementatie ervan te duur. In het 

in dit hoofdstuk beschreven framework implementeren we een kleine subset van 

de methodes uit het WDMHC, waarbij we verwachtten dat de implementatie van 

deze subset voldoende houvast zou moeten bieden om alsnog een kwalitatief 

hoogwaardige en gebruiksvriendelijke informatieve website af te leveren gericht 

op een specifieke patiëntenpopulatie. Onze aanpak bestond uit een zes-staps 

benadering in drie fases: 1) analyse van de informatiebehoefte van de doelgroep 

(beschreven in hoofdstuk 6), het maken van mock-ups en het organiseren van 

een focusgroep; 2) ontwikkeling van een prototype website; 3) evaluatie van 

het prototype middels heuristische evaluatie (HE) en de ‘think aloud’-methode 

(TA). De HE werd uitgevoerd door drie zogeheten dubbel-experts, met expertise 

van zowel usability evaluaties als het kennisdomein van late effecten van 

kinderkanker, op basis van de tien heuristieken zoals ontwikkeld door Nielsen. 

Voor de TA nodigden we acht potentiële eindgebruikers uit om de website te 

testen aan de hand van drie uitgebreide scenario’s die alle functionaliteit van de 

website behelsden. 

Voor de eerste fase, de analyse van informatiebehoeftes, ondervroegen we 

145 potentiële gebruikers van de website naar hun informatiebehoeften, zoals 
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beschreven in Hoofdstuk 6. De resultaten van deze enquête leidden tot een 

gestructureerd en geprioriteerd document van systeemeisen. Samen met een 

eerste schets van de websitestructuur (mock-up) vormde dit document de input 

voor een focusgroep waar beide werden besproken en verfijnd. Na het bouwen 

van een website prototype (fase 2) werden zowel de HE als de TA gelijktijdig 

uitgevoerd (fase 3). De HE resulteerde in 29 unieke usability problemen, de TA 

vond er 11. Alle problemen met een grote mate van ernst voor het gebruik van 

het systeem werden door zowel de HE als de TA gevonden. De HE detecteerde 

vier extra problemen ten opzichte van de TA, die voornamelijk cosmetisch van 

aard waren. De TA vond twee additionele problemen ten opzichte van de HE, die 

beide betrekking hadden op de inhoud van de website. Concluderend kunnen 

we stellen dat door de continue betrokkenheid van eindgebruikers en dubbel-

experts gedurende het hele project we een website hebben opgeleverd die 

relatief weinig usability problemen opleverde bij het testen met eindgebruikers. 

Met de succesvolle implementatie van deze subset van het WDMHC bieden we 

ontwikkelaars een beknopt en praktisch toepasbaar kader voor de ontwikkeling 

van gezondheidszorgwebsites met een hoge gebruiksvriendelijkheid die zich 

richten op specifieke medische populaties.

Tenslotte beschrijven we in Hoofdstuk 8 de resultaten van de eindevaluatie van 

de SKION LATER website, waarin we onderzochten hoe potentiële gebruikers 

van de site de usability en de content beoordeelden en welke factoren van 

invloed waren op die beoordeling. Om dit doel te bereiken ontwikkelden we 

een vragenlijst waarin we naast patiëntkarakteristieken vroegen naar hoe 

respondenten omgaan met medische informatie en het nemen van medische 

besluiten (via de Medical Assessment of Decision Style vragenlijst), hoe zij de 

gebruiksvriendelijkheid van de website beoordeelden (via de System Usability 

Scale, SUS) en hoe zij de aangeboden informatie beoordeelden op zaken als 

begrijpelijkheid, relevantie, compleetheid en impact. We vroegen eerdere 

respondenten van de vragenlijst uit Hoofdstuk 6 de vragenlijst in te vullen, naast 

een aantal bezoekers van de late effecten polikliniek van het EKZ/AMC. Ook 

werden respondenten geworven via de website en het twitteraccount van de 

Vereniging Ouders, Kinderen en Kanker (VOKK). Achtennegentig respondenten 
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met een mediane leeftijd van 41 jaar vulden de vragenlijst compleet in. De 

gebruiksvriendelijkheid van de website scoorde gemiddelde 72.5 op een schaal 

van 0 tot 100, wat gezien kan worden als ruim voldoende. Ook de content werd 

als voldoende gekenmerkt. Via multivariabele analyses konden we echter geen 

factoren vinden die significant verband hielden met de beoordeling van de 

gebruiksvriendelijkheid en de content. Uit de kwalitatieve analyse van de losse 

opmerkingen bleek dat er onder hoger opgeleide respondenten behoefte was 

aan meer diepgaande en ook wetenschappelijke informatievoorziening op de 

LATER website. Ook wilden zij meer informatie met betrekking tot specifieke 

combinaties van therapieën en over het effect van therapiedoses op de latere 

klachten. Aangezien ook de wetenschap hier niet altijd een eenduidig antwoord 

op weet, zou er aan de informatie op de website een overzicht kunnen worden 

toegevoegd getiteld “Wat we wel weten / wat we niet weten”, waar beschikbare 

(wetenschappelijke) informatie op dezelfde manier kan worden samengevat 

als nu al het geval is in systematische literatuurstudies en evidence-based 

richtlijnen. Op deze manier kunnen overlevenden gedetailleerder voorgelicht 

worden over de risico’s die ze lopen door de behandeling die ze hebben gehad. 

Samenvattend hebben we in het eerste deel van dit proefschrift een aantal 

studies laten zien waaruit blijkt dat overlevenden van kinderkanker een 

verhoogd risico hebben op het ontwikkelen van nierafwijkingen, hypertensie 

en een verminderde lichaamsgroei. Levenslange, regelmatige follow-up 

volgens op literatuur gebaseerde richtlijnen is voor deze overlevenden dan 

ook van groot belang voor de vroege opsporing van mogelijke late effecten en 

uiteindelijk voor het in stand houden van een goede kwaliteit van leven voor 

deze groep (ex-)patiënten. Hoewel de gepresenteerde studies nieuwe inzichten 

hebben gegeven met betrekking tot de prevalentie van en de risicofactoren 

voor nierschade, hypertensie en verminderde lichaamsgroei, blijkt ook dat er 

nog heel veel is dat we niet weten. Meer kwalitatief hoogwaardig onderzoek 

is nodig om duidelijkheid te verschaffen omtrent de risico’s die overlevenden 

lopen op gezondheidsproblemen. Toekomstige studies dienen waar mogelijk 

gebruik te maken van multivariabele analyse om de mogelijke vertekening door 

confounders te beperken, zouden uitkomsten moeten vergelijken in relatie tot de 
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desbetreffende uitkomst bij de initiële kankerdiagnose om een helderder beeld 

te krijgen over het effect van de behandeling en dienen het beloop van de late 

effecten over tijd te onderzoeken om de benodigde screeningsfrequentie vast 

te stellen.

In het tweede deel van dit proefschrift dragen we een framework aan dat 

eenieder kan gebruiken als handvest bij het ontwikkelen van gebruiksvriendelijke 

websites gericht op specifieke patiëntenpopulaties. We hebben dit framework 

succesvol geïmplementeerd in een casestudy  naar de ontwikkeling en evaluatie 

van de SKION LATER website. Via deze site kunnen overlevenden nu informatie 

zoeken over late effecten die op hen persoonlijk van toepassing is. In de 

toekomst zou deze website uitgebouwd kunnen worden tot een uitgebreid portal, 

waar overlevenden op basis van de informatie uit hun dossier daadwerkelijk 

gepersonaliseerde informatie over late effecten kunnen ontvangen. Door 

overlevenden van kinderkanker goed voor te lichten over hun gezondheid zullen 

zij zich beter bewust zijn van hun gezondheid en de gezondheidsrisico’s die zijn 

lopen, wat uiteindelijk hopelijk hun kwaliteit van leven ten goede komt.
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Ik ben geneigd mezelf in de arm te knijpen om te checken of ik niet aan het 

dromen ben, maar het lijkt echt waar te zijn: mijn proefschrift is af. Eindelijk! De 

afgelopen zes jaar waren een groot avontuur, één die ik zeker niet had weten 

te volbrengen zonder de hulp, aandacht, liefde en afleiding van vele mensen. 

Iedereen die me, op wat voor manier, de afgelopen jaren heeft bijgestaan wil ik 

dan ook uit de grond van m’n hart bedanken, zonder jullie was het niet gelukt. 

Een aantal mensen wil ik graag in het bijzonder bedanken.

Monique en Leontien, mijn promotor en co-promotor, dankzij jullie vertrouwen kon 

ik acht jaar geleden via een topstage beginnen met mijn onderzoek op de PLEK. 

Vanaf het allereerste begin heb ik het met jullie beide erg goed kunnen vinden 

en in de loop van de jaren ben ik zeer op jullie gesteld geraakt. Jullie tomeloze 

energie, aanstekelijke enthousiasme en bovengemiddelde intelligentie waren 

voor mij altijd een grote stimulans. Ik heb onwijs veel van jullie geleerd, zowel op 

professioneel als op persoonlijk vlak, en daar ben ik jullie ontzettend dankbaar 

voor. Ik ga onze regelmatige onderzoeksbesprekingen cq. bijkletsuurtjes zeker 

missen! Huib, mijn promotor, ook jou wil ik graag bedanken voor het vertrouwen 

dat je de afgelopen jaren hebt gehad en voor de mogelijkheid om te kunnen 

promoveren op jouw afdeling. Hoewel we elkaar in de dagelijkse praktijk maar 

weinig troffen, heb je op de achtergrond veel werk verzet voor het mogelijk 

maken van dit proefschrift. Hartelijk dank daarvoor!

 Als ik mijn adres moet opschrijven, neig ik af en toe per ongeluk nog steeds wel 

eens met ‘Kamer J1B-113.2” te beginnen… Dat krijg je er van als je zo’n lange tijd 

in zo’n leuke kamer zit. Graag wil ik dan ook al mijn kamergenootjes bedanken 

voor een fantastische periode. Bij jullie kon ik altijd stoom afblazen, reflecteren, 

stressen, snoepen en vooral veel lachen. Saeid, Anneke, Sabine, Moniek en 

Mariëtte, bedankt voor de mooie jaren!

Renée, Elske, Irma, Minke, Heleen, Elvira, Judith, Lieke, Cecile, Job, Anna, Nynke, 

Bep en Martine, oftewel de grote late effecten club: bedankt voor alle gezellige 

overleggen, leermomenten, discussies, praatjes, posters, congresbezoeken en al 

het verdere gedeelde lief en leed dat promotieonderzoek heet te zijn. 
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Uiteraard ook een woord van dank aan alle andere collega’s van de kinderoncologie 

en de klinische informatiekunde. Ik zie het als een voorrecht dat mijn aanstelling 

verdeeld was over deze twee afdelingen, aangezien ik op deze manier kennis 

heb kunnen maken met ruim twee keer zo veel slimme, leuke en enthousiaste 

mensen met een groot hart voor patiëntenzorg en onderzoek. Uiteraard hielp 

het ook dat ik via deze constructie kon genieten van twee keer zo veel taart, 

borrels, congressen en uitstapjes. 

Derk, jou wil ik graag bedanken voor je flexibele opstelling de afgelopen maanden, 

waardoor ik wanneer het nodig was nog aan dit boekwerk kon werken. Naast 

baas en collega ben je inmiddels ook een goede vriend geworden en ik hoop dat 

we onze samenwerking na mijn reis nog lang kunnen voortzetten.

Mijn dispuutsgenootjes van het mooiste dispuut van de wereld: Barisart. Jullie 

zijn inmiddels met teveel om bij naam te noemen. Desalniettemin wil ik jullie 

ontzettend bedanken voor alle afleiding die jullie de afgelopen 11 jaar hebben 

geboden! Bedankt voor alle drinkgelagen, goede gesprekken, vakanties, 

spelletjes, (techno)feestjes, heerlijke diners en alle andere leuke dingen die we 

de afgelopen jaren hebben gedaan samen. 

Twee Barisanten wil ik er in het bijzonder uitlichten: mijn paranimfen Jos en 

Pieter-Jan. Jullie zijn twee kanjers voor wie ik te alle tijden m’n hand in het vuur 

zou durven steken. We hebben de afgelopen jaren al heel veel moois beleefd en 

ik hoop dat we dat nog heel lang blijven doen. Bedankt voor de vele gezellige 

avonden, de potjes FIFA, de vakanties en uiteraard al jullie hulp rondom 

deze promotie (inclusief de suggestie om mijn lekenpraatje met “Ik hou mijn 

spreekbeurt over…” te beginnen). 

Ruud, Rietje, Liza, Tom, Wies en Kees: hier is het bewijs dat ook Sinterklaas 

vertrouwen dient te houden ;) heel erg bedankt voor de vele relaxte dagen, 

avonden, weekenden en vakanties die we samen hebben doorgebracht! 

Lieve papa en Elly, jullie betekenen ontzettend veel voor me. Ontzettend bedankt 

voor jullie onvoorwaardelijke steun, liefde en trots, en voor alle praktische hulp 
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en goede adviezen. Jullie zijn toppers, ik hou van jullie!

Reinier, Stefan en Dennis: jullie staan niet voor niks tussen de familie. Je weet 

zelf, bedankt voor alles!

Roderick, hoewel we elkaar vroeger regelmatig de hersens insloegen ben je 

toch maar mooi m’n lievelingsbroertje én zakenpartner geworden! Bedankt dat 

ik altijd tegen je aan kan praten, ongeacht het tijdstip, ongeacht het onderwerp, 

dat is me de afgelopen jaren heel veel waard geweest. Komende tijd moesten 

we maar eens iets minder gaan werken en wat vaker een potje gamen, miljonair 

worden kan ook een jaartje wachten. 

En dan de lekkerste voor het laatst: lieve, lieve Kris. Als er iemand zo mogelijk nog 

blijer zal zijn dan ik met de afronding van dit proefschrift, dan ben jij dat. Je krijgt 

je vriendje weer terug! Kort na de start van mijn onderzoek leerden we elkaar 

kennen en de vonk sloeg al vrij snel daarna over, dus je hebt de ontwikkeling van 

dit boekje echt van begin tot eind meegemaakt. Jij sleepte me de pieken op en 

de dalen uit en wist geregeld met een welgemikte schop onder m’n kont ervoor 

te zorgen dat ik m’n schouders er weer onder zette. Dank daarvoor! We hebben 

de afgelopen vijf jaar al ontzettend veel moois meegemaakt en daar gaan we 

hopelijk nog heel erg lang mee door. Eerst maar eens met z’n tweetjes voor 

onbepaalde tijd naar de andere kant van de wereld! I love you! <3

Sebastiaan
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Sebastiaan Laurens Knijnenburg was born on June 16th 1985 in Rotterdam, 

the Netherlands. He spent the majority of his childhood in Hilversum, where 

he graduated secondary school at the Gemeentelijk Gymnasium in 2002. In 

the same year he started studying Medical Informatics at the University of 

Amsterdam, which he combined with studying Medicine in the years 2003-

2005. In 2005 he was selected for a so-called ‘TOP’-traineeship for Medical 

Informatics, where he wrote his Master’s thesis titled ‘Late nephrotoxicity in 

childhood cancer survivors’ at the ‘Polikliniek Late Effecten Kindertumoren’ 

of department of Pediatric Oncology, Academic Medical Center Amsterdam. 

In June 2007 prof. dr. M.W. Jaspers, prof. dr. H.N. Caron and dr. L.C. Kremer 

gave him the opportunity to continue the work on his thesis in a PhD project 

regarding the (online) patient education of childhood cancer survivors and 

the epidemiology of late effects after childhood cancer, which resulted in the 

research . From August 2012 till January 2013 Sebastiaan worked part time as 

senior data manager for the national SKION LATER study, which he combined 

with a programming job at Ciwit BV, where he worked on the development of 

Castor, an online electronic data collection platform for medical research. As 

of February 2013 this is his full-time occupation. 

In his spare time Sebastiaan runs a web design company, RightDesign,  

together with his brother Roderick. When there is any time left to relax he 

likes playing games, both electronic and traditional ones, cooking, reading, 

photographing and traveling. After his PhD defense he aims to combine as 

much of those activities as possible during a trip around South East Asia. 
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Name PhD student: Sebastiaan Laurens Knijnenburg
PhD period: July 2007 – July 2012
Promotores: prof. dr. M.W.M. Jaspers, prof. dr. H.N. Caron
Co-promotor: Dr. L.C.M. Kremer

Year Workload ECTS

Courses

Introduction to clinical research, Erasmus Winter Programme, Erasmus University 
Rotterdam

2006 0.8

Paediatric Clinical Epidemiology, Erasmus Winter Programme, Erasmus University 
Rotterdam

2006 0.8

International Masterclass of Medical Informatics (IPHIE), Minneapolis, MN, USA 2006 0.5

Developing a Cochrane Systematic Review, Dutch Cochrane Centre 2009 0.3

5th ASPO Post Graduate Course in Pediatric Oncology, From Gene to Cure in Childhood 
Cancer, Amsterdam

2010 1.1

Diagnostic Research, Erasmus Winter Programme, Erasmus University Rotterdam 2010 1.3

Advanced Topics in Decision Making, Erasmus Winter Programme, Erasmus University 
Rotterdam

2010 1.3

Presentations

Development and usability evaluation of a website for childhood cancer survivors. 

Human Factors Engineering Working Conference, Amsterdam. Oral presentation. 2008 1.0

SKION LATER Symposium 2009, Groningen. Oral presentation. 2008 0.7

Medical Informatics Europe (MIE) 2009, Sarajevo, Bosnia. Oral presentation. 2009 1.3

Renal dysfunction and hypertension in long-term childhood cancer survivors.

11th International Conference on Long-Term complications of Treatment of Children and 
Adolescents for Cancer, Williamsburg. Oral presentation.

2010 1.0

Fertility of male adult survivors of childhood cancer.

11th International Conference on Long-Term complications of Treatment of Children and 
Adolescents for Cancer, Williamsburg. Poster presentation.

2010 0.5

Emma Kinderziekenhuis Wetenschapssymposium. Poster presentation. 2011 0.8

Reduced final height at adult age in children treated for childhood cancer: a long term 
follow-up study

3rd European Symposium on Late Complications after Childhood Cancer 2011, 
Amsterdam. Poster presentation.

2011 0.8

Emma Kinderziekenhuis Wetenschapsymposium, Amsterdam. Poster presentation. 2012 0.8

International conferences

Medical Informatics Europe (MIE) 2009, Sarajevo, Bosnia. 2009 0.6

European Symposium on Late Complications after Childhood Cancer 2009, Edinburgh 2009 0.6

11th International Conference on Long-Term Complications of Treatment of Children 
and Adolescents for Cancer, Williamsburg, Virginia

2010 0.6

European Symposium on Late Complications after Childhood Cancer 2011, Amsterdam 2011 0.6

Symposia & meetings

1st National DCOG LATER Symposium, Late effects of childhood cancer, University 
Medical Center Groningen

2008 0.3

Human Factors Engineering Working Conference, Amsterdam. 2008 0.6
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Name PhD student: Sebastiaan Laurens Knijnenburg
PhD period: July 2007 – July 2012
Promotores: prof. dr. M.W.M. Jaspers, prof. dr. H.N. Caron
Co-promotor: Dr. L.C.M. Kremer

Year Workload ECTS

11e Emma Kinderziekenhuis Wetenschapsymposium, Samenwerking in de 
Kindergeneeskunde, Amsterdam

2011 0.3

1e Amsterdam Kindersymposium, Amsterdam 2012 2012 0.3

Weekly department seminars, department of paediatric oncology 2007-2012 4.5

Bi-monthly department seminars, department of clinical informatics 2007-2012 2.8

Teaching / Supervising

Bachelor program Medical Informatics: Medical Image Processing; JAVA practical 2007-2008 2

Bachelor program Medical Informatics: supervising internships Software Engineering 2009-2010 2

Supervisor for three Bachelor and Master’s thesis students. 2007-2012 9

Other

Organizing two-weekly research meetings with our research group to discuss research 
topics and published literature (journal club)

2011-2012 2.8

Total 40.3
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