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Chapter 1

CHILDHOOD CANCER

Cancer and its consequences date back to the earliest traces of our history, and continue 
to be a part of our lives today (1). The origin of cancer is intertwined with our nature as 

impulses our bodies use to live, repair and grow – albeit with devastating consequences. 
The unruly and unrestrained growth of cancer cells disturbs the normal functioning of 
our healthy cells, organs and tissues. As such, it leads to illness and death.

Despite these basic characteristics shared between all malignancies, childhood cancer 
is not simply an adult cancer presenting at a younger age. The spectrum of childhood 
cancer is different, with leukemias, lymphomas, low grade gliomas, and neuroblastomas 
occurring relatively frequently in children, compared to breast, prostate, skin, lung and 
colon cancer in adults (2, 3). Moreover, whereas adult cancers are often related to lifestyle 
and environmental risk factors, the cause of many pediatric cancers is yet to be discovered 
(4).

The earliest treatment of cancer was mostly limited to surgery. Other treatment 
options that are relatively common nowadays, such as chemotherapy, radiotherapy, 
targeted therapy, immunotherapy, and stem cell transplantation are still quite new to 
the arsenal to combat cancer (5). The history of treating children with cancer, compared 

tumor therapies, and it was not until the 1960s that pediatric oncology became more 
successful, with acute lymphoblastic leukemia as the hallmark disease for which cure 
could be achieved (6).

In the Netherlands, approximately 600 children are diagnosed with cancer each year 

oncology hospitals around the country (8). In 2018, a unique initiative driven by parents 

diagnostics, care and follow-up are performed at this institution, whereas less complex 
parts of treatment are, if possible, given at shared care centers that are located more 

one place is an important step toward the mission of the Princess Máxima Center: to cure 
every child with cancer with optimal quality of life.

SURVIVING CHILDHOOD CANCER

Nowadays, more than 80% of all children diagnosed with cancer in high-resource settings 

cancer survivors is currently estimated to include 500,000 individuals, and will grow 
continuously (9). A vast majority will reach adulthood and experience similar milestones 
as healthy peers, such as completing their education, having a job, moving out, being in 
a relationship, or starting a family (10).

cancer survivors experiences at least one therapy- or disease-related late effect (11). 
These may manifest as physical, psychological, social or neurocognitive consequences of 
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treatment, sometimes occurring years to decades after the initial diagnosis, and contribute 
to early mortality (12, 13). Prevalent late effects include subsequent neoplasms, organ 
dysfunction such as heart failure or pulmonary dysfunction, endocrine disorders, cognitive 
impairment, and psychosocial challenges (14-17). As the average 50-year old survivor 
is reported to have twice as many chronic health conditions as sibling or community 
controls, the burden of surviving childhood cancer can be substantial (18, 19). It is even 
further increased for those treated during earlier decades, or exposed to higher doses 
of radiation and chemotherapy. Over the past few decades, the expanding body of 
knowledge has led to a better understanding of the spectrum of late effects, treatment-
related risk factors that may increase their incidence, and their impact on quality of life 
(20).

SURVIVORSHIP CARE AND INTERNATIONAL GUIDELINE DEVELOPMENT

Lifelong follow-up care is essential to improve the health and quality of life of childhood 
cancer survivors through the prevention, early detection and management of late effects 

outpatient clinic each year. In comparison, access to long-term follow-up care is much 

from pediatric to adult healthcare settings (24). In a survey in 2012, only one out of three 
pediatric oncology centers reported having established services for adult survivors of 
childhood cancer (25). Common barriers for the implementation of a late effects clinic 

addition to other local challenges.
Although the model of care might vary, it is generally agreed that surveillance for 

role as an expert center. They create awareness about late effects among healthcare 
providers, give survivors age-appropriate education about their treatment history and 
potential late effects, and provide guidance regarding lifestyle, health or life insurance, 
education, and employment (27).

which survivors may be at risk for a certain late effect and recommending surveillance 

clinicians illustrated the value of evidence-based guidance in providing long-term follow-
up care across different care models (30).

Initially, several national guideline groups, including the Dutch Childhood Oncology 
Group, worked separately to perform systematic reviews of published studies, use 

diagnostic tests, intervals of screening, and further management (31-34). A wider 
collaboration would avoid of duplicate work, allow optimal use of expertise, and enhance 

1
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neoplasms to cancer-related fatigue and mental health problems (35-41). Despite the 
international collaboration, guideline development remains a challenging and time-
consuming task, often spanning two or more years from initiation to completion. To 

resulted in a focus on dedicated guidelines for heart failure, subsequent breast cancer, 
central nervous system malignancies, coronary artery disease, gonadal dysfunction, and 

for many other clinically relevant topics are still under development and urgently awaited 
by those providing survivorship care.

Network for Care of Survivors after Childhood and Adolescent Cancer (PanCare), 
contributes to the development, implementation and dissemination of long-term follow-

their families in their efforts to create awareness about childhood cancer survivorship, 
promote collaborative research, sustain a knowledge base, and support best practices 
of long-term follow-up care.

to long-term follow-up care for adult survivors of childhood cancer. In this project, 
fourteen institutions from ten countries will collaborate to develop a person-centered 

will evaluate the feasibility of the implementation of these interventions and assess their 
effectiveness in empowering survivors and improving their quality of life.

SURVIVORSHIP RESEARCH AND THE DCCSS-LATER 1 AND 2 STUDY

Although various questions regarding late effects have been studied, for example the 

the potential long-term adverse effects of novel therapies (47, 48), how to balance 
survival and late effects in shared decision-making about cancer treatment (49), and the 
effectiveness of lifestyle interventions to improve symptom burden or reduce the impact 

in the surveillance guidelines.
Several childhood cancer survivor cohorts have been established worldwide (51). 

In the Netherlands, the population-based Dutch Childhood Cancer Survivor Study 
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or radiotherapy; diagnosed at an age of <18 years; treated in one of the seven pediatric 
oncology centers in the Netherlands between 1963-2001; treated with chemotherapy 

(1963-2001) consists of 6,165 childhood cancer survivors, both living and deceased. 

diagnosed up to 2018. Detailed information on cancer diagnosis and treatment, including 
therapy for recurrences, is available in a central database.

a variety of health outcomes using a questionnaire among survivors and their siblings 
and linkages with medical registries. Among others, the resulting publications provide 
more insight on heart failure, reproductive and obstetric outcomes, fatigue, subsequent 
neoplasms, and mortality among childhood cancer survivors (54-61). The DCCSS-

additional tests depending on their eligibility and consent for one of the 16 sub-studies, 
for example focusing on kidney failure, hypertension, oral health and psychosocial 
wellbeing (62-65).

Similarly, there are still some unanswered questions regarding the long-term impact 
of childhood cancer treatment on the lungs (66). Pulmonary diseases constitute an 
important part of the excess cumulative burden of disease that survivors experience, 

Although the majority of survivors remains asymptomatic even in the presence of 
pulmonary dysfunction, some report symptoms such as chronic cough, shortness of 
breath, sharp chest pain, or exercise intolerance, or may require supplemental oxygen 
(69-71). Treatment-related pulmonary dysfunction most often presents as restrictive 
or diffusion impairment, which are associated with a lower functional exercise capacity 
(72-74). Moreover, some survivors treated with stem cell transplantation may experience 
obstructive dysfunction due to bronchiolitis obliterans (75).

which include certain types of chemotherapy (bleomycin, busulfan, carmustine, and 

reported in the 1970s (81). Cyclophosphamide is an alkylating agent that is used in 
many childhood and adult cancer treatment protocols, and which is often administered 

consequences of cyclophosphamide treatment include subfertility and premature ovarian 

effect of cyclophosphamide is inconsistent. The few studies that reported on long-term 

established pulmonary toxic treatment, comorbidities or lifestyle factors, and differences 

1
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rigorous methodology are needed to answer the question whether cyclophosphamide 
in itself is related to long-term pulmonary dysfunction, in order to develop strong 
recommendations regarding the necessity of pulmonary surveillance in these survivors.

QUALITY OF SURVIVAL

One of the key elements to achieving the mission of the Princess Máxima Center, to 
cure every child with cancer with optimal quality of life, is providing care with the 

received increasing attention (89, 90). Measurement of outcomes, including both survival 
and adverse consequences faced by patients and survivors, is essential to determine the 
success in reaching the mission of the Princess Máxima Center.

most important outcomes for quality of survival in pediatric oncology was still lacking. 
Fundamental aspects of such a core set should include the participation of patients 
and survivors, to ensure it represents outcomes of value to them, and international 

outcome set globally and facilitate benchmarking with other centers (96).

AIMS AND OUTLINE OF THIS THESIS

Aims
This thesis aims to contribute to the quality of survival experienced by childhood cancer 
survivors by facilitating the implementation of person-centered survivorship care, 
addressing the knowledge gap regarding cyclophosphamide and long-term pulmonary 
dysfunction, and developing a core outcome set for childhood cancer to monitor the 
occurrence of important outcomes and identify opportunities for improvement of the 
quality of care.

care, including surveillance recommendations and tools required for implementation; 
2) establish a study protocol to evaluate the feasibility, effectiveness and costs of 
implementing this person-centered survivorship care model in different centers across 

dysfunction in a population-based cohort of Dutch childhood cancer survivors, and; 

Part 1: Life after childhood cancer and the importance of survivorship care
An outline of the concept of cancer survivorship and different care models that are 

Chapter 
2. In Chapter 3
to improve the health and quality of life of childhood cancer survivors by facilitating 
the implementation of person-centered survivorship care. Main components of this 
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Intervention. The chapter includes an overview of the aims and objectives of the project, 
as well as the tasks and expected output of each of the eight work packages. In Chapter 
4
centered care model was co-developed with childhood cancer survivors and consists of 
three steps: 1) completion of a Survivor Questionnaire (by the survivor) and Treatment 
Summary (by the healthcare provider) before the clinic visit; 2) a clinic visit including 

Summary template, Survivorship Care Plan template, and educational materials, are 
also provided here. Surveillance guidelines are an essential part of long-term follow-

consensus-based recommendations in Chapter 5
Care Study, which aims to study the feasibility, effectiveness and costs of implementing 

Chapter 6. The Care Study 

2020 to 2022. Its results can be used to inform healthcare providers, management staff 
and policy makers about the importance and feasibility of providing lifelong long-term 
follow-up care for adult survivors of childhood cancer. Finally, in Chapter 7, we explore 

examine the prevalence of long-term pulmonary dysfunction among survivors and the 
association with cyclophosphamide as a potential independent risk factor.

Part 2: Evaluating the quality of care for childhood cancer patients and 
survivors
An introduction to the role of clinical practice guidelines and quality indicators in pediatric 
oncology is given in Chapter 8. In Chapter 9, we describe the initiation of the International 
Childhood Cancer Outcome Project. This worldwide effort resulted in the development of 
a concise core outcome set for 17 types of childhood cancer: the International Childhood 
Cancer Core Outcome Set. In collaboration with childhood cancer survivors and 17 types 

and measurement instruments, that can be used to evaluate institutional progress on 
key outcomes and benchmark with other centers.

1

Rebecca_Binnenwerk_DEF.indd   13 13/03/2024   16:59



14

Chapter 1

REFERENCES

-
turous career of the famous Greek 
physician Democedes. Dan Medicinhist 
Arbog. 2014;42:9-26.

2. Reedijk AMJ, Kremer LC, Visser O, Lem-
mens V, Pieters R, Coebergh JWW, et al. 
Increasing incidence of cancer and stage 
migration towards advanced disease in 
children and young adolescents in the 

2020;134:115-26.
3. Netherlands Cancer Registry (NKR), 

Netherlands Comprehensive Cancer 
Organisation (IKNL). Available at: www.
iknl.nl/nkr-cijfers. Accessed September 
15, 2023.

Genetic and nongenetic risk factors for 
childhood cancer. Pediatr Clin North 
Am. 2015;62(1):11-25.

B, Lambea J, Tres A, Valladares M, et al. 
Assessment of the evolution of cancer 
treatment therapies. Cancers (Basel). 
2011;3(3):3279-330.

Childhood cancer: Survival, treatment 
modalities, late effects and improve-

2021;71(Pt B):101733.
7. Schulpen M, Visser O, Reedijk AMJ, 

in survival of advanced stage child-
hood and young adolescent cancer in 

Cancer. 2021;157:81-93.

-
erst JA, de Ridder-Sluiter JG, et al. Site 
of childhood cancer care in the Nether-

9. Vassal G, Schrappe M, Pritchard-Jones 
K, Arnold F, Bassete L, Biondi A, et al. 

cancer plan for children and adoles-
cents. J Cancer Policy. 2016;8:17-32.

-

developmental milestones of young 
adult survivors of childhood cancer. 
Support Care Cancer. 2022;30(8):6839-
49.

Kremer LC, van den Bos C, van der Pal 
-

ment of adverse health outcomes in 
long-term survivors of childhood cancer. 
JAMA. 2007;297(24):2705-15.

Yasui Y, Robison LL, Winter DL, Reulen 
RC, et al. A comparison of late mortality 
among survivors of childhood cancer in 

J Natl Cancer Inst. 2021;113(5):562-71.

J, Cutter D, Levitt GA, et al. Popula-

-
vors of childhood cancer in Great Britain. 
Circulation. 2017;135(10):951-63.

Mulrooney DA, Chemaitilly W, Krull 
KR, et al. Clinical ascertainment 
of health outcomes among adults 
treated for childhood cancer. JAMA. 
2013;309(22):2371-81.

15. Brinkman TM, Recklitis CJ, Michel G, 
Grootenhuis MA, Klosky JL. Psycho-
logical symptoms, social outcomes, 
socioeconomic Attainment, and health 
behaviors among survivors of childhood 
cancer: current state of the literature. J 
Clin Oncol. 2018;36(21):2190-7.

Rebecca_Binnenwerk_DEF.indd   14 13/03/2024   16:59



15

General introduction and thesis outline

16. Wengenroth L, Rueegg CS, Michel G, 

NX, et al. Concentration, working speed 
and memory: cognitive problems in 
young childhood cancer survivors and 
their siblings. Pediatr Blood Cancer. 
2015;62(5):875-82.

malignant neoplasms after treatment of 

study cohort: role of chemotherapy. J 
Clin Oncol. 2017;35(20):2288-98.

18. Bhakta N, Liu Q, Ness KK, Baassiri M, 

burden of surviving childhood cancer: 
an initial report from the St Jude Life-

2017;390(10112):2569-82.

CM, et al. The cumulative burden of 
self-reported, clinically relevant out-
comes in long-term childhood cancer 
survivors and implications for survi-

Cancer. 2023 (online ahead of print). 
doi: 10.1002/cncr.35148.

Surveillance for late effects in child-
hood cancer survivors. J Clin Oncol. 
2018;36(21):2216-22.

-
spective: cure is not enough. Cancer. 
1975;35(3 suppl):866-70.

Beck JD, Byrne J, et al. Long term sur-
vivors of childhood cancer: cure and 

2007;43(12):1778-80.

JD, Byrne J, Calaminus G, et al. Long-
term survivors of childhood cancer: cure 

revised after 10 years (2016). J Cancer 
Surviv. 2018;12(5):647-50.

-

Models of care for survivors of childhood 
cancer from across the globe: advancing 
survivorship care in the next decade. J 
Clin Oncol. 2018;36(21):2223-30.

-
grams for childhood cancer survivors 

One. 2012;7(12):e53201.

-
idence-based recommendations for the 

care for childhood and adolescent 
cancer survivors: a report from the Pan-
CareSurFup Guidelines Working Group. 
J Cancer Surviv. 2019;13(5):759-72.

unmet needs of childhood cancer sur-
vivors in long-term follow-up care: a 
qualitative study. Psychooncology. 
2021;30(4):485-92.

28. Institute of Medicine (IOM). Clinical 
practice guidelines we can trust. Wash-
ington, DC: The National Academies 
Press; 2011.

Bhatia S, Landier W, Levitt G, et al. A 

guidelines for the long-term follow-up 
of childhood and young adult cancer 
survivors: a report from the International 

-

Cancer. 2013;60(4):543-9.

for long-term follow-up of childhood 
cancer survivors. Pediatr Blood Cancer. 
2015;62(2):322-8.

follow-up guidelines for survivors of 
childhood, adolescent and young adult 
cancers. Version 5.0. 2019. Available 
at: http://www.survivorshipguidelines.

v5.pdf. Accessed September 15, 2023.

1

Rebecca_Binnenwerk_DEF.indd   15 13/03/2024   16:59



16

Chapter 1

32. Dutch Childhood Oncology Group. 
Guidelines for follow-up in survivors 
of childhood cancer 5 years after diag-
nosis. 2010. Available at: https://www.
skion.nl/workspace/uploads/richtlijn_
follow-up_na_kinderkanker_deel_1_1.
pdf. Accessed September 15, 2023.

-
apy based on long-term follow up prac-
tice statement. Available at: https://

Member%20area/Treatment%20guide-
-

ber 15, 2023.
34. Scottish Intercollegiate Guidelines Net-

work. Long term follow up of survivors 
of childhood cancer. A national clinical 
guideline. 2013. Available at: www.
sign.ac.uk/media/1070/sign132.pdf. 
Accessed September 15, 2023.

35. Marchak JG, Christen S, Mulder RL, 
Baust K, Blom JMC, Brinkman TM, et al. 
Recommendations for the surveillance 
of mental health problems in childhood, 
adolescent, and young adult cancer 
survivors: a report from the Interna-

Oncol. 2022;23(4):e184-e96.
36. Christen S, Roser K, Mulder RL, Ilic A, 

-
tions for the surveillance of cancer-re-
lated fatigue in childhood, adolescent, 
and young adult cancer survivors: a 

-
fects of Childhood Cancer Guideline 

2020;14(6):923-938.

al. Fertility preservation for male pa-
tients with childhood, adolescent, and 
young adult cancer: recommendations 

-

Group. Lancet Oncol. 2021;22(2):e57-
e67.

Burns KC, et al. Fertility preservation 
for female patients with childhood, ad-
olescent, and young adult cancer: rec-

Consortium and the International Late 

2021;22(2):e45-e56.
39. Bowers DC, Verbruggen LC, Kremer 

LS, et al. Surveillance for subsequent 
neoplasms of the CNS for childhood, 
adolescent, and young adult cancer sur-
vivors: a systematic review and recom-
mendations from the International Late 

2021;22(5):e196-e206.

Landier W, Levitt G, Constine LS, et al. 
-

ommendations for female survivors of 
childhood, adolescent, and young adult 
cancer from the International Guide-

2020;38(35):4194-4207.
-

vinkurve-Groothuis A, Kok W, Nohria A, 
et al. Systematic review and updated 
recommendations for cardiomyopathy 
surveillance for survivors of childhood, 
adolescent, and young adult cancer from 

-

Group. Lancet Oncol. 2023;24(3):e108-
e20.

D, Byrne J, Karner S, et al. Survivor-
ship after childhood cancer: PanCare: 

-

2015;51(10):1203-11.

et al. Cost-effectiveness of colonosco-
py-based colorectal cancer screening 
in childhood cancer survivors. J Natl 
Cancer Inst. 2019;111(11):1161-9.

Rebecca_Binnenwerk_DEF.indd   16 13/03/2024   16:59



17

General introduction and thesis outline

44. Yeh JM, Lowry KP, Schechter CB, 

Breast cancer screening among child-
hood cancer survivors treated without 

cost-effectiveness. J Natl Cancer Inst. 
2022;114(2):235-44.

45. Yeh JM, Lowry KP, Schechter CB, Diller 

-
fectiveness of breast cancer screening 
for survivors of childhood cancer treat-
ed with chest radiation: a compara-
tive modeling study. Ann Intern Med. 
2020;173(5):331-41.

A, Nohria A, Border W, et al. Cost-ef-
fectiveness of the International Late 

-
lines to prevent heart failure in survi-
vors of childhood cancer. J Clin Oncol. 
2020;38(33):3851-62.

-

global approach to long-term follow-up 
of targeted and immune-based therapy 
in childhood and adolescence. Pediatr 
Blood Cancer. 2021;68(7):e29047.

48. Beijer JGM, Teepen JC, Streefkerk N, 

et al. Late toxicity after 3-dimensional 
external beam radiotherapy among chil-
dren with cancer: a systematic review. J 

34.

Parental considerations regarding cure 
and late effects for children with cancer. 
Pediatrics. 2020;145(5): e20193552.

NMA, Prins JB, Loonen JJ. Nurse-led vid-
eo-coaching interventions in childhood, 
adolescent and young adult cancer sur-

methods feasibility research. Pilot Fea-
sibility Stud. 2019;5:150.

Kaatsch P, Kremer LC, et al. Childhood 

Oncol. 2015;54(5):655-68.

outcomes in Dutch childhood cancer 
survivors: Methodology of the DCCSS 

2023;70(5):e30212.

-
age-based outcomes in Dutch child-
hood cancer survivors: Methodology of 

Med. 2023;12(6):7588-602.

-
tensive cardiac function analyses using 
contemporary echocardiography in 
childhood cancer survivors: a DCCSS 

2023;5(4):472-85.

CM, et al. Risk and temporal changes of 
heart failure among 5-year childhood 

al. Incidence of and risk factors for histo-

among long-term survivors of childhood 
cancer. JAMA Oncol. 2019;5(5):671-80.

57. Roshandel R, van Dijk M, Overbeek A, 
Kaspers G, Lambalk C, Beerendonk C, 
et al. Female reproductive function after 
treatment of childhood acute lympho-
blastic leukemia. Pediatr Blood Cancer. 
2021;68(4):e28894.

1

Rebecca_Binnenwerk_DEF.indd   17 13/03/2024   16:59



18

Chapter 1

van der Loo M, Tissing WJ, van der 

et al. Clinical characteristics and sur-
vival patterns of subsequent sarcoma, 
breast cancer, and melanoma after 
childhood cancer in the DCOG-LAT-

2019;30(9):909-22.

MM, van Dorp W, et al. Pregnancy, time 
to pregnancy and obstetric outcomes 
among female childhood cancer survi-

-
VO study. J Cancer Res Clin Oncol. 
2020;146(6):1451-62.

-

al. Late mortality in childhood cancer 
survivors according to pediatric cancer 
diagnosis and treatment era in the 

2022;40(5):413-24.
61. van Deuren S, Penson A, van Dul-

-
-

tors of cancer-related fatigue in child-

study. Cancer. 2022;128(5):1110-21.

Loo M, Kremer LCM, Bresters D, et al. 
The Dutch Childhood Cancer Survivor 

-
sis examined long-term glomerular dys-
function in childhood cancer survivors. 
Kidney Int. 2022;102(5):1136-46.

SMF, Bresters D, van Dulmen-den Bro-

-
hood cancer survivors after treatment 
with potentially nephrotoxic therapy; 

Cancer. 2022;172:287-99.

Prevalence and risk factors for hypos-
alivation and xerostomia in childhood 
cancer survivors following different 
treatment modalities - a Dutch Child-

-

2). Cancers (Basel). 2022;14(14):3379.

al. Positive and negative survivor-spe-

childhood cancer: the DCCSS-LAT-

Surviv. 2023 (online ahead of print). doi: 
10.1007/s11764-023-01394-1.

66. Versluys AB, Bresters D. Pulmonary 
complications of childhood cancer treat-
ment. Paediatr Respir Rev. 2016;17:63-
70.

mortality of childhood, adolescent and 
young adult cancer survivors. Thorax. 
2018;73(10):959-68.

68. Smith L, Glaser AW, Peckham D, Green-
wood DC, Feltbower RG. Respiratory 
morbidity in young people surviving 
cancer: Population-based study of hos-
pital admissions, treatment-related risk 
factors and subsequent mortality. Int J 
Cancer. 2019;145(1):20-8.

-
ki-Masker K, Mertens AC, Meacham LR, 
Popler J. Analysis of risk factors for ab-
normal pulmonary function in pediatric 
cancer survivors. Pediatr Blood Cancer. 
2016;63(7):1264-71.

impact of pulmonary complications in 
survivors of childhood cancer: a report 
from the Childhood Cancer Survivor 
Study. Cancer. 2016;122(23):3687-96.

Rebecca_Binnenwerk_DEF.indd   18 13/03/2024   16:59



19

General introduction and thesis outline

71. Kasteler R, Weiss A, Schindler M, 

et al. Long-term pulmonary disease 
among Swiss childhood cancer survi-
vors. Pediatr Blood Cancer. 2018;65(1).

Long-term pulmonary function in sur-
vivors of childhood cancer. J Clin Oncol. 
2015;33(14):1592-600.

73. Green DM, Zhu L, Wang M, Ness KK, 

function after treatment for childhood 
cancer. A Report from the St. Jude Life-

Thorac Soc. 2016;13(9):1575-85.
-
-

ud J, et al. Risk factors for impaired pul-
monary function and cardiorespiratory 

of childhood acute lymphoblastic leuke-
mia after treatment with chemotherapy 
only. Acta Oncol. 2018;57(5):658-64.

Jr. Lung function and late pulmonary 
complications among survivors of he-
matopoietic stem cell transplantation 
during childhood. Paediatr Respir Rev. 
2010;11(2):115-22.

76. De A, Guryev I, LaRiviere A, Kato R, 
Wee CP, Mascarenhas L, et al. Pulmo-
nary function abnormalities in childhood 
cancer survivors treated with bleomycin. 
Pediatr Blood Cancer. 2014;61(9):1679-
84.

Bleomycin-associated lung toxicity in 
childhood cancer survivors. J Pediatr 

78. Mulder RL, Thonissen NM, van der Pal 

et al. Pulmonary function impairment 
measured by pulmonary function tests 
in long-term survivors of childhood 
cancer. Thorax. 2011;66(12):1065-71.

Wolden S, Modak S, LaQuaglia MP, et 
al. Assessment of pulmonary outcomes, 
exercise capacity, and longitudinal 
changes in lung function in pediatric sur-
vivors of high-risk neuroblastoma. Pedi-
atr Blood Cancer. 2019;66(11):e27960.

80. Denbo JW, Zhu L, Srivastava D, Stokes 

Long-term pulmonary function after 
metastasectomy for childhood os-
teosarcoma: a report from the St Jude 
lifetime cohort study. J Am Coll Surg. 
2014;219(2):265-71.

81. Alvarado CS, Boat TF, Newman AJ. 

chest deformity in two children treat-
ed with cyclophosphamide. J Pediatr. 
1978;92(3):443-6.

-
trogen mustards. Pharmacol Rev. 
2022;74(3):552-99.

83. Chemaitilly W, Li Z, Krasin MJ, Brooke 
RJ, Wilson CL, Green DM, et al. Prema-

cancer survivors: a report from the St. 

Metab. 2017;102(7):2242-50.
84. Green DM, Zhu L, Wang M, Chemait-

concentration of adult survivors of child-
hood acute lymphoblastic leukemia: a 
report from the St. Jude Lifetime Cohort 

201.

Woodcock A. Lung function and ex-
ercise capacity in survivors of child-
hood leukaemia. Med Pediatr Oncol. 
1995;24(4):222-30.

treatment for acute lymphoblastic 
leukaemia in childhood. Br J Cancer. 
1998;78(1):21-7.

1

Rebecca_Binnenwerk_DEF.indd   19 13/03/2024   16:59



20

Chapter 1

MJ, Srinivasan A, et al. Pulmonary dys-
function in survivors of childhood he-
matologic malignancies after allogeneic 
hematopoietic stem cell transplantation. 
Cancer. 2010;116(8):2020-30.

all children with cancer. Ann Oncol. 
2012;23(7):1906-11.

90. Van Staalduinen DJ, van den Bekerom 
P, Groeneveld S, Kidanemariam M, Stig-
gelbout AM, van den Akker-van Marle 

healthcare: a scoping review. BMC 

Development of an international stan-
dard set of patient-centred outcome 
measures for overall paediatric health: 
a consensus process. Arch Dis Child. 
2021;106(9):868-76.

92. Benning L, Das-Gupta Z, Sousa Fialho L, 
Wissig S, Tapela N, Gaunt S. Balancing 
adaptability and standardisation: in-
sights from 27 routinely implemented 

Res. 2022;22(1):1424.

A, Barberio L, et al. Development of an 
-

tered outcome set for lung cancer. Lung 
Cancer. 2022;173:5-13.

94. Ong WL, Schouwenburg MG, van 

-
ue-based patient-centered outcomes 
for breast cancer: the International Con-

-

2017;3(5):677-85.

95. Zerillo JA, Schouwenburg MG, van 
Bommel ACM, Stowell C, Lippa J, Bauer 
D, et al. An international collaborative 

-
tient-centered outcomes measurement 
set for colorectal cancer. JAMA Oncol. 
2017;3(5):686-94.

-

Rebecca_Binnenwerk_DEF.indd   20 13/03/2024   16:59



21

General introduction and thesis outline

1

Rebecca_Binnenwerk_DEF.indd   21 13/03/2024   16:59



Rebecca_Binnenwerk_DEF.indd   22 13/03/2024   16:59



Part 1
Life after childhood cancer and the 

importance of survivorship care
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ABSTRACT

With improved survival of childhood, adolescent and young adult (CAYA) cancer, the 

will experience at least one and often multiple cancer- and treatment-related late effects 
throughout their lives, including endocrine toxicities. Besides affecting their physical 
and psychosocial health status, these might reduce life expectancy and quality of life. 
Prevalent endocrine complications include hypothalamic-pituitary dysfunction, central 
precocious puberty, primary thyroid, male or female gonadal dysfunction, metabolic 

education, risk-based prevention and surveillance strategies, is essential to reduce the 
burden of endocrine complications and to allow for timely interventions. To integrate 

preferred surveillance modalities. Moreover, consensus-based recommendations have 

The PanCareSurFup models of care guidelines recommend multidisciplinary team care 
at or under guidance of a cancer survivorship expert center, so CAYA cancer survivors 
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INTRODUCTION

decades. Transforming from a population with little chance of achieving remission in 
the 1960s, most childhood cancer patients will now live beyond adolescence or even 
adulthood (1, 2). Conceptually, survivorship is considered to begin from diagnosis, 
continuing through treatment and beyond, whether or not the patient is free of disease 
or experiencing recurrent or advanced disease (3). Survival is considered long-term if 

adolescent and young adult (CAYA) cancer survivors is estimated at 300,000-500,000 
and expected to increase by 12,000 each year (4, 5).

such as organ dysfunction, subsequent neoplasms, psychosocial and cognitive issues, 

include persisting effects after treatment, but new complications may also develop years 
or decades after the initial treatment. At an average age of 25 years, 75% of CAYA 
cancer survivors have at least one such adverse health outcome, considered severe, 
disabling or life-threatening in 40% (7). This increases to an average of 17 chronic health 

community controls (6). In addition to the primary diagnosis and subsequent treatment, 
the occurrence and severity of late effects is often determined by a myriad of factors 
including genetic susceptibility, premorbid and comorbid conditions, health behavior 
and demographic determinants such as current age and gender (6, 10-13). Overall, the 
physical and psychosocial burden of cancer-related disease negatively impacts the health 
status and QoL of survivors (12, 14).

SPECTRUM OF ENDOCRINE LATE EFFECTS

among CAYA cancer survivors, alongside cardiovascular, pulmonary, renal, auditory, 
neurocognitive and musculoskeletal complications, and subsequent neoplasms (6, 15). 
They include long-lasting complications that have arisen during treatment, but adverse 
outcome may also emerge years to decades later, adding up to almost three chronic 
endocrine conditions in the average 50-year CAYA cancer survivor (6). Importantly, 
diagnosis and treatment of these late complications is often delayed with potential health 
implications (15, 16). Frequently occurring endocrine late effects comprise hypothalamic-

syndrome, obesity, diabetes mellitus, and decreased bone mineral density (Figure 1) 

in the other chapters.

2
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Figure 1. Risk factors for and spectrum of endocrine late effects in survivors of childhood, 
adolescent and young adult cancer

stimulating hormone.

Hypothalamic-pituitary dysfunction

central precocious puberty (CPP) (18). Central diabetes insipidus, although resulting 

generally not considered a late endocrine effect, as it typically occurs within weeks after 

occur months, years or even decades after the initial treatment (16, 18, 19). All three 
factors are major causes of the late endocrine burden of survivors (18). The contribution 
of chemotherapy to late endocrine burden is still being debated (20).

respectively (16, 18). These observations have driven protocol changes, including the 
reduction of harmful and potentially avoidable exposures such as prophylactic central 

scatter radiation by using protons instead of photons (22). Some novel agents, including 
tyrosine kinase and immune checkpoint inhibitors, have been reported to cause endocrine 

Rebecca_Binnenwerk_DEF.indd   28 13/03/2024   16:59



29

The concept of cancer survivorship and models for long-term follow-up

adverse effects, but potential reversibility after discontinuation and long-term endocrine 

impact on physical, psychosocial and neurocognitive outcomes in CAYA cancer survivors, 

Primary thyroid dysfunction
Thyroid conditions after childhood cancer treatment include hypothyroidism and 
hyperthyroidism, as well as thyroid nodules and malignancies. For hypothyroidism, a 
variety of risk factors have been described including radiotherapy to a volume exposing 

chemotherapeutic agents such as busulphan and cyclophosphamide, the more novel 
tyrosine kinase inhibitors and immune system modulators, or hematopoietic stem 

hyperthyroidism, thyroid nodules and thyroid cancer are most often caused by radiation 
to volumes exposing the thyroid gland and therapeutic 131-I-MIBG (27-29).

Primary gonadal injury
Male and female gonadotoxicity are important side-effects of treatment, and their 
repercussions may vary over the course of life. Male gonadal failure encompasses impaired 

result in emotional distress, impaired pubertal development and subfertility among 
male CAYA cancer survivors (30). Contributors to the male gonadotoxicity risk include 
radiotherapeutic (total body irradiation or radiotherapy to a volume exposing the testes 
or pelvis), chemotherapeutic (especially alkylating agents including cyclophosphamide, 

sympathetic nerves or pelvis) (31). Female impairment of gonadal function results in 

impaired pubertal development, or premature menopause, with risk determinants 

radiotherapy to a volume potentially exposing the ovaries (32).

Metabolic syndrome, obesity and diabetes mellitus

diabetes mellitus or impaired glucose tolerance with at least two out of four conditions 
including obesity, hypertension, dyslipidemia and microalbuminuria. Its relevance 
derives from its association with cardiovascular adverse health outcomes (33). Metabolic 

general population. Part of this excess prevalence may be experienced due to treatment-
related exposures such as abdominal or total body irradiation or prolonged systemic 
glucocorticoid usage (34). At particular risk for obesity are those with hypothalamic 

heightened risk (36).

2
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Low bone mineral density

15). Resulting from an imbalance between bone acquisition and resorption, multiple 
cancer-related factors can be distinguished that may contribute to its etiology in any 
individual survivor. These may be related to the primary diagnosis (e.g., the impact of 
leukemia on bone structure), treatment (prolonged glucocorticoid use or craniospinal or 

lifestyle (lower levels of weight bearing physical activity, nutritional factors such as 
vitamin D and calcium intake) (37, 38). More recently, the adverse impact of retinoid 
derivatives and tyrosine kinase inhibitors has been reported (23, 39).

IMPORTANCE OF LONG-TERM FOLLOW-UP TO REDUCE BURDEN OF 
MORBIDITY AND IMPROVE QUALITY OF LIFE

The ultimate goal of treating a child, adolescent or young adult with cancer is that he or 
she “becomes a resilient and autonomous adult with optimal health-related quality of 

late effects, timely initiation of treatment, education of the survivor about their health and 
treatment history and risks, and empowerment in adopting a healthy lifestyle. Reducing 
the occurrence and severity of late complications becomes increasingly important as 
individual survivors and the overall survivor population age, leading to a further increase 
in the burden of late chronic conditions and putting a strain on healthcare resources. 

education, employment, or insurance. Optimally, survivors are also supported in their 

higher levels of self-management (41).

survivorship care plan based on clinical practice guidelines (CPGs) and shared-decision 

creates awareness about late effects, contributes to higher detection rates of important 

economic, outcomes remain to be conducted.

CLINICAL PRACTICE GUIDELINES

and care emerged, several experts groups developed CPGs describing the content of 

Intercollegiate Guidelines Network (SIGN) (45-48). Although each group used evidence-
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based methodologies, they reached different conclusions regarding risk groups, 
surveillance tests, and follow-up initiation and frequency. In addition to uncertainty about 
the optimum approach for an individual survivor, this also translated into suboptimal use 

and formulate CPG recommendations according to a common vision (44). In addition 
to recommending risk-based prevention and surveillance, particular attention is also 
directed at reducing unnecessary or even harmful procedures. Working groups represent 
a geographical spread of continents and multitude of professional backgrounds, including 
survivor representatives, but also experts in pediatric oncology and hematology, 
radiology, radiation oncology, pharmaco-oncology, epidemiology, survivorship care, 

reviewed journals, describing optimum surveillance and management strategies for 
asymptomatic cardiomyopathy, fatigue, obstetric care, ototoxocity, male gonadotoxicity, 

as strong (green), moderate (yellow) or weak (orange) or as a recommendation not to 

dysfunction, CPP, thyroid dysfunction, bone toxicity and metabolic syndrome, are being 

care and from pediatric to adult care settings (41, 49).

is time- and resource-consuming. As a result, many late effects are still awaiting 

those late effects currently lacking CPGs. This has resulted in the development of 28 
consensus-based recommendations by a multinational team representing a total of 19 

and will be published in a peer-reviewed journal soon.

surveillance of endocrine late effects such as diabetes mellitus, dyslipidemia, overweight 
and obesity, hypertension, bone problems and thyroid function abnormalities to bridge 

recommendations only address the topics where evidence-based guidelines are lacking, 

been included as well. Future updates to the consensus-based recommendations will be 
performed by the PanCare Guidelines Group. An overview of existing recommendations 
for endocrine late effects is presented in Table 1.

2
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Table 1. 

Recommendation for surveillance of … Who is at risk?
CAYA cancer survivors treated with or with a history of …

b) - Alkylating agents
- Radiotherapy to a volume exposing the ovaries, including 
 TBI

Note: only female survivors with the exposures mentioned 
above are considered at risk.

Male gonadotoxicity (including impaired 
spermatogenesis, testosterone 

c)

- Alkylating agents
- Radiotherapy to a volume exposing the testes, including 
 TBI
- Surgery to the spinal cord, sympathetic nerves or pelvis

Note: only male survivors with the exposures mentioned above 
are considered at risk.

d) - Radiotherapy to a volume exposing the thyroid gland, 
 including TBI
- Therapeutic 131-I-MIBG

e)
 TBI 
 

 (refer directly to 
 

(refer directly to 
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What surveillance modality should be used and at what frequency?a

Pre- and peri-pubertal survivors at risk:

 11 years of age, and for girls with primary amenorrhea (16 years of age)

Post-pubertal survivors at risk:

Not recommended:

 or borderline testosterone concentrations, or if an early morning testosterone sample cannot 
 be obtained, at least every 2-3 years

Post-pubertal survivors at risk that desire assessment of potential for future fertility:
- Semen analysis

All survivors at risk:
- Counselling regarding options for differentiated thyroid carcinoma surveillance, at least 
 every 5 years

these two surveillance modalities:
- Neck palpation, every 1-2 years, starting 5 years after radiotherapy, or
- Thyroid ultrasonography, every 3-5 years, starting 5 years after radiotherapy

Pre-pubertal and peri-pubertal survivors at risk:

Post-pubertal survivors at risk:

Post-pubertal female survivors at risk:

Post-pubertal male survivors at risk:

surveillance at least 15 years from exposure. Continuation of surveillance should be a shared decision 

2
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Table 1. 

Recommendation for surveillance of … Who is at risk?
CAYA cancer survivors treated with or with a history of …

Central precocious puberty (preliminary 
f)

g) - Radiotherapy to a volume exposing the thyroid gland, 
 including TBI

- I-131 MIBG therapy
- Radioiodine therapy (I-131 ablation therapy)h

- Total thyroidectomyi

g) - Prolonged corticosteroids as anti-cancer treatment, at least 
 4 weeks continuously
- Methotrexate

- TBI
- Cranial and/or spinal radiotherapy
- Gonadal failure

g) (continued)

 Diabetes mellitus and impaired 
 glucose metabolism

 Dyslipidemia

 Overweight and obesity

- Radiotherapy to a volume exposing the pancreas, including 
 TBI

- TBI

 TBI
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What surveillance modality should be used and at what frequency?a

All survivors at risk:

- Morning testosterone if puberty is suspected as testicular volume measurements may not be 
 reliable

of 8 years (girls) or 9 years (boys).

Female survivors at risk:

All survivors at risk:
- A DXA scan once, if possible, and thereafter as clinically indicated

All survivors at risk:

 subsequently

2
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Table 1. 

Recommendation for surveillance of … Who is at risk?
CAYA cancer survivors treated with or with a history of …

g) (continued)

- Radiotherapy to a volume exposing the kidneys, or to a 
 volume exposing the heart and associated large vessels, 
 including TBI
- Nephrectomy
- Ifosfamide
- Platinum based chemotherapy
- Nitrosoureas
- Immunosuppressives

a

 diagnosis, depending on the individual healthcare systems, and surveillance should be continued 

b

 guideline (reference 32; accessible through www.ighg.org/guidelines/topics/premature-ovarian-

c

 31; accessible through www.ighg.org/guidelines/topics/male-gonadotoxicity/).
d

 accessible through www.ighg.org/guidelines/topics/thyroid-cancer/).
e

 journal soon.
f

 Central Precocious Puberty guideline. The guideline will be published in a peer-reviewed journal 
 soon.
g

 journal soon.
h CAYA cancer survivors treated with radioiodine treatment should receive follow-up by an 
 endocrinologist starting directly after exposure.
i CAYA cancer survivors treated with a total thyroidectomy should receive follow-up by an 

 of the risk of primary hypoparathyroidism.
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An important consideration with regard to any CPG is the pace at which new evidence 
emerges, thereby quickly outdating the evidence summaries that support its conclusions. 

cancer survivorship in 2019 alone, compared to 1,200 publications a decade before, 
translating to approximately 10 potentially relevant papers being published every day. 
The next step forwards may be introduced by enabling real-time evidence summaries 
to be created based on regular database searches. For example, an automated monthly 
update on relevant publications could facilitate CPG working groups to provide updates 

developing such a living guideline tool to support the ongoing creation of high-quality 

MODELS OF CARE

and cultural preferences that surround patients and survivors of CAYA cancer (41). The 

plan, including a treatment summary and recommendations based on the international 
CPGs (41).

is most commonly implemented (41). The preferred alternative should result from a joint 
decision between the survivor and the healthcare provider, taking into consideration  the 

as well as the healthcare infrastructure. Regardless of the care model, it is strongly 
recommended that care decisions are guided by a multidisciplinary team under guidance 
of a survivorship expert center (41). At minimum, a key worker, physician with late effects

What surveillance modality should be used and at what frequency?a

All survivors at risk:

2
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Table 2. 
care of childhood, adolescent and young adult survivors

General recommendation

Organization of LTFU care

should:
Be provided in or under the guidance of a cancer survivorship expert service or cancer center
Provide multidisciplinary care

We recommend that the survivor and healthcare provider make a joint decision for the optimal 
a

and the healthcare system

recommend:
To have commitment of the (national and local) healthcare providers (systems) and insurers

Personnel involved in LTFU care

We recommend that each survivor can make their own informed choice for a healthcare provider 
after informed discussion with the survivorship team

Key worker/coordinator

Nurse practitioner
Multidisciplinary expert team of specialistsb

c

Components of LTFU care

includes:
Surveillance and preventive strategies based on published evidence based guidelines
Coordination of care (particularly in shared care models)

Patient/survivor and parent education to support effective self-management
A plan for transition of care:

 From survivorship expert center to primary care (for low risk survivors)
 From pediatric to adult health services
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Table 2. 
care of childhood, adolescent and young adult survivors (continued)

Start of LTFU care

From Michel et al. (reference 41). Reprinted by permission from Springer Nature Customer Service 

a Self-management with primary care support for adult survivors; follow-up at primary care level 
 or by a nurse experienced in management of late effects, followed by supported self-
 management; follow-up at cancer survivorship expert center; or shared care between survivorship 
 expert center and primary care or pediatric centers.
b Pediatric oncologist/hematologist, (neuro-)psychologist, cardiologist, endocrinologist, medical 
 oncologist, hematologist, rehabilitation physician, occupational worker, radiotherapist, social 
 worker.
c Pulmonologist, nephrologist, neurologist, neurosurgeon, ear nose and throat specialist, 
 ophthalmologist, gynecologist, dermatologist, insurance worker, urologist, general internal 
 medicine.

expertise, nurse practitioner, multidisciplinary team representing pediatric and adult 
oncology, (neuro)psychology, endocrinology, cardiology, radiotherapy, physical 
rehabilitation therapy, occupational and social work should be at hand, with consultation 
of other experts available if needed.

diagnosis or treatment but may need to be initiated at an earlier stage in those with 
or at risk of early-onset chronic morbidities including many endocrinopathies. Care is 
suggested to continue lifelong at regular intervals, based on the most recent risk-based 
recommendations. Current challenges include the shift from expert- to survivor-centered 
care, with possible implications for the current care structures, but the potential to better 

CONCLUSION

Survivors of CAYA cancer are at risk for long-term adverse chronic health problems, 

receive person-centered guideline-based surveillance to maintain and improve their 

project to address late effects still awaiting evidence-based guidelines. Although the 

should be provided by a multidisciplinary team at or under guidance of a survivorship 
expert center.
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ABSTRACT

Background The majority of childhood cancer survivors are at risk for treatment-related 
adverse health outcomes. Survivorship care to mitigate these late effects is endorsed, 

by facilitating person-centered survivorship care.

Methods 

(Lifestyle Intervention). Their development will be informed by several qualitative 
studies and systematic reviews on barriers and facilitators for implementation and 

empowerment, detection of adverse health conditions, satisfaction among survivors 

Lifestyle Intervention will be evaluated in the Netherlands among 60 survivors.

Results 
and Lifestyle Intervention, will be published and made freely available after the project. 

Conclusions
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INTRODUCTION

increased to around 500,000 and expands each year (1). Cancer therapeutic regimens, 
such as chemotherapy, radiotherapy, and surgery, are crucial for achieving survival, but 
are likely to have adverse effects on physical and mental health as well as psychosocial 
wellbeing later in life such as a risk of subsequent neoplasms, organ dysfunction, fatigue 

Person-centered and guideline-based survivorship care can mitigate the negative 
impact on quality of life (QoL) of survivors and their families (8). Survivorship care has 
a strong focus on education, prevention or early detection of late effects, and timely 
intervention when problems occur (9). In addition to risk-based surveillance, a healthy 

Survivorship care may include person-centered lifestyle advice with consideration of 
their medical history, physical limitations, psychosocial functioning, or other barriers 
and facilitators that survivors may experience in adapting to and maintaining a healthy 
lifestyle (10, 11). Considering limited healthcare resources, provision of follow-up care 
also needs to be sustainable and cost-effective (12). Person-centered strategies that 
engage patients, allow shared decisions and support empowerment have been shown 
to produce more satisfaction, better health, higher QoL, and lower costs (13). Person-
centered care facilitates shared decision-making between the survivor and healthcare 

partner relationship (14-16). It may support survivors as they transition from treatment to 
follow-up, from childhood to adolescence, and from pediatric to adult healthcare settings. 
Thus, they may be able to navigate the complexity of various specialists being involved 
in adult healthcare and take responsibility for their own health (17).

Implementation of survivorship care, however, has proven challenging across the globe 

have left pediatric oncology services, with availability and level of person-centered care 

centered survivorship care, multiple barriers exist that prevent proper implementation, 

absence of optimal survivorship care for most survivors might also be explained by the 
fact that it is complex. Although different care models have been suggested over the 
years, improvement in long-term follow-up care is still urgently needed (20).

www.pancarefollowup.eu) to improve current care and get 
more insight into the feasibility and effectiveness of delivering optimal person-centered 
survivorship care. The multidisciplinary PanCare network (www.pancare.eu) unites 
professionals, childhood cancer survivors and their families with the aim of reducing the 

3
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frequency, severity and impact of late adverse effects by establishing high quality and 

of the project, from development and assessment to implementation.

(Figure 1).

Figure 1. 
Care and Lifestyle Inbterventions and the corresponding Care and Lifestyle Studies

Rebecca_Binnenwerk_DEF.indd   48 13/03/2024   16:59



49

The Care Intervention consists of a person-centered, guideline-based care model 

context. The Lifestyle Intervention innovatively builds upon current survivorship care 

of Dutch survivorship clinics that have already implemented person-centered care 
successfully (24, 25) will be used to govern the development of both Interventions.

METHODS

Aims and objectives of the PanCareFollowUp project

centered survivorship care. This research has three main objectives: (1) development 

prospective cohort study (Care Study) (Figure 2), (2) development and evaluation of the 

2), and (3) sustainable replication, including free distribution of a Care and Lifestyle 
Replication Manual after the project.

Figure 2. 
CCS, childhood cancer survivors; NL, the Netherlands.

Organizational structure of the PanCareFollowUp project
The project consists of eight Work Packages (WPs): WP1-4 to develop and conduct 
the Care Study, WP5 to develop and conduct the Lifestyle Study, and WP6-8 to cover 
dissemination, management and ethics, respectively (Table 1).

3
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Table 1. Overview of tasks and Work Package leads involved in the eight Work Packages 

Work Package 1: Person-centered PanCareFollowUp Care Intervention
 PMC

Recommendations, Survivor Questionnaire, Treatment Summary template, Survivorship Care 

Perform preimplementation study and develop tailored implementation strategies
Deliver workshop on person-centered care
Develop system to update current guidelines when new evidence is published

Intervention after the end of the project

Work Package 2: Conduct of PanCareFollowUp Care prospective cohort study

Prepare study sites, including establishment of local working groups and securing local ethics 
approval

collection

Work Package 3: Measures and analyses of PanCareFollowUp Care prospective cohort 
study

 DCS

Select outcome measures and data collection instruments and develop data dictionary

Work Package 4: Survivorship Passport

including exploration of a SurPass mobile app

Work Package 5: PanCareFollowUp eHealth Lifestyle Intervention

lifestyle interventions, and 2) barriers and facilitators for survivors in adapting to and 
maintaining a lifestyle with regular physical activity and/or a healthy dietary intake

facilitators in adopting a healthy lifestyle and delivering lifestyle advice to survivors

study

Lifestyle Intervention after the end of the project

Rebecca_Binnenwerk_DEF.indd   50 13/03/2024   16:59



51

Table 1. Overview of tasks and Work Package leads involved in the eight Work Packages 

Work Package 6: Communication and dissemination
PanCare

Develop and execute tailored communication and dissemination strategies
Support future replication and legacy

Work Package 7: Management
Project Coordinator: PMC
Project Administrator: PT

Project management support

Work Package 8: Ethics requirements
 ICRC

Work Package 1: Development of the person-centered PanCareFollowUp 
Care Intervention

To ensure consistent high-quality care in daily practice, evidence-based clinical practice 
guidelines (CPGs) that inform on effective preventative measures and surveillance 
methods are essential (9). CPGs describe the risk-based surveillance that is recommended 
and discussed with the survivor in a shared decision-making process. Recognition of the 
advantages of international collaboration in CPG development led to the initiation of the 

have been published in peer-reviewed journals, several with major contributions from 
PanCareSurFup, with further ones in development (29-36). PanCareSurFup has published 
recommendations for models of long-term follow-up care, and a guideline for transition 
from pediatric to adult healthcare settings is close to completion (17, 37).

efforts by developing recommendations for several topics for which no evidence-
based recommendations exist yet, using a pragmatic methodology. Further, the 

thus be promptly discussed and guidelines can be updated in a timely manner, advancing 
CPG development and state-of-the art care provision (36).

3
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about appropriate surveillance strategies, receive or are scheduled for additional tests 
and receive a draft Survivorship Care Plan; and (3) a follow-up call to discuss diagnostic 

Survivorship Care Plan template as well as online education materials for survivors and 

identify barriers and facilitators for implementing person-centered survivorship care from 

centered care. The resulting implementation strategies and intervention materials will be 

Work Package 2: Conduct of the Care study
WP2 is responsible for the preparation and conduct of the Care Study at four sites in 

will be implemented as usual care and evaluated in a prospective cohort study among 800 

through questionnaires and clinical data. The four study sites have been selected to 
represent different healthcare systems with various levels of pre-existing survivorship 
care implementation.

Work Package 3: Measures and analyses of the Care Study
WP3 will select appropriate outcome measures and develop the study questionnaires 
for the Care Study. The main outcome is survivor empowerment, which contributes to 
self-management and becomes increasingly important when transitioning from pediatric 
to adult healthcare settings (38). Other patient-reported outcomes include health-related 
QoL, mental health, resilience, shared decision-making, and satisfaction. In addition, 
prevalent adverse health conditions and detection of new clinical conditions as well 

evaluated.

will be responsible for building and maintaining the database in the cloud-based Castor 

monitoring of data quality and the study recruitment process, and conducting study 
analyses.

Work Package 4: Survivorship Passport
WP4 will update the existing Survivorship Passport (SurPass) developed within the 

Rebecca_Binnenwerk_DEF.indd   52 13/03/2024   16:59



53

Care Intervention at the Italian study site (Figure 2). The SurPass is an online tool that 

care plan in plain language (39). The platform is hosted in the Cineca data center in 
Casalecchio di Reno, Italy, which is compliant with the highest security standards and 

encrypted, and privacy is enforced with role-based user security (survivor, healthcare 

to share and store data.
WP4 will also collaborate with the PanCare PLAIN group that aims to write plain 

language summaries of the surveillance guidelines, which will be available online and 
as recommendation brochures for each recommendation generated in WP1.

Work Package 5: Development and feasibility study of the PanCareFollowUp 
eHealth Lifestyle Intervention
WP5 will focus on the development and pilot testing of the person-centered 

dietary intake and physical activity. It will consist of individual coaching sessions with 

approaches (motivational interviewing and person-centered care) will be used to help 

developing the Lifestyle Intervention (40). Further evidence-based strategies to inform 
the Lifestyle Intervention include two systematic reviews regarding (1) effectiveness and 

for survivors in adapting to and maintaining a healthy lifestyle with regular physical 
activity and/or a healthy dietary intake. In addition, qualitative interviews and focus 

comprehensive view on barriers and facilitators to adopt and support a healthy lifestyle.

Netherlands, where person-centered survivorship care is already implemented (24). The 
main outcome is the proportion of survivors who reach their personal goals for lifestyle 

a Replication Manual will be developed at the end of the project to disseminate the 

Work Package 6: Communication and dissemination

survivorship care, including support to adopt a healthy lifestyle, to relevant stakeholders. 

makers, researchers, the general public and media. The activities include a project website 
(www.pancarefollowup.eu

presentations, seminars, and workshops. After the end of the project, the materials will 
be hosted online through PanCare.

3
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Work Package 7: Management

team, the project board and WP leaders. Overall responsibility is assigned to the project 
management team, which includes the project coordinator and project administrator. They 

of one representative of each project partner and is chaired by the project coordinator. 
Main tasks include managing progress and risks.

Work Package 8: Ethics requirements

relevant ethical requirements in clinical research, personal data protection and study 

rights: each center collecting data will seek approval via relevant ethics committees, 

independent ethics advisor will provide advice on ethical issues raised during the project.

RESULTS AND DISCUSSION

based care with a focus on prevention, early detection and timely management of late 
effects, and a person-centered approach with high involvement of survivors to manage 

Manuals to empower survivors to achieve better health and QoL. These Replication 
Manuals are especially important to inform and support institutions with incomplete or 
without follow-up care to mitigate barriers and identify facilitators for the implementation 
of person-centered survivorship care within their healthcare system, and as such, to 

and their caregivers through education, awareness and shared decisions about 

currently lacking CPGs, initiate development of a living guideline tool, and provide 

centered survivorship care model, whereas the Lifestyle Study will show the feasibility 

Interventions after the project to everyone interested in survivorship care for inspiration, 
comparison with their own practice, and free use and adjustment to local circumstances 
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and healthcare resources. Lastly, as the survivor population continues to grow, the 

societal burdens by preventing or managing chronic health conditions through education, 

communication, and dissemination of Replication Manuals) will be used to ensure 
sustainability of the project, to advance the accessibility and quality of survivorship care, 

Financial support

program (grant number: 824982) and the Swedish Childhood Cancer Fund (grant number: 3
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ABSTRACT

Background 
the majority of adult survivors of childhood, adolescence and young adult (CAYA) cancer. 
Barriers to implementation include lack of time, knowledge, personnel and funding. 
Sustainable solutions are urgently needed to address the needs of CAYA cancer survivors 
to improve the quality of life and reduce the burden of late effects on survivors, healthcare 

was established to facilitate the implementation of person-centered survivorship care 

Patients and methods 

settings. The Care Intervention consists of three steps: 1) pre-visit completion of a 
Survivor Questionnaire (by the survivor) and Treatment Summary (by the healthcare 

Results 

Conclusions
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young adult (CAYA) cancer survivor population is estimated at 500,000 individuals and is 
expected to increase by 12,000 each year (4). After overcoming their initial disease, these 
survivors are challenged with an increased risk of developing medical and psychosocial 

survivor is suffering from 17 chronic health conditions by the age of 50 years, which is 
almost twice as many as in the general population (10). The type and severity of late 

at higher risk of premature mortality compared to peers or siblings without a CAYA cancer 
diagnosis (11-13), and regular follow-up is recommended.

Although the model of care might vary, it is agreed that high-quality survivorship 
care should consist of prevention, early detection and management of late effects (14). 

surveillance strategies for late adverse effects (15-24). Additionally, a survivorship care 

of survivors, oncologists and primary care providers (1, 14, 25). A survivorship care plan 

problems in primary care, thus potentially resulting in a lower healthcare burden (26). 

health behavior, health or life insurance, education and work (27, 28).
Despite the fact that most survivors need lifelong survivorship care, as underlined 

more than 40 years ago, implementing follow-up care has proven challenging across 

institutions had established services for adult CAYA cancer survivors, with considerable 
differences between countries (31). Nearly all institutions without such programs 
expressed a wish to implement survivorship care but were limited by various barriers 
such as lack of time, personnel, knowledge and funding.

4
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The aim of this paper is to describe the development of four essential elements of the 

the Survivorship Care Plan, and online information for survivors and healthcare providers 

study to evaluate the outcomes and feasibility of the Care Intervention implementation in 

(35, 36).

METHODS

pediatric oncologists, implementation and guideline experts, and survivor representatives 

cancer survivors of 16 years or older. The model is based on previous experiences with 

person-centered approach include initiating, working, and safeguarding the relationship 

Care Intervention (38, 39).
The Care Intervention consists of three steps, including a pre-visit preparation, clinic 

visit, and follow-up call (Figure 1).

sent to the survivor two to eight weeks before the clinic visit. The primary web-

relationship. It provides an opportunity for the survivor to share information about 
their health, well-being, medication use, medical and family history, lifestyle, 

information before the late effects clinic visit can help establish an individual 
and tailored care pathway. Based on the local logistic and referral structure, this 
potentially enables advanced planning of surveillance tests for the day of the clinic 
visit, thus reducing the number of appointments required. The Survivorship Care 
Plan is co-developed with the survivor over the course of the Care Intervention 
(Figure 2).
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Figure 2. 

information that is important for working the partnership as the second step to 
person-centered care. Together, they discuss the potential health concerns of 
the survivor, the content of the Survivor Questionnaire and Treatment Summary, 

information relevant to the survivor, raises awareness about certain health issues 
the survivor is possibly faced with, and discusses the importance of a healthy 
lifestyle. Subsequently, the physical examinations and diagnostic tests are 
performed as per plan. If necessary, further appointments for more advanced 
tests or referrals can be scheduled for a later time. Based on this clinic visit, the 

structure and background of this person-centered visit will be described in more 
detail in a separate publication.

contacts the survivor to discuss the results of the diagnostic tests performed 
at, or in relation to, the clinic visit. Where needed, referrals for management of 

Recommendations and the preferences of the survivor. Furthermore, the 

preferences. Shared decision-making about these issues contributes to the 
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Questionnaire, a Treatment Summary and a Survivorship Care Plan, as well as online 
education materials, based on clinical examples and previous experience in setting up 

are described in a separate paper.

Development of the PanCareFollowUp Survivor Questionnaire
Development of the Survivor Questionnaire started with establishment of a core group 

palliative care, and study questionnaires of the British Childhood Cancer Survivor Study 
(BCCSS), Dutch Childhood Cancer Survivor Study (DCCSS), Swiss Childhood Cancer 

by reviewing the available Patient Reported Outcomes Measurement Information System 
(PROMIS) tools, the Patient-Reported Outcome version of the Common Terminology 

The core group established the following eight domains upfront to be relevant for 
the Survivor Questionnaire based on previous research (43) and clinical expertise: 1) 
self-reported physical symptoms; 2) self-reported psychosocial symptoms; 3) medication 
use; 4) medical history including hospital admissions; 5) family history; 6) social situation, 
education and employment; 7) health behavior including lifestyle; and 8) needs and 
preferences. Questionnaires were included for further review if they contained questions 
related to any of these domains.

All extracted questions were grouped by domain and discussed at regular face-
to-face core group meetings. A preselection was made in collaboration with survivor 

CAYA cancer survivors addressing challenges they may face in daily life. Finally, the 

During the translation process, a few additional minor alterations were made to improve 

questionnaire was approved by the Consortium through a digital check.

Development of the PanCareFollowUp Treatment Summary template

Treatment summaries currently used in survivorship care were requested from all 

4
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variables and answer options, including the web-based Survivorship Passport used in 
Italy (SurPass – www.survivorshippassport.org) (44), and the Dutch treatment summary, 

PanCareSurFup). Its comprehensive variable list was used as a starting point and 
compared to the other treatment summaries to develop a draft Treatment Summary 

to systematically document radiation exposure. The Treatment Summary template 

Development of the PanCareFollowUp Survivorship Care Plan

core group developed a draft including elements from all provided care plans. Plain 
language recommendations for use in the Survivorship Care Plan were developed for 

Development of online information for survivors and HCPs

Childhood Oncology Group (DCOG) website (www.skion.nl/voor-patienten-en-ouders/
late-effecten) as an example. The information describes the challenges of childhood 
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RESULTS

PanCareFollowUp Survivor Questionnaire
The Survivor Questionnaire contains 74 (male version) or 77 (female version) standard 

individual situation where possible. The average time of completion was 45 minutes, as 
assessed in the feedback round among seven CAYA cancer survivor representatives and 
one parent representative. Participants in the feedback round indicated that, although 
time intensive, the questionnaire was well-balanced between physical and mental well-

potential clinic visit. During the Care Study, an online version of the Survivor Questionnaire 

Capture platform, with paper versions available upon request.

PanCareFollowUp Treatment Summary
The Treatment Summary contains sections on general information, cancer diagnosis, 

elective end of treatment, health problems during cancer treatment, family history, 

cumulative treatment data with start and end dates, chemotherapy drug names and 

transplantation, and surgeries (Appendix C). The treatment data covers treatments for 
the initial cancer, all relapses and subsequent neoplasms (either malignant or benign), and 

the course of survivorship care, for example in case of a relapse or subsequent neoplasm 
after the elective end of therapies. During the Care Study, the Treatment Summary is 

PanCareFollowUp Survivorship Care Plan
The Survivorship Care Plan (Figure 3) includes the following sections: 1) general 

Treatment Summary; 3) history and health problems (including relevant medical and 
family history, current health problems, and current medication based on the Survivor 

call) (Appendix C).

of the Survivorship Care Plan, as well as an overview of the plain language statements. 
These have been sorted and color-coded by treatment exposure, such as chemotherapy, 
radiation therapy, or surgery to facilitate a user-friendly layout and smooth development 
process of each Survivorship Care Plan. The Survivorship Care Plan can be shared with 
the survivor on paper or digitally through the SurPass platform.

4
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Figure 3. 
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Figure 3 (continued). 
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Online information for survivors and HCPs
The online information is openly available through the project website (www.
pancarefollowup.eu) and will be sustained by PanCare (www.pancare.eu) after the 
project ends. Furthermore, plain language brochures in question-and-answer style will 
be developed throughout the project, explaining each of the late effects addressed in 

through the websites.

DISCUSSION

centered approach to survivorship care. Furthermore, it focuses on sustainable 

Adequate knowledge of their cancer history, subsequent treatment exposure 

management skills. Accessible and reliable information is important to increase awareness 

decision-making. Moreover, it empowers survivors to seek medical or psychosocial help, 

and personal recommendations for surveillance and prevention is provided to support this 

delivered, while respecting common core requirements such as a summary of treatment 

clinic and local hospital or primary care. An alternative is self-management supported 

expert centers if needed (14). The choice of a preferred model and frequency of care 

survivorship care, which facilitates education about survivor-important issues as well 
as shared decision-making about surveillance strategies. Furthermore, it empowers the 
survivor by providing comprehensive yet understandable information about their health 

supported by the comprehensive pre-visit Survivor Questionnaire, Treatment Summary 

with optimum advance planning and preparation.
By using the wide variety of available materials as a starting point, components of 
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To strengthen the evidence base for comprehensive survivorship care, a prospective 
cohort study (Care Study) evaluating the feasibility, effectiveness (in terms of physical, 

outcome is empowerment of the survivor, as self-management and taking responsibility 
for their own health is fundamental to the appropriate recognition and management of 

recruitment, study coordination and conduct, selected outcomes, data collection and data 

under realistic circumstances in four clinics representing different healthcare systems is 

at each of the study sites, identifying barriers and facilitators to implementation of long-

study will contribute to an update of these implementation strategies at the end of the 
project.

and will yield a Replication Manual for sustainable replication at other institutions after 

to have a robust impact on the wellbeing of CAYA cancer survivors, reduce the societal 
burden, and demonstrate the (cost-) effectiveness of survivorship care.

SUPPLEMENTARY MATERIAL

Appendix A, B and C are available online (https://doi.org/10.1016/j.ejca.2021.10.035).
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ABSTRACT

Background 

based guidelines are needed to inform optimal surveillance strategies, but many topics 

Methods 
late effects specialists, researchers, and survivor representatives from nine countries, 

anticipation of evidence-based guidelines. A pragmatic methodology was used to 

exist. The objective was to describe the surveillance requirements for high-quality care 

systems. The process included two face-to-face meetings and an external consultation 
round involving 18 experts from 14 countries.

Results 
collaboratively and address topics requiring awareness only (n = 6), awareness, history 
and/or physical examination (n = 9), or additional surveillance tests (n = 10).

Conclusions 

providers in addition to tailored clinical evaluation and/or surveillance tests. They include 

to improve health and quality of life of CAYA cancer survivors.
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INTRODUCTION

Five-year survival rates of childhood, adolescent and young adult (CAYA) cancer have 

and continues to increase by approximately 12,000 per year (3). Due to their essential, but 
potentially toxic cancer therapies, survivors are at substantial risk for developing severe 
chronic health conditions, even at a young age (4-7). The burden of these physical and 
psychosocial late effects on the quality of life (QoL) of survivors and their families, as 

and timely initiation of interventions is fundamental to preserve health, improve QoL, 
and mitigate the impact of late effects on survivors and their families.

Clinical practice guidelines (CPGs) are powerful instruments that facilitate consistent, 

survivorship care across different national and local CPG working groups (12-15). Over 

and management of asymptomatic cardiomyopathy, ototoxicity, subsequent thyroid 
cancer, subsequent female breast cancer, subsequent central nervous system neoplasms, 

been published in peer-reviewed journals (16-24). Furthermore, structural components 

PanCareSurFup project (25, 26) (Table 1).

Table 1. 

International and multidisciplinary 
collaboration with the aim to develop 

guidelines for survivors of childhood, 
adolescent and young adult cancer.

after Childhood and Adolescent Cancer 
(PanCare)

aim of reducing the frequency, severity and 
impact of late adverse effects by establishing 
high quality and sustainable survivorship care 

research projects.

5
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Table 1. 

(ongoing), with the overall aim to improve the 
health and quality of life of adult survivors 
of childhood cancer by facilitating person-
centered survivorship care.

Person-centered model of survivorship care 
including surveillance recommendations, 

project.

Care Intervention.

Group
Collaboration to develop surveillance 
recommendations for topics not yet 

PanCareSurFup project
Commission under the 7th Framework 
Program (2011-2017), among others 
including the development of surveillance 
guidelines.

process among survivorship experts (11). The lack of CPGs for many clinically relevant 

Network for Care of Survivors after Childhood and Adolescent Cancer (PanCare) 
www.pancarefollowup.eu) in 2019 (27). 

implementation of a person-centered model for survivorship care for adult survivors of 

Care Study (Table 1). Surveillance recommendations are, together with person-centered 

recommendations for surveillance of late effects and survivorship care for topics that are 
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METHODS

PanCareFollowUp Recommendations Working Group

Group was assembled. It included 23 stakeholders (late effects specialists, researchers, 

Selection of topics
The process of topic selection is described in detail in Figure 1.

published or awaiting publication. The remaining 39 topics were included in ongoing 

psychosocial disorders, thyroid dysfunction) or PanCareSurFup (health promotion) 

Intervention cohort study (Care Study), or were not yet assigned to guideline development 
groups. During the recommendation development process, it was decided to remove 
eight topics from the list because of inclusion in another guideline (n = 1), absence of 
recommendations regarding the topics in existing guidelines (n = 3), or recommendations 
that were similar to general population guidelines (n = 4). A further reduction of six topics 

Pragmatic methodology for developing recommendations
For topics where no evidence-based recommendations exist yet, an appropriate 

future development of evidence-based CPGs.
First, for each of the designated topics, the recommendations of the four existing 

Childhood Oncology Group (DCOG), the Scottish Intercollegiate Guidelines Network 

For each recommendation, the objective was to describe the surveillance requirements 
for high-quality care, while balancing the distinct infrastructures and resources across 

5
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all guidelines covered the late effect, or if fewer than three guidelines had concordant 
recommendations, inclusion of the recommendation was scheduled for discussion within 
the Recommendations Working Group in order to reach consensus. To avoid bias and 
acknowledging the pragmatic concept, the Working Group refrained as much as possible 
from adding new recommendations, considering recent experiences, or using single 
studies.

Internal and external consultation rounds
From June to October 2019, the Recommendations Working Group collaborated to 
formulate the recommendations. A two-day face-to-face Guideline Workshop in 
Amsterdam, the Netherlands, was attended by 16 Working Group Members near the 
end of the process, to review the recommendations and other overarching themes and 
discuss more complex topics. This was followed by an internal e-mail consultation 
round, a two-day face-to-face core group meeting, and an external e-mail consultation 

of developing these recommendations is depicted in Figure 2.

Considerations of the PanCareFollowUp Recommendations Working Group
Certain late effects require surveillance strategies including diagnostic tests, but in other 
cases, it might be more appropriate to provide guidance by awareness only or to perform a 
medical history or physical examination. All these types of recommendations are included 

Several consensus decisions were made during the recommendation development 
process. First, the occurrence of several late effects is known or suspected to be 

factors. Furthermore, certain late effects occur more often if the survivor was exposed 
at a younger age, but the four existing guidelines were often inconclusive or did not 

age thresholds, more systematic evidence-based approaches were deemed necessary 
before informing the surveillance recommendations. Therefore, these risk factors and 

be taken into account when determining whether a survivor is at risk for a certain late 

Larger studies or systematic reviews are needed to appropriately address the question 
of the dose threshold above which surveillance is needed to improve health and QoL of 
survivors at risk. Third, corticosteroid exposure is usually not documented in cumulative 

Professional expertise may inform whether the exposure in the individual survivor is 
relevant in order to use the corresponding recommendation. Finally, for some of the 
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recommendations, especially the surveillance tests, the frequency of surveillance is well 

was used to accommodate the wide range of survivorship care models and customs 

a consensus decision was made to adopt the surveillance scheme for the strong 

recommendations. The strong recommendations not to do surveillance investigations 
(red) were also adopted. All recommendations were colored light blue to clarify their 
adapted methodological background.

RESULTS

Overview of the PanCareFollowUp Recommendations
A total number of 25 recommendations were developed to complement the 16 existing 

structured according to the type of guidance or surveillance needed: awareness only 
(n = 5); awareness, history, and/or physical examination (n = 13), and; awareness, history, 
and/or physical examination with surveillance tests (n = 23). An overview of those 

In addition to regular surveillance, ongoing awareness and prompt reporting of new 
symptoms or signs were considered of the utmost importance for the early detection 
and timely treatment of late effects. To support the knowledge about relevant alarm 
symptoms, a symptom list specifying important alarm symptoms was provided in an 
appendix to the recommendations. Many of the recommendations therefore relied 
primarily on awareness, detailed history-taking and careful physical examination. In 
addition, a health promotion recommendation for all survivors was developed, since 
a healthy lifestyle is an effective measure in preventing chronic health conditions and 
lessening the burden of both mental and physical late morbidity.

5
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Figure 1. 

a Includes the topics Cardiomyopathy, Breast cancer, Cancer-related fatigue, Central precocious 

 pituitary dysfunction, Male gonadotoxicity, Mental health problems, Obstetric risks, Ototoxicity, 
 Premature ovarian failure, Psychosocial problems, Thyroid cancer.
b Includes the topics Bone abnormalities, Pulmonary dysfunction, Metabolic syndrome (including 

 Thyroid dysfunction.
c

d Includes the topics Acute myeloid leukemia or myelodysplasia, Alopecia, Primary adrenal 

 cancer, Chronic pain, Colorectal cancer, Craniofacial growth disturbance, Dental and oral 

 cancer, Pericardial disease, Peripheral neuropathy, Prostate cancer, Scoliosis, Spleen problems, 
 Stomach cancer, Testicular cancer, Visual abnormalities, Valvular disease.
e

 Testicular cancer and Prostate cancer.
f The topic Cardiac problems now includes Arrhythmia, Valvular disease and Pericardial disease; 
 the topic Subsequent neoplasms now includes Acute myeloid leukemia or myeloid dysplasia, 
 Bladder cancer, Bone cancer, Lung cancer and Oral cancer.
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a

 diagnosis, depending on the individual healthcare systems, and surveillance should be continued 

b 

 recommended or recommendations could not be formulated and were not included in this table. 
 Appendix A presents the complete recommendations.
c

 likely exposing breast tissue at a young age, the surveillance decision should be an individual 
 one, taking into account additional risk factors (patient age, family history, menopausal status, 
 other previous cancer treatment) and personal values regarding the potential advantages and 
 disadvantages of surveillance.
d

 total cumulative anthracycline dose. Doxorubicin: multiply total dose x 1; Daunorubicin: multiply 

 multiply total dose x 5 (COG guideline); Mitoxantrone: multiply total dose x 10 (Feijen, 2019). 

 anthraquinone equivalence ratios to doxorubicin for late-onset cardiotoxicity. JAMA Oncology. 

e Timing of initiation and frequency should be based on the intensity of treatment exposure, 
 family history, presence of co-morbid conditions associated with disease risk or by general risk 
 management guidelines.
f

 follicular phase (day 2-5).
g This assessment should be performed after ending oral contraceptive pill/sex steroid replacement 
 therapy use, if applicable, ideally after two months discontinuation.
h

 in consultation with the survivor after careful consideration of the advantages and disadvantages 

 and can identify benign as well as malignant nodules resulting in need for invasive procedures.
i

 is experience in assessment of thyroid cancers so that appropriate interpretation of radiographic 

 diagnostic procedures. When ultrasound is used for surveillance, the cervical lymph node stations 

j Risk of hypothyroidism for all mentioned exposures. Risk of hyperthyroidism after radiotherapy 

k MIBG used for diagnostic purposes (e.g. MIBG scanning) does not put patients at risk for 
 hypothyroidism if adequate preventive measures were used.
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DISCUSSION

optimal care for survivors of CAYA cancer. Despite ongoing international evidence-
based efforts, many relevant issues are not yet addressed by an integrated approach. 

expert groups. Moreover, these recommendations have been co-developed with CAYA 

in the recommended strategies.

education or surveillance to allow early detection of, and timely intervention for, adverse 

Care Intervention which aims to implement person-centered survivorship care across 

the importance of awareness and survivor education. Knowledge about their treatment 
history and related risks may empower survivors to adopt a lifestyle that reduces the risk 

their individual Survivorship Care Plans. Survivors can share this information with their 
healthcare provider, if desired, and consult it at a time of their own convenience.

guidelines, as well as innovative research, are awaited to provide more informed insights 
into the best strategies of surveillance. Another limitation of any CPG is that they can 
be quickly outdated with emerging evidence. Therefore, the development of a living 
guideline tool that enables real-time updating of recommendations based on new 

is required.

investment of logistics and resources and may be expected to have an impressive impact 

will provide deeper insight into the barriers and facilitators of guideline-based person-

of the digital Survivorship Passport tool to facilitate the process of creating a personal 

and feasibility of screening as well as potential areas of improvement.

5
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effort involving 41 late effects specialists, researchers, and survivor representatives a 

awareness among survivors and healthcare providers, in addition to surveillance tests 

treatment strategies will help alleviate the burden on survivors and their families as 
well as their healthcare and societal resources. By providing suitable, comprehensive 
and easily accessible information, survivors are supported and empowered in the self-
management of their health and care. Whilst awaiting the development of internationally 

SUPPLEMENTARY MATERIAL

Appendix A is available online (https://doi.org/10.1016/j.ejca.2021.06.004).
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Chapter 6

ABSTRACT

Introduction Long-term survival after childhood cancer often comes at the expense 

model based on experiences in the Netherlands. This paper describes the protocol of the 
prospective cohort study (Care Study) to evaluate the feasibility and the health economic, 

Methods and analysis In this prospective, longitudinal cohort study with at least six 

Maintenance framework. Clinical and research data are collected through questionnaires, 
a clinic visit for multiple medical assessments, and a follow-up call. The primary outcome 

data center will perform quality checks, data cleaning, and data validation, and provide 
support in data analysis. Multilevel models will be used for repeated outcome measures, 
with subgroup analysis, for example by center, attained age, sex or diagnosis.

Ethics and dissemination This study will be conducted in accordance with the guidelines 

reviewed and approved by all relevant ethics committees. The evidence and insights 

This Replication Manual will become freely available through PanCare and will be 
disseminated through policy and press releases.

Trial registration NL8918, registered at the Netherlands Trial Register at 24 September 
2020, https://www.trialregister.nl/trial/8918.
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INTRODUCTION

increased substantially, from 30% in the 1970s to 80% in the early 2000s (1). Today, 

is rising by about 12,000 per year (2). Yet, many survivors not only experience the burden 
of previous cancer diagnosis, but also face treatment-related late effects (3, 4). These 

to adult healthcare settings often lacks continuity. As a result, many adults who survived 
childhood cancer have increased healthcare use and experience problems in participation, 

detection of new health conditions is essential as it could prevent further harm (11). 
This requires lifelong survivorship care with frequent adaptations of the follow-up plan.

care to adult survivors of childhood cancer (12). In 2006, an international group of 
pediatric oncologists, psychologists, nurses, epidemiologists, survivors and their parents 

that follow-up care should be available and accessible for all survivors throughout their 
lifespan.

In the past decade, international evidence-based clinical practice guidelines have 
been developed to support early detection and treatment of (a)symptomatic late effects, 

transition from childhood to adult healthcare settings and health promotion are currently 
being developed (24, 25). Yet, implementation lags behind. Recently, a person-centered 
approach for survivorship care for adult survivors has been implemented in Nijmegen, the 
Netherlands (26). All Dutch survivors of childhood cancer are invited for follow-up care 
in which multidisciplinary teams deliver person-centered care based on contemporary 

have been reported (24, 26). The next step is to validate this person-centered approach 
for survivorship care in other countries.

including survivors (www.pancarefollowup.eu) (28). The aim of the consortium is 
to improve the quality of life for survivors of childhood, adolescent and young adult 
cancer by bringing evidence-based, person-centered care to clinical practice.  The 

January 21st, 2021), the protocol of the second one will be described separately. Both 

Care Intervention Manual that contains instructions and tools required for implementing 

6
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Interventions will be freely distributed.

short-term (six months) and projected long-term costs per unit change of empowerment 

METHODS AND ANALYSIS

Study population, setting and recruitment

before the age of 19 years; treated or registered at one of the four study sites; treated 
with chemotherapy and/or radiation therapy for childhood cancer with or without surgery; 

applying to treatment of subsequent benign or malignant neoplasms or relapse of the 
primary cancer); and currently at least 16 years of age.

used (even with help from another person); or having previously received complete 

Intervention Manual (Box 1).
This international prospective cohort study will be conducted at four study sites 

currently provide long-term follow-up care, either within a pediatric (Belgium, Italy) or 

With an estimated non-response and early drop-out (informed consent signed, but 
no actual participation in the study) of 40-50% based on previous experience and an 
estimated late drop-out (at any point after completing the T1 questionnaire) of 5-10% 
during the study, approximately 350 to 400 survivors will therefore be invited at each 
site. To assess the feasibility of this recruitment strategy, each center screened their 
respective registries and estimated a total of 5,944 eligible survivors.
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Box 1. 

26) that aims to meet the physical, psychological and social needs of (adult) survivors 
of childhood cancer through shared decision-making about prevention, surveillance and 
treatment options. The Care Intervention consists of three steps:

 
  The survivor provides information about their health, wellbeing, needs and preferences by 

Summary describing the childhood cancer treatment that the survivor has received, 

Questionnaire provided by the survivor, and thereupon prepares the Standard Survivorship 
Care Plan.

 After obtaining a medical history and 

Survivor Questionnaire, and the Standard Survivorship Care Plan. Together, they agree 
on a plan for diagnostic tests and potential referral if needed, based on surveillance 
guidelines or clinical indication. Based on these shared decisions, as well as potential 

tailored health education.

care for future follow-up care. The results of these shared decisions are incorporated in the 

Survivorship Care Plan when needed.

invited by an invitation letter, an invitation e-mail or by phone (depending on the usual 
procedure at each study site), and receive an information sheet, including contact details 
for additional information and an informed consent form. Reasons for non-participation 

offer the option for paper questionnaires. Survivors who give informed consent but do not 

and will be excluded from the study, as essential data about these survivors will not be 

participants were enrolled and completed the clinic visit. The estimated last inclusion is 
on 30 September 2022, with last data collection on 31 May 2023.

6
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clinical outcomes, it is indicated whether they are assessed through a diagnostic test according to 
the guidelines (d), Survivor Questionnaire (q), or both (d+q). Other clinical outcomes are assessed 
through medical history and/or physical examination. BPI, Brief Pain Inventory; BSI-18, Brief 

hormone/follicle-stimulating hormone; PROMIS, Patient-Reported Outcomes Measurement 
Information System; PCL-5, PTSD Checklist for DSM-5; QoL, quality of life; Satisfaction Qx, 
Satisfaction questionnaire by Blaauwbroek et al.; SCP, Survivorship Care Plan; SDM-Q-9, 9-item 
shared decision-making questionnaire (patient perspective); SF-36, Short Form-36 (36 items, 

perspective).
a References 31 and 35.
b Blaauwbroek R et al. Shared care by pediatric oncologists and family doctors for long-term 
 follow-up of adult childhood cancer survivors: a pilot study. Lancet Oncology. 2008;9(3):232-238.
c Kriston L et al. The 9-item Shared Decision Making Questionnaire (SDM-Q-9). Development and 

 Rodenburg-Vandenbussche S et al. Dutch translation and psychometric testing of the 9-item 
 shared decision making questionnaire (SDM-Q-9) and shared decision making questionnaire-
 physician version (SDM-Q-Doc) in primary and secondary care. PLoS One. 2015;10(7): e0132158. 
d Connor KM et al. Development of a new resilience scale: the Connor-Davidson Resilience Scale 
 (CD-RISC). Depress Anxiety. 2003;18(2):76-82.
e

f Derogatis LR. BSI 18 - Brief Symptom Inventory 18 - administration, scoring, and procedures 
 manual. 2000: NCS Pearson Inc.
g Blevins CA et al. The posttraumatic stress disorder checklist for DSM-5 (PCL-5): development 
 and initial psychometric evaluation. J Trauma Stress. 2015;28(6):489-98. 
h

 Psychooncology, 2010;19(2):125-40. 
i Reference 22. 
j Bingham CO et al. PROMIS Fatigue short forms are reliable and valid in adults with rheumatoid 
 arthritis. J Patient Rep Outcomes. 2019;3(1):14.
k Cleeland CS et al. Pain assessment: global use of the Brief Pain Inventory. Ann Acad Med 
 Singapore. 1994;23(2):129-38.
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Participating survivors can withdraw from the study at any time if they wish. They are 
not obliged to provide a reason for withdrawal, although it will be asked and recorded 

will provide aggregated data about their total eligible population of survivors including 
population distributions of gender, current age, age at diagnosis, type of cancer and 
distance to the late effects clinic. This will be compared to the distributions among the 
included survivors per clinic.

During recruitment and data collection, careful monitoring of enrolment, (non-)
response, reasons for non-response and early and late drop-out will be performed by 
the four study sites in close collaboration with the central data center at the Danish 
Cancer Society Research Center.

Intervention

followed up until six months after the clinic visit. The implementation of person-centered 
care in this project is facilitated by a narrated Powerpoint and an on-site workshop for all 

be conducted at the Italian clinic, where SurPass is already implemented.

Primary and secondary outcomes
This study uses a variety of outcomes to answer the four research objectives (Figure 1).

These are measured from time point 1 (T1) before the clinic visit until T5 at six months 

questionnaires, a clinic visit and diagnostic tests.

1) To what extent is implementing PanCareFollowUp Care in the participating 
study sites feasible?
Feasibility of implementation is of major importance to ensure sustainability of the 

and facilitators are included to inform about the experiences of implementing 

time-points, use of and experiences with the Survivorship Care Plan, and shared decision-
making (Figure 1).

2) What are the experiences and outcomes as reported by participating 
survivors receiving PanCareFollowUp Care?

Action on Patient Safety and Quality of Care as a “multidimensional process that helps 
people gain control over their own lives and increase their capacity to act on issues that 

survivors encounter several transition moments starting from diagnosis, after which a 

6
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greater responsibility for their own health and care is required. It is essential that survivors 
receive the support they need to manage and advocate for their needs. Moreover, 
empowerment is important to manage future health problems. We have included six of 
the eight scales of the heiQ relevant to cancer survivors in our study (social integration 
and support, health services navigation, constructive attitudes and approaches, skill and 
technique acquisition, emotional distress, an self-Monitoring and insight). The heiQ has 
previously been used in cancer patient and survivor populations (34-36). It allows to 
calculate a mean for each scale indicating higher or lower empowerment in the respective 
domain within a participant compared to the baseline assessment.

Secondary outcomes consist of a variety of patient-reported experiences and 

3) What is the number and nature of pre-existing and new clinical events 
detected by PanCareFollowUp Care among participating survivors?

wide range of late effects that survivors may encounter affecting both physical health 
and psychosocial well-being (Figure 1). Clinical outcomes including medical history, are 

at the clinic visit), physician-report in the Treatment Summary, after the clinic visit and 
after potential diagnostic tests (Figure 2). The number and range of pre-existing and 
newly detected health problems (symptomatic and asymptomatic) per survivor will be 
described, including the results of clinical examinations (e.g., echocardiogram or blood 
tests).

4) What are the short-term (six months) and projected long-term costs 
per unit change of empowerment and other outcomes after implementing 
PanCareFollowUp Care from the perspective of survivors and HCPs?
The costs associated with implementing the care model will be determined by using 

and are collected using questionnaires (Figure 2). We do not take costs outside the clinic 
visit into account, that is, costs related to possible primary care physician visits, mental 
health services or referrals to other specialists outside the clinical setting. Costs related 

Implementation and Maintenance framework to assess the impact (www.re-aim.org) 
(37) (Table 1).

Rebecca_Binnenwerk_DEF.indd   116 13/03/2024   16:59



117

Figure 2. Flowchart of data collection after inclusion of an eligible survivor
The boxes describe for each time point the timing of data collection, the person providing data 

Summary or T1-T5 study questionnaire), and the types of outcomes collected. Depicted in blue 

patient-reported experience measures; PROMs, patient-reported outcome measures; T1, time point 
1; T2, time point 2; T3, time point 3; T4, time point 4; T5, time point 5.

6
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Table 1. 

Components Related outcomes/actions in the Care Study

Reach No. and proportion of participants vs. non-responders
Representativeness of participating survivorsa (comparison of distribution: 
gender, current age, age at diagnosis and type of cancer)
Reasons for (non-)participation

Main outcome empowermenta

Patient-reported outcome and experience measures, and clinical, feasibility 
and health economic outcomesa

Adoptionb

Recruitment rate
Barriers and facilitators for recruitment

Implementationb

implementation strategy

Barriers and facilitators for implementation

Maintenance Replication Manual including updated implementation and recruitment 
strategy, publicly available for current and new centers

Care Intervention routine care

a Comparisons will be made according 
to subgroups of gender, current age, age at diagnosis and type of cancer. b This information will be 
collected at each study site separately.

Patient and public involvement

throughout the project and reach out to their respective national and international 
networks when needed. Survivors were involved in setting the research agenda by 
writing the grant application and the study protocol, developing and reviewing the 

on social media (29). They helped consider ways to mitigate the burden of completing the 
study questionnaires or remembering the childhood cancer history for participants. After 
the end of data collection, survivor representatives will be involved in the interpretation 
of the study results and dissemination to participants, survivor networks and the general 
public.

Power calculation
We aim to include 200 participants at each of the four study sites (total n = 800). The 
primary outcome measure is change in empowerment between T1 and T5 as measured 

one additional construct, namely self-monitoring and insight) with mean scores ranging 
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from 2.9 (standard deviation (SD): 0.64) to 3.2 (SD: 0.48). Taking the construct with the 
largest SD (thus needing the highest number of participants to demonstrate a statistically 

of 0.05 and a power 

mean score of 2.9 (SD: 0.64). That is enough power to demonstrate a small to medium 
effect. The actual power is larger since we ignored measuring empowerment repeatedly 
and using constructs with smaller SDs.

Data collection

points (T1-T5) during a follow-up period of six to eight months (Figure 2). We will use 
data collected in the context of care delivery, and combine them with additional data 

with T2), and 3) Follow-up call (two to four weeks after T2, corresponding with T3). 
Thereafter, there is data collection at 1 week after the follow-up call (T4) and 6 months 
after the clinic visit (T5).

Questionnaire (care), the Treatment Summary (care), medical history, physical 
examinations and diagnostic tests during and after the clinic visit (care), and additional 

the study questionnaires for survivors have been pretested by three survivors, whereas 

each center before the start of the data collection. The questionnaires for survivors have 

Dutch, Italian and Swedish.

 Statistical analysis

study site. Next, we will perform subgroup analyses for relevant groups by including 

time since cancer diagnosis, treatment type, or distance to late effects clinic. The models 

number of prevalent conditions as well as new diseases detected, diagnoses of subclinical 
diseases, relapse of the original tumor, late effects and diagnostic measurements. The 
results will be adjusted for multiple testing.

For the health economic evaluation, we will calculate the costs associated with the 

6
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changes until six months of follow-up, and on model-based evaluations for longer-

measure for Adults). Costs include resources incurred at the level of the hospital and 
the survivor. At the hospital level, we measure the time of physicians and other hospital 
staff for tasks related to the clinic visit and the follow-up call, costs for diagnostic and 
screening tests and other consumables for the clinic visit. At the survivor level, we 
measure the time investment and travel costs of survivors and relatives or friends, and 
loss of productive time at the workplace or in education. These costs are investigated 
separately on each level, hospital and survivor, as well as on an aggregated level.

The calculation of cost per unit change of outcomes needs to be interpreted in light 
of the relatively short follow-up period of six months within the study. This implies 
that the cost evaluation mainly focuses on short-run effects, while longer-run effects 

the study. Moreover, effects on other outcomes such as quality of life may be small. In 
order to provide information about the potential medium- to long-run effects, we will 
complement our analysis with a model-based economic evaluation approach using data 
from this study and information from the literature on longer-term effects of follow-up 
interventions and patient pathways, as well as related cost estimations. This will allow 
us to gain a more comprehensive picture on the costs associated with the implementation 

Handling missing data
Automated reminders and phone calls by the clinics are used to ensure that all patients 

mean of the remaining items of the scale as recommended by the manuals. In case of 
other missing data, we will perform sensitivity analyses, that is, perform the analyses 
with the complete cases and repeat the analyses with imputed values.

Data management

www.castoredc.com). This platform can be accessed 

important regulations regarding research: GDPR, ISO 27001 and ISO 9001 with servers 
located in the Netherlands including several measures to ensure security, adequacy and 
veracity of the collected data: regular back-ups (four times per day); personal accounts 
with individual user rights; audit, data and edit trail of all entered and changed data; and 
real-time edit checks to identify discrepancies in entered data.

according to a data entry instruction manual. All personal and sensitive data collected 

After the end of the data collection period, data will be exported from Castor to 
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checks, data cleaning, and validation of data collected at the four sites and will set up 
data for the respective statistical analyses as subsets of the main database, governed by 
Data Transfer Agreements. The investigators will properly address all the ethical, legal, 

protection of natural persons with regard to the processing of personal data and on the 

Regulation or GDPR).

ETHICS AND DISSEMINATION

This study will be conducted in accordance with the guidelines of Good Clinical 

involved in clinical studies. The study protocol has been reviewed and approved by all 

Written informed consent will be obtained from all study participants before 
enrolment and data collection. An independent ethics advisor from Denmark is available 
to provide feedback and advice on ethics issues that may arise. An external study steering 
committee has been appointed to act as an advisory capacity with study oversight and 
external advice. The committee includes a survivor representative, a clinical oncologist, 
a late effects specialist, an ethicist and a statistician.

unlikely given the nature of the questions, except for one question of the Brief Symptom 
Inventory-18 on suicidal thoughts. The central data center and the four study sites will 

as soon as possible, but within a maximum of two weeks. Worrisome answers at the 
pre-visit questionnaire will be discussed at the clinic visit. In the post-visit questionnaires, 
the survivor is informed that he or she can contact their general physician or late effects 
clinic in case of worrisome symptoms or complaints.

After the project, a Replication Manual will be developed for anyone interested in 

include an updated Intervention Manual based on the Care Study results and additional 
focus groups with project stakeholders after the study closes. The Replication Manual will 
include all materials required for implementation in different languages and will become 

policy and press releases has been created warranting publications and lay language 
summaries on the different outcomes collected, to be distributed through the networks 

will be published in peer-reviewed journals and presented on the project website.

6
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APPENDIX A. RECRUITMENT STRATEGY OF EACH STUDY SITE

survivors who received care more recently depending on the recruitment rate among 
the initial population.

Italy starts with inviting survivors who already have a scheduled appointment at their 
clinic, but who did not already receive the Survivorship Passport, and are resident in the 
Liguria region. They will invite 350 to 400 survivors to be able to include 200 survivors. 
They will subsequently recruit scheduled survivors resident in other regions, and if the 

survivors need to be invited to reach the inclusion aim within the recruitment period, they 
will invite survivors who have a scheduled appointment at their clinic and who meet the 
study inclusion criteria.

Belgium starts to invite, in alphabetical order, the survivors of 18 years and older 
with a primary cancer diagnosis with a date of diagnosis in or before 1990, regardless 
of whether or not they already received some long-term follow-up. Simultaneously, 20 
survivors who were scheduled for a clinic visit in March and April 2021 have also been 
invited to participate in this study. In the second wave, they will invite the survivors with 
a diagnosis in 1990-2000 in alphabetic order. And, if needed, the survivors diagnosed 
in 2001-2020, again in alphabetic order.
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ABSTRACT

Background Treatment for childhood cancer may increase the risk of long-term pulmonary 

and pulmonary dysfunction. Pulmonary surveillance is recommended after established 

the role of cyclophosphamide as a pulmonary toxic agent is debated.

Aim To establish whether cyclophosphamide is associated with late pulmonary 
dysfunction among survivors of childhood cancer.

Methods 
study, we included 828 survivors with a median follow-up of 26.6 years, treated with 
cyclophosphamide and/or established pulmonary toxic treatment, or neither. Pulmonary 
function tests were used to measure the primary outcomes of diffusion impairment 

respiratory tract infections, shortness of breath, and supplemental oxygen need.

Results Diffusion and restrictive abnormalities were highly prevalent among those 
treated with pulmonary toxic treatment, with cyclophosphamide (41.0 and 50.4%, 
respectively) and without (34.3 and 41.9%, respectively). In multivariable logistic and 
linear regression analyses, cyclophosphamide did not have a clinically relevant effect 

between cyclophosphamide and established pulmonary toxic treatment.

Conclusions This study suggests that cyclophosphamide is not associated with clinically 
relevant pulmonary dysfunction in long-term childhood cancer survivors.
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INTRODUCTION

tissues, cure often comes at the cost of late effects (2-4). Survivors of childhood 
cancer experience twice as many serious health conditions as their healthy peers, 
with pulmonary diseases contributing substantially to the excess cumulative burden 
of morbidity (5). Several chemotherapeutic agents (bleomycin, busulfan, carmustine 

contribute to varying degrees of lung damage, ranging from microscopic injury to lung 

on a pulmonary function test and clinically present with dyspnea, exercise intolerance, 
and a chronic cough (15). Furthermore, thoracic surgery is associated with chest wall 
deformities and a reduced lung volume (8, 10, 13, 16), and stem cell transplantation 
may be complicated by bronchiolitis obliterans syndrome as a rare but serious form of 
chronic graft-versus-host disease (17).

alkylating agent, as a cause of late adverse pulmonary outcomes. The few studies 

separating the effects of cyclophosphamide from those of established pulmonary toxic 
treatments, limited follow-up duration, and lack of adequate controlling for potentially 
confounding comorbidities or lifestyle factors, such as heart failure or smoking (9, 10, 12, 
13, 18-20). In addition, previous studies varied widely in outcome assessment, ranging 

abnormalities.
Long-term follow-up care using evidence-based guidelines is an important tool to 

timely treatment of late effects (21). Pulmonary surveillance is advised after exposure to 

and thoracic surgery, and often includes one or multiple pulmonary function tests (22, 

development of evidence-based recommendations for childhood cancer survivors treated 
with cyclophosphamide but no other established pulmonary toxic therapies.

In this pulmonary sub-study of the nationwide Dutch Childhood Cancer Survivor 

(24), we sought to i) determine the prevalence of late pulmonary dysfunction (diffusion 
impairment, restriction, or obstruction) among survivors treated with cyclophosphamide 
with or without other pulmonary toxic therapy and controls using pulmonary function 
tests with contemporary and clinically relevant cut-offs, ii) establish whether 
cyclophosphamide is associated with late pulmonary dysfunction as an independent 

treatment, as well as iv) explore the association between cyclophosphamide and 
respiratory symptoms.

7
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METHODS

Study design and population

study in a well-established population-based cohort in the Netherlands (24, 25). The 

Informed consent was obtained from all participants. Inclusion and exclusion criteria for 

B (established pulmonary toxic treatment without cyclophosphamide), C (both 
cyclophosphamide and pulmonary toxic treatment), and D (neither cyclophosphamide 
nor pulmonary toxic treatment). For groups A and D, eligible survivors were randomly 
selected with the aim to recruit at least 260 participants in each group. Groups B and C, 
who are recommended to receive pulmonary surveillance, were included if a pulmonary 

Data collection
Study procedures
Participants were invited to complete a study questionnaire and a clinic visit with 
physical examination. Groups A and D completed a study-related pulmonary function 
test, whereas medical records were reviewed for groups B and C to collect the most 
recent complete pulmonary function test. Pulmonary function measurements were 

mentioning poor quality were excluded. The investigation was rescheduled in case of 
an acute pulmonary infection.

forced vital capacity (FVC) in L from spirometry; total lung capacity (TLC) in L from 
whole body plethysmography; and diffusing capacity for carbon monoxide corrected 

(KCO) in mmol/min/kPa, and alveolar volume (VA) in L from carbon monoxide diffusion 

using the Global Lung Function Initiative (GLI) reference equations (http://gli-calculator.
ersnet.org) (27, 28).
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Figure 1. 

exposure to bleomycin, busulfan, carmustine, lomustine, radiotherapy involving (partial) lung or 
mediastinal tissue including total body irradiation or spinal irradiation, or thoracic surgery. *Including 

and/or radiotherapy. DCCSS, Dutch Childhood Cancer Survivor Study; ICCC-3, International 

7
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Primary and secondary pulmonary outcomes

the lower limit of normal (LLN)), restrictive pulmonary dysfunction (TLC < LLN), and 

Secondary pulmonary outcomes were collected through the questionnaire (i.e., 

a year) and clinic visit (i.e., shortness of breath and supplemental oxygen use). Clinically 

representing the most severe levels.

Details on demographic variables, primary childhood cancer diagnosis and treatment have 

(25). Treatment data was available for the primary cancer and all recurrences, but not 
for subsequent malignancies. Radiotherapy information was reviewed in detail to better 

(Appendix A).

Comorbidities and lifestyle
Comorbidities and lifestyle were examined as potential confounders. Clinically relevant 

cardiomyopathy with self-reported use of cardiovascular medication (Appendix B). Self-
reported smoking was also collected.

Statistical analyses
Continuous variables were described by median, mean, and (interquartile) range as 
appropriate, and categorical variables by frequency or percentage. Causal diagrams to 
identify potential confounders and colliders led to the decision to control for attained 
age, age at diagnosis, clinically relevant cardiac dysfunction and pack years smoked 
in all multivariable models. The prevalence of the primary and secondary pulmonary 

association between cyclophosphamide and pulmonary dysfunction (primary outcome) 
or respiratory symptoms (secondary outcomes), we constructed multivariable logistic and 
linear regression models adjusting for pulmonary toxic treatment on a binary (yes/no) and 

explored by including an interaction term between pulmonary toxic treatment (yes/no) 
and cyclophosphamide (categorical). Assumptions were met for the logistic and linear 
models. All analyses were performed in R version 4.3.0 using two-sided tests at an alpha 
of 0.05, with Bonferroni correction for multiple testing where appropriate.

Rebecca_Binnenwerk_DEF.indd   132 13/03/2024   16:59



133

Multiple imputation
We reviewed the proportion of missing data and performed multiple imputation to 
improve the accuracy and statistical power of our analyses (Appendix C). All analyses 
were also performed on the subset of complete cases for comparison.

RESULTS

Patient and cohort characteristics

questionnaire, clinic visit, and pulmonary function test (Figure 1). Participants were 
diagnosed at a median age of 5.8 years (range: 0.0-17.9), most often with leukemia/
lymphoma (60.1%) or non-central nervous system solid tumor (31.5%), and had a median 
follow-up of 26.6 years (range 14.9-54.9) after diagnosis (Table 1) (Appendix D).

Prevalence of pulmonary dysfunction
Survivors treated with cyclophosphamide but without established pulmonary toxic 
treatment (group A) did not demonstrate an increased prevalence of pulmonary 
dysfunction or respiratory symptoms compared to controls (group D) (Figure 2). 
Restrictive dysfunction and diffusion abnormalities, especially gas exchange disorders 
(64.2% of all diffusion impairments), were observed much more frequently after 
established pulmonary toxic treatments (groups B and C). In our cohort, 87 out of the 
159 participants with diffusion impairment also had restrictive dysfunction, indicating the 

Prevalence of respiratory symptoms
The prevalence of respiratory symptoms in group A (cyclophosphamide only) was similar 
to that in group D (controls) (Figure 2). Survivors treated with cyclophosphamide and 
established pulmonary toxic treatment reported more chronic cough (8.6% in groups B 
and C vs. 5.7% in group D) and shortness of breath (7.6% in group B, 17.3% in group C 
and 9.9% in group D). None of the participants required supplemental oxygen.

Association of cyclophosphamide dose with late pulmonary dysfunction

cyclophosphamide dose of 5-10 g/m2 compared to no cyclophosphamide exposure, but 
this effect was not carried forward in the highest dose category, providing no evidence 
for a dose-response relationship (Table 2, model 2). In the multivariable linear models, 

2 was associated with a 0.3 point 

All multivariable models included adjustment for age at diagnosis, attained age, 
clinically relevant cardiac dysfunction, pack years smoked, as well as pulmonary toxic 
therapy, the latter of which was strongly related to diffusion impairment (OR 5.3, 95% CI 
3.6-7.9) and restrictive dysfunction (OR 8.2, 95% CI 5.5-12.2) (full models in Appendix 

7
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Association of cyclophosphamide dose with respiratory symptoms

shortness of breath (p-values <0.01 and 0.03, respectively), although more than 80% of 
survivors with these types of pulmonary dysfunction reported no dyspnea (Appendix F).

Multiple imputation
In total, 194 out of 828 records (23.4%) were incomplete, mainly because diffusion 
measurement was not always performed during guideline-based surveillance (groups 
B and C), or because questions on smoking habits and respiratory symptoms remained 

DISCUSSION

We studied the effect of cyclophosphamide on long-term pulmonary dysfunction in 
Dutch childhood cancer survivors with a median follow-up of more than 25 years. Our 
study indicates that, after adjustment for pulmonary toxic treatment and other relevant 
confounders, cyclophosphamide does not seem to be associated with clinically relevant 
long-term lung damage.

2 still occur in contemporary 
treatment protocols, the effect on TLC is modest relative to the lower limit of normal 

5-10 g/m2 doubled the odds of diffusion impairment, but without evidence for a dose-
response relationship. Consistent with previous studies, we found that the prevalence 
of pulmonary function test abnormalities is high among those exposed to pulmonary 
toxic treatment (10, 12, 29). Pulmonary toxic radiotherapy and surgery had a stronger 
effect on pulmonary dysfunction than pulmonary toxic chemotherapy. In addition, other 
variables including age at diagnosis, attained age, clinically relevant cardiac dysfunction, 

diffusion impairment, and shortness of breath. As these factors were previously not 
consistently included, our results encourage future researchers to consider causality 
relations during the design of their study and to carefully adjust for potential confounders.

A potential long-term adverse effect of cyclophosphamide on pulmonary health was 

and high quality standards in the conduct and evaluation of pulmonary function tests. 
Its strengths include sampling from a long-term and near-complete population-based 

distinguish between consequences arising from cyclophosphamide versus those of known 
pulmonary toxic treatment, and including a control group with no established pulmonary 
toxic treatment nor cyclophosphamide. Furthermore, we performed clinical evaluation of 
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the outcomes, and adjusted for relevant confounders including age at diagnosis, attained 

to accurately classify lung exposure, also for the neck and abdominally irradiated patients.
Nevertheless, long-term pulmonary health is not only affected by cancer treatment, 

such information or baseline pulmonary function tests were unavailable for our analysis. 
Also, there is a risk of selection bias among those exposed to known pulmonary toxic 
treatment, because for this group we included only eligible survivors with a pulmonary 
function test in their medical record. Lastly, due to our cross-sectional design, we could 
not capture longitudinal changes in pulmonary function (13, 14, 35).

main pulmonary outcomes using the updated Global Lung Function Initiative 

improvements include coverage of all ages, a more representative reference population, 
and correction for lung maturation (28). As the introduction of the GLI criteria primarily 
affects conclusions regarding obstruction (37, 38), we expect a lesser impact on the data 
related to restriction and diffusion, which are most common among childhood cancer 
survivors (12).

those treated with cyclophosphamide, but without other established pulmonary toxic 
treatment. As cyclophosphamide is included in numerous pediatric oncology treatment 

understanding of the impact of the distinct pulmonary toxic therapies, elucidating their 

with longitudinal assessment of pulmonary outcomes, including prospective follow-
up of newly diagnosed children, will be highly informative in this regard (39). Another 

interstitial lung disease and asymptomatic individuals who only exhibit microscopic 
damage to the lung tissue.

In conclusion, our study shows that cyclophosphamide is not associated with clinically 
relevant long-term pulmonary dysfunction or respiratory symptoms. This knowledge 
strengthens surveillance recommendations not to perform pulmonary function tests in 
childhood cancer survivors treated with cyclophosphamide without other established 
pulmonary toxic treatment.
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APPENDIX A. DETAILED METHODOLOGY OF RADIOTHERAPY 
CLASSIFICATION

participants that had received radiotherapy to the neck, chest and/or abdominal area, 
or had received total body irradiation. The thorax was divided into eight segments (see 

Gy, and total body irradiation with dose in Gy. We included radiotherapy of the primary 
childhood cancer and all recurrences, but not of subsequent malignant neoplasms. 

the coding of each of the eight segments as either exposed or non-exposed, with a 

match exactly with the eight thorax segments, we coded a thorax segment as exposed 

dose of radiotherapy.

Figure A.1 
x- and y-values
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APPENDIX B

Table B.1
cardiac dysfunction

Category ATC code (category name)

Cardiovascular medication C01 (cardiac therapy)
C02 (antihypertensives)
C03 (diuretics)
C04 (peripheral vasodilators)
C05 (vasoprotectives)
C07 (beta blocking agents)
C08 (calcium channel blockers)
C09 (agents acting on the renin-angiotensin system)

ATC, Anatomical Therapeutical Chemical.

7
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Chapter 7

APPENDIX F
Table F.1 Relation between pulmonary function test abnormalities and respiratory symptoms

n total

Obstruction Restriction Diffusion

p-value p-value p-value

Recurrent RTIs 44 3 (6.0) 1.000 8 (4.7) 1.000 7 (4.4) 1.000

Chronic cough 55 4 (8.0) 1.000 14 (8.2) 0.644 14 (8.8) 0.572

Shortness of breath 91 9 (18.0) 0.543 28 (16.4) 0.033 30 (18.8) 0.003

Shown are the number with each symptom (n total), and the number and percentage of those 
with late pulmonary dysfunction experiencing the respiratory symptom (n, %). P-values for the 
association between each symptom and pulmonary function test abnormality were calculated 

n, number; RTIs, respiratory tract infections.
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Part 2
Evaluating the quality of care for childhood 

cancer patients and survivors
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8
The critical role of clinical practice guidelines 

and indicators in high-quality survivorship 
after childhood cancer

Renée L. Mulder, Rebecca J. van Kalsbeek, Melissa M. Hudson, 
Roderick Skinner, Leontien C.M. Kremer

Pediatric Clinics of North America, 2020;67:1069-1081
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Chapter 8

ABSTRACT

morbidity and mortality. Physicians involved in the care of childhood cancer survivors 

this regard), developing clinical policy from evidence into evidence-based clinical practice 
guidelines, disseminating and implementing clinical practice guidelines, and evaluating 
their impact on quality of care and survivor health outcomes with quality indicators. This 
article describes these cornerstones of evidence-based medicine.
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INTRODUCTION

Continuing advances in the treatment of childhood cancer during the last 50 years have 

has been accompanied by the occurrence of late, treatment-related complications (3, 
4). Consequently, the number of childhood cancer survivors at high risk for premature 
morbidity and mortality is growing. Late adverse effects of cancer treatment contribute 
to an increased incidence of chronic diseases in adult survivors of childhood cancer and 
may ultimately reduce life expectancy (5).

Long-term follow-up care is important to facilitate early detection of late effects 
and timely initiation of interventions to preserve and improve health. Childhood cancer 
survivors and healthcare providers need guidance to increase awareness and proactive 
surveillance of cancer-related and treatment-related health risks to initiate timely 
intervention. Moreover, those caring for childhood cancer survivors need resources to 
address the emerging needs of their patients at risk for therapy-related late complications.

developments, including data generated by a rapidly expanding area of research. Keeping 
up, however, is challenging since the number of survivorship studies has increased 
substantially in recent decades, and quadrupled since 1996 (6). These data underscore 
the need for more reliable and relevant information to translate this information into 
evidence-based clinical practice guidelines (CPGs). The steps required to achieve 

developing clinical policy from evidence into evidence-based CPGs, disseminating and 
implementing CPGs, and evaluating their impact on quality of care and survivor health 
outcomes. These elements form the cornerstones of evidence-based medicine, as shown 
in the quality of care cycle (Figure 1).

EVIDENCE-BASED MEDICINE

research with clinical expertise, patient values (such as preferences and expectations), 

clinical decision-making in healthcare by clarifying the quality of the evidence available 

Cochrane Collaboration
In 1993 the Cochrane Collaboration was founded in response to the introduction of 

the best evidence in healthcare by facilitating the preparation and maintenance of 
systematic reviews. Cochrane systematic reviews help clinicians evaluate all of the 

8
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searching and appraising the literature and for reporting the results (10). The Cochrane 
Collaboration, which represents the largest provider of systematic reviews for healthcare, 
has produced approximately 6,000 systematic reviews available in the Cochrane Library.

Cochrane Childhood Cancer has been registered within the Cochrane Collaboration 
since 2006 (www.ccg.cochrane.org). The aim of Cochrane Childhood Cancer is to 
perform and sustain systematic reviews about interventions and diagnosis in childhood 
and young adult patients with cancer and survivors with respect to prevention, treatment, 
supportive care, psychosocial care, palliative and terminal care, nursing care, and late 
adverse effects. Systematic reviews form the basis of evidence-based CPGs.

Figure 1. Quality of care cycle

EVIDENCE-BASED CLINICAL PRACTICE GUIDELINES

Translation of evidence into clinical practice is essential to deliver high-quality clinical 
care. Guidelines can facilitate bridging the gap between research and clinical practice. 
CPGs are increasingly used to assist both clinical and healthcare policy decision-making 

evidence.
CPGs are seen as powerful tools to improve quality of care. Their main aim is to 

improve healthcare processes and health outcomes. Guidelines recommending proven 
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effective interventions and discouraging ineffective ones may reduce morbidity and 

delivery (11, 13-18). Guidelines facilitate uniform care, thereby reducing variability in 
daily healthcare practice. They can also contribute to the reduction of inconsistencies in 
healthcare decisions between physicians, and promote effective care, communication, and 
collaboration among healthcare professionals, and among healthcare professionals and 

prescriptions, surgery, and other procedures (11).
Before the wider implementation of CPGs, clinical practice was usually guided by 

nonsystematic observations based on clinical experience. Systematic development 

adopted this program to develop their national and regional consensus statements 

introduced in the 1990s, the method of evidence-based guideline development has 
become the international standard in which the best available evidence, clinical judgment, 

CHILDHOOD CANCER SURVIVORSHIP CARE GUIDELINES

evidence-based CPGs for long-term follow-up of childhood cancer survivors (20-23). 
The main goal of these CPGs is to facilitate opportunities for early detection and timely 
intervention to treat or prevent late effects. In addition, these survivorship guidelines 
highlight surveillance tests that may be unnecessary or inadvisable due to the potential 
for overdiagnosis, psychological distress, or lack of availability of appropriate interventions 
(24).

Despite all efforts, the recommendations between existing survivorship guidelines 
differ, sometimes greatly, in terms of risk groups, surveillance modalities and intervals. 
This may have resulted from differences in methodologies used for guideline 
development, and diversity in clinical expertise and cultural variation. To combine 
international expertise, reduce duplication of work, and further improve survivorship 

long-term follow-up of survivors of childhood and young adult cancer: the International 
 www.ighg.

org) (25). Its main goal is to establish a common vision and integrated strategy for the 
surveillance of late effects in childhood and young adult cancer survivors worldwide. 

and late-onset adverse effects experienced by childhood cancer survivors and provides 
recommendations regarding which patients need surveillance, what surveillance 
modalities should be used, when surveillance should be initiated, at what frequency 

8
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surveillance should be performed, and what should be done when abnormalities are 

in pediatric and radiation oncology, pediatric and medical subspecialties, primary care, 
nursing, and patient advocates. In addition, the effort involves individuals with formal 
training in evidence-based guideline development. The recommendations are developed 
to permit implementation in a variety of different healthcare and resource settings.

gonadotoxicity (29), subsequent thyroid cancer (30), and ototoxicity (31). In addition, 
many guidelines are currently under development (Table 1).

Table 1. Overview of clinical practice guidelines of the International Guideline 

Available IGHG guidelines
 Breast cancer surveillance (reference 26)
 Cardiomyopathy surveillance (reference 27)

 Male gonadotoxicity surveillance (reference 29)
 Thyroid cancer surveillance (reference 30)
 Ototoxicity surveillance (reference 31)

IGHG guidelines currently being developed
 Obstetric care surveillance
 Central nervous system neoplasms surveillance
 Coronary artery disease surveillance

 Fatigue surveillance
 Mental health surveillance
 Psychosocial problems surveillance
 Metabolic syndrome surveillance
 Pulmonary dysfunction surveillance
 Bone toxicity surveillance
 Nephrotoxicity surveillance
 Thyroid dysfunction surveillance
 Neurocognitive problems surveillance
 Colorectal cancer surveillance

Evidence-based methods IGHG guidelines

expertise of healthcare professionals and patients. Guideline development involves three 

For the preparation phase a guideline panel is convened and the scope of the guideline 
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in existing survivorship guidelines.
2.  Formulation of clinical questions in the PICO format (participants, interventions, 

control group, and outcome). The questions should be clear, focused, and closely 

literature search that aims to identify all the available evidence.

the methodological quality of the included evidence. For each clinical question 
a conclusion of evidence is formulated. The quality of the total body of evidence 
is graded using the Grades of Recommendation, Assessment, Development and 

for making a decision are considered and informs the guideline panel about the 
relative pros and cons of the interventions or options being considered. This 
approach makes the decision-making process structured and transparent. The 

categories: strong recommendation to do (green), moderate recommendation to 
do (yellow), and recommendation not to do (red).

of the process and the considerations made in formulating recommendations. The 

and subsequently published in peer-reviewed journals.
The development of CPGs does not guarantee improvement in the quality of care. The 

success of a guideline not only depends on the clinical context and rigor of methodology, 
but also on dissemination and implementation strategies (32).

DISSEMINATION AND IMPLEMENTATION OF CHILDHOOD CANCER 
SURVIVORSHIP CARE GUIDELINES

and management of late effects resulting from therapeutic exposures used during 

transfusions, hematopoietic cell transplantation, and surgical procedures. In addition, 

8
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at excess risk of subsequent neoplasms related to pediatric cancer treatment. They are 

evidence emerging in the literature and present recommendations for guideline revisions 

are disseminated through a website (www.survivorshipguidelines.org) that includes 

resources to facilitate risk-based survivorship care, such as the web-based Passport of 
Care that provides tailored late effects screening recommendations to individual survivors 
based on their therapeutic exposures (34). In addition, COG members have disseminated 
guideline recommendations through local, regional, and national academic and community 
forums and in numerous scholarly publications. COG investigators are highly committed 

Studies, www.pancaresurfup.eu) contributed strongly to the development of evidence-

long-term follow-up care has been published, and CPGs for requirements for transition 
of care from the pediatric to adult healthcare setting and health promotion are under 

pancarefollowup.eu) is developing 
consensus-based surveillance guidelines for those late effects topics not addressed by 

based CPGs has been achieved by presentations at the biannual PanCare meetings, 
the international PanCareSurFup closing conference (held in Brussels in May 2016), 

their own countries. It is important that dissemination includes provision of appropriate 
and readily understandable information for survivors and their families. PanCare has 
established a PLAIN Information Group to develop lay language summaries of the 
guideline recommendations. In addition, PanCare helped to develop the Survivorship 
Passport (SurPass), a web-based tool that provides a treatment summary and individual 
recommendations for surveillance of late effects, to empower survivors to seek the care 
they need (35).

EVALUATION OF THE QUALITY OF CARE

The last essential feature of the on-going process of quality improvement is the evaluation 
of the quality of care delivered. Although developing and distributing CPGs is important 

achieve successful implementation.

structures and processes of care which they need and whether the care received is 
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 The Institute of Medicine elaborates on this by stating that high-quality 

of the actual care delivered can be measured with so called quality indicators. Quality 
indicators are “measurable elements of practice performance for which there is evidence 
of consensus that they can be used to assess quality and hence change in quality, of care 

procedural and outcome-related aspects of care quality (39, 40).
Indicator measurement and monitoring has many purposes. Quality indicators 

make it possible to document the quality of care; make comparisons (benchmarking) 
over time between healthcare institutions; make judgments and set priorities; support 
accountability, regulation and credibility; support quality improvement; and support 
patient choice of care services (41). 

care provided. By comparing the delivered care with the recommended care in CPGs, 

Three types of quality indicators are distinguished, referring to the process and 
structure of medical care and the outcome of delivered care (Table 2).

Process indicators assess what the provider did for the patient and how well this 
was done. Process measures are direct measures of the quality of care, provided that an 
association has been demonstrated between a given process and outcome. For example, 
the proportion of survivors treated with greater than or equal to 35 Gy radiotherapy to 
a volume exposing the heart who have received an echocardiogram within two years 
after completion of therapy. Structure indicators relate to the presence or amount of 
staff, clients, money, beds, supplies, and buildings. An example related to childhood 
cancer survivorship care may be the proportion of pediatric oncology centers with a 
long-term follow-up clinic to provide survivorship care. From the survivor or patient 
perspective, as well as that of the insurer or payer, the ultimate consideration is the 
desired outcome (40). Outcome indicators are valid as performance indicators to the 

equal to 35 Gy radiotherapy to a volume exposing the heart who have developed clinical 

support of review criteria and standards of care (i.e., CPGs). A review criterion is a clearly 

of patients from a case-to-case basis (43). It should be precise and unambiguous, to 
allow for reliable and valid retrospective review. Reliability means that the indicator 
can be measured similarly in different situations and by different observers, whereas 
validity implies that the indicator is related to the outcome of interest. Some types of 
indicators, such as blood pressure or kidney function, are easier to quantify than others. 
In the transition from evidence-based to value-based healthcare, more emphasis has 
been put on patient-centered aspects of healthcare, such as health-related quality of 
life or patient satisfaction.

At present, there have been no efforts for the development of quality indicators in 
childhood cancer survivorship care. Several quality indicators have been developed for 
adult cancer care through combined evidence- and consensus-based processes (44-
48). One of the more extensive and comprehensive endeavors is the Quality Oncology 
Practice Initiative, launched by the American Society of Clinical Oncology in 1997, which 

8
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these indicators relate to survivorship, of which only four are applicable to childhood 
cancer survivors: 1) completion of a chemotherapy treatment summary within 3 months 
of the end of chemotherapy, 2) discussion of infertility risks prior to chemotherapy, 3) 
discussion of fertility preservation options, and 4) queries about smoking status including 
appropriate interventions (49). A wide range of relevant topics for childhood cancer 
survivors are therefore not addressed and assessed systematically. Nevertheless, it is 
promising that the use of quality indicators in adult cancer care has a positive effect on 
provided care (50, 51). For example, clinics that have adopted the Quality Oncology 
Practice Initiative measures for cancer care improved their performance over time. 

and antivomiting medication when administering highly emetogenic chemotherapy, 

measures such as assessing smoking status and counselling for infertility risks and 
fertility preservation, the participating centers consistently performed poorly, indicating 

study, compliance to a quality measure for removal of 12 regional lymph nodes at colon 
cancer resection showed improvement after introduction of a reporting program, and 
better risk-adjusted survival (51).

Because the evidence base for long-term follow-up recommendations in survivorship 
care is expanding, the evaluation of actual clinical quality of care becomes more 
important. Although there are currently no systematic quality evaluations in childhood 
cancer survivorship care, nor have there been efforts for development of quality indicator 
sets, it would be useful to initiate such collaborations, to encourage further improvement 
within clinics and enable benchmarking between clinics and countries. The shift from 
paper to electronic medical records and the increase in cancer and survivor registries will 
greatly increase their feasibility and cost-effectiveness. Survivor participation should be 
central to these initiatives, as their experiences are pivotal in the concept of value-based 

quality as well as multi-stakeholder approaches can identify gaps in the current quality 
of provided care and might spark new research initiatives, thereby initiating a new cycle 
in the quality of care improvement process.

SUMMARY

Physicians involved in the care of childhood cancer survivors, and survivors, should be 
aware of the health problems that survivors may experience and provide high-quality, 
long-term follow-up care based on CPGs. The cyclical pattern of evidence generation, 
implementation, and evaluation drives current healthcare practices and systems. CPGs 

as well as for patients to make well-informed healthcare decisions. The development 
and use of quality indicators are important to evaluate the impact of CPGs on the quality 
of care and survivor health outcomes. International collaboration among clinicians, 
researchers, guideline developers, patients, and survivors is essential in bridging the gap 
between research and clinical practice and evaluation of the quality of care. In this way we 

Rebecca_Binnenwerk_DEF.indd   176 13/03/2024   16:59



177

Clinical practice guidelines and indicators in childhood cancer survivorship

Ta
bl

e 
2.

 

P
ro

ce
ss

St
ru

ct
ur

e
O

ut
co

m
e

R
ec

om
m

en
da

tio
n

Su
rv

iv
or

s 
tr

ea
te

d 
w

ith
 c

he
st

 ra
di

at
io

n 

su
rv

ei
lla

nc
e 

us
in

g 
ec

ho
ca

rd
io

gr
ap

hy
 w

ith
 

as
se

ss
m

en
t o

f l
ef

t v
en

tr
ic

ul
ar

 s
ys

to
lic

 
fu

nc
tio

n,
 to

 b
eg

in
 n

o 
la

te
r t

ha
n 

2 
ye

ar
s 

af
te

r c
om

pl
et

io
n 

of
 th

er
ap

y,
 re

pe
at

ed
 a

t 5
 

ye
ar

s 
af

te
r d

ia
gn

os
is

 a
nd

 c
on

tin
ue

d 
ev

er
y 

5 
ye

ar
s 

th
er

ea
ft

er
 (r

ef
er

en
ce

 2
7)

ha
ve

 a
 lo

ng
-t

er
m

 fo
llo

w
-u

p 
cl

in
ic

 
(re

fe
re

nc
e 

52
)

Su
rv

iv
or

s 
sh

ou
ld

 re
ce

iv
e 

ca
rd

io
m

yo
pa

th
y 

ca
rd

io
va

sc
ul

ar
 d

is
ea

se
 (r

ef
er

en
ce

 2
7)

In
di

ca
to

r
G

y 
re

ce
iv

in
g 

an
 e

ch
o 

of
 th

e 
he

ar
t w

ith
in

 2
 

ye
ar

s 
af

te
r c

om
pl

et
io

n 
of

 th
er

ap
y

Th
e 

pr
es

en
ce

 o
f a

 lo
ng

-t
er

m
 fo

llo
w

-u
p 

cl
in

ic
 fo

r s
ur

vi
vo

rs
hi

p 
ca

re
 a

t p
ed

ia
tr

ic
 

on
co

lo
gy

 c
en

te
rs

Th
e 

cu
m

ul
at

iv
e 

in
ci

de
nc

e 
of

 c
lin

ic
al

 h
ea

rt
 

fa
ilu

re
 a

m
on

g 
su

rv
iv

or
s 

tr
ea

te
d 

w
ith

 c
he

st
 

In
di

ca
to

r n
um

er
at

or
: S

ur
vi

vo
rs

 tr
ea

te
d 

re
ce

iv
ed

 a
n 

ec
ho

 o
f t

he
 h

ea
rt

 w
ith

in
 2

 
ye

ar
s 

af
te

r c
om

pl
et

io
n 

of
 th

er
ap

y

In
di

ca
to

r n
um

er
at

or
: P

re
se

nc
e 

of
 a

 lo
ng

-
te

rm
 fo

llo
w

-u
p 

cl
in

ic
 fo

r s
ur

vi
vo

rs
hi

p 
ca

re
 

at
 th

e 
pe

di
at

ric
 o

nc
ol

og
y 

ce
nt

er
s

In
di

ca
to

r n
um

er
at

or
: S

ur
vi

vo
rs

 tr
ea

te
d 

he
ar

t f
ai

lu
re

 a
t o

r b
ef

or
e 

th
e 

ag
e 

of
 4

5 
ye

ar
s

In
di

ca
to

r d
en

om
in

at
or

: A
ll 

su
rv

iv
or

s 
In

di
ca

to
r d

en
om

in
at

or
: A

ll 
pe

di
at

ric
 

on
co

lo
gy

 c
en

te
rs

In
di

ca
to

r d
en

om
in

at
or

:
A

ll 
su

rv
iv

or
s 

tr
ea

te
d 

w
ith

 c
he

st
 ra

di
at

io
n 

or
 o

ld
er

R
ev

ie
w

 c
rit

er
io

n

th
e 

he
ar

t a
t 2

 y
ea

rs
 a

ft
er

 c
om

pl
et

io
n 

of
 

D
oe

s 
th

is
 p

ed
ia

tr
ic

 o
nc

ol
og

y 
ce

nt
er

 h
av

e 
a 

lo
ng

-t
er

m
 fo

llo
w

-u
p 

cl
in

ic
 to

 p
ro

vi
de

 

8

Rebecca_Binnenwerk_DEF.indd   177 13/03/2024   16:59



178

Chapter 8

Ta
bl

e 
2.

 

P
ro

ce
ss

St
ru

ct
ur

e
O

ut
co

m
e

St
an

da
rd

Ta
rg

et
 s

ta
nd

ar
d:

 8
0%

 o
f s

ur
vi

vo
rs

 

sh
ou

ld
 re

ce
iv

e 
an

 e
ch

o 
of

 th
e 

he
ar

t w
ith

in
 

2 
ye

ar
s 

af
te

r c
om

pl
et

io
n 

of
 c

ar
di

ot
ox

ic
 

th
er

ap
y

Ta
rg

et
 s

ta
nd

ar
d:

 8
0%

 o
f t

he
 p

ed
ia

tr
ic

 
on

co
lo

gy
 c

en
te

rs
 s

ho
ul

d 
ha

ve
 a

 lo
ng

-t
er

m
 

fo
llo

w
-u

p 
cl

in
ic

 to
 p

ro
vi

de
 s

ur
vi

vo
rs

hi
p 

ca
re

Ta
rg

et
 s

ta
nd

ar
d:

 C
um

ul
at

iv
e 

in
ci

de
nc

e 
of

 c
lin

ic
al

 h
ea

rt
 fa

ilu
re

 in
 s

ur
vi

vo
rs

 tr
ea

te
d 

or
 le

ss
 a

t t
he

 a
ge

 o
f 4

5 
ye

ar
s

A
ch

ie
ve

d 
st

an
da

rd
 (h

yp
ot

he
ti

ca
l)

: 5
0%

 
of

 s
ur

vi
vo

rs
 tr

ea
te

d 
w

ith
 c

he
st

 ra
di

at
io

n 

he
ar

t w
ith

in
 2

 y
ea

rs
 a

ft
er

 c
om

pl
et

io
n 

of
 

ca
rd

io
to

xi
c 

th
er

ap
y

A
ch

ie
ve

d 
st

an
da

rd
: 3

8%
 o

f s
ur

vi
vo

rs
 

re
ce

iv
e 

lo
ng

-t
er

m
 fo

llo
w

-u
p 

ca
re

 u
nd

er
 

th
e 

gu
id

an
ce

 o
f a

 c
an

ce
r s

ur
vi

vo
rs

hi
p 

ex
pe

rt
 s

er
vi

ce
 o

r c
an

ce
r c

en
te

r (
re

fe
re

nc
e 

53
)

A
ch

ie
ve

d 
st

an
da

rd
 (h

yp
ot

he
ti

ca
l)

: 
C

um
ul

at
iv

e 
in

ci
de

nc
e 

of
 c

lin
ic

al
 h

ea
rt

 
fa

ilu
re

 in
 s

ur
vi

vo
rs

 tr
ea

te
d 

w
ith

 c
he

st
 

ye
ar

s 
(re

fe
re

nc
e 

54
)

.

Rebecca_Binnenwerk_DEF.indd   178 13/03/2024   16:59



179

Clinical practice guidelines and indicators in childhood cancer survivorship

 REFERENCES

1. Phillips SM, Padgett LS, Leisenring 
WM, Stratton KK, Bishop K, Krull KR, et 
al. Survivors of childhood cancer in the 

Prev. 2015;24(4):653-63.
2. Trama A, Botta L, Foschi R, Ferrari A, 

diagnosed with cancer in 2000-07: pop-

Lancet Oncol. 2016;17(7):896-906.

Kremer LCM, van den Bos C, van der 
-

sessment of adverse health outcomes in 
long-term survivors of childhood cancer. 
Jama. 2007;297(24):2705-15.

AT, et al. Chronic health conditions in 
adult survivors of childhood cancer. N 

5. Yeh JM, Nekhlyudov L, Goldie SJ, Mer-
tens AC, Diller L. A model-based es-
timate of cumulative excess mortality 
in survivors of childhood cancer. Ann 
Intern Med. 2010;152(7):409-17.

survivorship research: a review of the 
literature and summary of current 
NCI-designated cancer center projects. 

2011;20(10):2042-7.

new approach to teaching the practice 
of medicine. JAMA. 1992;268(17):2420-
5.

Guides to the Medical Literature: XXV. 

Group. JAMA. 2000;284(10):1290-6.

-
idence from research into practice: 1. 
The role of clinical care research evi-
dence in clinical decisions. ACP J Club. 
1996;125(3):A14-6.

Tips and tricks for understanding and 
using SR results – no 15: clinical prac-

2009;4:1333-5.

-

and harms of clinical guidelines. BMJ. 
1999;318(7182):527-30.

12. Institute of Medicine (IOM). Clinical 
practice guidelines we can trust. Wash-
ington, DC: The National Academies 
Press; 2011.

13. Ansari S, Rashidian A. Guidelines for 

comparative assessment of clinical 
practice guideline development hand-
books. PLoS One. 2012;7(11):e49864.

-
ical guidelines on medical practice: a 
systematic review of rigorous evalua-
tions. Lancet. 1993;342(8883):1317-22.

G, Fraser C, Ramsay CR, Vale L, et al. 
-

line dissemination and implementa-

2004;8(6):iii-iv, 1-72.

Guideline concordant therapy prolongs 

patients: results from a large popula-
tion-based cohort of a cancer registry. 
Biomed Res Int. 2014;2014:137304.

8

Rebecca_Binnenwerk_DEF.indd   179 13/03/2024   16:59



180

Chapter 8

17. Lugtenberg M, Burgers JS, Westert GP. 
-

tice guidelines on quality of care: a sys-

2009;18(5):385-92.

cancer care by the use of clinical prac-
tice guidelines and critical pathways. J 
Clin Oncol. 2001;19(11):2886-97.

19. Jacoby I. The consensus development 
program of the National Institutes of 

Care. 1985;1(2):420-32.

follow-up guidelines for survivors of 
childhood, adolescent and young adult 
cancers. Version 5.0. 2019. Available 
at: http://www.survivorshipguidelines.

v5.pdf. Accessed November 13, 2019.
21. Dutch Childhood Oncology Group. 

Guidelines for follow-up in survivors 
of childhood cancer 5 years after diag-
nosis. 2010. Available at: https://www.
skion.nl/workspace/uploads/richtlijn_
follow-up_na_kinderkanker_deel_1_1.
pdf. Accessed November 13, 2019.

eds. Therapy based on long-term follow 

2005. Available at: https://www.uhb.
nhs.uk/Downloads/pdf/CancerPbTher-

-
cessed November 13, 2019.

23. Scottish Intercollegiate Guidelines Net-
work. Long term follow up of survivors 
of childhood cancer. A national clinical 
guideline. 2013. Available at: https://
www.sign.ac.uk/assets/sign132.pdf. 
Accessed November 13, 2019.

-

Imaging. 2016;40(2):339-43.

Bhatia S, Landier W, Levitt G, et al. A 

guidelines for the long-term follow-up 
of childhood and young adult cancer 
survivors: a report from the International 

-

Cancer. 2013;60(4):543-9.

Bhatia S, Landier W, Levitt G, et al. Rec-
ommendations for breast cancer surveil-
lance for female survivors of childhood, 
adolescent, and young adult cancer 
given chest radiation: a report from the 

Lancet Oncol. 2013;14(13):e621-9.

Recommendations for cardiomyopathy 
surveillance for survivors of childhood 
cancer: a report from the Internation-

Oncol. 2015;16(3):e123-36.
28. Van Dorp W, Mulder RL, Kremer LCM, 

-
mendations for premature ovarian 

survivors of childhood, adolescent, 
and young adult cancer: a report from 

-

Group in collaboration with the Pan-
CareSurFup Consortium. J Clin Oncol. 
2016;34(28):3440-50.

29. Skinner R, Mulder RL, Kremer LC, 

al. Recommendations for gonadotoxicity 
surveillance in male childhood, adoles-
cent, and young adult cancer survivors: 
a report from the International Late 

with the PanCareSurFup Consortium. 
Lancet Oncol. 2017;18(2):e75-e90.

Rebecca_Binnenwerk_DEF.indd   180 13/03/2024   16:59



181

Clinical practice guidelines and indicators in childhood cancer survivorship

30. Clement SC, Kremer LCM, Verburg FA, 

thyroid cancer surveillance in survivors 
of childhood, adolescent and young 
adult cancer: recommendations from 

-

Group in collaboration with the PanCar-
eSurFup Consortium. Cancer Treat Rev. 
2018;63:28-39.

Skinner R, et al. Recommendations for 
ototoxicity surveillance for childhood, 
adolescent, and young adult cancer 
survivors: a report from the International 

-
-

ration with the PanCare Consortium. 
Lancet Oncol. 2019;20(1):e29-e41.

32. Grol R, Grimshaw J. From best evidence 
to best practice: effective implementa-

2003;362(9391):1225-30.

Development of risk-based guidelines 
for pediatric cancer survivors: the Chil-

-

-
tee and Nursing Discipline. J Clin Oncol. 
2004;22(24):4979-90.

34. Poplack DG, Fordis M, Landier W, Bhatia 

cancer survivor care: development of the 
Passport for Care. Nat Rev Clin Oncol. 
2014;11(12):740-50.

D, Byrne J, Karner S, et al. Survivor-
ship after childhood cancer: PanCare: 

-

2015;51(10):1203-11.
36. Campbell SM, Roland MO, Buetow SA. 

2000;51(11):1611-25.

37.  Institute of Medicine Committee on 
-

System for the 21st Century. Washing-
ton, DC, National Academy Press, 2001.

38. Lawrence M. OF. Indicators of Quality 

General Practice. 1997;3(3):103-8.
-

ty of medical care. 1966. Milbank Q. 
2005;83(4):691-729.

clinical performance measure. Am J Prev 
Med. 1998;14(3):14-21.

From a process of care to a measure: 
the development and testing of a qual-

2001;13(6):489-96.

The advantages and disadvantages 
of process-based measures of health 

2001;13(6):469-74.
-

son A, Marshall M. Research methods 
used in developing and applying qual-
ity indicators in primary care. Qual Saf 

-

van den Broek LD, et al. Development 
of quality indicators for diagnosis and 
treatment of patients with non-small 

implementing a multidisciplinary, evi-
dence-based guideline. Lung Cancer. 
2006;54(1):117-24.

45. Malafa MP, Corman MM, Shibata D, 

Florida Initiative for Quality Cancer 
Care: a regional project to measure and 
improve cancer care. Cancer Control. 
2009;16(4):318-27.

Dupuy DM, Grabler PM, Weldon CB. 
Beyond the mammography quality 
standards act: measuring the quality of 
breast cancer screening programs. AJR 
Am J Roentgenol. 2014;202(1):145-51.

8

Rebecca_Binnenwerk_DEF.indd   181 13/03/2024   16:59



182

Chapter 8

Singh S, Parker K, Kong G, et al. Con-
sensus-derived quality performance 
indicators for neuroendocrine tumour 
care. J Clin Med. 2019;8(9).

JO, et al. A process for measuring the 
quality of cancer care: the Quality On-
cology Practice Initiative. J Clin Oncol. 
2005;23(25):6233-9.

49. Mayer DK, Shapiro CL, Jacobson P, 
McCabe MS. Assuring quality cancer 

2015:e583-91.
50. Neuss MN, Malin JL, Chan S, Kadlubek 

PJ, Adams JL, Jacobson JO, et al. Mea-
suring the improving quality of outpa-
tient care in medical oncology practic-

2013;31(11):1471-7.

Mallin K, Kakade S, Carp N, et al. Com-
pliance with cancer quality measures 
over time and their association with 
survival outcomes: the Commission on 

measure requiring at least 12 regional 
lymph nodes to be removed and ana-

Surg Oncol. 2019;26(6):1613-21.

-
idence-based recommendations for the 

care for childhood and adolescent 
cancer survivors: a report from the Pan-
CareSurFup Guidelines Working Group. 
J Cancer Surviv. 2019;13(5):759-72.

-
grams for childhood cancer survivors 

One. 2012;7(12):e53201.

-
ma T, Mertens AC, Mitby P, Stovall M, 
et al. Cardiac outcomes in a cohort of 
adult survivors of childhood and ado-
lescent cancer: retrospective analysis 
of the Childhood Cancer Survivor Study 
cohort. BMJ. 2009;339:b4606.

Rebecca_Binnenwerk_DEF.indd   182 13/03/2024   16:59



183

Clinical practice guidelines and indicators in childhood cancer survivorship

8

Rebecca_Binnenwerk_DEF.indd   183 13/03/2024   16:59



Rebecca_Binnenwerk_DEF.indd   184 13/03/2024   16:59



9
A joint international consensus statement 

for measuring quality of survival for patients 
with childhood cancer

Rebecca J. van Kalsbeek, Melissa M. Hudson, Renée L. Mulder, Matthew Ehrhardt, 
Daniel M. Green, Daniel A. Mulrooney, Jessica Hakkert, Jaap den Hartogh, Anouk 

Nijenhuis, Hanneke M. van Santen, Antoinette Y.N. Schouten-van Meeteren, Harm 
van Tinteren, Lisanne C. Verbruggen, Heather M. Conklin, Lisa M. Jacola, Rachel 

Tillery Webster, Marita Partanen, Wouter J.W. Kollen, Martha A. Grootenhuis*, Rob 
Pieters*, Leontien C.M. Kremer*, and the International Childhood Cancer Outcome 

Project participants

* These authors jointly supervised this work

Nature Medicine, 2023;29:1340-1348

9
Rebecca_Binnenwerk_DEF.indd   185 13/03/2024   16:59



186

Chapter 9

ABSTRACT

The aim of treating childhood cancer remains to cure all. As survival rates improve, long-

Cancer Outcome Project developed a set of core outcomes for most types of childhood 
cancers involving relevant international stakeholders (survivors; pediatric oncologists; 
other medical, nursing, or paramedical care providers; and psychosocial or neurocognitive 
care providers) to allow outcome-based evaluation of childhood cancer care. A survey 
among healthcare providers (n = 87) and online focus groups with survivors (n = 22) 

hematological malignancies, four central nervous system tumors, and eight solid 
tumors). In a two-round Delphi survey, 435 healthcare providers from 68 institutions 
internationally (response rates for round 1, 70-97%; round 2, 65-92%) contributed to the 
selection of four to eight physical core outcomes (for example, heart failure, subfertility, 
and subsequent neoplasms) and three aspects of quality of life (physical, psychosocial, 
and neurocognitive) per pediatric cancer subtype. Measurement instruments for the core 
outcomes consist of medical record abstraction, questionnaires, and linkage with existing 
registries. This International Childhood Cancer Core Outcome Set represents outcomes 
of value to patients, survivors, and healthcare providers and can be used to measure 
institutional progress and benchmark with against peers.

Rebecca_Binnenwerk_DEF.indd   186 13/03/2024   16:59



187

Measuring quality of survival for patients with childhood cancer

INTRODUCTION

beyond diagnosis (1-3). Substantial reductions in mortality over the past decades have 
been reached through therapeutic progress and improved supportive care (4). Despite 

and young adult cancer types, such as diffuse intrinsic pontine glioma or infant acute 
lymphoblastic leukemia (2). In addition, if a cure is achieved, it is often compromised by 

health outcomes among patients and survivors is one of the main pillars of supportive 
and follow-up care (10, 11).

Contemporary treatment regimens and follow-up strategies aim not only to achieve 

when survival increases without a concurrent increase in adverse health outcomes, or 
when the occurrence of unfavorable health effects is reduced with similar or increased 
survival rates. We advocate that measurement of outcomes that are valued by patients, 
rather than monitoring processes and structures of care (such as complete and timely 
documentation or the availability of dedicated facilities or staff), should be used to 

institutions can gain insight about their progress in treating childhood cancer, or identify 

healthcare systems, and the implementation of electronic health records, have accelerated 

which outcomes to measure, compare and improve remains essential in order to draw 
meaningful conclusions and make an impact on the quality of care.

Pediatric cancers, which include many rare subtypes with a substantial collective 

implemented for a range of other populations and disease types, including several adult 
cancers (15-22). Similar initiatives are emerging in pediatrics (23) and within pediatric 
oncology, for example acute lymphoblastic leukemia and brain tumors (24-27). Although 

individual with or survivor of childhood cancer (28, 29), metrics to evaluate the quality 

outcome set for common types of childhood cancer provides a much needed metric to 
assess quality of care during and after treatment through the evaluation of patient-
relevant outcomes.

The  International Childhood Cancer Outcome Project developed the International 
Childhood Cancer Core Outcome Set derived from the perspectives of childhood cancer 
survivors and international healthcare providers. This core set represents physical, 
psychosocial and neurocognitive outcomes for each of 17 common childhood cancer 
subtypes.

9
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METHODS

The International Childhood Cancer Outcome Project was coordinated by a project group 
with representatives from the Princess Máxima Center for Pediatric Oncology in the 

childhood cancer survivors and a wide variety of healthcare providers internationally 
(Supplementary Table 1).

outcomes for each of 17 childhood cancer subtypes representing common hematological 

tumors (low grade glioma, high grade glioma, embryonal tumor of the central nervous 

sarcoma, rhabdomyosarcoma, nonrhabdomyosarcoma soft tissue sarcoma, liver tumor, 

developing two or more years after therapy. Acute toxicities and palliative outcomes 
were considered to be outside the scope of the project. Moreover, we decided that overall 

A mixed methods approach consisting of the following three steps was used (Figure 
1): 1) preparation, 2) outcome selection, and 3) future implementation.

Step 1: preparation

the 17 childhood cancer types were collected at the Princess Máxima Center through a 
survey among healthcare providers and focus groups individuals who survived childhood 
cancer. Institutional approval for performing the focus groups was given by the Clinical 
Research Committee on 3 November 2020 with a waiver of further medical ethical review 
as the study was not considered to be subject to the Dutch Medical Research Involving 

The clinical, nursing, and paramedic staff at the Princess Máxima Center nominated 90 

(97% response rate) (Supplementary Table 2). Together, they represented 17 professional 
backgrounds: pediatric oncologists; radiation oncologists; pain specialists; supportive 
care/symptom control/palliative care experts; late effects physicians; nurses; advanced 
nurse practitioners; physical therapists; psychologists; neuropsychologists; medical social 
workers; child life specialists; pediatric neurologists; pediatric neurosurgeons; pediatric 
surgeons; pediatric endocrinologists; and pediatric oncologists with additional expertise 
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Figure 1. Overview of the International Childhood Cancer Outcome Project
The International Childhood Cancer Outcome Project consisted of three steps, from the starting point 
of 17 candidate outcome lists (step 1) to the selection of 17 core sets (step 2) with measurement 
instruments (step 3). Step 1, preparation, included a survey among healthcare providers from 
17 professional backgrounds and focus groups of survivors. Step 2, outcome selection, included 
two Delphi rounds involving 435 (round 1) and 368 (round 2) international healthcare providers, 

with a history of a childhood hematological malignancy (six participants), central nervous 
system tumor (six participants), or solid tumor (seven participants), and a separate focus 
group for adolescents (12-18 years; two participants diagnosed with brain tumors and 

experience different issues in daily life which would be more easily shared among peers. 

included in the project group anticipated a risk of caregiver reporting bias compared 
with the self-reports of survivors, an observation supported by recent publications (31). 
Perspectives of younger patients and survivors were solicited during the adolescent 

survivor of a hematological malignancy, central nervous system tumor, or solid tumor; and 

and legal guardian (if age <16 years). The exclusion criterion was lack of Dutch language 

announcements, or nomination by their healthcare provider. We aimed for eight to ten 

(32). The sessions were hosted digitally at the Princess Máxima Center in collaboration 

9
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online tools (that is, Mentimeter and Padlet).
Subsequently, the collected outcomes from the healthcare provider surveys and 

RJvK), with any discrepancies being resolved through discussion with a third party (LCMK) 

outcome lists that were established for each of the 17 childhood cancer types and served 

Step 2: outcome selection

Delphi rounds for 17 childhood cancer types. Both rounds were hosted electronically 
on the Welphi platform (www.welphi.com). Participants included healthcare providers at 
the Princess Máxima Center that participated in the healthcare provider survey (step 1), 

three stakeholder groups (pediatric oncologists; other (medical, nursing, or paramedical) 
care providers; and psychosocial or neurocognitive care providers) (Supplementary Table 
1). Survivors of childhood cancer did not participate in the Delphi rounds because survivor 

in the project group.

candidate outcome list to 15-20 outcomes per childhood cancer type and add missing 
outcomes. For each of the candidate outcomes, participants were asked to rate the 
prevalence and severity on a one to seven Likert scale (33). In addition, participants 
selected one most important outcome to include in the core set and could suggest new 
outcomes. Outcomes were moved forward to the second Delphi round if one or both of 

one of the stakeholder groups, and median prevalence of the outcome being greater than 
or equal to the median prevalence score across all participants in that same stakeholder 

considered the outcome the most important outcome to include in a core outcome set. 
If this resulted in a selection of less than 15 outcomes, the severity threshold would be 
decreased in steps of 0.5 until at least 15 outcomes were selected. New outcomes were 
added to the candidate outcome list if mentioned by two or more participants within the 
same type of childhood cancer.

in May 2021, including nonresponders, provided they expressed an interest to participate. 
The results of the previous round were presented to the participants by e-mail. This 

and select the three most important outcomes per childhood cancer type (33).
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among all participants. In order to establish the degree of consensus, three levels of 

nervous system tumors (low grade glioma, high grade glioma, embryonal tumors of the 
central nervous system and craniopharyngioma), we observed that the psychosocial 

This would lead to exclusion of most of the latter outcomes if following the standard 
selection criteria. In order to improve the balance in these four Delphi surveys, we lowered 
the median score threshold for criterion i and ii to 5.0 for the physical outcomes in these 
surveys, while also including the psychosocial and neurocognitive outcomes based on 
the regular criteria. Outcomes with level A agreement, the highest level, were always 
included in the core set. Level B and C outcomes were included based on evidence 
presented in long-term follow-up guidelines and expert opinion within the project group. 

feedback round.

group, using the criteria for clinical relevance and a threshold where the patient 
experiences symptoms or an impact on daily life (for example, need to change lifestyle 

round by e-mail.

Step 3: future implementation
The project group selected measurement instruments for each of the core outcomes, 

physical core outcomes, two separate sets were created. One describes survey questions 
for symptomatic outcomes, that is, outcomes that have already resulted in a clinical 
diagnosis. The other set contains asymptomatic outcomes, that is, abnormalities on 
surveillance or diagnostic tests with or without a clinical diagnosis, using recommended 

expert consultation and mapped to the core outcomes. The objective was to determine 
the optimal coverage of these psychosocial and neurocognitive outcomes and alignment 
with other guidelines (26, 27). with minimal burden of completion on the parent (proxy), 
patient or survivor.

9
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RESULTS

Step 1: preparation
A total of 555 outcomes were reported in the healthcare provider survey and 107 
outcomes in the survivor focus groups. After combining these outcomes in the main 
groups and avoiding duplication, we included 65 unique outcomes in the candidate 

childhood cancer type) (Table 1).

Step 2: outcome selection

total of 435 surveys completed; response rates for the second round were between 65 
to 92%, with a total of 368 surveys completed (Supplementary Table 4). Institutional 
approval for the Delphi surveys was waived by the Princess Máxima Center and St. Jude. 
Participants represented 68 institutions and 19 countries (Supplementary Table 5). Based 

second Delphi round, with 15 to 28 outcomes included in each of the 17 surveys, and 
physical, psychosocial and neurocognitive items represented across all childhood cancer 

for three newly added outcomes.
 After the second Delphi round, a total of 24 unique outcomes were selected across 

(Figure 2 and Table 2). This translates to 7 to 11 outcomes per childhood cancer type.
Level A agreement was found in 21 of the 24 outcomes (Supplementary Table 

6), with three level B or C outcomes included based on expert opinion (that is, 
stroke and temperature dysregulation in craniopharyngioma, and reduced joint 

outcomes (chronic pain, reduced levels of physical activity, sleep problems, and fatigue) 

Step 3: future implementation
Measurement instruments were selected for each of the 24 physical, psychosocial and 
neurocognitive core outcomes (Table 4).
For the symptomatic physical core outcomes, 29 healthcare provider survey questions 

while allowing for outcomes to resolve using follow-up questions regarding year of 
diagnosis, current situation (active versus inactive) and year resolved, if applicable. For 
the asymptomatic physical core outcomes, an overview was created of surveillance 

asymptomatic stage (10). These can be extracted from medical records, if available.
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Regarding the psychosocial and neurocognitive outcomes, we recommend self-report 
by the 23-item Pediatric Quality of Life Inventory (PedsQL) Generic questionnaire for 
all patients and survivors, with addition of the PedsQL Multidimensional Fatigue Scale 
with 18 items for those with a hematological malignancy or central nervous system 
tumor to capture general fatigue, cognitive fatigue, and sleep or rest fatigue (35, 36). 
Most psychosocial and neurocognitive items were captured by this approach, except 
for three: behavioral problems, independence or autonomy, and body image. Finally, for 
survival, we recommend performing a linkage with population registries to record overall 

the available data sources in a country.

DISCUSSION

The International Childhood Cancer Outcome Project resulted in 17 core sets of 7 to 
11 items per childhood cancer type, amounting to a total of 24 physical, psychosocial 

important outcomes by an extensive two-round Delphi process including an international 
expert panel and survivors of childhood cancer. The core set can be used to evaluate the 
balance between survival and quality of survival for patients and survivors to measure 

identify best practices.
Strengths of this project include building on previous efforts within pediatric 

oncology (24-27), expanding the scope to most types of childhood cancer, and focusing 

Moreover, the Delphi methodology allows equal contribution of all stakeholder types to 

Another strength is that survivors were represented in the project group and consulted in 

and survivors (31, 37).

instruments. A next step will be to implement this core outcome indicator set in clinical 
practice. Measuring and evaluating these outcomes will be a powerful tool to advance 
quality of care. By focusing not just on survival but also on the outcomes most valued 
by patients, survivors, and their healthcare providers, the delicate balance between 
surviving and living with the consequences of cancer and its treatment becomes visible 
and actionable. It allows institutions to measure the impact of their treatment strategies 
in terms of improved survival, reduced adverse health outcomes or a combination of the 
two, thereby pinpointing current care needs and opportunities for future innovations. 
In addition, institutions adopting the same core set may participate in benchmarking 

the quality of care.
Importantly, the occurrence of early and late adverse health outcomes is not only 

dependent on the quality of care, but also relies on case-mix variables that describe 
differences between hospital populations, such as cancer subtype and stage, sex, age, 
genetic susceptibility, comorbidities, and other demographic or clinical traits. Therefore, 

9
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such data should be precisely documented and accounted for when benchmarking 
with other institutions (38). Moreover, the outcomes should preferably be measured 
prospectively to improve reliability and completeness compared to retrospective 
evaluation.

The International Childhood Cancer Core Outcome Set most likely cannot be 

the outcomes can be measured by medical record abstraction, concise questionnaires, 

developed an overview of suggested measurement instruments. Regarding psychosocial 
and neurocognitive outcomes, we recommend using the established PedsQL Generic and 
Fatigue modules for survivors of 2 to 18 years of age. This decision aimed to balance the 

across age ranges, and response burden. The PedsQL is considered a legacy instrument 
that is used widely in childhood cancer care and research, permitting comparisons with 
historical data, and is free to use for clinical work. Some institutions use this measure 
for follow-up until age 30 years, allowing for longitudinal assessments since diagnosis, 
including during the transition from acute to short- and long-term follow-up care. 
Although the PedsQL measures health-related quality of life on a more general level, it 

in survivors of childhood cancer (39-42). The Patient-Reported Outcomes Measurement 
Information System (PROMIS) tools represent a favorable alternative, as they permit 

include item banks that are increasingly becoming the international standard (43-45). 

only adopted by a few pediatric oncology centers worldwide, we recommend using the 
PedsQL as the primary measure to evaluate psychosocial and neurocognitive outcomes 

neurocognitive sequelae, preferably according to evidence-based clinical guidelines, 
remain important those at higher risk of developing adverse effects (10, 46).

on the aggregated level might not seem relevant for the individual, or alternatively, highly 
relevant outcomes on the individual level might not be part of the core set. Nevertheless, 

Furthermore, the 17 types of childhood cancer represented do not include all types of 
childhood cancer. This resulted partly from the relevance for the participating centers (for 
example, retinoblastoma is not treated at the Princess Máxima Center) or the infrequency 
of certain childhood cancer types (for example, thyroid carcinoma). Lastly, the candidate 

on outcome collection efforts in the Netherlands. This might have induced sampling bias 

new outcomes during the Delphi process.
The successful development of the International Childhood Cancer Core Outcome Set 

is only the starting point of the implementation of outcome-based evaluation of quality 
of care. Apart from the involvement of survivor representatives and diverse healthcare 
providers throughout the project, additional elements including leadership, engagement, 
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a high quality database, balance between patient- and provider-report, and frequent 
communication of results are also crucial facilitators for the adoption of these core sets in 
clinical practice and the subsequent initiation of quality improvement efforts (47, 49, 50).
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Figure 2. International Childhood Cancer Core Outcome Set
These three circles represents the core outcomes included in the International Childhood Cancer 
Core Outcome Set, presented separately for central nervous system tumors, hematological 
malignancies and solid tumors. ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; 

RMS, rhabdomyosarcoma; SMN, subsequent malignant neoplasm (including meningioma).
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Table 2. Overview of the 17 core outcome sets

Core outcomes for each childhood cancer type are marked in green, with overall survival and 

tissue sarcoma.
a Including diabetes insipidus.
b Posterior fossa syndrome/cerebellar mutism syndrome.
c Including chronic pain, reduced levels of physical activity, sleep problems and fatigue.
d Including low quality of life, social problems, behavioral regulation problems, emotional problems, 
 poor self-esteem, and reduced independence or autonomy with age-appropriate daily living 
 tasks.
e Including neurocognitive problems and educational or employment problems.
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Supplementary Table 5. Institutions represented by the participants in the 17 Delphi 
surveys (part of step 2)

Institution Country

Greece

Canada

Croatia

Dana-Farber Cancer Institute

Finland

France

Germany

Canada

Inselspital

Institut Curie France

France

Institut Gustave Roussy France

Institute of Oncology Slovenia

Istituto Giannina Gaslini Italy

Istituto Tumori Italy

Germany

Kantonsspital Aarau

MD Anderson Cancer Center

Austria

Memorial Sloan Kettering Cancer Center

Memorial Sloan Kettering Kids

National Cancer Institute

Princess Máxima Center for Pediatric Oncology The Netherlands
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Supplementary Table 5. Institutions represented by the participants in the 17 Delphi surveys 
(part of step 2) (continued)

Institution Country

Rigshospitalet Denmark

Germany

Sweden

Stanford Cancer Center

Australia

Austria

The Capital Region of Denmark Denmark

The Royal Marsden

Germany

Germany

Germany

Germany

Belgium

Belgium

Germany

Germany

Italy

Poland
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Supplementary Table 6.
Delphi surveys (part of step 2)

Hematological malignancies
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Physical outcomes

Alopecia NP1 NP1 NP1 NP1 NP1

Arrhythmia NPC NPC NPC NPC NPC

Biliary tract disease NPC NPC NPC NPC NPC

Posterior fossa / cerebellar mutism syndrome NPC NPC NPC NPC NPC

Chronic graft-versus-host disease C A NP1 NP2 NP1

Decompensated liver disease NP1 NP1 NP1 NP1 NP2

Defecation problems NPC NPC NPC NPC NPC

Dental problems NPC NPC NPC NPC NPC

Diabetes insipidus NPC NPC NPC NPC A*

Diabetes mellitus NP2 NP1 NP1 NP1 NP1

NP1 NP1 NP1 NP1 NP2

Dysphagia NP1 NP1 NP1 NP1 NP1

Facial musculoskeletal problems NPC NPC NPC NPC NPC

NPC NPC NPC NPC NPC

NP1 NP1 NP1 NP1 NP2

A A A A NP1

NPC NPC NPC NPC NPC

NP1 NP1 NP1 NP1 NP2

NP1 NP1 NP1 NP1 NP1

NPC NPC NPC NPC NPC

NP1 NP1 NP1 NP1 A

NPC NPC NPC NPC NPC

Life-threatening infections NP2 NP2 NP1 NP2 NP1

Low bone mineral density NP1 NP1 NP1 NP1 NP2

Malabsorption NP1 NP1 NP1 NP1 NP1
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CNS tumors Solid tumors
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NP1 NP1 NP1 NP1 NPC NPC NPC NPC NPC NPC NPC NPC

NPC NPC NPC NPC NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1

NPC NPC NPC NPC NPC NPC NPC NPC NPC NP2 NPC NPC

NP1 NP1 A NP1 NPC NPC NPC NPC NPC NPC NPC NPC

NPC NPC NPC NPC NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1

NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NP1 NPC

NPC NPC NPC NPC NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1

NPC NPC NPC NPC NPC NPC NPC NP1 NPC NPC NPC NPC

NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC

NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC

NP1 NP2 NP1 NP1 NP1 NP2 A A B NP1 NP1 NP1

NP1 NP1 NP1 NP1 NPC NPC NPC NPC NPC NPC NPC NPC

NPC NPC NPC NPC NP1 NP1 NP1 NP2 NP1 NP1 NP1 NP1

NP1 NP2 NP1 NP1 NPC NPC NPC NPC NPC NPC NPC NPC

NP1 NP1 C NP1 A NP2 NP1 NP1 NP1 A NP1 B

NP1 NP1 NP1 NP1 B A A NP1 B NP1 A NP1

NP1 NP1 NP1 NP1 NPC NPC NPC NPC NPC NPC NPC NPC

NPC NPC NPC NP1 NPC NPC NPC NPC NPC NPC NP2 NPC

NPC NPC NPC NP1 NPC NPC NPC NPC NPC NPC NP2 NPC

NPC NPC NPC NPC NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1

A C C A NP1 NP1 NP1 NP2 NP1 NP1 NP1 NP1

NPC NPC NPC NP1 NPC NPC NPC NPC NPC NPC NPC NPC

NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC

NPC NPC NPC NPC NP1 NP1 B NP1 NP1 NP1 NP1 NP1

NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC
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Supplementary Table 6.  
surveys (part of step 2) (continued)

Hematological malignancies
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Physical outcomes

Male sexual dysfunction NPC NPC NPC NPC NPC

Motor problems NP2 NP1 NP1 NP1 NP2

Myocardial infarction NP1 NP1 A NP1 NP1

NPC NPC NPC NPC A*

Osteonecrosis A NP1 NP2 NP1 NP2

Overweight NP2 NP1 B NP2 NP2

Peripheral sensory neuropathy NP1 NP1 NP1 NP1 NP2

NP1 NP1 NP1 NP2 NP1

Physical skin changes NP1 NP1 NP1 NP1 NP2

NP1 NP2 NP2 NP2 NP1

NPC NPC NPC NPC NPC

Pulmonary dysfunction NP2 NP1 NP2 NP2 A

Reduced joint mobility NP1 NP1 NP1 NP2 NP2

NP1 NP1 NP1 NP2 NP1

Scoliosis NPC NPC NPC NPC NPC

NP1 NPC NPC NPC NPC

Speech and language problems NPC NPC NPC NPC NPC

Stroke (hemorrhagic or ischemic) NP2 NP2 NP1 NP1 NP1

Subfertility C A A B NP1

Subsequent neoplasm A A A A NP2

Temperature dysregulation NPC NPC NPC NPC NPC

Thrombo-embolic events NP1 NP1 NP2 NP2 NP1

Thyroid dysfunction NP1 NP1 NP2 NP1 NP1

Trismus NPC NPC NPC NPC NPC
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CNS tumors Solid tumors
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NPC NP1 NPC NPC NP2 NP2 NP2 NP1 NP1 NP1 NP2 A

A A C C NP1 C NP2 NP2 NP2 NP2 NP1 NP1

NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC

NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC

NPC NPC NPC NPC NP1 NP2 NP1 NP1 NP1 NP1 NP1 NP1

C NP1 NP2 A NPC NPC NPC NPC NPC NPC NPC NPC

NP1 C NP1 NP1 NP2 NP1 NP2 NP2 NP1 NP1 NP2 NP1

NPC NPC NPC NPC NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1

NPC NP1 NPC NPC NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1

NPC NPC NPC NPC NP2 NP1 NP2 NP2 NP2 NP2 NP2 NP1

NPC NPC NPC NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1

NPC NPC NPC NPC NP1 NP1 NP1 NP1 NP1 NP1 NP2 NP1

NP1 NP1 NP1 NP1 NP1 B C NP2 NP2 NP1 NP1 NP1

NPC NPC NPC NPC NP1 NP1 NP2 NP1 NP1 A B NP1

NPC NPC NPC NPC NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1

NP1 A NP1 NP1 NPC NPC NPC NPC NPC NPC NPC NPC

NP2 NP2 NP1 NP1 NPC NPC NPC NP1 NPC NPC NPC NPC

NP1 NP1 NP1 C NPC NPC NPC NPC NPC NPC NPC NPC

NP1 NP1 C NP1 A B C B B B NP2 A

NP1 C C NP1 A NP2 B B B A A B

NPC NPC NPC C NPC NPC NPC NPC NPC NPC NPC NPC

NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1

NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1

NPC NPC NPC NPC NPC NPC NPC NP1 NPC NPC NPC NPC
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Supplementary Table 6.  
surveys (part of step 2) (continued)

Hematological malignancies
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Physical outcomes

NP1 NP1 NP1 NP1 NP1

NPC NPC NPC NPC NPC

Visual problems NP1 NP1 NP1 NP1 NP1

Wound dehiscence NPC NPC NPC NPC NPC

Quality of life outcomes: physical aspects

Chronic pain NP2 NP1 NP1 NP2 NP2

Fatigue B B B A NP2

Reduced levels of physical activity NPC NPC NPC NP2* NPC

Sleep problems NP1 NP1 NP2 NP1 NP1

Quality of life outcomes: psychosocial aspects

Behavioral regulation problems NP2 NP2 NP2 NP2 C

NP1 NP2 NP2 NP2 NP2

Financial problems NP1 NP1 NP2 NP2 NP2

Low quality of life A A NP2 NP2 NP2

Poor self-esteem NP1 NP1 NP2 NP2 NP2

Post-traumatic growth NP2 NP2 NP1 NP1 NP2

Reduced independence or autonomy** NP2 NP2 NP2 NP1 NP2
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NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC

NPC NPC NPC NPC NP1 NP1 NP1 NP1 NP1 NP1 NP1 NP1

A C NP1 A NP1 NP1 NP1 NP1 NP2 NP1 NP1 NP1

NPC NP1 NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC

NP1 NP1 NP2 NP1 NP2 A A NP1 A B NP1 NP2

C NP2 C A NP2 NP2 NP2 NP2 NP2 NP2 B NP2

C C C C NP2 C A NP1 NP2 B NP2 B

NP1 NP2 NP1 C NP1 NP2 NP2 NP1 NP1 NP1 NP2 NP2

NP1 NP2 NP2 C B NP1 NP2 B NP2 NP1 NP2 NP2

NP2 C NP1 NP2 NP2 NP2 NP1 NP2 NP2 NP2 B B

NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC NPC

B A B C NP2 NP2 NP2 NP2 B NP2 NP1 NP2

NP2 NP2 NP2 NP2 NP1 NP2 B NP2 NP2 NP2 NP2 NP2

NP2 NP1 NP1 NP1 NP1 NP1 NP2 NP2 NP1 NP1 NP2 NP2

NP2 A A C NP2 NP2 A NP1 NP2 NP1 NP2 NP1
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Supplementary Table 6.  
surveys (part of step 2) (continued)

Hematological malignancies
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Quality of life outcomes: psychosocial aspects

NPC NPC NPC NPC NPC

Social problems*** NP2 NP2 NP2 NP2 NP2

NP2 NP1 NP2 B NP2

Neurocognitive problems A C NP2 B C

A indicates level A agreement, B indicates level B agreement, and C indicates level C agreement in 

(not p c
candidate outcome list. NP1 (not p 1st Delphi round) indicates an outcome was included 

not p 2nd 

changed based on participant feedback during the Delphi surveys. *New outcome suggested 
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contribute to the quality of their survival by developing a person-centered approach to 
survivorship care, providing a better understanding of their risk of pulmonary late effects 
after treatment with cyclophosphamide, and facilitating outcome-based evaluation to 

clinical practice, survivorship research, and care evaluation.

PART 1: LIFE AFTER CHILDHOOD CANCER AND THE IMPORTANCE OF 
SURVIVORSHIP CARE

The concept of cancer survivorship and models of care

In Chapter 2, we explored the concept of cancer survivorship and described models to 

begins at the moment of diagnosis, and continues throughout treatment and thereafter, 

endocrine late effects, their risk factors and recommended surveillance strategies. Well-
known late endocrine toxicities of a childhood cancer diagnosis and treatment include 
hypothalamic-pituitary dysfunction, primary thyroid dysfunction, primary gonadal injury, 

should receive surveillance for these late effects, when it should be initiated, at which 

model of care can vary greatly, not only depending on the healthcare system, but also 
on the preferences of the survivor and their healthcare provider. Most commonly, care is 
delivered by the cancer center, but alternatives are general practitioner-led or shared care, 
or supported self-management. Key elements include guidance by a multidisciplinary 
team at a cancer survivorship expert service or cancer center, as well as the provision of 

recommendations based on clinical practice guidelines.

The PanCareFollowUp project

Chapter 3 
and quality of life of childhood cancer survivors by facilitating the implementation 

is structured in eight work packages, focusing on the development and evaluation 

of policy recommendations, management of the project, and ethics.
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Despite wide recognition of the importance of long-term follow-up to prevent late effects 
or detect them in an early stage, many adult survivors of childhood cancer still do not 
have access to such care (1-3). Similar challenges are faced around the world, and include 

reach the common goal of lifelong follow-up care for survivors. In analogy to previous 

project aims were met in time, and that inter-dependencies did not result in a delay of 
the work. The COVID-19 pandemic arose just before the Care and Lifestyle studies were 

and research, and many long-term follow-up clinics were temporarily closed (7). Despite 
this unanticipated challenge, there were only minor delays in interim project deadlines. 
Key aspects of this success were continued online meetings, a common understanding 

of potential threats to the planning. Moreover, the study sites shared a strong feeling 
of responsibility and involvement, with some centers reinforcing their recruitment when 

The PanCareFollowUp Care Intervention

In Chapter 4
developed by survivors, clinicians, and researchers. The aim was to empower survivors 
through knowledge about their treatment history, shared decision-making about 

different healthcare systems, while maintaining key requirements such as a treatment 

in the development of the Survivor Questionnaire, Treatment Summary template, 
Survivorship Care Plan template, and information materials. Feedback rounds among 

Swedish. Post-project updates of these materials are included in a Replication Manual 
which will be made freely available.

Intervention will be discussed in a structured way according to the Levesque framework 
for patient-centered access to healthcare (9). This model was previously applied to long-
term follow-up care after childhood, adolescent and young adult cancer by McLoone and 

10
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care pathways (4). The framework uses a multilevel perspective, including relevant 
factors for those providing (i.e., health systems, institutions, and healthcare providers) 
and receiving (i.e., individuals, households, communities and populations) care. Levesque 

healthcare services, to reach, to obtain or use healthcare services, and to actually have 

dimensions of accessibility of services: 1) Approachability; 2) Acceptability; 3) Availability 

Ability to perceive; 2) Ability to seek; 3) Ability to reach; 4) Ability to pay, and; 5) Ability 

as not knowing about the existence of long-term follow-up services, lack of knowledge 
about the initial treatment and potential late effects, or the notion that surveillance 
and survivorship care are only relevant for those with current health issues (10-14). 
A structured transition from pediatric to adult healthcare services, as increasingly 

potential late effects. Reaching those that were treated in the earlier eras, however, 
continues to be challenging. Survivors lost to follow-up can sometimes be retraced, 
but might also have moved, changed their contact details, or died (15). For those (re-)

their understanding about their need for survivorship care by providing and discussing 

the survivor and the healthcare provider. Recent studies indicate that survivorship care 

and their parents as well as a higher attendance of subsequent follow-up care (16-19). 
Actively involving the survivor while respecting their narrative promotes conversations 
and care decisions which are aligned with the values and preferences of the survivor (20, 

care plan (16, 17). It remains to be studied how to effectively reach all survivors, especially 
those with the highest need of long-term follow-up care. For example, game-based 
learning might be much more appealing among younger survivors of childhood cancer 

Supply-side factors represented in the second dimension (Acceptability and Ability 

and thereby limited support in initiating and continuing long-term follow-up services for 
survivors in oncology-focused settings (1, 2, 23, 24). Meanwhile, primary care providers 

document, they can be informed about the delivery of survivor-related care and the 
availability of expertise centers and guidelines (14). In addition, primary care physicians 
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kidney disease management), with the long-term follow-up clinic staying in charge of 

healthcare provider and policy level demands further attention. For example, fellowships 

term follow-up (27). The results of the Care Study might also contribute to a better 

the integration of lifelong follow-up in the care pathway for any child with cancer. On 

and those feeling ready to transition before they move from pediatric to adult healthcare 
settings (24, 28-30). In contrast, those with cognitive impairment are less likely to attend 
planned clinic visits, whereas these survivors may be at higher risk for other late effects 
and more in need of risk-based surveillance (31). Person-centered care, as integrated in 

a holistic view. It acknowledges that the survivor may have physical, mental and social 
health needs and that these may depend on personal preferences and values (20). The 
approach consists of three main elements: 1) initiating a provider-survivor partnership by 

through information sharing; and 3) safeguarding the partnership by considering and 

empowering strategy which supports them to manage their own healthcare needs, less 
survivors might be lost to follow-up. Another important consideration is the reluctance of 
some survivors to engage with long-term follow-up care due to painful emotions or a fear 

issues emerge, these can be further explored during the clinic visit, with specialist referral 
for psychological or social support if needed. Acknowledgement and validation of their 
concerns may prevent disengagement from care. Recent work indicated that healthcare 
providers are conscious of the risk of increased distress due to a survivorship care plan, 
although survivors mostly reported positive effects (18, 34). Nonetheless, aspects such 
as the need for information and support, cognitive abilities, coping style and personal 
preferences warrant further exploration in future studies in order to optimally support a 

The third dimension (Availability, Accommodation and Ability to reach) underscores 
the importance of established long-term follow-up programs with survivorship expertise 

with many of the materials needed to initiate a long-term follow-up clinic. For survivors 
with potential access to a late effects clinic, a longer travel distance and restricted 
opening hours can be additional barriers to participate in follow-up care (33, 37). Other 
common obstacles relate to transportation, responsibilities regarding childcare or informal 

the clinic visit, leveraging the information collected beforehand through the Treatment 
Summary and Survivor Questionnaire. Moreover, a post-visit phone call is used to 

10
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suggested that leveraging virtual care services and delivering interventions remotely 
could facilitate attendance (39-41). Nevertheless, a recent study on a completely 
distance-delivered program indicated that survivors only recalled 1.9 of their average of 
6.6 recommendations correctly, and 56% did not adhere to any of the recommendations 

healthcare, with up to 70% non-compliance when lifestyle changes are required (43). 

Intervention, might be more effective than using telephone or videoconference meetings 
only. Another alternative would be to use other models which allow care provision closer 

providers, with most survivors preferring follow-up by a medical oncologist (14, 44, 45).

side, limited reimbursement and high out-of-pocket expenses can be important factors 
that affect their ability to pay, as well as the fear of losing insurance coverage after 

we did collect costs incurred by the healthcare provider and survivor as part of the Care 
Study. This will allow a comprehensive assessment of the costs associated with the 
person-centered care visit in relation to short-term and projected long-term effects.

among healthcare providers, limited multidisciplinary care and poor coordination and 

Care Intervention address these barriers. For example, the Survivorship Care Plan 

communicates evidence-based recommendations to specialists and the primary care 
physician (19, 49, 50). In a Swedish study, a care plan helped improve the adherence to 
breast cancer screening guidelines among female childhood cancer survivors, leading 
to the detection of three novel cases (51). A promising perspective in this regard is the 
development of digital support tools that can generate and provide survivorship care 
plans using treatment information and the most recent guidelines. These instruments, 

is not straightforward and includes the consideration of many ethical, legal, social, 
economic and technological aspects (34, 54). Important factors regarding the ability to 
engage are independence and personal responsibility (37, 55). Similar to other chronic 
conditions, self-management skills are essential among survivors to understand their 
treatment-related risks, monitor symptoms, set goals, and seek care when needed (49, 
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56). With empowerment as a fundamental outcome, the person-centered approach in 

The PanCareFollowUp Recommendations

In Chapter 5
pragmatic methodology to develop recommendations for long-term follow-up care 

reviewing four existing national long-term follow-up guidelines for answers to six clinical 

prevention, we added an additional question: 7) What standard recommendations should 

recommendation, whereas topics with less or no concordance were discussed within the 
Working Group to reach agreement. The resulting 25 consensus-based recommendations 
describe strategies including awareness only (n = 6), awareness, history and/or physical 
examination (n = 9), or additional surveillance tests (n = 10), and complement the existing 

Following their publication, these recommendations have not only been implemented at 

outcomes (60), while guidelines on cardiomyopathy surveillance and subsequent breast 

by PanCare is expected in 2024. As many of the consensus-based topics presented in 

process of only nine months to develop 25 consensus-based recommendations. An 
average evidence-based guideline, by contrast, can take multiple years. A solution 
integrating evidence-based precision and condensed timelines might lie in the concept 

Frequent, smaller updates may be more feasible and ensure the translation of the most 
recent evidence to clinical practice. Most living guidelines have been found to stay up-
to-date, but the risk of exceeding the planned period of being updated still exists and 
remains dependent on the continued efforts of the guideline panel (64).

10
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The PanCareFollowUp Care Study

Chapter 6 

Care Intervention. In this prospective cohort study, 800 survivors receive the 

Italy and Sweden. Follow-up is performed until six months after the clinic visit. The 
survivor-reported outcomes, survivor-reported experiences, clinical outcomes and 

measurements, the multicenter design, the use of multiple testing, and potentially 
relevant subgroups. Moreover, the health economic outcomes provide insight into the 

and after the study ended.

cost-effectiveness is very limited. Survivors that attended follow-up demonstrated 
better awareness about their cancer diagnosis, treatment, and late effects, and had 

of person-centered care had not been evaluated yet. Recently, a program aimed at 
childhood cancer survivors disengaged from cancer-related follow-up care was piloted 

intervention aiming to educate and empower survivors (15). Their target population 

different, as it completely relies on videoconferencing software and telephone calls, 
with recommended surveillance performed by specialists or primary care services after 

at baseline, one month and six months post-intervention, with initial reports indicating a 

better adherence to recommendations and future follow-up (14). Analyses on the cost 
consequences were planned according to the Re-engage study protocol, but have not 

Care Study provides an equally comprehensive evaluation of person-centered follow-

study population (800 compared to 30 survivors). In addition, it will provide insight in 
variations according to healthcare system and country, which is relevant information in 
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needed knowledge about the costs associated with implementing person-centered 

resources and improve access to long-term follow-up care for all survivors of childhood 

The DCCSS-LATER 2 PULM sub-study

In Chapter 7, we examined long-term pulmonary dysfunction in relation to 
cyclophosphamide exposure among childhood cancer survivors. In this Dutch Childhood 

been treated with cyclophosphamide and/or pulmonary toxic treatment, and controls, 
completed a questionnaire, a clinic visit and a pulmonary function test. Our primary 
outcomes included diffusion abnormalities, restrictive dysfunction, and obstruction 
measured by a pulmonary function test. Secondary outcomes were chronic cough or 

or supplemental oxygen need observed during a clinic visit. Consistent with previous 
studies, diffusion and restriction abnormalities were most prevalent among those treated 
with pulmonary toxic treatment (70-72). We constructed several multivariable logistic 
and linear regression models to examine the association between cyclophosphamide 
and several pulmonary outcomes with adjustment for relevant confounders, such as 
pulmonary toxic treatment, age at diagnosis, attained age, clinically relevant cardiac 

indicative of restrictive dysfunction, showed a 0.3 point reduction after a cumulative 
2

the logistic regression on diffusion impairment showed an odds ratio of 2.0 for those 
treated with a cumulative cyclophosphamide dose of 5,000-10,000 mg/m2, but did not 
provide further evidence for a dose-response relationship. We concluded that there were 
no clinically relevant effects of cyclophosphamide on any of the primary or secondary 
outcomes.

cyclophosphamide and pulmonary toxic treatment. Strengths included the leverage of 

inclusion of a survivor control group. Moreover, we performed clinical evaluation of most 
outcomes, used contemporary reference equations for the pulmonary function tests, and 
had accurate data on diagnosis, treatment and relevant confounders (73, 74). In addition, 
multiple imputation helped to increase the accuracy and statistical power of our analyses 

to the study design, we could not account for the impact of lung complications during 
cancer treatment on long-term pulmonary health, nor could we evaluate longitudinal 
changes (76-78). Also, the use of pulmonary function tests performed according to 
surveillance guidelines for those exposed to pulmonary toxic treatment might have 
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produced selection bias, which means that the impact of pulmonary toxic chemotherapy, 
radiotherapy or surgery might be over- or underestimated. In summary, our results can be 
used to strengthen evidence-based pulmonary surveillance recommendations for many 
survivors of childhood cancer treated with cyclophosphamide, but without established 
pulmonary toxic treatment.

PART 2: EVALUATING THE QUALITY OF CARE FOR CHILDHOOD CANCER 
PATIENTS AND SURVIVORS

Clinical practice guidelines and quality indicators in pediatric oncology

In Chapter 8, we described the importance of clinical practice guidelines and quality 
indicators in pediatric oncology. Through systematic reviews of clinical research, the 
most recent and relevant evidence is translated to clinical guidance. Quality indicators 
are an important tool in the evaluation of the quality of care that is provided. These 
measurable elements of clinical practice give insight about the processes (e.g., adherence 
to surveillance recommendations), structures (e.g., the availability of a long-term follow-
up clinic) or outcomes (e.g., survival rates or low occurrence of adverse health outcomes) 
that are associated with high-quality care.

The International Childhood Cancer Core Outcome Set to measure quality of 
survival

In Chapter 9, we presented the International Childhood Cancer Core Outcome Set. In 
close collaboration with parent and survivor representatives and healthcare providers 

pediatric oncology. A total of 24 physical, psychosocial and neurocognitive outcomes 
were selected to capture quality of survival for 17 types of childhood cancer. Agreement 

record abstraction, questionnaires (for patients, survivors and/or healthcare providers), 
or linkage with existing registries.

The International Childhood Cancer Core Outcome Set integrated the perspectives 
of many stakeholders to provide a comprehensive but concise selection of outcomes. 

work performed or the volume of services delivered to the results that are achieved. 
Other important elements of value-based healthcare include an emphasis on the 

to better understand value and identify opportunities for improvement (80). In the 
Netherlands, the implementation of outcomes measurement was accelerated by the 
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focused on three pillars: 1) learning and improving using outcome data; 2) learning and 
improving using patient experiences; and 3) promoting shared decision-making. One of 
its ambitions was to use value-based healthcare for at least 50% of the disease burden 
by the end of the program.

Core sets of outcomes for different conditions and populations are essential to 

and measurement instruments across all included subtypes, and involve many different 
stakeholders including childhood cancer survivors in the decision-making process. Some 
of the lessons learned that were recently published by the International Consortium 

as the use of the Delphi methodology to form consensus and the engagement of 
survivor representatives throughout the process (92). The physical, psychosocial and 

early and late adverse effects of cancer treatment), functioning and quality of life, and 
survival and disease control (92).

Agreement on the International Childhood Cancer Core Outcome Set is only the 
starting point toward outcome-based evaluation of care. The next step is integration of 
outcome measurement in clinical practice. Implementation requires the alignment and 

continued patient involvement has been shown to be an important facilitator for 
successful implementation, in addition to a high quality database, frequent reporting 
and feedback, engagement and leadership (93). Nevertheless, despite the added 
value for understanding experiences and care pathways, patient engagement can also 

throughout the implementation process will help to involve them where needed most. 

of results (92). Lastly, it would be worthwhile to explore the use of dashboards to display 

to complete outcome registration (94).

RECOMMENDATIONS

Recommendations for clinical practice

Provide person-centered long-term follow-up care to empower survivors in managing their 
own healthcare needs and navigating the healthcare system.

recommendations with each survivor of childhood cancer by the end of their treatment, to 
improve awareness of their risk of late effects and their need for lifelong follow-up and to 
ensure they receive high-quality care.

10
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Recommendations for clinical practice (continued)

survivors in obtaining self-management skills and reduce the number lost to follow-up at this 
crucial moment.

survivors in obtaining self-management skills and reduce the number lost to follow-up at this 
crucial moment.

Perform surveillance for late health problems of childhood cancer treatment, including 
pulmonary effects, according to published long-term follow-up guidelines.

Recommendations for survivorship research

Collaborate in multidisciplinary national or international research networks to effectively 
address relevant knowledge gaps while integrating different perspectives and types of 
expertise.

Include childhood cancer survivor representatives in the design, conduct and evaluation of 
research to ensure the results meet their needs.

supply-side (i.e., health systems, institutions, and healthcare providers) and demand-side (i.e., 
individuals, households, communities and populations) factors, to correctly identify which 
dimensions are being targeted and to highlight which barriers and facilitators regarding the 
accessibility of healthcare and the abilities of survivors require further attention.

Study the effects of receiving a survivorship care plan on positive outcomes such as 
empowerment, health and quality of life, but also take into account the potential risk of 

self-management skills, and use this knowledge to develop targeted strategies to support 
survivors in their abilities to seek and receive appropriate care.

Collect information on the costs associated with novel long-term follow-up strategies, so 

pathways.

Investigate the potential of living guideline tools to support and accelerate the development of 
new evidence-based guidelines and the update of existing recommendations.

Implement statistical methods to improve the accuracy and power of research in the presence 
of missing data, for example by performing multiple imputation, and consider causality 
relations between variables during the study design and analysis.

In future studies on long-term pulmonary health, focus on a better understanding of the 
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Recommendations for evaluation of care

Leverage known facilitators (e.g., continued patient involvement, high quality database, 
interactive dashboards, frequent reporting and feedback, engagement and leadership) to 
improve the successful implementation of outcome-based evaluation and provide insight into 
the progress in improving the quality of care at the Princess Máxima Center.

Involve other pediatric oncology centers in the implementation of the International Childhood 

further improve the quality of care.

CONCLUSIONS

The research described in this thesis aimed to contribute to the health and wellbeing 
of childhood cancer survivors from diagnosis throughout their lives. We described 
the development and evaluation of a person-centered care model, provided a better 

an international core outcome set to measure quality of survival. This work has resulted 
in several tools and recommendations which are currently being used or implemented to 
provide, improve and evaluate clinical care. Moreover, the results can be used to further 
strengthen surveillance guidelines and have given rise to new research questions. In the 
context of limited resources, future efforts should continue to involve childhood cancer 
survivors ensure that research and care are aligned to meet their needs.
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De kans op overleven na kinderkanker is in de afgelopen decennia sterk toegenomen 

ook de behandelingen met bijvoorbeeld chemotherapie, bestraling, chirurgie en 

tumoren of vermoeidheid kunnen jaren later nog ontstaan en hebben een negatieve 
invloed op de kwaliteit van leven na kinderkanker. 

mogelijk te ontdekken en te behandelen. Daarom wordt aangeraden om hier gedurende 
de rest van het leven gericht op te controleren. In Nederland heeft elke overlevende 

bestaan hierin echter grote verschillen. Na het bereiken van de volwassen leeftijd worden 
de controles bij de kinderoncoloog vaak afgesloten, maar slechts een op de drie survivors 

Care of Survivors after Childhood and Adolescent Cancer (PanCare) is in 2008 opgericht 
als samenwerking tussen professionals, survivors en hun families om de toegang tot en 

verschillende landen hun eigen richtlijnen. Sinds 2010 wordt er binnen de International 

internationaal niveau samengewerkt om evidence-based richtlijnen op te stellen voor 

klinische praktijkrichtlijnen gepubliceerd. Voor een aantal belangrijke onderwerpen is 
de richtlijn echter nog in ontwikkeling, een proces dat vaak meerdere jaren duurt. In 

en verspreiding van richtlijnen. 

er verschillende cohorten van mensen die als kind kanker hebben gehad. In Nederland 
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beter begrip van hartfalen, vruchtbaarheid, vermoeidheid, tweede tumoren, nierfalen, 

in 828 deelnemers nauwkeurig naar gekeken.

vaststellen van een set van belangrijkste uitkomsten is het van belang om de meningen 

internationale samenwerking essentieel, omdat resultaten tussen verschillende centra 

manier worden gemeten. 
Dit proefschrift beoogt bij te dragen aan de kwaliteit van overleving na kinderkanker. 

de controles op late effecten en materialen voor de implementatie; 2) het opstellen van 
een studieprotocol om de haalbaarheid, effectiviteit en kosten van de implementatie 

het bestuderen van de associatie tussen cyclofosfamide en lange termijnschade van de 
longen in Nederlandse survivors van kinderkanker; en 4) het vaststellen van een set van 

en meetinstrumenten.

DEEL 1: HET LEVEN NA KINDERKANKER EN HET BELANG VAN LANGE 
TERMIJNZORG

cyclofosfamide.
In hoofdstuk 2 wordt beschreven dat het leven na kinderkanker al begint op het 

centrum, maar het kan ook worden aangeboden vanuit de huisarts, in samenwerking 

met ondersteuning vanuit een (kinder)oncologisch centrum waar nodig. 

11
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hoofdstuk 3. 

verbeteren. Acht werkgroepen hebben de verantwoordelijkheid over verschillende 

verspreiding van resultaten, opstellen van beleidsaanbevelingen, projectmanagement 
en ethiek.

In hoofdstuk 4

Intervention is er een voorbereidende vragenlijst voor de survivor (Survivor Questionnaire), 
een template voor de behandelsamenvatting (Treatment Summary) en een template voor 

Vervolgens worden in hoofdstuk 5

Voor aandoeningen waarbij preventie een belangrijke rol speelt, werd er een aanvullende 
vraag gesteld: 7) Welke standaard aanbevelingen moeten worden gegeven aan survivors 

geen overeenstemming bestond, werd er binnen de werkgroep overlegd. Dit resulteerde 

Hoofdstuk 6 

nieuw ontdekte late effecten en informatie over de haalbaarheid en kosten van het 
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In hoofdstuk 7 is gekeken naar de associatie tussen cyclofosfamide en late 

longen en bijvoorbeeld leiden tot een kleinere longinhoud of verlittekening van het 

soorten chemotherapie (bleomycine, busulfan, carmustine en lomustine), bestraling 

echter ook beschreven dat cyclofosfamide, een type chemotherapie dat regelmatig 

op een longfunctietest: verminderde gaswisseling (diffusieprobleem), een verminderd 
longvolume (restrictie) of vernauwde luchtwegen met problemen bij het uitademen 
(obstructie). Daarnaast werd er gekeken naar het voorkomen van een chronische hoest, 

restrictieve dysfunctie hadden survivors die waren behandeld met een cumulatieve dosis 
2

Ook hadden survivors die waren behandeld met een cumulatieve dosis cyclofosfamide 
van 5-10 g/m2

verhoogd was voor survivors met een nog hogere cumulatieve dosis cyclofosfamide 

na correctie voor relevante confounders niet geassocieerd lijkt met klinisch relevante 
longschade op de langere termijn.

DEEL 2: EVALUATIE VAN DE KWALITEIT VAN ZORG VOOR KINDEREN 
MET KANKER EN SURVIVORS

ontwikkeling van een set van belangrijkste uitkomsten om de kwaliteit van overleven 
na kinderkanker te beoordelen.

In hoofdstuk 8 wordt het belang van klinische praktijkrichtlijnen en 
kwaliteitsindicatoren binnen de kinderoncologie beschreven. Door systematische 

wetenschappelijke bevindingen vertaald naar klinische aanbevelingen in evidence-based 

11
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Tot slot toont hoofdstuk 9 
survivors en ouders een set van belangrijkste uitkomsten is ontwikkeld die gebruikt kan 

afgenomen, focusgroepen gehouden en Delphi processen georganiseerd waarbij ruim 
400 experts wereldwijd betrokken waren. De International Childhood Cancer Core 
Outcome Set bevat 24 fysieke, psychosociale en neurocognitieve uitkomsten die samen de 

eigen voortgang over de tijd of hun resultaten benchmarken met andere instituten. Dit 

regelmatige rapportage en feedback, betrokkenheid en leiderschap.

en het welbevinden van allen die als kind kanker hebben gehad, vanaf hun diagnose 
en gedurende de rest van hun leven. Dit proefschrift heeft geresulteerd in meerdere 
hulpmiddelen en aanbevelingen die momenteel worden toegepast of geïmplementeerd in 
de praktijk. Ook kunnen de bevindingen worden gebruikt om de bewijskracht van klinische 

tegemoet te komen aan hun behoeften en hun vragen te beantwoorden.
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