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The aim of treating childhood cancer remains to cure all. As survival
ratesimprove, long-term health outcomes increasingly define quality of
care. The International Childhood Cancer Outcome Project developed
aset of core outcomes for most types of childhood cancersinvolving
relevantinternational 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
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online focus groups of survivors (n = 22) resulted in unique candidate
outcome lists for 17 types of childhood cancer (five hematological
malignancies, four central nervous system tumors and eight solid
tumors). In atwo-round Delphi survey, 435 healthcare providers from

68 institutions internationally (response rates for round1, 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 against peers.

Most children and adolescents receiving modern cancer therapy sur-
vive atleast 5years beyond diagnosis' . Substantial reductions in mor-
tality over the past decades have been reached through therapeutic
progress and improved supportive care*. Despite these promising
results, survival rates remain poor for specific childhood, adolescent
and young adult cancer types, such as diffuse intrinsic pontine gli-
oma or infant acute lymphoblastic leukemia®. In addition, if a cure is
achieved, it is often compromised by adverse physical, psychosocial
and neurocognitive effects that may substantially impact quality of
life’’. Prevention, identification and timely treatment of these adverse
health outcomes among patients and survivors is one of the main pillars
of supportive and follow-up care'®".

Contemporary treatment regimens and follow-up strategies
aim not only to achieve survival but also to optimize the quality of
survival. Improved quality of care is evident when survival increases
without a concurrent increase in adverse health outcomes, or when
the occurrence of unfavorable health effectsis 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 define
and promote high-quality care™®™. Through measurement of these
outcomes, institutions can gain insight about their progress in treat-
ing childhood cancer, or identify best practices by benchmarking with
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International Childhood Cancer Outcome Project

Steps (1) Preparation
What are
- all possible outcomes
Objective per childhood cancer
type?
Methods Survey Focus
(HCPs) groups
(survivors)
555 outcomes 107 outcomes
Results 65 unique outcomes

34-47 per childhood
cancer type

(2) Outcome selection

What are the most
important outcomes per
type of childhood
cancer
and their definitions?

Delphi round 1
(435 international HCPs)

Delphi round 1
(368 international HCPs)

Final comment round
(all Delphi participants)

Harmonized definitions
of 24 core outcomes
7-11 per childhood
cancer type

(3) Future implementation

How and when can
these outcomes be
measured?

Measurement
instruments derived from
Delphi definitions

(experts and project
group)

Yearly assessment
by linkages and/or
medical record review
and/or questionnaire

Fig.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 asurvey among healthcare providers from 17 professional backgrounds
and focus groups of survivors. Step 2, outcome selection, included two Delphi

roundsinvolving 435 (round 1) and 368 (round 2) international healthcare
providers, finalized by afeedback round. Step 3, future implementation,
included the selection of measurement instruments derived from the
Delphi definitions by the project group, with consultation of topic experts.
HCPs, healthcare providers.

Table 1| Overview of outcome selection from candidate outcome lists to final core sets LCH, Langerhans cell histiocytosis

Candidate outcome lists (n = 65 outcomes)

Phy: utcomes he Male sexual dysfunction
Alopecia Motor problen
Arrhythmia L

graft-versus-h
ompensated liver
Defecation problems
Dental problems
Diabetes mellitus
ficiency
Primary adrenal insufficiency
Pulmonary dysfunction

Low bone mineral density
Malabsorption

Outcomes excluded
Alopecia

Arrhythmia
Defecation problems

Dental problems
Dysphagia

Hydrocephalus
Hyperventilation syndrome

Leydig cell deficiency Trismus
Malabsorption Underweight
Primary adrenal insufficiency  Urinary incontinence
Scoliosis Wound dehiscence

i Outcomes added Diabetes insipidus Significant psychological or

LCH concerns

lar mutism syndrome ~ Temperature

Low quality of life

Visual prob
Wound dehiscence
e or autonomy
Psychosocial and neurocognitive outcomes  Reduced levels of ph
Subfertility e egulation problem Sleep problems
nt n -
or employment proble
Emotional problems

! Delphi round 1

Outcomes excluded: n =15
1 Outcomes added: n=3

After Delphi round 1 (n = 53 outcomes)

Osteonecrosis
Overweight

Heart failure
Hypercholesterolemia or hypertriglyceridemia
Hypertension Peripheral sensory neuropathy
Hypothalamic-pituitary dysfunction Persisting immunodeficiency
Life-threatening infections Physical skin changes

Physical outcomes
Biliary tract disease

Chronic graft-versus-host disease
Decompensated liver disease
Diabetes insipidus

Diabetes mellit

Disfigurements Male sexual dysfunction
Facial m loskeletal problems Motor problems
Headache Myocardial infarction
Hearing problems Neurodegenerative LCH

Premature ovarian insufficiency
Pulmonary dysfunction
Reduced joint mobility

Renal insufficiency

Headache
Hypercholesterolemia or
Decompensated liver disease  hypertriglyceridemia
Diabetes mellitus Hypertension

Facial musculoskeletal problems Life-thre:

Financial problems Low bone mineral density

Outcomes excluded
Biliary tract disease

Peripheral sensory neuropathy ~ Si ical or

Persisting immunodeficiency  psychiatric concerns

Physical skin changes Speech and language problems

Post-traumatic growth Thromboembolic events
ovarian i Thyroid dysfunction

Outcomes merged
Diabetes insipidus added to hypothalamic-pituitary dysfunction
andr itive see box below

Seizures

Speech and language problems
Stroke (hemorrhagic or ischemic)
Subfertility

Subsequent neoplasm

Psychosocial and neurocognitive outcomes
Behavioral regulation problems
Chronic pain Reduced levels of ph:
Educational or employment problems gnificant psycholo:
Emotional problems ns

Post-traumatic growth
Reduced in e or autonomy
al activity

or psychiatric

Low bone mineral density Posterior fossa/cerebellar mutism syndrome  Temperature dysregulation Fatigue Sleep problems

Thromboembolic events
Thyroid dysfunction
Visual problems

Financial problems
Low quality of life
Neurocognitive problems
Poor self-esteem

Social problems

! Delphi round 2
Outcomes excluded: n =19
Outcomes merged (physical): n=2inton=1
Outcomes merged (psychosocial and neurocognitive): n =12 into n = 3

After Delphi round 2 (n = 24 outcomes + survival and cause-specific mortality)

Physical outcomes
Chronic graftversus-host disease
Disfigurements

Hearing problems

Male sexual dysfunction
Motor problems
Myocardial infarction
Neurodegenerative LCH
Osteonecrosis

Pulmonary dysfunction
Reduced joint mobility

Renal insufficiency

Seizures

Stroke (hemorrhagic or ischemic)
Subfertility

Posterior fossa/cerebellar mutism syndrome ~ Subsequent neoplasm

Heart failure
Hypothalamic-pituitary dysfunction including Overweight

diabetes insipidus

Temperature dysregulation
Visual problems:

Psychosocial aspects of quality of life Neurocognitive aspects of quality of life
(including behavioral regulation problems, (including educational or employment
emotional problems, low quality of life, poor ~problems and neurocognitive problems)
self-esteem, reduced independence or

autonomy, and social problems)

Physical aspects of quality of life
(including chronic pain, fatigue, reduced
levels of physical activity, and sleep problems)
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their peers. The rapid digitization of society and healthcare systems,
and theimplementation of electronic health records, have accelerated
the routine measurement and collection of data in medical settings.
Harmonization of which outcomes to measure, compare and improve
remains essential todraw meaningful conclusions and make animpact
on the quality of care.

Pediatric cancers, whichinclude many rare subtypes with asub-
stantial collective health burden, could particularly benefit from
international standardization of outcome measures. Core sets of
patient-relevant outcomes have recently been defined and imple-
mented for arange of other populations and disease types, including
several adult cancers™ . Similar initiatives are emerging in pediat-
rics® and within pediatric oncology—for example, acute lympho-
blastic leukemia and brain tumors® . Although evidence-based
surveillance guidelines are available to define optimum care for
the individual with or survivor of childhood cancer®®*?’, metrics to
evaluate the quality of care from diagnosis into survivorship have
not been established. A well-defined core 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.

TheInternational Childhood Cancer Outcome Project developed
the International Childhood Cancer Core Outcome Set derived from
the perspectives of those who have survived childhood cancer and
international healthcare providers. This core set represents physical,
psychosocial and neurocognitive outcomes for each of 17 common
childhood cancer subtypes.

Results

Step 1: preparation

Atotal of 555 outcomes were reported in the healthcare provider survey
and 107 outcomesin the survivor focus groups. After combining these
outcomesin the main groups and avoiding duplication, weincluded 65
unique outcomesin the candidate outcome lists for 17 separate child-
hood cancer types (34-47 outcomes per specific childhood cancer
type) (Table1).

Step 2: outcome selection

Response rates for the first round of the 17 surveys ranged from 70
to 97%, with a total of 435 surveys completed; response rates for the
second round were between 65 and 92%, with a total of 368 surveys
completed (Supplementary Table 4). Institutional approval for the
Delphisurveys was waived by the Princess Maxima Center and StJude.
Participants represented 68 institutions and 19 countries (Supplemen-
tary Table 5). Based on the selection criteria, a total of 53 outcomes were
carried forward from the first to the second Delphi round, with15-28
outcomesincludedineach of the17 surveys, and physical, psychosocial
andneurocognitive itemsrepresented across all childhood cancer types
(Table1). Eight outcome definitions were revised and definitions were
developed for three newly added outcomes.

After the second Delphiround, atotal of 24 unique outcomes were
selected across all types of childhood cancer, in addition to overall
survivaland cause-specific mortality (Fig. 2and Table 2). This translates
to 7-11 outcomes per childhood cancer type.

Fig.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 l[ymphoblastic
leukemia; AML, acute myeloid leukemia; GvHD, graft-versus-host disease; HGG,
high-grade glioma; Hodgkin, Hodgkin lymphoma; HP, hypothalamic-pituitary;
LCH, Langerhans cell histiocytosis; LGG, low-grade glioma; non-Hodgkin,
non-Hodgkin lymphoma; NRSTS, nonrhabdomyosarcoma soft tissue sarcoma;
Qol, quality of life; RMS, rhabdomyosarcoma; SMN, subsequent malignant
neoplasm (including meningioma).

Level A agreement was found in 21 of the 24 outcomes (Supple-
mentary Table 6), with three level B or C outcomes included based
on expert opinion (that is, stroke and temperature dysregulation in
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Table 2 | Overview of the 17 core outcome sets

Hematological malignancies |

CNS Tumors | I Solid tumors

Acute lymphoblastic leukemia
Acute myeloid leukemia
Hodgkin lymphoma
Non-Hodgkin lymphoma
Langerhans cell histiocytosis

Embryonal tumor of the CNS
Nonrhabdomyosarcoma STS
Extracranial germ cell tumor

Low-grade glioma
High-grade glioma
Craniopharyngioma
Neuroblastoma
Osteosarcoma
Ewing sarcoma
Rhabdomyosarcoma
Liver tumor

Kidney tumor

Physical outcomes
Overweight
Subsequent neoplasm
Subfertility

Heart failure

Chronic graft-versus-host disease
Hypothalamic-pituitary dysfunction®
Motor problems

Hearing problems

Disfigurements
Visual problems
Reduced joint mobility

Renal insufficiency

Osteonecrosis

Myocardial infarction
Neurodegenerative LCH
Pulmonary dysfunction
Seizures

Posterior fossa syndrome®

Stroke (hemorrhagic or ischemic)

Temperature dysregulation

Male sexual dysfunction

Psychosocial and neurocognitive outcomes
Physical aspects of quality of life°
Psychosocial aspects of quality of life’
Neurocognitive aspects of quality of life®
Survival

Overall survival |
Cause-specific mortality |

1 F—

Core outcomes for each childhood cancer type are marked in green, with overall survival and cause-specific mortality to be measured for everyone. CNS, central nervous system; STS, soft
tissue sarcoma. ®Including diabetes insipidus. PPosterior fossa syndrome/cerebellar mutism syndrome. ®Including chronic pain, reduced levels of physical activity, sleep problems and fatigue.
9Including 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. ®Including neurocognitive problems and educational or employment problems.

craniopharyngioma, and reduced joint mobility in osteosarcoma and
Ewingsarcoma). Three domains of quality of life were prioritized: physi-
cal, psychosocial and neurocognitive aspects. These resulted from a
recategorization of all psychosocial and neurocognitive outcomes
and four physical outcomes (chronic pain, reduced levels of physical
activity, sleep problems and fatigue) after the second Delphi round.
Three outcome definitions were modified. The core sets, including
definitions, were accepted in the e-mail round (Table 3).

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 were formulated that capture each of the outcomes accord-
ing to their Delphi definition, while allowing for outcomes to resolve
using follow-up questions regarding year of diagnosis, current situa-
tion (active versus inactive) and year resolved, if applicable. For the
asymptomatic physical core outcomes, an overview was created of
surveillance tests recommended by the International Late Effects of
Childhood Cancer Guideline Harmonization Group that have added
value to capture outcomes in an early or asymptomatic stage'®. These
tests can be extracted from medical records, if available.

Regarding the psychosocial and neurocognitive outcomes, we
recommend self-report by the 23-item Pediatric Quality of Life Inven-
tory (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®®*’. 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 performingalinkage with population registries torecord
overallsurvivaland to review the medical record for the specific cause
of death, depending on the available data sourcesin a country.

Discussion
The International Childhood Cancer Outcome Project resulted in17
coresets of 7-11items per childhood cancer type, amounting to a total
of 24 physical, psychosocial and neurocognitive outcomes for child-
hood cancer. We were able to define this set of important outcomes
by an extensive two-round Delphi process, including aninternational
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 progress within an organization, but
alsotobenchmark with other institutions and identify best practices.
Strengths of this project include building on previous efforts
within pediatric oncology*?, expanding the scope to most types of
childhood cancer and focusing on measures relevant to patients’ and
survivors’performance of activities in daily life. Moreover, the Delphi
methodology allows equal contribution of all stakeholder types to the
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Table 3 | Final outcome definitions accepted by the Delphi participants

Chronic graft-versus-host
disease

Chronic graft-versus-host disease with a global severity score® of moderate or severe

Disfigurements

Amputation and other physical disfigurements limiting instrumental or self-care ADL

Hearing problems

Hearing problems, including hearing loss or deafness requiring a hearing aid or cochlear implant, or tinnitus with severe
symptoms limiting instrumental or self-care ADL

Heart failure

Heart failure, with symptoms at rest or with moderate activity or exertion, and/or with resting ejection fraction <40%

Hypothalamic-pituitary
dysfunction

Hypothalamic-pituitary dysfunction, with one or more of these abnormalities: ACTH deficiency with medical intervention
indicated, GH deficiency confirmed by a stimulation test, TSH deficiency with medical intervention indicated, LH/FSH deficiency
with medical intervention indicated, ADH deficiency (central diabetes insipidus) with medical intervention indicated or
precocious puberty with Tanner stage B2 before age 8 (girls) or testicular volume >4 cc before age 9 (boys)

Male sexual dysfunction

Male sexual dysfunction, including the presence or anorgasmia, decreased libido, anejeculation, retrograde ejaculation or
erectile dysfunction requiring medical or other intervention

Motor problems

Paralytic, neuropathic (for example twitching, muscle cramps, muscle weakness) or movement (for example ataxia, spasticity,
disbalance) disorders limiting instrumental or self-care ADL, requiring walking aids or a wheelchair or requiring urgent
intervention

Myocardial infarction

Myocardial infarction, including abnormal cardiac enzymes and ECG changes consistent with infarction

Neurodegenerative
Langerhans Cell Histiocytosis

Neurodegenerative LCH, including LCH-associated abnormal CNS imaging and/or LCH-associated abnormal CNS symptoms

Osteonecrosis

Osteonecrosis requiring medical or operative intervention

Overweight

Age 0-5 years: weight for height >2s.d. above WHO Child Growth Standards median
Age 5-18 years: BMI for age >1s.d. above WHO Child Growth Standards median
Age 18 years or older: BMI of 225kgm™

Posterior fossa syndrome®
(cerebellar mutism syndrome)

Posterior fossa syndrome (cerebellar mutism syndrome), characterized by (1) delayed-onset mutism or reduced speech, and
(2) emotional lability after cerebellar or fourth ventricle surgery

Pulmonary dysfunction

Pulmonary dysfunction, including hypoxia requiring intermittent or continuous supplemental oxygen or limiting instrumental or
self-care ADL

Reduced joint mobility

Reduced mobility of the large joints (shoulder, elbow, hip, knee) limiting instrumental or self-care ADL

Renal insufficiency

Chronic kidney disease, requiring medication, electrolyte supplementation, dialysis and/or or renal transplant

Seizures

Seizures requiring medical or another intervention

Stroke (hemorrhagic or
ischemic)

Stroke, including intracranial hemorrhage requiring intervention or hospitalization or cerebrovascular ischemia requiring
hospitalization

Subfertility

Male or female subfertility, defined by the failure to achieve a clinical pregnancy after 12 months or more of regular unprotected
sexual intercourse

Subsequent neoplasm

Subsequent neoplasm that occurred as a new primary malignant neoplasm, and/or locally aggressive tumor (for example,
meningioma), either nonlife threatening or acute life threatening

Temperature dysregulation

Temperature dysregulation with a core temperature measured <35°C or 95 °F or requiring intervention, such as specialized heat
clothing

Visual problems

Visual problems, including decreased vision with best corrected visual acuity of 0.1 or worse in the affected eye, or double vision
or field of vision limitation, limiting instrumental or self-care ADL, for example, a blind cane or a guide dog

Physical aspects of quality
of life

Not applicable, grouped outcome measured by PedsQL Generic

Psychosocial aspects of
quality of life

Not applicable, grouped outcome measured by PedsQL Generic

Neurocognitive aspects of
quality of life

Not applicable, grouped outcome measured by PedsQL Fatigue

ADL are defined according to the Common Terminology Criteria for Adverse Events v.5 (ref. 48). Instrumental ADL refers to preparing meals, shopping for groceries or clothes, using the
telephone and managing money; self-care ADL refers to bathing, dressing and undressing, feeding self, using the toilet, taking medications and not being bedridden. ACTH, adrenocorticotropic
hormone; ADH, antidiuretic hormone; ADL, activities of daily living; BMI, body mass index; ECG, electrocardiogram; FSH, follicle-stimulating hormone; GH, growth hormone; LH, luteinizing
hormone; TSH, thyroid-stimulating hormone; WHO, World Health Organization. *Definition of chronic graft-versus-host disease global severity score according to ref. 49. ®Definition of posterior

fossa syndrome according to ref. 50.

decision-making process, with substantial agreementin the prioritized
outcomes®. Another strengthis that survivors wererepresentedin the
project group and consulted in the focus groups to ensure the final
core sets reflect outcomes of importance to patients and survivors®-*,

Inthis project, we prioritized clinically relevant outcomes for chil-
dren diagnosed with or having survived cancer, harmonized outcome
definitions and formulated measurement 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 treat-
mentstrategies interms ofimproved survival, reduced adverse health
outcomes or a combination of the two, thereby pinpointing current
careneeds and opportunities for future innovations. Inaddition, insti-
tutions adopting the same core set may participate in benchmarking
initiatives to identify best practices across healthcare organizations
to furtherimprove the quality of care.
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Table 4 | Measurement instruments for the International Childhood Cancer Core Outcome Set

Core outcome Measurement instrument

Measurement instruments for the symptomatic physical core outcomes

Overweight®

Data extraction: height and weight

Subsequent neoplasm?®®

Date extraction: occurrence and type of subsequent neoplasm

Subfertility®

1item: Has this person had a clinical diagnosis of subfertility, including a failure to achieve a clinical pregnancy after 12 months
or more of regular unprotected sexual intercourse??

Heart failure®

1item: Has this person had a clinical diagnosis of heart failure with resting ejection fraction <40%?¢

Chronic graft-versus-host
disease®

1item: Has this person had a clinical diagnosis of chronic graft-versus-host disease with a global severity score of moderate or
severe?®

Hypothalamic-pituitary
dysfunction, including
diabetes insipidus®

6 items: Has this person had a clinical diagnosis of ACTH deficiency requiring hydrocortisone medication??

Has this person had a clinical diagnosis of GH deficiency confirmed by a stimulation test?®

Has this person had a clinical diagnosis of TSH deficiency requiring thyroid medication?

Has this person had a clinical diagnosis of LH or FSH deficiency requiring estradiol or testosterone medication?®

Has this person had a clinical diagnosis of central precocious puberty with Tanner stage B2 before age 8 (girls) or testicular
volume >4 cc before age 9 (boys)?9

Has this person had a clinical diagnosis of ADH deficiency (central diabetes insipidus) requiring desmopressin medication??

Motor problems®

1item: Has this person had a clinical diagnosis of paralysis, motor neuropathy (for example, twitching, muscle cramps, muscle
weakness) or a movement disorder (for example, ataxia, spasticity) requiring support in instrumental or self-care ADL', requiring
walking aids or a wheelchair or requiring urgent intervention??

Hearing problems®

2 items: Has this person had a clinical diagnosis of hearing loss or deafness, with an indication for a hearing aid or cochlear
implant?d
Has this person had a clinical diagnosis of tinnitus, with severe symptoms requiring support in instrumental or self-care ADL?¢f

Disfigurements®

1item: Has this person had an amputation or other physical disfigurement requiring support in instrumental or self-care ADL?"¢

Visual problems®

2 items: Has this person had a clinical diagnosis of visual problems, including a best corrected visual acuity of 0.1 or worse in one
or both eyes??

Has this person had a clinical diagnosis of double vision or field of vision limitation requiring support in instrumental or self-care
ADL, for example a blind cane or a guide dog?*

Reduced joint mobility®

1item: Has this person had a clinical diagnosis of reduced mobility of one or more of the large joints (shoulder, elbow, hip, knee),
requiring support in instrumental of self-care ADL?%f

Renal insufficiency®

2 items: Has this person had a clinical diagnosis of chronic kidney disease requiring medication or electrolyte supplementation?®
Has this person had a clinical diagnosis of chronic kidney disease requiring dialysis and/or a renal transplant?¢

Osteonecrosis®

2 items: Has this person had a clinical diagnosis of osteonecrosis requiring medication (bisphosphonates, lipid -lowering drugs,
anticoagulants)??
Has this person had a clinical diagnosis of osteonecrosis requiring surgery?9

Myocardial infarction®

1item: Has this person had a clinical diagnosis of myocardial infarction, including abnormal cardiac enzymes and ECG
changes?®

Neurodegenerative LCH®

1item: Has this person had a clinical diagnosis of neurodegenerative LCH, including LCH-associated abnormal CNS imaging or
LCH-associated abnormal symptoms?9

Pulmonary dysfunction®

2 items: Has this person had a clinical diagnosis of pulmonary dysfunction requiring intermittent or continuous supplemental
oxygen??
Has this person had a clinical diagnosis of pulmonary dysfunction requiring support in instrumental or self-care ADL?%f

Seizures®

1item: Has this person had a clinical diagnosis of seizures requiring medication or another intervention?®

Posterior fossa syndrome®"

1item: Has this person had a clinical diagnosis of posterior fossa syndrome' (cerebellar mutism syndrome) requiring support in
instrumental or self-care ADL?%f

Stroke (hemorrhagic or
ischemic) ©

1item: Has this person had a clinical diagnosis of stroke (intracranial hemorrhage or cerebrovascular ischemia) requiring an
intervention or hospitalization?®

Temperature dysregulation®

1item: Has this person had a clinical diagnosis of temperature dysregulation with a core temperature measured below <35°C or
95 °F or requiring intervention such as specialized heat clothing??

Male sexual dysfunction®

1item: Has this person had a clinical diagnosis of any type of male sexual dysfunction (anorgasmia, decreased libido,
anejeculation, retrograde ejaculation or erectile dysfunction) requiring medication or another intervention?¢

Measurement instruments for the asymptomatic physical core outcomes

Subfertility®

Data extraction: sperm count (males), FSH (males and females) (if available)

Heart failure®

Data extraction: LV systolic function on ultrasound (if available)

Hearing problems?

Data extraction: audiometry (if available)

Renal insufficiency®

Data extraction: eGFR (if available)

Measurement instruments for the psychosocial and neurocognitive outcomes

Neurocognitive aspects of Qol’

5 items: PedsQL Generic (dimension school functioning)
6 items: PedsQL Fatigue (dimension cognitive fatigue)

Psychosocial aspects of Qol!

10 items: PedsQL Generic (dimensions emotional functioning and social functioning)
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Table 4 (continued) | Measurement instruments for the International Childhood Cancer Core Outcome Set

Core outcome Measurement instrument

Physical aspects of QoL

8 items: PedsQL Generic (dimension physical functioning)

12 items: PedsQL Fatigue (dimensions general fatigue and sleep/rest fatigue)

Measurement instruments for survival

Overall survival®

Data extraction: last follow-up (survival) or date of death (mortality)

Cause-specific mortality®® Data extraction: cause of death*

Measurement instruments to capture the International Childhood Cancer Core Outcome Set, using medical record abstraction, questionnaires or linkage with existing registries. ACTH,
adrenocorticotropic hormone; ADH, antidiuretic hormone; ADL, activities of daily living; CNS, central nervous system; eGFR, estimated glomerular filtration rate; FSH, follicle stimulating
hormone; GH, growth hormone; LCH, Langerhans cell histiocytosis; LH, luteinizing hormone; LV, left ventricular; PedsQL, Pediatric Quality of Life Inventory; TSH, thyroid stimulating hormone;
Qol, quality of life. *Suggested data source: medical record. "Suggested data source: existing registry (for example, cancer registry, population registry). °Suggested data source: healthcare
provider survey. “Considered to be an outcome that may vary over time, requiring three follow-up questions about year of diagnosis, current situation (active/inactive) and year resolved

if currently inactive. °Global severity score according to ref. 49. fInstrumental ADL refer to preparing meals, shopping for groceries or clothes, using the telephone, managing money, etc.
Self-care ADL refer to bathing, dressing and undressing, feeding self, using the toilet, taking medications and not bedridden. These definitions are adopted from the Common Terminology
Criteria for Adverse Events v.5 (ref. 48). °Considered to be a permanent outcome, requiring one follow-up question about year of diagnosis. "Posterior fossa syndrome or cerebellar mutism
syndrome. ‘Definition according to ref. 50: “Post-operative pediatric CMS is characterized by delayed-onset mutism/reduced speech and emotional lability after cerebellar or 4th ventricle
tumor surgery in children. Additional common features include hypotonia and oropharyngeal dysfunction/dysphagia. It may frequently be accompanied by the cerebellar motor syndrome,
cerebellar cognitive affective syndrome and brain stem dysfunction including long tract signs and cranial neuropathies. The mutism is always transient, but recovery from CMS may be
prolonged”. 'Suggested data source: self-report or parent-report by patient or survivor (depending on age and ability). “Suggested to be measured according to ref. 51.

Importantly, the occurrence of early and late adverse health out-
comes is not only dependent on the quality of care but also relies on
case-mix variables that describe differences between hospital popula-
tions, such as cancer subtype and stage, sex, age, genetic susceptibility,
comorbidities and other demographic or clinical traits. Therefore,
such data should be documented precisely and accounted for when
benchmarking with other institutions®. 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 immediately and completely extracted from common elec-
tronic healthrecords. However, the outcomes can be measured by medi-
calrecord abstraction, concise questionnaires and linkage with existing
registries. To facilitate and harmonize its implementation, we devel-
oped an overview of suggested measurement instruments. Regarding
psychosocial and neurocognitive outcomes, we recommend using the
established PedsQL Generic and Fatigue modules for survivors of 2-18
years of age. This decision aimed to balance the instrument’s coverage
of core outcomes, availability in different languages, validation 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 clini-
cal work. Some institutions use this measure for follow-up until age 30
years, allowing for longitudinal assessments since diagnosis, including
duringthetransition from acute toshort-andlong-term follow-up care.
Although the PedsQL measures health-related quality of life ona more
general level, it does not capture specific conditions, such as anxiety,
depression, post-traumatic stress or suicidal ideation, in detail. How-
ever, these types of psychopathology are less common in survivors of
childhood cancer***. The Patient-Reported Outcomes Measurement
Information System (PROMIS) tools represent a favorable alternative
because they permit computerized adaptive testing, feature arela-
tively easy-to-interpret scoring system and include item banks that are
increasingly becoming the international standard*’~*2. However, because
PROMIS measures are currently unavailable inmany languages and only
adopted by afew pediatric oncology centers worldwide, we recommend
using the PedsQL as the primary measure to evaluate psychosocial and
neurocognitive outcomesinthis project. Evidently, more focused evalu-
ations of specific physical, psychosocial or neurocognitive sequelae,
preferably according to evidence-based clinical guidelines, remain
important for those at higher risk of developing adverse effects'*.

The core set should be interpreted while acknowledging that an
outcome prioritized 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, aconcise

set of relevant outcomes provides benefits in terms of feasibility** .
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 Maxima Center) or the infrequency of
certain childhood cancer types (for example, thyroid carcinoma).
Lastly, the candidate outcome lists that served as the starting point of
the prioritization process were based on outcome collection effortsin
the Netherlands. This might have induced sampling bias and limited
generalizability. However, this risk is limited due to the possibility to
put forth new outcomes during the Delphi process.

The successful development of the International Childhood Can-
cer Core Outcome Setisonly the starting point of theimplementation
of outcome-based evaluation of quality of care. Apart from the involve-
ment of survivor representatives and diverse healthcare providers
throughout the project, additional elements, including leadership,
engagement, 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***¢*,
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Methods

TheInternational Childhood Cancer Outcome Project was coordinated
by a project group with representatives from the Princess Maxima
Center for Pediatric Oncology in The Netherlands (the Princess Maxima
Center) and St Jude Children’s Research Hospital in the USA (St Jude)
and survivor representatives. Project participants included individu-
als who survived childhood cancer and a wide variety of healthcare
providersinternationally (Supplementary Table 1).

Weinitially focused on defining a unique core set of 5-10 clinically
relevant outcomes for each of 17 childhood cancer subtypes repre-
senting common hematological malignancies (acute lymphoblastic
leukemia, acute myeloid leukemia, Hodgkin lymphoma, non-Hodgkin
lymphoma and Langerhans cell histiocytosis), central nervous system
tumors (low-grade glioma, high-grade glioma, embryonal tumor of
the central nervous system and craniopharyngioma) and solid tumors
(neuroblastoma, osteosarcoma, Ewing sarcoma, rhabdomyosarcoma,
nonrhabdomyosarcomasoft tissue sarcoma, liver tumor, kidney tumor
and extracranial germ cell tumor). Clinical relevance was defined as hav-
ingaphysical, psychosocial or neurocognitive influence ondaily lifeand
persisting for or developing two or more years after therapy. Acute toxici-
ties and palliative outcomes were considered to be outside the scope of
the project. Moreover, we decided that overall survival and cause-specific
mortality shouldbeapart ofeach core set; therefore, these factors were
notincluded in the selection and prioritization process™.

Amixed methods approach consisting of the following three steps
was used (Fig.1): (1) preparation, (2) outcome selection and (3) future
implementation.

Step 1: preparation

As a starting point for the prioritization process, potentially relevant
outcomes for each of the 17 childhood cancer types were collected
at the Princess Maxima Center through a survey among healthcare
providers and focus groups of 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 because the study was not
considered to be subject to the Dutch Medical Research Involving
Humans Act (WMO).

The clinical, nursing and paramedic staff at the Princess Maxima
Center nominated 90 healthcare providers based on their expertise
inthe field to participate in an online survey (97% response rate; Sup-
plementary Table 2). Together, they represented 17 professional back-
grounds: pediatric oncologists; radiation oncologists; pain specialists;
supportive care, symptom control or 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 a pediatric oncologist with
additional expertisein allogeneic transplants. Participants were asked
to identify five to ten clinically relevant outcomes in any domain for a
specific childhood cancer type as an open-ended question.

Four online focus groups were organized for survivors: one each
for adults (=18 years) 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 one with osteosarcoma) (Supplementary Table 3).
We hypothesized teenagers might experience different issues in
daily life which would be shared more easily among peers. We did not
organize focus groups for parents because the parent and survivor
representatives 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®. Perspectives of
younger patients and survivors were solicited during the adolescent
focus group™. Inclusion criteria consisted of being age 12 years or

older; being a 5-year survivor of ahematological malignancy, central
nervous system tumor or solid tumor; and providing signed informed
consent by the participant (if age >16 years) or both participant and
legal guardian (if age <16 years). The exclusion criterion was lack of
Dutchlanguage fluency. Participants were recruited through flyers at
thelate-effects clinic, social media announcements or nomination by
their healthcare provider. We aimed for eight to ten participants per
focus group to provide optimum data richness and conversational
flow>2. The sessions were hosted digitally at the Princess Maxima
Center in collaboration with the Dutch Childhood Cancer Organi-
zation using videoconferencing software and online tools (that is,
Mentimeter and Padlet).

Subsequently, the collected outcomes from the healthcare pro-
vider surveys and survivor focus groups were extracted and harmo-
nized by two researchers (R.L.M. and R.J.v.K.), with any discrepancies
being resolved through discussion with a third party (L.C.M.K.) and
with final agreement of the project group. These outcomes informed
the unique candidate outcome lists that were established for each of
the 17 childhood cancer types and served as the starting point for the
outcome prioritization.

Step 2: outcome selection

To develop the core outcome set, including outcome definitions, we
performed two Delphi rounds for 17 childhood cancer types. Both
rounds were hosted electronically on the Welphi platform (www.wel-
phi.com). Participants included healthcare providers at the Princess
Maxima Center that participated in the healthcare provider survey
(step 1), staff at St Jude Children’s Research Hospital who were nomi-
nated by the project group and leading international experts identified
by working groups at the Princess Maxima Center and St Jude Chil-
dren’s Research Hospital. All participants were categorized into 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 representatives
expressed concerns that prioritizing outcomes onthe individual level
mightbetoo complexand could cause psychological distress. However,
theintermediateresults and final core sets were reviewed and approved
by the survivor representatives in the project group.

With the first Delphi round in March and April 2021, we aimed to
condense the 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
onaonetoseven Likert scale®. In addition, participants selected one
mostimportant outcome to include in the core set and could suggest
new outcomes.

Outcomes were moved forward to the second Delphiroundif one
or both of the following criteria were met: (1) a median severity of the
outcome of 26.0in at least one of the stakeholder groups, and median
prevalence of the outcome being greater than or equal to the median
prevalence score across all participantsin that same stakeholder group;
and/or (2) top ranking, thatis, >10% of participants within astakeholder
group considered the outcome the mostimportant outcome toinclude
in a core outcome set. If this resulted in a selection of less than 15 out-
comes, the severity threshold would be decreased in steps of 0.5 until
atleast 15 outcomes were selected. New outcomes were added to the
candidate outcomelist if mentioned by two or more participants within
the same type of childhood cancer.

All participants of the first Delphi round were also invited for the
second DelphiroundinMay 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 second iteration aimed to prioritize approximately five out-
comes per childhood cancer type and to refine the outcome defini-
tions. Participants were asked to rate theimportance of including each
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outcomeinacoresetof five outcomes on aonetosevenLikert scale, and
select the three mostimportant outcomes per childhood cancer type®.

Outcomeswere prioritized by the following two criteria: (1) median
score of 26.0 or higher in at least one of the stakeholder groups, and
being selected by >25% as one of the top three outcomes in that same
stakeholder group; or (2) amedian score of >6.0 amongall participants.
To establish the degree of consensus, three levels of agreement were
defined according to these criteria: level A (both criteriafulfilled), B (only
thefirst criterionfulfilled) and C (only the second criterion fulfilled). For
the four central nervous system tumors (low-grade glioma, high-grade
glioma, embryonal tumors of the central nervous system and crani-
opharyngioma), we observed that the psychosocial and neurocognitive
outcomeswere more highly prioritized thanthe physical outcomes. This
would lead to exclusion of most of the latter outcomes if following the
standard selection criteria. Toimprove the balance in these four Delphi
surveys, we lowered the median score threshold for criterion (1) and
(2) to 5.0 forthe physical outcomesin these surveys, while alsoincluding
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. The final core sets and definitions
were endorsed by the Delphi participantsinan e-mail feedback round.

Draft definitions for each of the selected outcomes were devel-
oped by the project group, using the criteria for clinical relevance and
athreshold where the patient experiences symptoms or animpact on
daily life (for example, need to change lifestyle or use medication).
Existing frameworks were used: preferably the Common Terminology
Criteria for Adverse Events v.5 (ref. 48), supplemented by definitions
used by the International Late Effects of Childhood Cancer Guideline
Harmonization Group, Ponte di Legno Severe Toxicity Working Group
and World Health Organization. In both Delphi rounds, participants
were asked to review the draft definitions. Definitions for the core
outcomes were revised based on their feedback and presented in the
final feedback round by e-mail.

Step 3: future implementation

The project group selected measurement instruments for each of the
core outcomes, aiming to stay as close as possible to the endorsed Del-
phidefinitions. Draft metrics were discussed and refined during three
online project group meetings until full consensus was reached on final
measurement instruments ready forimplementation. For the 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 asymp-
tomatic outcomes, thatis, abnormalities on surveillance or diagnostic
tests with or without a clinical diagnosis, using recommended surveil-
lance strategies from the International Late Effects of Childhood Cancer
Guideline Harmonization Group long-term follow-up guidelines'.
For the psychosocial and neurocognitive outcomes, internationally
validated questionnaires were identified by expert consultation and
mapped to the core outcomes. The objective was to determine the
optimal coverage of these psychosocial and neurocognitive outcomes
and alignmentwith other guidelines®*, with minimal burden of com-
pletion on the parent (proxy), patient or survivor.

Data availability
Most of the data have been included in the Supplementary Informa-
tion to promote transparency. Additional data collected for the study,

including deidentified participant data, a data dictionary defining each
field in the set and the detailed summaries of each Delphi round, will
be made available to others upon reasonable request until 2035. The
data can be requested through the corresponding or senior authors
(R.J.v.K,R.L.M.orL.C.M.K.) and will only be shared with a signed data
access agreement.
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