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This is our new issue of Study

.

Scan. We present the latest research
results in childhood cancer
survivorship.

required for reading the full text articles.
We mark the publications with this symbol. Just click
or tap on it and you will be redirected to the
magazine's website and be able to read the full text.

We have never expected to write an
editorial while there is a war in
Europe – only a few hours away from
us in Germany. Actually a war,
however it is called officially military
special operation in the country that
started the attack.
It is very hard to find the right words.
Let us hope together for better times
for all of us.
We wish you an interesting reading
of our magazine. Have a nice
summer in the northern hemisphere
and a nice winter in the southern
hemisphere!

Christian Müller

Prof. Dr. med. Thorsten Langer
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LATE EFFECTS: HIGH-DOSE METHOTREXATE
M ethotrexate is one of the most

important drugs in treatment of childhood
acute lymphoblastic leukemia (ALL) and
non-Hodgkin lymphoma (NHL). Since the
beginning of the 1980s, methotrexate is
administered in high-doses combined
with a so called rescue therapy. In the
studies for ALL and NHL of the BerlinFrankfurt-Münster (BFM) group high-dose
methotrexate means 5 g/m².

Besides acute toxic effects, methotrexate
can induce long-term effects for example
those related to neucognitive function.
Eveline Daetwyler, Mario Bargetzi, Maria
Otth, and Katrin Scheinemann have
published an open access review of these
late effects. Please find further information
on page 18 or scan the following code.

With cure rates for pediatric cancer at
historic highs, the question becomes
what is the legacy of that cure? We are
doing a better job of keeping patients
alive, but are we doing a better job at
addressing the chronic diseases that
are sometimes the price of that cure?
NIKHILL BHAKTA, M.D., ST. JUDE CHILDREN'S RESEARCH HOSPITAL
(MEMPHIS, USA)
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RISK OF COVID-19 INFECTIONS AND OF
SEVERE COMPLICATIONS AMONG SURVIVORS
OF CHILDHOOD, ADOLESCENT, AND YOUNG
ADULT CANCER: A POPULATION-BASED
STUDY IN ONTARIO, CANADA
Sumit Gupta, Rinku Sutradhar, Sarah Alexander, Michelle Science, Cindy Lau,
Chenthila Nagamuthu, Mohammad Agha, Paul C Nathan, David Hodgson

J Clin Oncol; doi: 10.1200/JCO.21.02592

PURPOSE
Survivors of childhood, adolescent, and
young adult cancer are at risk of late
effects, including pulmonary and
infectious complications. Whether
survivors are at increased risk of
COVID-19 infection and severe
complications is unknown.
METHODS
Population-based registries in Ontario,
Canada, identified all 5-year survivors of
childhood cancer diagnosed age 0-17
years between 1985 and 2014, and of six
common adolescent and young adult
cancers diagnosed age 15-21 years
between 1992 and 2012. Each survivor
alive on January 1, 2020, was randomly
matched by birth year, sex, and
residence to 10 cancer-free population
controls. Individuals were linked to
population-based laboratory and health
care databases to identify COVID-19
tests, vaccinations, infections, and
severe outcomes (emergency
department [ED] visits, hospitalizations,
intensive care unit admissions, and
death within 60 days). Demographic,
disease, and treatment-related variables
were examined as possible predictors of
outcomes.

RESULTS
Twelve thousand four hundred ten
survivors were matched to 124,100
controls. Survivors were not at
increased risk of receiving a positive
COVID-19 test (386 [3.1%] v 3,946 [3.2%];
P = .68) and were more likely to be fully
vaccinated (hazard ratio, 1.23; 95 CI, 1.20
to 1.37). No increase in risk among
survivors was seen in emergency
department visits (adjusted odds ratio,
1.2; 95 CI, 0.9 to 1.6; P = .19) or
hospitalization (adjusted odds ratio, 1.8;
95 CI, 1.0 to 3.5; P = .07). No survivor
experienced intensive care unit
admission or died after COVID-19
infection. Pulmonary radiation or
chemotherapies associated with
pulmonary toxicity were not associated
with increased risk.
CONCLUSION
Cancer survivors were not at increased
risk of COVID-19 infections or severe
sequelae. These results can inform riskcounseling of survivors and their
caregivers. Further study is warranted
to determine risk in older survivors,
specific subsets of survivors, and that
associated with novel COVID-19
variants.
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SECOND CANCER RISK IN CHILDHOOD
CANCER SURVIVORS TREATED WITH
INTENSITY-MODULATED RADIATION
THERAPY: AN UPDATED ANALYSIS OF MORE
THAN 10 YEARS OF FOLLOW-UP
Kathryn R Tringale, Dana L Casey, Gregory Niyazov, Jessica A Lavery, Chaya
Moskowitz, Danielle N Friedman, Suzanne L Wolden

Pediatr Blood Cancer; doi: 10.1002/pbc.29600

BACKGROUND
It is unclear how intensity-modulated
radiation therapy (IMRT) impacts longterm risk of second malignant neoplasms
(SMNs) in childhood cancer patients.
PROCEDURE
Patients aged ≤21 years treated with
IMRT between 1998 and 2009 and who
survived ≥5 years after IMRT were
included. SMN site in relation to isodose
level (IDL) of IMRT was evaluated.
Standardized incidence ratios (SIR) and
excess absolute risks (EAR) were
calculated. Cumulative incidences were
estimated with death as a competing
risk.
RESULTS
Three-hundred twenty-five patients
were included with median follow-up of
11.2 years from IMRT (interquartile
range: 9.4-14.0) among patients alive at
the end of follow-up. Two hundred
(62%) patients had ≥10 years of followup and 284 (87%) patients were alive at
the time of analysis. Fifteen patients
developed SMNs (11 solid, four
hematologic).

Median time from IMRT to solid SMN
was 11.0 years (range: 6.8-19.2) with 10and 15-year cumulative incidences 1.8%
(95% CI: 0.7-3.9) and 3.5% (95% CI: 1.47.5), respectively; SIR was 13.7 (95% CI:
6.9-24.6) and EAR was 2.8 per 1000
person-years (95% CI: 1.0-4.6). Eight
solid SMNs developed within the IMRT
field (100% IDL [n = 5], 80% IDL [n = 1],
50% IDL [n = 1], 40% IDL [n = 1]), one
within the 70%-80% IDL of a
conventional field, one was out-of-field,
and one could not be determined.
CONCLUSIONS
With median follow-up of >10 years,
many solid SMNs after IMRT in
childhood cancer survivors develop in
the high-dose region. These data serve
as a foundation for comparison with
other modalities of radiation treatment
(e.g., proton therapy).

07 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

HEALTH-RELATED QUALITY OF LIFE IN
LONG-TERM SURVIVORS OF CHILDHOOD
BRAIN TUMORS: A POPULATION-BASED
COHORT STUDY
Lisa Ljungman, Tiina Remes, Elisabeth Westin, Alina Huittinen, Tuula Lönnqvist, Kirsti
Sirkiä, Heikki Rantala, Marja Ojaniemi, Marika Harila, Päivi Lähteenmäki, Pekka
Arikoski, Anna Wikman, Arja Harila-Saari

Support Care Cancer; doi: 10.1007/s00520-022-06905-x

PURPOSE
Survivors of childhood brain tumors (BT)
are at high risk for long-term physical
and psychological sequelae. Still,
knowledge about health-related quality
of life (HRQL) and associated factors in
this population is sparse. This study
investigated HRQL and its predictors in
long-term survivors of childhood BT.
METHODS
Survivors of childhood BT (mean age =
28.1 years, SD = 6.8, n = 60) underwent
clinical examination and neurocognitive
examination, and completed self-rating
questionnaires assessing HRQL (RAND36) and depressive symptoms (Beck
Depression Inventory-II). Sociodemographic information was gathered
via a questionnaire. Tumor- and
treatment-related information was
collected from medical records. Control
group data were collected from agematched controls (n = 146) without a
history of cancer, randomly selected
from the local population registry.
Multiple linear regression models were
used to investigate predictors of HRQL;
separate models were fitted for each
domain of the RAND-36.

RESULTS
Male survivors (mean age = 27.0, SD =
6.0, n = 39) reported significantly lower
HRQL than male controls in the domains
of physical functioning, general health,
vitality, social functioning, and role
limitations-emotional. Female survivors
(mean age = 30.2 years, SD = 7.6, n = 21)
reported comparable levels as female
controls in all domains except physical
functioning. A higher burden of late
effects, not working/studying, being
diagnosed with BT during adolescence,
and reporting current depressive
symptoms were significant predictors of
lower HRQL.
CONCLUSION
Our results highlight that male survivors
of childhood BT are at particular risk of
impaired HRQL. Also, results point to
the close relation between symptoms of
depression and impaired HRQL in
survivors of childhood BT which should
be acknowledged by long-term followup care.
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EXCESS MORBIDITY AND MORTALITY AMONG
SURVIVORS OF CHILDHOOD ACUTE
LYMPHOBLASTIC LEUKAEMIA: 25 YEARS OF
FOLLOW-UP FROM THE UNITED KINGDOM
CHILDHOOD CANCER STUDY (UKCCS)
POPULATION-BASED MATCHED COHORT
Eleanor Kane1, Sally Kinsey, Audrey Bonaventure, Tom Johnston, Jill Simpson, Debra
Howell, Alexandra Smith, Eve Roman

BMJ Open; doi: 10.1136/bmjopen-2021-056216
OBJECTIVES
To examine morbidity and mortality among
teenagers and young adults (TYAs)
previously diagnosed with acute
lymphoblastic leukaemia (ALL) in childhood,
and compare to the general TYA population.
DESIGN
National population-based sex-matched and
age-matched case-control study converted
into a matched cohort, with follow-up
linkage to administrative healthcare
databases.
SETTING
The study population comprised all children
(0-14 years) registered for primary care with
the National Health Service (NHS) in England
1992-1996.
PARTICIPANTS
1082 5-year survivors of ALL diagnosed<15
years of age (1992-1996) and 2018 unaffected
individuals; followed up to 15 March 2020.
MAIN OUTCOME MEASURES
Associations with hospital activity, cancer
and mortality were assessed using incidence
rate ratios (IRR) and differences.

RESULTS
Mortality in the 5-year ALL survivor cohort
was 20 times higher than in the comparison
cohort (rate ratio 21.3, 95% CI 11.2 to 45.6),
and cancer incidence 10 times higher (IRR
9.9 95% CI 4.1 to 29.1). Hospital activity was
increased for many clinical specialties, the
strongest associations being for
endocrinology; outpatient IRR 36.7, 95% CI
17.3 to 93.4 and inpatient 19.7, 95% CI 7.9 to
63.2 for males, and 11.0, 95% CI 6.2 to 21.1
and 6.2 95% CI 3.1 to 13.5, respectively, for
females. Notable excesses were also evident
for cardiology, neurology, ophthalmology,
respiratory medicine and general medicine.
Males were also more likely to attend
gastroenterology; ear, nose and throat;
urology; and dermatology, while females
were more likely to be seen in plastic
surgery and less likely in midwifery.
CONCLUSIONS
Adding to excess risks of death and cancer,
survivors of childhood ALL experience
excess outpatient and inpatient activity
across their TYA years, which is not related
to routine follow-up monitoring. Involving
most clinical specialties, associations are
striking, showing no signs of diminishing
over time. Recognising that all survivors are
potentially at risk of late treatmentassociated effects, our findings underscore
the need to take prior ALL diagnosis into
account when interpreting seemingly
unrelated symptoms later in life.
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REVIEW – LATE TOXICITY OF ABDOMINAL AND
PELVIC RADIOTHERAPY FOR CHILDHOOD
CANCER
Arno C Hessels, Johannes A Langendijk, Agata Gawryszuk, Mart A A M Heersters, Nathalie
L M van der Salm, Wim J E Tissing, Hiska L van der Weide, John H Maduro

Radiother Oncol; doi: 10.1016/j.radonc.2022.02.029

ABSTRACT
As survival improves in childhood
cancer, prevention of late treatmentrelated toxicity in survivors becomes
increasingly relevant. Radiotherapy is an
important contributor to late toxicity.
Therefore, minimizing radiation
exposure to normal tissues is an
important step towards improving the
long-term therapeutic window of
childhood cancer treatment. Since
children are growing and developing,
they are particularly vulnerable to
radiation exposure. This makes the 'as
low as reasonably achievable (ALARA)'
principle even more important.

In order to guide and achieve clinically
meaningful dose reductions through
advanced and emerging radiation
techniques, it is important to investigate
age-dependent relationships between
radiation exposure to healthy tissues
and late radiation-induced toxicity. In
this review, we provide an overview of
literature on the association between
radiotherapy dose and late toxicity after
abdominal and pelvic irradiation in
childhood cancer. With this information,
we aim to aid in decision-making
regarding radiotherapy for childhood
cancer.
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THE PHYSICAL ACTIVITY AND FITNESS IN
CHILDHOOD CANCER SURVIVORS (PACCS)
STUDY: PROTOCOL FOR AN INTERNATIONAL
MIXED METHODS STUDY
Hanne C Lie, Sigmund Anderssen, Corina Silvia Rueegg, Truls Raastad, May Grydeland,
Lene Thorsen, Trine Stensrud, Elisabeth Edvardsen, Marie Hamilton Larsen, Ingrid
Kristin Torsvik, Lars Peder Bovim, Miriam Götte, Päivi Maria Lähteenmäki, Susi
Kriemler, Hanne Bækgaard Larsen, Martin Kaj Fridh, Kristin Ørstavik, Henrik Brun,
Iren Matthews, Else Hornset, Ellen Ruud

JMIR Res Protoc; doi: 10.2196/35838
BACKGROUND
Survivors of childhood cancer represent a
growing population with a long life
expectancy but high risks of treatmentinduced morbidity and premature mortality.
Regular physical activity (PA) may improve
their long-term health; however, highquality empirical knowledge is sparse.
OBJECTIVE
The Physical Activity and Fitness in
Childhood Cancer Survivors (PACCS) study
comprises 4 work packages (WPs) aiming for
the objective determination of PA and selfreported health behavior, fatigue, and
quality of life (WP 1); physical fitness
determination (WP 2); the evaluation of
barriers to and facilitators of PA (WP 1 and
3); and the feasibility testing of an
intervention to increase PA and physical
fitness (WP 4).
METHODS
The PACCS study will use a mixed methods
design, combining patient-reported outcome
measures and objective clinical and
physiological assessments with qualitative
data gathering methods. A total of 500
survivors of childhood cancer aged 9 to 18
years with ≥1 year after treatment
completion will be recruited in follow-up
care clinics in Norway, Denmark, Finland,
Germany, and Switzerland.

All participants will participate in WP 1, of
which approximately 150, 40, and 30 will be
recruited to WP 2, WP3, and WP 4,
respectively. The reference material for WP 1
is available from existing studies, whereas
WP 2 will recruit healthy controls. PA levels
will be measured using ActiGraph
accelerometers and self-reports. Validated
questionnaires will be used to assess health
behaviors, fatigue, and quality of life.
Physical fitness will be measured by a
cardiopulmonary exercise test, isometric
muscle strength tests, and muscle power
and endurance tests. Limiting factors will be
identified via neurological, pulmonary, and
cardiac evaluations and the assessment of
body composition and muscle size.
Semistructured, qualitative interviews,
analyzed using systematic text
condensation, will identify the perceived
barriers to and facilitators of PA for
survivors of childhood cancer. In WP 4, we
will evaluate the feasibility of a 6-month
personalized PA intervention with the
involvement of local structures.
RESULTS
Data collection for WP 1 to 3 is complete.
This will be completed by July 2022 for WP
4. Several publications are already in
preparation, and 2 have been published.
TO BE CONTINUED ON NEXT PAGE
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CONCLUSIONS
The PACCS study will generate high-quality
knowledge that will contribute to the
development of an evidence-based PA
intervention for young survivors of
childhood cancer to improve their long-term
care and health. We will identify
physiological, psychological, and social
barriers to PA that can be targeted in
interventions with immediate benefits for
young survivors of childhood cancer in need
of rehabilitation.
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CHALLENGES PREDICTING THE
CARDIOVASCULAR FUTURE FOR SURVIVORS OF
CHILDHOOD CANCER
Daniel A Mulrooney

Cancer Epidemiol Biomarkers Prev; doi: 10.1158/1055-9965.EPI-21-1329

ABSTRACT
Cardiovascular disease (CVD) risk
stratification relies on assessment of
nonmodifiable (age, sex, family history)
and modifiable (weight, tobacco,
physical activity, blood pressure,
glucose/lipid levels) risk factors. Cancer
therapy, itself a potential risk factor,
may alter metabolism in long-term
survivors of childhood cancer resulting
in premature acquisition of age-related
modifiable CVD risk factors. For
survivors exposed to cardiotoxic
therapies, the risk for CVD is
significantly augmented by obesity,
diabetes, dyslipidemia, and
hypertension. An understanding of these
risks may not be well communicated as
survivors return to primary care and
general population screening practices
may be insufficient. Lipshultz and
colleagues recruited childhood cancer
survivors to return to their treating
institution for a comprehensive clinical
assessment.

Interestingly, compared with a
noncancer age-, sex-, and
race/ethnicity-matched National Health
and Nutrition Examination Survey
population, cardiometabolic profiles
were largely similar. However, cancer
survivors had a higher prevalence of
prehypertension/hypertension (38.4%
vs. 30.1%, P = 0.04) and a lower
prevalence of the metabolic syndrome
(11.9% vs. 18.7%, P = 0.05). Applying
general population CVD risk calculators
and a cancer-specific model from the
Childhood Cancer Survivor Study, risk
estimates were notably higher when
cardiotoxic cancer treatment exposures
were included.
See related article by Lipshultz et al., p.
13, in this magazine.
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CARDIOMETABOLIC RISK IN CHILDHOOD
CANCER SURVIVORS: A REPORT FROM THE
CHILDREN'S ONCOLOGY GROUP
Emma R. Lipshultz; Eric J. Chow; David R. Doody; Saro H. Armenian; Barbara L.
Asselin; K. Scott Baker; Smita Bhatia; Louis S. Constine; David R. Freyer; Lisa M. Kopp;
Cindy L. Schwartz; Steven E. Lipshultz; Lynda M. Vrooman

Cancer Epidemiol Biomarkers Prev; doi: 10.1158/1055-9965.EPI-21-0360

BACKGROUND
Childhood cancer survivors are at risk for
cardiovascular disease. We assessed the
burden of potentially modifiable
cardiometabolic risk factors (CRF) among
survivors compared with populationmatched controls.
METHODS
Survivors previously enrolled on Pediatric
Oncology Group protocols 9404, 9425, 9426,
9754, and Dana-Farber Cancer Institute 9501 from 1996 to 2001 with acute
lymphoblastic leukemia/lymphoma, Hodgkin
lymphoma, or osteosarcoma were
prospectively assessed for the prevalence of
CRFs and compared with an age, sex, and
race/ethnicity-matched 2013 National
Health and Nutrition Examination Survey
(NHANES) population. We estimated future
predicted cardiovascular risk based on
general population (e.g., Framingham) and
Childhood Cancer Survivor Study (CCSS)
models.
RESULTS
Compared with NHANES (n = 584), survivors
[n = 164; 44.5% female, median age 28 years
(range, 16–38 years); median 17.4 years
(range, 13–22 years) since cancer diagnosis;
median doxorubicin dose 300 mg/m²; 30.5%
chest radiation] had similar rates of obesity,
diabetes, and dyslipidemia, but more
prehypertension/hypertension (38.4% vs.
30.1%, P = 0.044).

Survivors had fewer metabolic syndrome
features compared with NHANES (≥2
features: 26.7% vs. 55.9%; P < 0.001).
Survivors were more physically active and
smoked tobacco less (both P < 0.0001).
Therefore, general population cardiovascular
risk scores were lower for survivors versus
NHANES. However, with CCSS models, 30.5%
of survivors were at moderate risk of
ischemic heart disease, and >95% at
moderate/high risk for heart failure, with a
9% to 12% predicted incidence of these
conditions by age 50 years.
CONCLUSIONS
Childhood cancer survivors exhibited similar
or better cardiometabolic and lifestyle
profiles compared with NHANES, but
nonetheless are at risk for future clinically
significant cardiovascular disease.
IMPACT
Further strategies supporting optimal CRF
control are warranted in survivors.
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SYSTEMATIC REVIEW: SLEEP DISORDERS
BASED ON OBJECTIVE DATA IN CHILDREN
AND ADOLESCENTS TREATED FOR A BRAIN
TUMOR
Anne Sophie Lind Helligsoe, Kathrine Synne Weile, Line Kenborg, Louise Tram
Henriksen, Yasmin Lassen-Ramshad, Ali Amidi, Lisa Maria Wu, Jeanette Falck Winther,
Line Pickering, René Mathiasen

Front Neurosci; doi: 10.3389/fnins.2022.808398

BACKGROUND
Tumors of the central nervous system (CNS)
are the most common solid childhood
malignancy. Over the last decades,
treatment developments have strongly
contributed to the improved overall 5-year
survival rate, which is now approaching 75%.
However, children now face significant longterm morbidity with late-effects including
sleep disorders that may have detrimental
impact on everyday functioning and quality
of life. The aims of this study were to (1)
describe the symptoms that lead to
polysomnographic evaluation; (2) describe
the nature of sleep disorders diagnosed in
survivors of childhood CNS tumor using
polysomnography (PSG); and (3) explore the
association between tumor location and
diagnosed sleep disorder.
METHODS
An extensive literature search following the
Preferred Reporting Items for Systematic
Review and Meta-Analysis guidelines
(PRISMA) was conducted. Inclusion criteria
were children and adolescents diagnosed
with a CNS tumor age <20 years having a
PSG performed after end of tumor
treatment. The primary outcome was sleep
disorder confirmed by PSG.

RESULTS
Of the 1,658 studies identified, 11 met the
inclusion criteria. All the included articles
were appraised for quality and included in
the analysis. Analyses indicated that sleep
disorders commonly occur among childhood
CNS tumor survivors. Symptoms prior to
referral for PSG were excessive daytime
sleepiness (EDS), fatigue, irregular breathing
during sleep and snoring. The most common
sleep disorders diagnosed were sleeprelated breathing disorders (i.e., obstructive
sleep apnea) and central disorders of
hypersomnolence (i.e., narcolepsy).
CONCLUSION
Our findings point to the potential benefit of
systematically registering sleep disorder
symptoms among CNS tumor patients
together with tumor type and treatment
information, so that at-risk patients can be
identified early. Moreover, future rigorous
and larger scale controlled observational
studies that include possible modifiable
confounders of sleep disorders such as
fatigue and obesity are warranted.
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NOVEL INSIGHTS INTO PEDIATRIC ACUTE
LYMPHOBLASTIC LEUKEMIA OPHTHALMIC
RELAPSES FROM A NATIONWIDE COHORT
STUDY
Solenne Le Louet, Véronique Icart, Marion Strullu, Arnaud Petit, Claire Freycon, Pascale
Blouin, Jill Serre, Nicolas Rama, Yves Reguerre, Christophe Piguet, Marlène Pasquet,
Audrey David, Pauline Simon, Marilyne Poiree, Liana Carausu, Fanny Rialland, Wadih
Abouchahla, Paul Saultier, Stéphane Ducassou, Julie Valduga, André Baruchel, Yves
Bertrand, Carine Domenech

J Cancer; doi: 10.7150/jca.64996

ABSTRACT
Ten to fifteen percent of children with
acute lymphoblastic leukemia (ALL)
relapse following treatment. Of these,
less than 2% display ophthalmic
relapses, which owing to their scarcity,
are largely undocumented, leaving
clinicians with few diagnostic and
therapeutic recommendations, despite
serious functional sequelae. We
conducted a French multicenter
retrospective study to collect all clinical,
radiological, biological, and therapeutic
data, and outcomes for children with
ALL ophthalmic relapses. From 2000 to
2020, 20 ophthalmic relapses occurring
after first-line therapy performed before
January 1st, 2017 were included in our
study:

14 B-ALL and 6 T-ALL. Fifteen patients
(75%) had concomitant involvement of
the central nervous system, and 11 (55%)
a combined bone marrow relapse. Only 1
had an isolated ophthalmic relapse.
Eight children (40%) died, 7 from a
refractory disease and 1 from toxic
death, and 4 patients relapsed. With a
median follow-up of 63.1 months, 8
patients are currently alive in
continuous complete remission with
only 2 displaying severe ophthalmic
sequelae. Although rare, ophthalmic
relapse could have a significant impact
on the functional prognosis of survivors.
Their management must be
multidisciplinary, with a central role
given to ophthalmologists.
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SOUTHERN CALIFORNIA PEDIATRIC AND
ADOLESCENT CANCER SURVIVORSHIP (SCPACS): ESTABLISHING A MULTIINSTITUTIONAL CHILDHOOD, ADOLESCENT,
AND YOUNG ADULT CANCER SURVIVORSHIP
CONSORTIUM IN SOUTHERN CALIFORNIA
Carol Lin, Nicole Baca, Christine Yun, Saro Armenian, David R Freyer, Fataneh
Majlessipour, Lisa Mueller, Dennis J Kuo, Jacqueline Casillas, Keri Zabokrtsky, Louis
Ehwerhemuepha, Lilibeth Torno

Cureus; doi: 10.7759/cureus.21981
INTRODUCTION
Given their risk for late effects and early
mortality, childhood/adolescent cancer
survivors (CACSs) should receive
longitudinal monitoring and care. The
Southern California Pediatric and Adolescent
Cancer Survivorship (SC-PACS) consortium
was established in February 2017 to combine
resources and expertise across seven
participating survivorship programs. Its
over-arching objective is to address the
unique needs of its demographically diverse
CACS population through collaborative
survivorship research and care initiatives.
The first SC-PACS study was an assessment
of survivorship needs and evaluation of
current services as reported by CACSs and
their parents/primary care givers (PPCGs)
receiving survivorship care at consortium
sites.
METHODS
As an initial investigation, a cross-sectional
survey for CACSs and their parents/primary
care givers was conducted. The goal was to
enroll 10 CACSs and 10 PPCGs from each of
the seven institutions (total of 140
participants). The eligibility criteria for
CACSs were age ≥13 years at the time of
enrollment, >2 years from the end of
treatment, sufficient cognitive function to
complete the survey, and English or Spanish
language proficiency.

For CACSs <13 years old, their PPCGs
completed the survey. This was a
convenience sample using frequencies and
proportions to describe participant
characteristics and survey responses, which
were entered into a Research Electronic
Data Capture (REDCap) database.
RESULTS
Across the consortium, of the recruitment
target of 140 participants (CACSs, n=70;
PPCGs, n=70), 127 (90.7%) participants were
enrolled. Of the 127 participants enrolled, 65
(51.2%) were CACSs and 62 (48.8%) were
PPCGs. The majority of participants were
female (51.2%), were Hispanic (62.2%), spoke
English as the primary language at home
(57.5%), and were diagnosed between one to
four years of age (45.7%). Information
considered most important by both CACSs
and PPCGs was related to cancer diagnosis
(90.8%) and future risks as a result of cancer
treatment received (98.0%). Overall, 78% of
CACSs and PPCGs found the survivorship
information (treatment summary) useful, and
83% felt that they received the right amount
of information about their cancer.
TO BE CONTINUED ON NEXT PAGE
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CONCLUSION
Our aim was to obtain baseline data that
would characterize our CACS population,
inform consortium priorities, and establish a
collaborative research platform. The
ultimate goal of the consortium is to develop
a comprehensive survivorship care approach
that addresses the most important needs of
cancer survivors in our catchment area and
promotes best practice interventions. Future
plans are to expand the needs assessment
survey to obtain a wider representation of
the survivor population at SC-PACS
institutions, helping create strategies to
improve cancer-specific education, delivery
of treatment summary, and access to
community resources for this
demographically and socioeconomically
diverse population.
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LATE EFFECTS OF HIGH-DOSE
METHOTREXATE TREATMENT IN
CHILDHOOD CANCER SURVIVORS-A
SYSTEMATIC REVIEW
Eveline Daetwyler, Mario Bargetzi, Maria Otth, Katrin Scheinemann

BMC Cancer; doi: 10.1186/s12885-021-09145-0

BACKGROUND
High-dose methotrexate (HD-MTX) is used
in the treatment of different childhood
cancers, including leukemia, the most
common cancer type and is commonly
defined as an intravenous dose of at least
1 g/m² body surface area per application. A
systematic review on late effects on
different organs due to HD-MTX is lacking.
METHOD
We conducted a systematic literature search
in PubMed, including studies published in
English or German between 1985 and 2020.
The population of each study had to consist
of at least 75% childhood cancer survivors
(CCSs) who had completed the cancer
treatment at least twelve months before late
effects were assessed and who had received
HD-MTX. The literature search was not
restricted to specific cancer diagnosis or
organ systems at risk for late effects. We
excluded case reports, case series,
commentaries, editorial letters, poster
abstracts, narrative reviews and studies only
reporting prevalence of late effects. We
followed PRISMA guidelines, assessed the
quality of the eligible studies according to
GRADE criteria and registered the protocol
on PROSPERO (ID: CRD42020212262).

RESULTS
We included 15 out of 1731 identified studies.
Most studies included CCSs diagnosed with
acute lymphoblastic leukemia (n = 12). The
included studies investigated late effects of
HD-MTX on central nervous system (n = 10),
renal (n = 2) and bone health (n = 3). Nine
studies showed adverse outcomes in
neuropsychological testing in exposed
compared to non-exposed CCSs, healthy
controls or reference values. No study
revealed lower bone density or worse renal
function in exposed CCSs. As a limitation,
the overall quality of the studies per organ
system was low to very low, mainly due to
selection bias, missing adjustment for
important confounders and low precision.
CONCLUSIONS
CCSs treated with HD-MTX might benefit
from neuropsychological testing, to
intervene early in case of abnormal results.
Methodological shortcomings and
heterogeneity of the tests used made it
impossible to determine the most
appropriate test. Based on the few studies
on renal function and bone health, regular
screening for dysfunction seems not to be
justified. Only screening for neurocognitive
late effects is warranted in CCSs treated
with HD-MTX.
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LATE SIDE EFFECTS OF CANCER TREATMENT
IN CHILDHOOD CANCER SURVIVORS
Bijan Keikhaei, Mohammad Bahadoram, Amin Keikha, Sara Bahadoram, Shakiba
Hassanzadeh, Mohammad-Reza Mahmoudian-Sani

J Oncol Pharm Pract; doi: 10.1177/10781552221087611
INTRODUCTION
Childhood cancers are usually treated
with chemotherapy and radiation.
Therefore, understanding the late side
effects of such treatments is important
to improve the quality of life in
childhood cancer survivors. The present
study aimed to investigate the late
complications of treatments in
childhood cancer survivors.
METHODS
This study is a retrospective descriptive
study. A total number of 93 cases were
enrolled in this study. These cases had a
history of childhood cancer documented
in their medical records at the Shafa
Hospital, Ahvaz, Iran. The age range was
5.9-21.3 years and included 62 males and
31 female patients.
RESULTS
Many of the patients at this hospital
with childhood cancer had experienced
chemotherapy side effects as well as late
effects of cancer therapy.
Hypothyroidism is a late complication of
therapy in thoracic cancers and
head/neck tumors with relative
frequencies of 23.1% and 12.5%,
respectively. Scoliosis was observed in
the patients undergoing the ABVD +
COPP and 8/1 regimens with relative
frequencies of 4% and 50%, respectively.

Lower growth percentiles were also late
side effects of cancer therapy. The
highest relative frequency of growth
retardation was observed in the <5 age
group (46.7%). Restrictive lung changes
had an overall relative frequency of 6.5%
in male patients with all types of tumors.
Sensorineural hearing loss was observed
in patients with leukemia and Hodgkin
lymphoma with relative frequencies of
8.7% and 24.0, respectively.
CONCLUSION
The occurrence of most side effects
could be decreased through early
diagnosis, dose adjustment of some
drugs, and preventative measures.
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[THE 41,000 LONG-TERM SURVIVOR COHORT
OF THE GERMAN CHILDHOOD CANCER
REGISTRY]
Peter Kaatsch, Claudia Trübenbach, Melanie Kaiser, Friederike Erdmann, Claudia Spix,
Desiree Grabow

Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz;
doi: 10.1007/s00103-022-03507-0

BACKGROUND AND OBJECTIVES
One-third of childhood cancer longterm survivors suffer from severe late
effects (e.g., secondary cancer and
cardiovascular diseases). The German
Childhood Cancer Registry (GCCR) holds
approximately 70,000 registered cancer
cases, of which more than 41,000 are
long-term survivors, with recent followup and contact information that can be
used for scientific studies on late
effects. The characteristics of this
cohort are presented, previous late
effects studies with the support of the
GCCR are described, and the respective
participation rates are reported.
METHODS
For all patients who developed cancer
between 1980 and 2019 and were in
long-term observation at the GCCR, the
distribution of diagnoses, current age,
observation time, and number of
secondary cancers as of 16 July 2021 was
determined. The rates of patients who
responded to history queries were
computed. The influence of
determinants on the participation rate
were calculated using generalized
estimating equations.

RESULTS
The cohort comprises 41,466 long-term
survivors. Of these, 10% are older than
40 years and 40% had their cancer
diagnosis more than 20 years ago. The
participation rates range between 30
and 60% and depend on age at
diagnosis, the complexity of the study,
and the number of previously conducted
surveys. A time interval of at least four
years between two consecutive contacts
seems optimal.
CONCLUSIONS
Our unique cohort enables populationbased research on late effects after
childhood cancer. To define a sensible
time interval for contacting survivors is
essential. In order to ensure that
survivors are not contacted too
frequently, the number of survivors
included in research projects should be
as small as possible.

ARTICLE IN GERMAN
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THE PREVALENCE OF DENTAL
DEVELOPMENTAL ANOMALIES AMONG
CHILDHOOD CANCER SURVIVORS ACCORDING
TO TYPES OF ANTICANCER TREATMENT
Elinor Halperson, Vered Matalon, Gal Goldstein, Shirly Saieg Spilberg, Karin Herzog, Avia
Fux-Noy, Aviv Shmueli, Diana Ram, Moti Moskovitz

Sci Rep; doi: 10.1038/s41598-022-08266-1

ABSTRACT
Survival following childhood cancer has
increased considerably. In an
observational cross-sectional study, we
assessed the prevalence of dental
developmental anomalies (DDA) among
childhood cancer survivors according to
types of anticancer treatment.
Permanent teeth were examined
clinically and radiographically in 121
adolescents with a history of childhood
malignancies, to identify DDA, namely
hypomineralization or hypoplasia,
microdontia, root changes and
hypodontia. DDA were observed in
56/121 individuals (46%), in 309/3388
teeth (9%). Hypomineralization or
hypoplasia of enamel appeared in 21
(17%) patients. Altered root development
appeared in 26 patients and hypodontia
affected 13 (10%).

Dental anomalies were observed in 36
(43%) individuals who received
chemotherapy and not radiation, in 20
(52%) who received radiotherapy, and in
15 (60%) of those who received head and
neck radiotherapy. Among patients who
received only chemotherapy, young age
(6 years or younger) was associated with
a higher number of malformed teeth. In
conclusion, antineoplastic treatment
that combines chemotherapy and
radiotherapy appears to increase the
risk of DDA. Radiation to the head and
neck area was shown to particularly
increase the risk of DDA. No specific
chemotherapy agent was found to be
associated more than the others with
DDA.

22 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

EFFECT OF PHYSICAL ACTIVITY ON FATIGUE
IN CHILDHOOD CANCER SURVIVORS: A
SYSTEMATIC REVIEW
Libby Moberg, Jordan Fritch, Danielle Westmark, Daniel Santa Mina, Crystal Krause,
Laura Bilek, Melissa Acquazzino

Support Care Cancer; doi: 10.1007/s00520-022-06960-4

PURPOSE
Many children, adolescents, and young
adult survivors of childhood cancer
experience fatigue following cancer
treatment. Physical activity has been
shown to be effective in improving
cancer-related fatigue in adult
survivors, but there is a lack of evidence
on its effect in childhood cancer
survivors. In addition, there are no
guidelines for treatment of fatigue in
childhood cancer survivors. The purpose
of this study was to examine the existing
literature on the effect of physical
activity on fatigue in children,
adolescents, and young adult survivors
of childhood cancer.
METHODS
We conducted a systematic review to
examine the effect of physical activity
on fatigue in children, adolescents, and
young adult survivors of childhood
cancer.

RESULTS
Nine studies were included. Most of the
studies included reported an increase in
physical activity and a decline in fatigue
in the target patient population.
Interpretation of these findings is
limited due to small sample sizes,
inadequate length of follow-up, and
variability among reviewed studies.
Quantitative analysis was not conducted
due to significant variability in both the
type of physical activity implemented
and in the measurement of fatigue.
CONCLUSIONS
Further research, with a larger sample
size and consistency in both physical
activity interventions and measurement
of fatigue, is needed to add greater
precision and confidence in the effect of
physical activity on fatigue in childhood
cancer survivors. Results of this
research will help guide future
recommendations on physical activity
for the treatment of cancer-related
fatigue in children, adolescents, and
young adult survivors of childhood
cancer.
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A PROSPECTIVE STUDY OF SOCIAL
COMPETENCE IN SURVIVORS OF PEDIATRIC
BRAIN AND SOLID TUMORS
May Albee, Santiago Allende, Victoria Cosgrove, Matthew C Hocking

Pediatr Blood Cancer; doi: 10.1002/pbc.29670

BACKGROUND/OBJECTIVES
Survivors of pediatric brain tumors are
at increased risk for difficulties with
social competence, including poor social
information processing (SIP) and peer
relationships. Improved survival rates
heighten the need to better understand
these challenges and if they are specific
to survivors of pediatric brain tumors
versus survivors of other childhood
cancers.
METHODS
Fifty-one survivors of pediatric brain
tumors and 34 survivors of pediatric
solid tumors completed evaluations of
SIP and peer relationship quality within
six months of completing treatment and
one year later. Caregivers completed a
measure of social skills. Linear mixed
models evaluated differences between
survivors of pediatric brain and solid
tumors on SIP and social skills and how
indices of SIP were associated with peer
relationships over time.

RESULTS
The two groups did not differ on indices
of SIP or social skills over time. A threeway interaction between measures of
SIP, group, and time predicted peer
relationships. Survivors of pediatric
solid tumors showed a positive
association between baseline social
skills and theory of mind and peer
relationships over time, whereas
survivors of pediatric brain tumors
showed an inverse association between
baseline social skills and theory of mind
and peer relationships over time.
CONCLUSION
Findings revealed unanticipated
associations between baseline SIP and
social skills and peer relationships over
time among survivors of pediatric brain
tumors. Additional research is needed to
elucidate the factors most influential on
peer relationships in this group to
inform interventions.

24 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

GENOME-WIDE ASSOCIATION STUDIES
IDENTIFY NOVEL GENETIC LOCI FOR
EPIGENETIC AGE ACCELERATION AMONG
SURVIVORS OF CHILDHOOD CANCER
Qian Dong, Nan Song, Na Qin, Cheng Chen, Zhenghong Li, Xiaojun Sun, John Easton,
Heather Mulder, Emily Plyler, Geoffrey Neale, Emily Walker, Qian Li, Xiaotu Ma, Xiang
Chen, I-Chan Huang, Yutaka Yasui, Kirsten K Ness, Jinghui Zhang, Melissa M Hudson,
Leslie L Robison, Zhaoming Wang

Genome Med; doi: 10.1186/s13073-022-01038-6
BACKGROUND
Increased epigenetic age acceleration (EAA)
in survivors of childhood cancer is
associated with specific treatment
exposures, unfavorable health behaviors, and
presence of certain chronic health
conditions. To better understand interindividual variability, we investigated the
genetic basis underlying EAA.
METHODS
Genome-wide association studies of EAA
based on multiple epigenetic clocks
(Hannum, Horvath, PhenoAge, and GrimAge)
were performed. MethylationEPIC BeadChip
array and whole-genome sequencing data
were generated with blood-derived DNA
from participants in the St. Jude Lifetime
Cohort Study (discovery: 2138 pre-existing
and 502 newly generated data, all survivors;
exploratory: 282 community controls).
Linear regression models were fit for each
epigenetic age against the allelic dose of
each genetic variant, adjusting for age at
sampling, sex, and cancer treatment
exposures. Fixed-effects meta-analysis was
used to combine summary statistics from
two discovery data sets. LD (Linkage
disequilibrium) score regression was used to
estimate single-nucleotide polymorphism
(SNP)-based heritability.
RESULTS
For EAA-Horvath, a genome-wide significant
association was mapped to the SELP gene
with the strongest SNP rs732314 (metaGWAS: β=0.57, P=3.30×10^-11).

Moreover, the stratified analysis of the
association between rs732314 and EAAHorvath showed a substantial heterogeneity
between children and adults (meta-GWAS:
β=0.97 vs. 0.51, I²=73.1%) as well as between
survivors with and without
chest/abdominal/pelvic-RT exposure
(β=0.64 vs. 0.31, I²=66.3%). For EAA-Hannum,
an association was mapped to the HLA locus
with the strongest SNP rs28366133 (metaGWAS: β=0.78, P=3.78×10^-11). There was no
genome-wide significant hit for EAAPhenoAge or EAA-GrimAge. Interestingly,
among community controls, rs732314 was
associated with EAA-Horvath (β=1.09,
P=5.43×10^-5), whereas rs28366133 was not
associated with EAA-Hannum (β=0.21,
P=0.49). The estimated heritability was 0.33
(SE=0.20) for EAA-Horvath and 0.17
(SE=0.23) for EAA-Hannum, but close to zero
for EAA-PhenoAge and EAA-GrimAge.
CONCLUSIONS
We identified novel genetic variants in the
SELP gene and HLA region associated with
EAA-Horvath and EAA-Hannum,
respectively, among survivors of childhood
cancer. The new genetic variants in
combination with other replicated known
variants can facilitate the identification of
survivors at higher risk in developing
accelerated aging and potentially inform
drug targets for future intervention
strategies among vulnerable survivors.
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SAFETY OF GROWTH HORMONE
REPLACEMENT IN SURVIVORS OF CANCER AND
INTRA-CRANIAL AND PITUITARY TUMOURS - A
CONSENSUS STATEMENT
Margaret C S Boguszewski, Cesar L Boguszewski, Wassim Chemaitilly, Laurie E Cohen,
Judith Gebauer, Claire Higham, Andrew R Hoffman, Michel Polak, Kevin C J Yuen, Nathalie
Alos, Zoltan Antal, Martin Bidlingmaier, Beverly M K Biller, Georg Brabant, Catherine S Y
Choong, Stefano Cianfarani, Peter E Clayton, Regis Coutant, Adriane A CardosoDemartini, Alberto Fernandez, Adda Grimberg, Kolbeinn Gudmundsson, Jamie GuevaraAquirre, Ken K Y Ho, Reiko Horikawa, Andrea M Isidori, Jens Otto Lunde Jorgensen, Peter
Kamenicky, Niki Karavitaki, John J Kopchick, Maya Lodish, Xiao-Ping Luo, Ann I
McCormack, Lillian Meacham, Shlomo Melmed, Sogol Sogol Mostoufi-Moab, Hermann L
Müller, Sebastian J C M M Neggers, Manuel H Aguiar-Oliveira, Keiichi Ozono, Patricia A
Pennisi, Vera Popovic, Sally Radovick, Lars Savendahl, Philippe Touraine, Hanneke M van
Santen, Gudmundur Johannsson

Eur J Endocrinol; doi: 10.1530/EJE-21-1186

ABSTRACT
GH has been used for over 35 years and its
safety and efficacy has been studied
extensively. Experimental studies showing
the permissive role of GH/IGF-I in
carcinogenesis have raised concerns
regarding the safety of GH replacement in
children and adults who have received
treatment for cancer, and those with
intracranial and pituitary tumours. A
consensus statement was produced to guide
decision-making on GH replacement in
children and adult survivors of cancer, in
those treated for intracranial and pituitary
tumours and in patients with increased
cancer risk. With the support of the
European Society of Endocrinology, the
Growth Hormone Research Society
convened a Workshop, where 55
international key opinion leaders
representing ten professional societies were
invited to participate. This consensus
statement utilized: (1) a critical review paper
produced before the Workshop, (2) five
plenary talks,

(3) evidence-based comments from four
breakout groups, and (4) discussions during
report-back sessions. Current evidence
reviewed from the proceedings from the
Workshop does not support an association
between GH replacement and primary
tumour or cancer recurrence. The effect of
GH replacement on secondary neoplasia risk
is minor compared to host and tumour
treatment-related factors. There is no
evidence for an association between GH
replacement and increased mortality from
cancer amongst GH-deficient childhood
cancer survivors. Patients with pituitary
tumour or craniopharyngioma remnants
receiving GH replacement do not need to be
treated or monitored differently than those
not receiving GH. GH replacement might be
considered in GH-deficient adult cancer
survivors in remission after careful
individual risk/benefit analysis. In children
with cancer predisposition syndromes, GH
treatment is generally contraindicated, but
may be considered cautiously in select
patients.
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AUTOMATED GLOBAL LONGITUDINAL STRAIN
ASSESSMENT IN LONG-TERM SURVIVORS OF
CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA
Rafael Gonzalez-Manzanares, Juan C Castillo, Jose R Molina, Martin Ruiz-Ortiz, Dolores
Mesa, Soledad Ojeda, Manuel Anguita, Manuel Pan

Cancers (Basel); doi: 10.3390/cancers14061513

ABSTRACT
There is limited evidence that supports
the use of the global longitudinal strain
(GLS) in long-term cardiac monitoring of
childhood acute lymphoblastic leukemia
survivors (CLSs). Our aim was to assess
the utility of automated GLS to detect
left ventricular systolic dysfunction
(LVSD) in long-term CLSs. Asymptomatic
and subclinical LVSD were defined as
LVEF &lt; 50% and GLS &lt; 18.5%,
respectively. Echocardiographic
measurements and biomarkers were
compared with a control group. Inverse
probability weighting was used to
reduce confounding. Regression models
were used to identify factors associated
with LVEF and GLS in the survivors.
Ninety survivors with a median followup of 18 (11-26) years were included.

The prevalence of LVSD was higher
using GLS than with LVEF (26.6% vs.
12.2%). The measurements were both
reduced as compared with the controls
(p &lt; 0.001). There were no differences
in diastolic parameters and NT-ProBNP.
Survivors were more likely to have HscTnI levels above the detection limit
(40% vs. 17.2%, p = 0.006). The dose of
anthracycline was associated with LVEF
but not with GLS in the survivors.
Biomarkers were not associated with
GLS or LVEF. In conclusion, LVSD
detection using automated GLS was
higher than with LVEF in long-term
CLSs. Its incorporation into clinical
routine practice may improve the
surveillance of these patients.

27 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

WHO KNOWS? INFORMATION RECEIVED, AND
KNOWLEDGE ABOUT, CANCER, TREATMENT
AND LATE EFFECTS IN A NATIONAL COHORT
OF LONG-TERM CHILDHOOD, ADOLESCENT
AND YOUNG ADULT CANCER SURVIVORS
Micol E Gianinazzi, Cecilie E Kiserud, Ellen Ruud, Hanne C Lie

Cancers (Basel); doi: 10.3390/cancers14061534
BACKGROUND
Knowledge of medical history and late
effects is central in modern survivorship
management, especially for long-term
childhood, adolescent and young adult
cancer survivors' (CAYACS) with long life
expectancy rates and high risks of late
effects. Identifying information and
knowledge gaps is, therefore, important.
As part of the population-based NORCAYACS study, we investigated the
following: (1) written information
received about their disease and
treatment, and any information about
late effects; (2) satisfaction with this
information and associated factors; (3)
knowledge about late effects and factors
associated with low knowledge of
specific late effects.
MATERIAL AND METHODS
A questionnaire-based survey (NorCAYACS) was mailed to 5361 CAYACS
(childhood cancers, breast and
colorectal cancer, acute lymphatic
leukemia, non-Hodgkin lymphoma and
malignant melanoma) identified by the
Cancer Registry of Norway (CRN). Of
these, 2018 answered questions about
disease and late effects information and
knowledge.

Exposure variables were extracted from
the questionnaire and CRN.
Unfortunately, it was not possible to
stratify by treatment in the analyses. We
ran descriptive statistics for
comparisons and logistic regressions to
identify factors associated with
outcomes of interest.
RESULTS
Overall, 50% to 60% of survivors
reported not having received written
information about their disease and
treatment, or any information about late
effects. There was a large variation in
reported knowledge across 17 late
effects. Lower levels of knowledge were
associated with male sex, lower
education and poorer health literacy in
multivariable regression models.
CONCLUSIONS
Knowledge of cancer history and risks of
late effects is essential for effective selfmanagement, yet significant information
and knowledge gaps were reported in
this population-based sample of longterm CAYACS. Systematic approaches to
making (up-to-date) information
available to long-term survivors are
needed to ensure that information does
not get lost in medical and life
transitions.
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EDUCATIONAL ATTAINMENT AND
EMPLOYMENT OUTCOME OF SURVIVORS OF
PEDIATRIC CNS TUMORS IN SWITZERLAND-A
REPORT FROM THE SWISS CHILDHOOD
CANCER SURVIVOR STUDY
Maria Otth, Gisela Michel, Nicolas U Gerber, Ana S Guerreiro Stücklin, André O von
Bueren, Katrin Scheinemann, On Behalf Of The Swiss Pediatric Oncology Group Spog

Children (Basel); doi: 10.3390/children9030411

BACKGROUND
Childhood cancer survivors diagnosed
with a central nervous system (CNS)
tumor are at risk for educational and
vocational challenges. This study
compared educational attainment and
employment outcome in survivors of
CNS tumors to survivors of other
malignancies.
METHODS
The questionnaire-based Swiss
Childhood Cancer Survivor Study
(SCCSS) included cancer patients
diagnosed between 1976 and 2010, aged
≤20 years, who survived ≥5 years after
diagnosis. We classified participants
aged ≥16 years into three groups: CNS
tumor and non-CNS malignancy with
and without CNS-directed treatment.
We analyzed educational attainment,
employment outcome and special
schooling. Subgroup analyses included
survivors aged ≥25 years.

RESULTS
We analyzed 2154 survivors, including
329 (15%) CNS tumor survivors, 850
(40%) non-CNS tumor survivors with
and 975 (45%) without CNS-directed
treatment. Fewer CNS tumor survivors
aged ≥25 years reached tertiary
education (44%) compared to those
without CNS-directed treatment (51%)
but performed similar to survivors with
CNS-directed treatment (42%). Among
CNS tumor survivors, 36 (14%) received
special schooling. Higher parental
education was associated with higher
levels in survivors. Employment outcome
did not significantly differ between the
three diagnostic groups. A higher
proportion of CNS tumor survivors
received disability pension or were
unemployed.
CONCLUSIONS
Our findings suggest that CNS tumor
survivors need more time to achieve
their highest educational level. This
should influence clinical care of these
survivors by offering vocational
counseling.
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CARDIAC EVENTS IN CHILDHOOD CANCER
SURVIVORS TREATED WITH ANTHRACYCLINES:
THE VALUE OF PREVIOUS MYOCARDIAL
STRAIN MEASUREMENT
Milanthy Pourier, Remy Merkx, Jacqueline Loonen, Alyssa van Cleef, Chris de Korte,
Louise Bellersen, Livia Kapusta, Annelies Mavinkurve-Groothuis

Life (Basel); doi: 10.3390/life12030452

ABSTRACT
In echocardiographic surveillance of
anthracycline-treated childhood cancer
survivors (CCS), left ventricular ejection
fraction (LVEF) has insufficient
prognostic value for future cardiac
events, whereas longitudinal strain may
be more sensitive. We describe the longterm incidence of cardiac events in CCS
after previous measurement of LVEF and
myocardial strain. Echocardiography,
including four-chamber view
longitudinal strain (4CH-LS), of 116
anthracycline-treated CCS was obtained
between 2005-2009 (index
echocardiography). Follow-up was
obtained at the late-effects clinic.
Primary outcome was occurrence of
cardiac events, defined as either
symptomatic heart failure, lifethreatening arrhythmias, LVEF &lt; 40%
or cardiac death, in CCS with normal
versus abnormal index 4CH-LS. LVEF
from subsequent echocardiograms was
obtained to evaluate its natural course
as a secondary outcome.

After index echocardiography (median
13.1 years since childhood cancer
diagnosis), our study added a median
follow-up of 11.3 years (median last
clinical contact 23.6 years since
diagnosis). Only three CCS developed a
cardiac event (6.2, 6.4 and 6.7 years after
index echocardiography), resulting in a
ten-year cumulative incidence of 2.7%
(95%CI 0.9-8.2). All three CCS had a
clearly reduced index 4CH-LS and
relevant cardiovascular risk factors,
whereas their index LVEFs were around
the lower limit of normal. Index LVEF
correlated with index 4CH-LS but mean
long-term natural course of LVEF was
comparable for CCS with abnormal
versus normal index 4CH-LS. Absolute
10-year cumulative incidence of cardiac
events in anthracycline-treated CCS
during long-term follow-up was low.
Sensitive echocardiographic
measurements, such as 4CH-LS may be
useful to tailor surveillance frequency in
a selected group of CCS without
cardiovascular disease.
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AUTOMATED GLOBAL LONGITUDINAL STRAIN
ASSESSMENT IN LONG-TERM SURVIVORS OF
CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA
Rafael Gonzalez-Manzanares, Juan C Castillo, Jose R Molina, Martin Ruiz-Ortiz, Dolores
Mesa, Soledad Ojeda, Manuel Anguita, Manuel Pan

Cancers (Basel); doi: 10.3390/cancers14061513

ABSTRACT
There is limited evidence that supports
the use of the global longitudinal strain
(GLS) in long-term cardiac monitoring of
childhood acute lymphoblastic leukemia
survivors (CLSs). Our aim was to assess
the utility of automated GLS to detect
left ventricular systolic dysfunction
(LVSD) in long-term CLSs. Asymptomatic
and subclinical LVSD were defined as
LVEF &lt; 50% and GLS &lt; 18.5%,
respectively. Echocardiographic
measurements and biomarkers were
compared with a control group. Inverse
probability weighting was used to
reduce confounding. Regression models
were used to identify factors associated
with LVEF and GLS in the survivors.
Ninety survivors with a median followup of 18 (11-26) years were included.

The prevalence of LVSD was higher
using GLS than with LVEF (26.6% vs.
12.2%). The measurements were both
reduced as compared with the controls
(p &lt; 0.001). There were no differences
in diastolic parameters and NT-ProBNP.
Survivors were more likely to have HscTnI levels above the detection limit
(40% vs. 17.2%, p = 0.006). The dose of
anthracycline was associated with LVEF
but not with GLS in the survivors.
Biomarkers were not associated with
GLS or LVEF. In conclusion, LVSD
detection using automated GLS was
higher than with LVEF in long-term
CLSs. Its incorporation into clinical
routine practice may improve the
surveillance of these patients.
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EVALUATION OF KIDNEY DYSFUNCTION IN
CHILDHOOD CANCER SURVIVORS
Asmaa Abdel Sameea Mahmoud, Heba Badawy Abd Elsalam, Sara Mahmoud El-Deeb,
Fouad Mohamed Zanaty, Hesham Mohamed Aboelghar, Mohamed Shokry Elharoun

Pediatr Res; doi: 10.1038/s41390-022-02015-w

BACKGROUND
The major increase in the survival rate
among children with cancer is due to
improvement in the diagnosis and
treatment. Despite this increase,
childhood cancer survivors (CCS) are at
high risk of developing late
complications such as nephrotoxicity
due to chemotherapy. So, we aimed to
detect early subclinical kidney
dysfunction among CCS.
METHODS
This cross-sectional study was
implemented on 52 survivors of
childhood cancer recruited from
Pediatric Oncology Unit, Menoufia
University. Laboratory evaluations for
each participant, including complete
blood count, serum urea, creatinine,
urinary protein, urinary calcium, uric
acid, and serum cystatin C and urinary
Neutrophil Gelatinase Associated
Lipocalin (UrNGAL) by ELISA were
obtained.

RESULTS
Estimated GFR was decreased in 23.1%
of cases, with elevated serum cystatin C,
UrNGAL and UrNGAL/Cr. There was a
significant increase of Uprotein/Cr,
UCa/Cr, UACR (p = 0.02), UrNGAL and
UrNGAL/Cr (P < 0.001) in patients with
tubular dysfunction compared without
tubular dysfunction. There was a
significant difference between two
groups regarding cisplatin (P = 0.03) and
high-dose methotrexate chemotherapy
(p = 0.04). The AUCs for detecting
kidney tubular dysfunction by UrNGAL
and UrNGAL/Cr were 0.807 and 0.747.
CONCLUSION
A significant tubular dysfunction among
childhood cancer survivors receiving
chemotherapy as cisplatin and highdose methotrexate.
IMPACT
Detection of kidney dysfunction mainly
tubular in childhood cancer survivors
after finishing chemotherapy. Urinary
NGAL is a good predictor for detection
of tubular dysfunction in childhood
cancer survivors after finishing
chemotherapy.
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SURGICAL OUTCOMES IN SURVIVORS OF
CHILDHOOD CANCER UNDERGOING
THYROIDECTOMY: A SINGLE-INSTITUTION
EXPERIENCE
B J Van Remortel, L Chehab, A J Bauer, A Isaza, Li Yimei, Heron D Baumgarten, Aime T
Franco, Theodore W Laetsch, Ken Kazahaya, N Scott Adzick, Sogol Mostoufi-Moab

Pediatr Blood Cancer; doi: 10.1002/pbc.29674

BACKGROUND
Childhood cancer survivors (CCS) are at
increased risk for thyroid disease, and
many require definitive management
with thyroid surgery. Despite this, there
is limited evidence on surgical outcomes
among CCS. We sought to evaluate
postoperative outcomes at our
institution among CCS undergoing
thyroid surgery compared to patients
without a history of primary childhood
malignancy.
PROCEDURE
Medical records were reviewed for 638
patients treated at the Children's
Hospital of Philadelphia Pediatric
Thyroid Center between 2009 and 2020.
Rates of surgical complications,
including recurrent laryngeal nerve
(RLN) paralysis and hypoparathyroidism,
among CCS were compared to patients
with sporadic/familial thyroid cancer,
Graves' disease, and other benign
thyroid conditions. Operative time and
intraoperative parathyroid hormone
levels were also evaluated.

RESULTS
There were no significant differences in
long-term surgical complication rates,
such as permanent RLN paralysis and
hypoparathyroidism, between CCS and
patients without a history of primary
childhood malignancy (all p > .05). For
all surgical outcomes, there were no
significant differences in complication
rates when CCS were compared to those
undergoing surgery for
sporadic/familial thyroid cancer or
Graves' disease (all p > .05). CCS with
benign final pathology had significantly
higher rates of transient
hypoparathyroidism compared to
patients with benign thyroid conditions
(p < .001).
CONCLUSION
Our study suggests that CCS are not at
higher risk of long-term complications
from thyroid surgery when treated by
high-volume surgeons within a
multidisciplinary team.
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WHITE PAPER: ONCO-FERTILITY IN PEDIATRIC
PATIENTS WITH WILMS TUMOR
M E Madeleine van der Perk, Nicholas G Cost, Annelies M E Bos, Robert Brannigan,
Tanzina Chowdhury, Andrew M Davidoff, Najat C Daw, Jeffrey S Dome, Peter Ehrlich,
Norbert Graf, James Geller, John Kalapurakal, Kathleen Kieran, Marcus Malek, Mary F
McAleer, Elizabeth Mullen, Luke Pater, Angela Polanco, Rodrigo Romao, Amanda F
Saltzman, Amy L Walz, Andrew D Woods, Marry M van den Heuvel-Eibrink, Conrad V
Fernandez

Int J Cancer; doi: 10.1002/ijc.34006

ABSTRACT
The survival of childhood Wilms tumor is
currently around 90%, with many
survivors reaching reproductive age.
Chemotherapy and radiotherapy are
established risk factors for gonadal
damage and are used in both COG and
SIOP Wilms tumor treatment protocols.
The risk of infertility in Wilms tumor
patients is low but increases with
intensification of treatment including
the use of alkylating agents, whole
abdominal radiation or radiotherapy to
the pelvis. Both COG and SIOP protocols
aim to limit the use of gonadotoxic
treatment, but unfortunately this cannot
be avoided in all patients. Infertility is
considered one of the most important
late effects of childhood cancer
treatment by patients and their families.
Thus, timely discussion of gonadal
damage risk and fertility preservation
options is important.

Additionally, irrespective of the choice
for preservation, consultation with a
fertility preservation (FP) team is
associated with decreased patient and
family regret and better quality of life.
Current guidelines recommend early
discussion of the impact of therapy on
potential fertility. Since most patients
with Wilms tumors are pre-pubertal,
potential FP methods for this group are
still considered experimental. There are
no proven methods for FP for prepubertal males (testicular biopsy for
cryopreservation is experimental), and
there is just a single option for prepubertal females (ovarian tissue
cryopreservation), posing both technical
and ethical challenges. Identification of
genetic markers of susceptibility to
gonadotoxic therapy may help to stratify
patient risk of gonadal damage and
identify patients most likely to benefit
from FP methods.
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A PILOT STUDY OF GAME-BASED LEARNING
PROGRAMS FOR CHILDHOOD CANCER
SURVIVORS
Daisuke Masumoto, Etsuko Nakagami-Yamaguchi, Misako Nambu, Miho Maeda, Hideko
Uryu, Akira Hayakawa, Zayar Linn, Satoshi Okamura, Kosuke Kurihara, Kentaro Kihira,
Takao Deguchi, Hiroki Hori

BMC Cancer; doi: 10.1186/s12885-022-09359-w

BACKGROUND
Childhood cancer survivors lacking
awareness on their potential risks of late
effects often fail to seek adequate
follow-up care. Patient education
matching their preference is of great
importance to improve their adherence
to survivorship care. In this study, we
developed two age-dependent gamebased learning programs, which enable
continuous approaches for childhood
cancer survivors along their intellectual
maturation. Then, we assessed the
effectiveness of the programs.
METHODS
Childhood cancer survivors over 10
years of age who regularly visited a
long-term follow-up clinic were enrolled
in this study. They were requested to
play either of two different types of
game tools, one for school children and
another for adolescents and young
adults, for one month at home. To
evaluate the educational effects of the
programs, they were examined for
health management awareness, selfesteem, and knowledge on cancerrelated late effects before and after the
intervention with age-based
questionnaires and knowledge tests.

RESULTS
Among 83 participants, 49 (59.0%)
completed the assessments over the
period of 12 months. The health
management awareness and knowledge
levels increased significantly at 1-month
after the intervention as compared to
the baseline in both school children and
adolescents/young adults (for health
management awareness, p = 0.011 in
elementary school children; p = 0.007 in
junior high school children; p < 0.001 in
adolescents/young adults; for
knowledge levels, p < 0.001 in school
children; p < 0.001 in adolescents/young
adults). The effect was maintained for 12
months in school children while it
decreased in adolescents and young
adults with time. Self-esteem
significantly increased at 1-month (p =
0.002 in school children; p = 0.020 in
adolescents/young adults) and was
maintained for 12 months in both age
groups.
CONCLUSION
The game-based learning programs
enhanced health locus of control and
self-esteem in childhood cancer
survivors. The game-based learning
programs could be applied effectively to
survivorship care as a new modality of
patient education.
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HEART FAILURE IN CHILDHOOD CANCER
SURVIVORS-A SYSTEMATIC REVIEW
PROTOCOL
Tove Berg, Jens Böhmer, Bright I Nwaru, Kristjan Karason, Marianne Jarfelt

Syst Rev; doi: 10.1186/s13643-022-01929-0

BACKGROUND
Over the past decades, the survival rate for
childhood cancer has greatly improved.
However, the risk of late cardiac
complications after cancer treatment
remains high. Previous studies have shown
that the risk for heart failure among
childhood cancer survivors is significantly
higher than that observed in varying control
populations. The aim of this systematic
review is to identify, critically appraise, and
synthesize existing population-based studies
reporting on the frequency of heart failure,
both the incidence and prevalence, that may
develop after treatment for childhood
cancer.
METHOD
The following databases will be searched
from their inception date until May 17, 2021:
MEDLINE, Embase, Scopus, CINAHL, CAB
International, AMED, Global Health,
PsycINFO, Web of Science, and Google
Scholar. Population-based studies reporting
on the incidence and/or prevalence of heart
failure after the treatment of any type of
childhood cancer will be included. The
screening of articles, data extraction, and
quality assessment will be performed
independently by two reviewers. The quality
and risk of bias in the included studies will
be assessed by using the Effective Public
Health Practice Project tool. A narrative
synthesis of the extracted data will be
carried out, and for studies that are
sufficiently homogenous, a meta-analysis
using random-effects models will be
performed.

DISCUSSION
This systematic review will provide a clearer
picture of the epidemiology of heart failure
after the treatment of childhood cancer. The
collected data will be of value for future
childhood cancer treatment protocols and
will offer guidance for posttreatment cardiac
surveillance among survivors.
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ANTI-CANCER THERAPY IS ASSOCIATED
WITH LONG-TERM EPIGENOMIC CHANGES IN
CHILDHOOD CANCER SURVIVORS
Natassia Robinson, John Casement, Marc J Gunter, Inge Huybrechts, Antonio Agudo,
Miguel Rodríguez Barranco, Fabian Eichelmann, Theron Johnson, Rudolf Kaaks, Valeria
Pala, Salvatore Panico, Torkjel M Sandanger, Matthias B Schultze, Ruth C Travis,
Rosario Tumino, Paolo Vineis, Elisabete Weiderpass, Roderick Skinner, Linda Sharp,
Jill A McKay, Gordon Strathdee

Bj J Cancer; doi: 10.1038/s41416-022-01792-9

BACKGROUND
Childhood cancer survivors (CCS)
exhibit significantly increased chronic
diseases and premature death.
Abnormalities in DNA methylation are
associated with development of chronic
diseases and reduced life expectancy.
We investigated the hypothesis that
anti-cancer treatments are associated
with long-term DNA methylation
changes that could be key drivers of
adverse late health effects.
METHODS
Genome-wide DNA methylation was
assessed using MethylationEPIC arrays
in paired samples (before/after therapy)
from 32 childhood cancer patients.
Separately, methylation was determined
in 32 samples from different adult CCS
(mean 22-years post-diagnosis) and
compared with cancer-free controls (n =
284).

RESULTS
Widespread DNA methylation changes
were identified post-treatment in
childhood cancer patients, including 146
differentially methylated regions
(DMRs), which were consistently altered
in the 32 post-treatment samples.
Analysis of adult CCS identified
matching methylation changes at
107/146 of the DMRs, suggesting
potential long-term retention of posttherapy changes. Adult survivors also
exhibited epigenetic age acceleration,
independent of DMR methylation.
Furthermore, altered methylation at the
DUSP6 DMR was significantly associated
with early mortality, suggesting altered
methylation may be prognostic for some
late adverse health effects in CCS.
CONCLUSION
These novel methylation changes could
serve as biomarkers for assessing normal
cell toxicity in ongoing treatments and
predicting long-term health outcomes in
CCS.
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RECOMMENDATIONS FOR THE SURVEILLANCE
OF MENTAL HEALTH PROBLEMS IN
CHILDHOOD, ADOLESCENT, AND YOUNG
ADULT CANCER SURVIVORS: A REPORT FROM
THE INTERNATIONAL LATE EFFECTS OF
CHILDHOOD CANCER GUIDELINE
HARMONIZATION GROUP
Jordan Gilleland Marchak, Salome Christen, Renée L Mulder, Katja Baust, Johanna M C
Blom, Tara M Brinkman, Iris Elens, Erika Harju, Nina S Kadan-Lottick, Joel W T Khor,
Jurgen Lemiere, Christopher J Recklitis, Claire E Wakefield, Lori Wiener, Louis S Constine,
Melissa M Hudson, Leontien C M Kremer, Roderick Skinner, Janine Vetsch, Jennifer L Lee,
Gisela Michel, International Guideline Harmonization Group psychological late effects
group

Lancet Oncol; doi: 10.1016/S1470-2045(21)00750-6

ABSTRACT
Survivors of childhood, adolescent, and
young adult (diagnosed when <25 years
of age) cancer are at risk of mental
health problems. The aim of this clinical
practice guideline is to harmonise
international recommendations for
mental health surveillance in survivors
of childhood, adolescent, and young
adult cancer. This guideline was
developed by a multidisciplinary panel of
experts under the sponsorship of the
International Guideline Harmonization
Group. We evaluated concordance
among existing survivorship clinical
practice guidelines and conducted a
systematic review following evidencebased methods.

Of 7249 studies identified, 76 articles
from 12 countries met the inclusion
criteria. Recommendations were
formulated on the basis of identified
evidence in combination with clinical
considerations. This international
clinical practice guideline strongly
recommends mental health surveillance
for all survivors of childhood,
adolescent, and young adult cancers at
every follow-up visit and prompt
referral to mental health specialists
when problems are identified. Overall,
the recommendations reflect the
necessity of mental health surveillance
as part of comprehensive survivorfocused health care.
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SICKNESS ABSENCE AND DISABILITY
PENSION TRAJECTORIES IN CHILDHOOD
CANCER SURVIVORS AND REFERENCES – A
SWEDISH PROSPECTIVE COHORT STUDY
Fredrik Baecklund , Kristina A E Alexanderson, Ellenor Mittendorfer-Rutz, Lingjing
Chen

PLoS One; doi: 10.1371/journal.pone.0265827

BACKGROUND
Childhood cancer survivors are at high
risk of chronic health conditions. We
aimed to explore future long-term
sickness absence and disability pension
in young adult childhood cancer
survivors and matched references.
METHODS
We performed a prospective cohort
study using microdata from five Swedish
nationwide registers. Among all
individuals born 1976-1998 and living in
Sweden, we included 3632 childhood
cancer survivors and 17,468 matched
references that could be followed-up for
15, 10, or 5 years, respectively. A groupbased trajectory model was applied to
identify trajectories of mean annual
sickness absence and/or disability
pension days (SADP) in each sub-cohort,
with 95% confidence intervals (CI).
Potential risk factors for trajectory
belonging were explored using χ2 test
and multinomial logistic regression.

RESULTS
Most young adult childhood cancer
survivors (90.2-96.5%) and references
(97.4-98.8%) followed a No SADP
trajectory. A larger proportion of
childhood cancer survivors than
references followed a Moderate (33-102
days/year) or High (115-260 days/year)
SADP trajectory (15-year follow-up
cohorts: Moderate 4.6% versus 1.2%;
High 5.1% versus 1.5%). Childhood
cancer survivors of central nervous
system (CNS) tumors were at higher risk
of the High SADP trajectory than
childhood cancer survivors of
hematological or non-CNS solid tumors
(hematological versus CNS: odds ratio =
2.30, 95% CI 1.23-4.30; hematological
versus non-CNS: odds ratio = 0.32, 95%
CI 0.13-0.79).
CONCLUSION
Although most young adult childhood
cancer survivors had no SADP during
follow-up, 9.7% experienced moderate
or high numbers of SADP days/year
throughout the 15-year follow-up;
compared to 2.7% among references.
CNS tumor survivors were at particular
risk of SADP long-term and need extra
attention in their future work prospect.
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A MIXED-METHODS INVESTIGATION OF
MEDICAL FOLLOW-UP IN LONG-TERM
CHILDHOOD CANCER SURVIVORS: WHAT ARE
THE REASONS FOR NON-ATTENDANCE?
Mareike Ernst, Elmar Brähler, Jörg Faber, Philipp S Wild, Hiltrud Merzenich, Manfred E
Beutel

Int J Cancer; doi: 10.3389/fpsyg.2022.846671

ABSTRACT
As long-term childhood cancer survivors
(CCS) are at risk for late effects, ongoing
medical care is crucial to detect and
treat physical illnesses as early as
possible. However, previous research
from around the world has shown that
many adult survivors did not participate
in long-term medical follow-up. This
study aimed to provide insight into
German survivors' care situation, with a
particular focus on barriers to follow-up
care. We investigated a sample of adult
CCS (N = 633) (age M = 34.92; SD = 5.70
years) drawn from the German
Childhood Cancer Registry's oldest
cohort (> 25 years after diagnosis). Our
analyses included data from a
standardized medical examination, a
self-report questionnaire, and in-depth
interviews with a subsample (n = 43).
Half of the participants (n = 314, 49.6%)
reported participating in some kind of
medical follow-up. In a logistic
regression analysis, attendance of
medical follow-up care was associated
with higher age.

Reasons for non-attendance were
assigned to four categories: lack of
information about medical follow-up
and/or its purpose (n = 178), termination
by the health care provider (n = 53),
structural barriers (n = 21), and
emotional-motivational aspects (n = 17).
The interviews contributed to a better
understanding of how these reported
barriers played out in the care of
individual survivors. Further, they
revealed that some survivors currently
in medical follow-up had had periods
without follow-up care in the pastwhich were also in many cases related to
a lack of information, both on the part of
health care providers and CCS
themselves. The results indicated that a
large proportion of long-term CCS do
not receive the recommended follow-up
care. Further, there is a great need for
more information regarding the aims of
long-term medical follow-up and
available offers. This is an important
prerequisite for CCS to make informed
decisions.
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LATE TOXICITY AFTER 3-DIMENSIONAL
EXTERNAL BEAM RADIOTHERAPY AMONG
CHILDREN WITH CANCER: A SYSTEMATIC
REVIEW
Josien G M Beijer, Jop C Teepen, Nina Streefkerk, Richard M Heijnen, Geert O Janssens,
Leontien C M Kremer, Elvira C van Dalen, Cécile M Ronckers

J Pediatr Heamtol Oncol; doi: 10.1097/MPH.0000000000002445

ABSTRACT
Radiotherapy has evolved from 2dimensional conventional radiotherapy
(2D-RT) to 3-dimensional planned
radiotherapy (3D-RT). Because 3D-RT
improves conformity, an altered late
health outcomes risk profile is
anticipated. Here, we systematically
reviewed the current literature on late
toxicity after 3D-RT in children treated
for cancer. PubMed was searched for
studies describing late toxicity after 3DRT for childhood cancer (below 21 y).
Late toxicity was defined as somatic
health outcomes occurring ≥90 days
after treatment. We identified 13 eligible
studies, describing most frequently
head/neck area tumors. Included
studies reported on crude frequencies of
late toxicities including subsequent
tumors and conditions of organ systems.

Three studies offered a global
assessment of the full spectrum of late
toxicity; one study compared toxicities
after 2D-RT and 3D-RT. Incidence rates
were typically not provided.
Heterogeneity in study characteristics,
small study sizes and short follow-up
times precluded multivariable modeling
and pooling of data. In conclusion,
among the first pediatric cohorts
treated with 3D-RT, a broad variety of
late toxicity is reported; precise
estimates of incidence, and
contributions of risk factors are unclear.
Continued systematic evaluation of welldefined health outcomes in survivors
treated with 3D-RT, including proton
therapy, is needed to optimize evidencebased care for children with cancer and
survivors.
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EVALUATION OF THE EFFECTIVENESS OF A
TECHNOLOGY-BASED PSYCHOSOCIAL
EDUCATION AND COUNSELING PROGRAM
FOR ADOLESCENT SURVIVORS OF
CHILDHOOD LEUKEMIA: A RANDOMIZED
CONTROLLED TRIAL
Tuba Arpaci, Naime Altay, Gizem Yagmur Copur

Cancer Nurs; doi: 10.1097/NCC.0000000000001091

BACKGROUND
In addition to increased survivorship in
childhood leukemia, a small but significant
number of survivors experience psychosocial
challenges that affect their health-related
quality of life (QOL) that require
interventions to address these challenges.
OBJECTIVE
The aim of this study was to evaluate the
efficacy of the technology-based,
psychosocial education and counseling
program on survivors' QOL, self-efficacy,
and coping skills within the scope of a health
promotion model for adolescent survivors of
childhood leukemia.
METHODS
The randomized controlled trial was
conducted with adolescent survivors of
childhood leukemia who were between the
ages of 12 and 18 and had completed
treatment at least 2 years previously.
Survivors were randomized to a technologybased intervention (n = 24) or a control
group (n = 31). Survivors' QOL, self-efficacy,
and coping skills were measured at 4 time
points (baseline, postintervention, 1 month
postintervention, and 3 months
postintervention).

RESULTS
The 3-month postintervention QOL total and
psychosocial subscale scores in the
intervention group were significantly higher
than those in the control group (P < .05). In
addition, the emotional self-efficacy
subscale scores and the active coping scores
of the intervention group adolescents were
significantly higher than those in the control
group (P < .05). Negative coping scores were
lower in the intervention group than in the
control group (P < .05).
CONCLUSION
Technology-based, psychosocial counseling
and education positively affects the QOL,
emotional self-efficacy, and coping skills of
adolescent survivors of childhood leukemia.
IMPLICATIONS FOR PRACTICE
This program could be integrated into
follow-up care and used as one of the
support methods in providing and
maintaining long-term follow-up care by
pediatric oncology nurses.
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DIVERGENT CARDIAC EFFECTS OF
ANGIOTENSIN II AND ISOPROTERENOL
FOLLOWING JUVENILE EXPOSURE TO
DOXORUBICIN
Kevin Agostinucci, Marianne K O Grant, Davis Seelig, Doğacan Yücel, Jop van Berlo,
Alessandro Bartolomucci, Jason R B Dyck, Beshay N Zordoky

Front Cardiovasc Med; doi: 10.3389/fcvm.2022.742193

ABSTRACT
Hypertension is the most significant risk
factor for heart failure in doxorubicin
(DOX)-treated childhood cancer
survivors. We previously developed a
two-hit mouse model of juvenile DOXinduced latent cardiotoxicity that is
exacerbated by adult-onset angiotensin
II (ANGII)-induced hypertension. It is
still not known how juvenile DOXinduced latent cardiotoxicity would
predispose the heart to pathologic
stimuli that do not cause hypertension.
Our main objective is to determine the
cardiac effects of ANGII (a hypertensive
pathologic stimulus) and isoproterenol
(ISO, a non-hypertensive pathologic
stimulus) in adult mice pre-exposed to
DOX as juveniles. Five-week-old male
C57BL/6N mice were administered DOX
(4 mg/kg/week) or saline for 3 weeks
and then allowed to recover for 5 weeks.
Thereafter, mice were administered
either ANGII (1.4 mg/kg/day) or ISO (10
mg/kg/day) for 14 days.

Juvenile exposure to DOX abrogated the
hypertrophic response to both ANGII
and ISO, while it failed to correct ANGIIand ISO-induced upregulation in the
hypertrophic markers, ANP and BNP.
ANGII, but not ISO, worsened cardiac
function and exacerbated cardiac
fibrosis in DOX-exposed mice as
measured by echocardiography and
histopathology, respectively. The
adverse cardiac remodeling in the
DOX/ANGII group was associated with a
marked upregulation in several
inflammatory and fibrotic markers and
altered expression of Ace, a critical
enzyme in the RAAS. In conclusion,
juvenile exposure to DOX causes latent
cardiotoxicity that predisposes the heart
to a hypertensive pathologic stimulus
(ANGII) more than a non-hypertensive
stimulus (ISO), mirroring the clinical
scenario of worse cardiovascular
outcome in hypertensive childhood
cancer survivors.
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NEUROCOGNITIVE OUTCOMES IN SURVIVORS
OF CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA: EXPERIENCE FROM A TERTIARY
CARE CENTER IN INDIA
Vishwa Cr, Gargi Das, Rachna Seth, Savita Sapra, Prasanth Sri, Jagdish Prasad Meena,
Aditya Kumar Gupta, Vishnu Sreenivas

Pediatr Blood Cancer; doi: 10.1002/pbc.29688
BACKGROUND
Data of neurocognitive deficits in
survivors of acute lymphoblastic
leukemia (ALL) is scarce from low
middle-income countries (LMICs), and is
influenced by biological and cultural
variations. The objective of this study
was to assess the prevalence and
spectrum of neurocognitive deficits in a
cohort of survivors from India.
PROCEDURE
Seventy survivors of childhood ALL were
evaluated for neurocognitive deficits by
the Indian adaptation of Wechsler
Intelligence Scale for Children - Fourth
Edition (WISC-IVINDIA ). The prevalence
of neurocognitive deficits was calculated
based on the full-scale intelligence
quotient (FSIQ), and scores in discrete
domains like verbal comprehension,
perceptual reasoning, working memory,
and processing speed were calculated
and compared to demographics,
treatment, and sociocultural factors.

RESULTS
The mean (SD) current age and time
since diagnosis was 10.5 (±3.2) years and
5 (±2.8) years, respectively. The mean
FSIQ was 86.1 ± 20.5, with significant
neurocognitive deficit (FSIQ <90) being
prevalent in 50% (95% CI: 38%-62%) of
the cohort. The proportion of survivors
with deficits in individual domains of
verbal comprehension, perceptual
reasoning, working memory, and
processing speed were 49%, 50%, 47%,
and 44%, respectively. The odds of
having neurocognitive deficits were
higher when a child belonged to lower
socioeconomic strata (OR 5.7, p = .004),
parents with lower education attainment
(OR 4.3, p = .041), and whose birth order
was higher (OR 20.1, p = .005). Age at
diagnosis/assessment, chemotherapy
received, or dose of radiotherapy did
not have a direct impact on
neurocognition.
CONCLUSION AND RELEVANCE
Rates of neurocognitive deficits are
higher in survivors in LMICs, with
socioeconomic variables contributing
more than the direct neurotoxic effects
of treatment.
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BIOMARKERS OF GLUCOSE METABOLISM
ALTERATIONS AND THE ONSET OF METABOLIC
SYNDROME IN SURVIVORS OF CHILDHOOD
ACUTE LYMPHOBLASTIC LEUKEMIA
Katarzyna Konończuk, Katarzyna Muszyńska-Rosłan, Karolina Konstantynowicz-Nowicka,
Maryna Krawczuk-Rybak, Adrian Chabowski, Eryk Latoch

Int J Mol Sci; doi: 10.3390/ijms23073712

ABSTRACT
Owing to advances in treatment
modalities and supportive care, overall
survival rates have reached up to 90%
among children with acute
lymphoblastic leukemia (ALL). However,
due to the underlying illness and
therapy, they are at a greater risk of
developing lifestyle diseases. Hence,
special attention is paid to early
detection of the components of
metabolic syndrome (MetS). This study
aimed at investigating the association of
plasma levels of nine diabetes markers
with being overweight and components
of MetS in ALL survivors. The study
included 56 subjects with mean age of
12.36 ± 5.15 years. The commercially
available Bio-Plex Pro Human Diabetes
10-Plex Panel kit was used to evaluate
levels of diabetes biomarkers.

ALL survivors presented statistically
higher concentrations of GIP (p = 0.026),
glucagon (p = 0.001), leptin (p = 0.022),
and PAI-1 (p = 0.047), whereas the
concentration of ghrelin was lower (p
&lt; 0.001) compared to the control
group. Moreover, subjects within normal
BMI range showed higher GIP (p = 0.005)
and lower ghrelin concentration (p &lt;
0.001) compared to healthy peers. At
least one risk factor of MetS was present
in 58.9% of participants, who showed
significantly higher levels of C-peptide
(p = 0.028), leptin (p = 0.003), and PAI-1
(p = 0.034) than survivors who did not
meet any MetS criteria. In conclusion,
ALL survivors are at greater risk of
disturbances in carbohydrate
metabolism. Understanding the
pathogenesis and applicability of
diabetes markers is crucial for
developing strategies to prevent
metabolic syndrome in ALL survivors.

45 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

GROWTH AND NUTRITIONAL OUTCOMES IN
CHILDREN POST-HAEMATOPOIETIC STEM
CELL TRANSPLANT WITHOUT EXPOSURE TO
TOTAL BODY IRRADIATION
A L Wanaguru, R J Cohn, K A Johnston, M A Gabriel, A M Maguire, K A Neville

Clin Oncol (R Coll Radiol); doi: 10.1016/j.clon.2022.03.005

AIMS
Poor growth in childhood cancer
survivors who undergo haematopoietic
stem cell transplant (HSCT) without
exposure to radiation is reported
anecdotally, although literature to
support this is limited. The aims of this
study were to assess the change in
height standard deviation score (SDS)
and the final adult height (FAH) in
children who underwent chemotherapyonly conditioned HSCT and to identify
predictors of poor growth.
MATERIALS AND METHODS
We conducted a retrospective hospital
medical record review (1984-2010) of
children (1-10 years) who underwent
chemotherapy-only conditioned HSCT,
noting anthropology measurements at
cancer diagnosis, HSCT, 10 years old and
FAH.

RESULTS
The median age at HSCT of the 53
patients was 4.5 years, 75% had a
haematological malignancy and 25% a
solid tumour. Half of the cohort
underwent allogenic HSCT and most
(89%) conditioned with busulphan. The
mean change in height SDS from primary
cancer diagnosis to FAH was -1.21 (±1.18
SD), equivalent to 7-8.5 cm loss, with a
mean FAH of -0.91 SDS (±1.10 SD). The
greatest height loss occurred between
diagnosis and HSCT (-0.77 SDS, 95%
confidence interval -1.42, -0.12, P =
0.01), with no catch-up growth seen by
FAH. Patients with solid tumours had the
greatest height loss. Overall body mass
index SDS did not change significantly
over time, or by cancer type.
CONCLUSIONS
Chemotherapy-only conditioned HSCT
during childhood can impact FAH, with
the greatest height loss occurring prior
to HSCT and no catch-up growth after
treatment finishes. Children
transplanted for a solid tumour
malignancy seem to be more at risk,
possibly due to intensive treatment
regimens, both pre-transplant and
during conditioning.
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SMARTPHONE-BASED ECOLOGICAL
MOMENTARY ASSESSMENT TO STUDY
"SCANXIETY" AMONG ADOLESCENT AND
YOUNG ADULT SURVIVORS OF CHILDHOOD
CANCER: A FEASIBILITY STUDY
Lauren C Heathcote, Sarah J Cunningham, Sarah N Webster, Vivek Tanna, Elia Mattke,
Nele Loecher, Sheri L Spunt, Pamela Simon, Gary Dahl, Marta Walentynowicz,
Elizabeth Murnane, Perri R Tutelman, Lidia Schapira, Laura E Simons, Claudia Mueller

Psychooncology; doi: 10.1002/pon.5935
OBJECTIVE
Scan-related anxiety ("scanxiety") refers
to the fear, stress, and anxiety in
anticipation of tests and scans in followup cancer care. This study assessed the
feasibility of Ecological Momentary
Assessment (EMA) for real-world, realtime capture of scanxiety using patients'
personal smartphone.
METHODS
Adolescent and Young Adult (AYA)
survivors of childhood cancer were
prompted to complete EMA surveys on a
smartphone app three times per day for
11 days (33 surveys total) around their
routine surveillance scans. Participants
provided structured feedback on the
EMA protocol.
RESULTS
Thirty out of 46 contacted survivors
(65%) enrolled, exceeding the
preregistered feasibility cutoff of 55%.
The survey completion rate (83%)
greatly exceeded the preregistered
feasibility cutoff of 65%. Participants
generally found the smartphone app
easy and enjoyable to use and reported
low levels of distress from answering
surveys.

Participants reported significantly more
daily fear of cancer recurrence (FCR)
and negative affect in the days before
compared to the days after surveillance
scans, aligning with the expected
trajectory of scanxiety. Participants who
reported greater FCR and scanxiety
using comprehensive measures at
baseline also reported significantly more
daily FCR around their surveillance
scans, indicating validity of EMA items.
Bodily threat monitoring was
prospectively and concurrently
associated with daily FCR, thus
warranting further investigation as a
risk factor for scanxiety.
CONCLUSIONS
Findings indicate the feasibility,
acceptability, and validity of EMA as a
research tool to capture the dynamics
and potential risk factors for scanxiety.
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UNIQUE ASSOCIATIONS OF PAIN FREQUENCY
AND PAIN-RELATED WORRY WITH HEALTHRELATED QUALITY OF LIFE IN SURVIVORS OF
CHILDHOOD CANCER
Lauren C Heathcote, Sarah J Cunningham, Michaela Patton, Fiona Schulte

Pain Rep; doi: 10.1097/PR9.0000000000001000

INTRODUCTION
Pain is common during childhood cancer
treatment, can persist into survivorship,
and can negatively affect health-related
quality of life in survivors of childhood
cancers (SCCs).
OBJECTIVE
The objective of this brief report was to
assess pain frequency, pain-related
worry, and their (unique) associations
with health-related quality of life in
SCCs.
METHODS
One hundred eleven SCCs (52% female
individuals, M age: 17.67 years, range 825 years) completed self-report
measures of pain frequency, painrelated worry, and health-related quality
of life.
RESULTS
More than two-thirds (70%) of SCCs
reported pain in the previous month (M
= 1.39, SD = 1.17), and 15% reported
experiencing pain often or almost
always. More than one-third (39%)
reported worrying about pain as a sign
of cancer recurrence (M = 0.73, SD =
1.07), and 9% reported worrying about
pain a lot or a whole lot.

In multivariate regression models that
controlled for sex, age at diagnosis, and
time off treatment, both pain frequency
and pain-related worry were
significantly associated with physical
health-related quality of life, indicating
that they contribute unique variance to
health-related quality of life after
childhood cancer. For emotional healthrelated quality of life, pain frequency
was no longer a significant predictor
once pain-related worry was added to
the model, indicating that pain-related
worry may be particularly important for
understanding emotional health-related
quality of life.
CONCLUSIONS
Postcancer pain may contribute to
health-related quality of life through
multiple mechanisms, including by
triggering concerns of recurrence.
There is a need for clinical interventions
that target both the frequency of pain
(eg, behavioral interventions) and painrelated worry (eg, psychoeducation and
cognitive interventions) to improve
health-related quality of life after
childhood cancer.
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BODY MASS INDEX AT DIAGNOSIS OF A
CHILDHOOD BRAIN TUMOR; A REFLECTION
OF HYPOTHALAMIC-PITUITARY
DYSFUNCTION OR LIFESTYLE?
I M A A van Roessel, J van Schaik, A Y N Schouten-van Meeteren, A M Boot, H L
Claahsen-van der Grinten, S C Clement, L van Iersel, K S Han, A S P van Trotsenburg,
W P Vandertop, L C M Kremer, H M van Santen

Support Care Cancer; doi: 10.1007/s00520-022-07031-4

PURPOSE
Childhood brain tumor survivors (CBTS)
are at risk of becoming overweight,
which has been shown to be associated
with hypothalamic-pituitary (HP)
dysfunction during follow-up. Body mass
index (BMI) at diagnosis is related to
BMI at follow-up. It is uncertain,
however, whether aberrant BMI at brain
tumor diagnosis reflects early
hypothalamic dysfunction or rather
reflects genetic and sociodemographic
characteristics. We aimed to examine
whether BMI at childhood brain tumor
diagnosis is associated with HP
dysfunction at diagnosis or its
development during follow-up.
METHODS
The association of BMI at diagnosis of a
childhood brain tumor to HP
dysfunction at diagnosis or during
follow-up was examined in a Dutch
cohort of 685 CBTS, excluding children
with craniopharyngioma or a pituitary
tumor. Individual patient data were
retrospectively extracted from patient
charts.

RESULTS
Of 685 CTBS, 4.7% were underweight,
14.2% were overweight, and 3.8% were
obese at diagnosis. Being overweight or
obese at diagnosis was not associated
with anterior pituitary deficiency or
diabetes insipidus at diagnosis or during
follow-up. In children with suprasellar
tumors, being obese at diagnosis was
associated with central precocious
puberty.
CONCLUSION
Overweight or obesity at diagnosis of a
childhood brain tumor seems not to be
associated with pituitary deficiencies.
These results suggest that genetics and
lifestyle may be more important
etiologic factors for higher BMI at
diagnosis in these children than
hypothalamic dysfunction. To improve
the long-term outcome of CBTS with
regards to overweight and obesity, more
attention should be given to lifestyle
already at the time of brain tumor
treatment.
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TASTE AND SMELL FUNCTION IN LONG-TERM
SURVIVORS AFTER CHILDHOOD
MEDULLOBLASTOMA/CNS-PNET
Kristine Eidal Tanem, Einar Stensvold, Petter Wilberg, Anne B Skaare, Preet Bano
Singh, Petter Brandal, Bente Brokstad Herlofson

Support Care Cancer; doi: 10.1007/s00520-022-07048-9

PURPOSE
To investigate taste and smell function
in survivors, with a minimum of 2 years
since treatment of childhood
medulloblastoma (MB)/central nervous
system supratentorial primitive
neuroectodermal tumor (CNS-PNET).
METHODS
This cross-sectional study included 40
survivors treated ≤ 20 years of age.
Taste strips with four concentrations of
sweet, sour, salt, and bitter were used to
assess taste function in all participants.
Score from 0 to 16; ≥ 9 normogeusia, < 9
hypogeusia, and complete ageusia which
equals no sensation. No sensation of a
specific taste quality equals ageusia of
that quality. Thirty-two participants
conducted smell testing using three
subtests of Sniffin' sticks: threshold,
discrimination, and identification.
Together they yield a TDI-score from 1
to 48; functional anosmia ≤ 16.00,
hyposmia > 16.00- < 30.75, normosmia ≥
30.75- < 41.50, and ≥ 41.50 hyperosmia.
Results were compared with normative
data. Survivors rated their taste and
smell function using a numerical rating
scale (NRS) score 0-10.

RESULTS
Forty survivors with a mean time since
treatment of 20.5 years, 13 (32.5%) were
diagnosed with hypogeusia, nine (22.5%)
of these being ageusic to one or more
taste qualities. Seventeen (53%) of 32
participants were diagnosed with
hyposmia. The mean scores of the
olfactory subtests, and TDI score were
significantly lower than normative data
(P < 0.0001). The mean NRS scores of
smell and taste function were 7.9 ± 1.5
and 8 ± 1.3, respectively.
CONCLUSION
Our study showed impaired taste and
smell function in survivors of childhood
MB/CNS-PNET using objective
measurements. However, subjective
ratings did not reflect objective findings.
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LONG-TERM FOLLOW-UP FOR CHILDHOOD
CANCER SURVIVORS: THE GENEVA
EXPERIENCE
Shai Babecoff, Florence Mermillod, Denis Marino, Angèle Gayet-Ageron, Marc Ansari,
Eugenio Fernandez, Fabienne Gumy-Pause

Swiss Med Wkly; doi: 10.4414/smw.2022.w30153
AIMS OF THE STUDY
Although the 5-year survival for pediatric
cancer in Switzerland today is over 85%, two
thirds of the survivors will develop chronic
health conditions due to the disease or to
the toxicity of treatments. In this context, a
long-term personalized follow-up program
(LTFU program), was set up at the University
Hospitals of Geneva (HUG) since 2015. We
aimed to describe this program, more
particularly the specialized follow-ups set
up, the cumulative burden of the chronic
health conditions, and finally assess the
satisfaction of patients and/or their parents
with it.
METHODS
A monocentric retrospective study was
performed where data on follow-ups and
chronic health conditions were collected
from medical charts of people who had
childhood cancer and who participated in
the LTFU program. Chronic health
conditions were classified and graded in
severity with the Common Terminology
Criteria of Adverse Events (CTCAE)
classification, version 5.0. This study was
completed by a satisfaction survey among
patients and/or their parents.
RESULTS
Out of 83 eligible patients, 51 (61.4%)
accepted to participate, with an average age
of 17.4 years (range, 10 to 35) at the time of
study. Mean delay since end of treatment
was 9.8 years (range: 4.5-31). The prevalence
of any chronic health condition is 82.3%,
43.1% for having 1 or 2 chronic health
conditions and 39.2% for having more than 3
chronic health conditions.

The total number of Grade CTCAE 1-4
chronic health conditions was 118 for the 51
participants, with a mean of 2.3 (range, 0 to
7) disorders per patient. The most frequently
affected systems were neurological (14.4%),
musculoskeletal (13.6%), endocrine (9.3%)
and renal (9.3%) systems. Sarcoma, central
nervous system tumors and neuroblastoma
were the diagnoses associated with the
highest average number of chronic health
conditions. Among the 118 questionnaires
sent to patients and/or parents, we received
82 (69.5%) responses. The level of
satisfaction was good to excellent for more
than 90% of the participants, for all the
items evaluated.
CONCLUSION
Childhood cancer survivors present a
significant number of chronic health
conditions, confirming the need for
appropriate long-term, multidisciplinary and
patient-specific medical follow-up based on
the primary diagnosis and therapies
received. Moreover, the LTFU program at
the HUG was highly appreciated by patients
and/or their parents and this motivates its
permanent conduct.
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LONG-TERM CARE FOR PEOPLE TREATED FOR
CANCER DURING CHILDHOOD AND
ADOLESCENCE
Emily S Tonorezos, Richard J Cohn, Adam W Glaser, Jeremy Lewin, Eileen Poon, Claire E
Wakefield, Kevin C Oeffinger

Lancet; doi: 10.1016/S0140-6736(22)00460-3

ABSTRACT
Worldwide advances in treatment and
supportive care for children and
adolescents with cancer have resulted in
an increasing population of survivors
growing into adulthood. Yet, this
population is at very high risk of late
occurring health problems, including
significant morbidity and early
mortality. Unique barriers to highquality care for this group include
knowledge gaps among both providers
and survivors as well as fragmented
health-care delivery during the
transition from paediatric to adult care
settings. Survivors of childhood and
adolescent cancer are at risk for a range
of late-occuring side-effects from
treatment, including cardiac, endocrine,
pulmonary, fertility, renal,
psychological, cognitive, and sociodevelopmental impairments.

Care coordination and transition to
adult care are substantial challenges,
but can be empowering for survivors and
improve outcomes, and could be
facilitated by clear, effective
communication and support for selfmanagement. Resources for adult
clinical care teams and primary care
providers include late-effects
surveillance guidelines and web-based
support services.
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AUTOIMMUNE THYROID DISEASE FOLLOWING
HEMATOPOIETIC STEM CELL
TRANSPLANTATION IN CHILDHOOD CANCER
SURVIVORS
Shunsuke Shimazaki, Itsuro Kazukawa, Masanori Minagawa

Clin Pediatr Endocrinol; doi: 10.1297/cpe.2021-0059

ABSTRACT
Thyroid dysfunction has been observed
in childhood cancer survivors (CCSs)
who have undergone hematopoietic
stem cell transplantation (HSCT). We
retrospectively analyzed the thyroid
function of 54 CCSs who underwent
HSCT and were referred to our
endocrinology department at Chiba
Children's Hospital between January 1,
2008, and December 31, 2019. Three
patients developed autoimmune thyroid
disease (AITD) after HSCT. Two of these
patients had Graves' disease (GD), and
the third had autoimmune thyroiditis.
The association between HSCT and AITD
remains unclear. All three patients had
chronic graft versus host disease
(GVHD).

AITD was reported to be induced by the
transmission of abnormal T or B
lymphocyte clones from the donor to
the recipient. One patient with GD was
treated with a high dose of antithymocyte globulin (ATG). Some studies
have reported that ATG is associated
with a risk of severe T cell depletion and
GD onset. In conclusion, CCSs who
received HSCT rarely developed AITD.
We suggest that CCSs treated with ATG
and/or experiencing an onset of chronic
GVHD should be carefully monitored for
thyroid function because it might reveal
AITD.
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RECOMMENDATIONS FOR THE SURVEILLANCE
OF EDUCATION AND EMPLOYMENT OUTCOMES
IN SURVIVORS OF CHILDHOOD, ADOLESCENT,
AND YOUNG ADULT CANCER: A REPORT FROM
THE INTERNATIONAL LATE EFFECTS OF
CHILDHOOD CANCER GUIDELINE
HARMONIZATION GROUP
Katie A Devine, Salome Christen, Renée L Mulder, Morven C Brown, Lisa M Ingerski,
Luzius Mader, Emma J Potter, Charlotte Sleurs, Adrienne S Viola, Susanna Waern, Louis S
Constine, Melissa M Hudson, Leontien C M Kremer, Roderick Skinner, Gisela Michel,
Jordan Gilleland Marchak, Fiona S M Schulte, International Guidelines Harmonization
Group Psychological Late Effects Group

Cancer; doi: 10.1002/cncr.34215

ABSTRACT
Educational achievement and employment
outcomes are critical indicators of quality of
life in survivors of childhood, adolescent,
and young adult (CAYA) cancer. This review
is aimed at providing an evidence-based
clinical practice guideline (CPG) with
internationally harmonized
recommendations for the surveillance of
education and employment outcomes in
survivors of CAYA cancer diagnosed before
the age of 30 years. The CPG was developed
by a multidisciplinary panel under the
umbrella of the International Late Effects of
Childhood Cancer Guideline Harmonization
Group. After evaluating concordances and
discordances of 4 existing CPGs, the authors
performed a systematic literature search
through February 2021. They screened
articles for eligibility, assessed quality, and
extracted and summarized the data from
included articles. The authors formulated
recommendations based on the evidence and
clinical judgment.

There were 3930 articles identified, and 83
of them, originating from 17 countries, were
included. On a group level, survivors were
more likely to have lower educational
achievement and more likely to be
unemployed than comparisons. Key risk
factors for poor outcomes included
receiving a primary diagnosis of a central
nervous system tumor and experiencing late
effects. The authors recommend that health
care providers be aware of the risk of
educational and employment problems,
implement regular surveillance, and refer
survivors to specialists if problems are
identified. In conclusion, this review
presents a harmonized CPG that aims to
facilitate evidence-based care, positively
influence education and employment
outcomes, and ultimately minimize the
burden of disease and treatment-related late
adverse effects for survivors of CAYA
cancers.
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SUBSEQUENT MALIGNANT NEOPLASMS IN
THE PEDIATRIC AGE IN RETINOBLASTOMA
SURVIVORS IN ARGENTINA
Gabriela Villanueva, Claudia Sampor, Florencia Moreno, Daniel Alderete, Angelica
Moresco, Natalia Pinto, Irene Szijan, Paula Schaiquevich, María Sara Felice, Adriana
Rose, Pedro Zubizarreta, Mariana Sgroi, Adriana Fandiño, Guillermo Chantada
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BACKGROUND
Retinoblastoma survivors in low- and
middle-income countries are exposed to
high-intensity treatments that
potentially place them at higher risk of
early subsequent malignant neoplasms
(SMNs).
METHODS
We followed 714 (403 [56.4%]
nonhereditary and 311 [43.5%]
hereditary) retinoblastoma survivors
diagnosed from August 1987 to
December 2016, up to the age of 16
years. We quantified risk of SMNs with
cumulative incidence (CI) and
standardized incidence ratios (SIR)
analysis. Multivariate regression Cox
model was used to determine the
association of treatments and risk of
SMNs.
RESULTS
Median follow-up was of 9 years (range:
0.18-16.9) and 24 survivors (3.36%)
developed 25 SMNs (n = 22 hereditary, n
= 2 nonhereditary). SMNs included
sarcomas (osteosarcomas, Ewing
sarcomas, rhabdomyosarcomas; n = 12),
leukemias (n = 5), and central nervous
system tumors (CNS; n = 3).

All cases of acute myeloid leukemia
(AML) and most of Ewing sarcomas
occurred within 5 years of
retinoblastoma diagnosis. The type of
SMN was the main indicator of mortality
(five of five patients with leukemias, six
of 12 with sarcomas, and zero of three
with CNS tumors died). Compared to the
general population, radiation increased
the risk of Ewing sarcoma in hereditary
survivors by 700-fold (95% CI = 2522422.6) and chemotherapy increased the
risk of AML by 140-fold (95% CI = 45.3436). The CI of SMNs for hereditary
survivors was 13.7% (95% CI = 8.4-22.1)
at 15 years.
CONCLUSION
Retinoblastoma survivors from Argentina
are at higher risk of developing SMNs
early in life compared to the general
Argentinean population, especially those
treated with radiation plus
chemotherapy. AML and Ewing sarcoma
presented within 5 years of
retinoblastoma diagnosis are associated
with chemotherapy and radiation
exposure.
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DETECTING BLOOD METHYLATION
SIGNATURES IN RESPONSE TO CHILDHOOD
CANCER RADIOTHERAPY VIA MACHINE
LEARNING METHODS
Zhandong Li, Wei Guo, Shijian Ding, Kaiyan Feng, Lin Lu, Tao Huang, Yudong Cai

Biology (Basel); doi: 10.3390/biology11040607

ABSTRACT
Radiotherapy is a helpful treatment for
cancer, but it can also potentially cause
changes in many molecules, resulting in
adverse effects. Among these changes, the
occurrence of abnormal DNA methylation
patterns has alarmed scientists. To explore
the influence of region-specific radiotherapy
on blood DNA methylation, we designed a
computational workflow by using machine
learning methods that can identify crucial
methylation alterations related to treatment
exposure. Irrelevant methylation features
from the DNA methylation profiles of 2052
childhood cancer survivors were excluded
via the Boruta method, and the remaining
features were ranked using the minimum
redundancy maximum relevance method to
generate feature lists.

These feature lists were then fed into the
incremental feature selection method, which
uses a combination of deep forest, k-nearest
neighbor, random forest, and decision tree
to find the most important methylation
signatures and build the best classifiers and
classification rules. Several methylation
signatures and rules have been discovered
and confirmed, allowing for a better
understanding of methylation patterns in
response to different treatment exposures.
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RISK PERCEPTIONS AND HEALTH CARE USE
IN THE ERA OF THE COVID-19 PANDEMIC IN
ADULTS TREATED FOR CHILDHOOD CANCER
Asmaa Janah, Charlotte Demoor-Goldschmidt, Florent De Vathaire, Nicolas Bougas,
Jacqueline Clavel, Claire Poulalhon, Brigitte Lacour, Vincent Souchard, Angela
Jackson, Leonie Casagranda, Claire Berger, Rodrigue Allodji, Nadia Haddy, Chiraz El
Fayech, Brice Fresneau, Agnès Dumas
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PURPOSE
During the COVID-19 pandemic,
childhood cancer survivors (CCS) may
have felt more at risk of having severe
consequences of COVID-19 and
therefore may have been more likely to
defer their health care use. We aimed to
assess the risk perceptions of CCS
related to COVID-19 (perceived infection
risk, perceived risk of experiencing a
severe illness in the event of infection),
and their forgoing of health care during
the year 2020.
METHODS
In December 2020, we interviewed
through an online self-report
questionnaire 580 5-year CCS
participating in the French Childhood
Cancer Survivor Study (FCCSS) cohort.
Combining clinical and patient-reported
outcomes, we studied predictors of
perceived risks related to COVID-19 and
forgoing health care.
RESULTS
Overall, 60% of respondents stated that
COVID-19 could have severe
consequences for their health if
infected. Survivors with a cardiovascular
disease and those who felt more at risk
of being infected were more likely to
think that COVID-19 could have severe
health consequences for them.

Moreover, 30% of respondents seeking
care declared they had forgone at least
one medical appointment in 2020.
Forgoing medical appointments was
more common among CCS who reported
a deterioration in their financial
situation in 2020 and those who felt
more at risk of being infected.
CONCLUSIONS
This study shows that a considerable
proportion of survivors had forgone
medical appointments because of the
pandemic; forgoing care was more
frequent among the most
socioeconomically disadvantaged
survivors.
IMPLICATIONS FOR CANCER
SURVIVORS
This study presents data hitherto absent
in the literature and suggests the need
to develop telehealth to ensure
appropriate long-term follow-up of CCS.
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DEVELOPMENT OF A QUESTIONNAIRE TO
EVALUATE FEMALE FERTILITY CARE IN
PEDIATRIC ONCOLOGY, A TREL INITIATIVE
M E Madeleine van der Perk, Eglė Stukaitė-Ruibienė, Žana Bumbulienė, Goda Elizabeta
Vaitkevičienė, Annelies M E Bos, Marry M van den Heuvel-Eibrink, Jelena Rascon
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BACKGROUND
Currently the five-year survival of
childhood cancer is up to 80% due to
improved treatment modalities.
However, the majority of childhood
cancer survivors develop late effects
including infertility. Survivors describe
infertility as an important and lifealtering late effect. Fertility
preservation options are becoming
available to pre- and postpubertal
patients diagnosed with childhood
cancer and fertility care is now an
important aspect in cancer treatment.
The use of fertility preservation options
depends on the quality of counseling on
this important and delicate issue. The
aim of this manuscript is to present a
questionnaire to determine the impact
of fertility counseling in patients
suffering from childhood cancer, to
improve fertility care and evaluate what
patients and their parents or guardians
consider good fertility care.

METHODS
Within the framework of the EU-Horizon
2020 TREL project, a fertility care
evaluation questionnaire used in the
Netherlands was made applicable for
international multi-center use. The
questionnaire to be used at least also in
Lithuania, incorporates patients' views
on fertility care to further improve the
quality of fertility care and counseling.
Results evaluate fertility care and will be
used to improve current fertility care in
a national specialized pediatric oncology
center in the Netherlands and a
pediatric oncology center in Lithuania.
CONCLUSION
An oncofertility-care-evaluation
questionnaire has been developed for
pediatric oncology patients and their
families specifically. Results of this
questionnaire may contribute to
enhancement of fertility care in
pediatric oncology in wider settings and
thus improve quality of life of childhood
cancer patients and survivors.
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BONE HEALTH ISSUES IN THE PEDIATRIC
ONCOLOGY PATIENT
Paulette M Kelly, Elaine Pottenger

Semin Oncol Nurs; doi: 10.1016/j.soncn.2022.151275

OBJECTIVE
This article reviews how childhood
cancers and related treatments affect
bone integrity. Interventions related to
exercise, hormone replacement, vitamin
D and calcium supplementation, and
bisphosphonate use are addressed.
DATA SOURCES
Literature was reviewed related to
childhood cancers, treatment and side
effects, assessment, and management to
optimize bone health.
CONCLUSIONS
Cure rates of childhood cancer have
dramatically improved due to new
therapeutic advances allowing children
diagnosed with cancer to live longer.
Unfortunately, the cost of cure can be
the increased development of chronic
health issues. Since many children
receive their treatment, including
antineoplastic agents, radiation, surgery,
and corticosteroid therapy, during time
of active skeletal maturation and
growth, their bone health may be
negatively impacted.

The development of bone mass can be
impaired, bone density may be
decreased, fractures may occur, growth
may be restricted, and there may be
poor bone repair. Review of the data
indicates that more research is needed
to understand what is necessary for
optimal bone health in the pediatric
population in general, specifically for
the child affected by cancer.
IMPLICATIONS FOR NURSING
PRACTICE
Nurses are integral to the development
of comprehensive understanding of the
bone health needs of the pediatric
oncology patient population and
educating the patient and family about
the importance of bone health. Children
and young adult survivors would benefit
from collaborative care between all their
health care providers. Steps to improve
bone health before diagnosis, on
treatment, and through to survivorship
remain to be addressed by future
research.
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HOW TO TREAT BREAST CANCER AFTER
CHILDHOOD CANCER: MANAGEMENT OF
ONCOLOGIC AND CARDIOVASCULAR
CONCERNS
Anne H Blaes, Suma Konety, Jane Hui, Kathryn Dusenbery, Jianling Yuan, Susan Dent,
Kevin C Oeffinger, Lucie M Turcotte

JACC CardioOncol; doi: 10.1016/j.jaccao.2021.12.003

ABSTRACT
•Childhood cancer survivors are at
higher risk for the development of
breast cancer necessitating early breast
cancer screening, often with both breast
MRI and mammography.
•Risk-stratify breast cancer treatment,
taking into account prior radiation
fields, surgical procedures, use of
anthracyclines, and current
comorbidities is essential.
•Aggressive management of CV risk
factors in collaboration with
cardiologists, oncologists, primary care
providers, and allied health care
providers is needed to provide the best
cancer treatment while optimizing CV
health.
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BREAST CANCER SECONDARY TO RADIATION
THERAPY IN A PATIENT WITH WILMS TUMOR

Lintu Ramachandran, Ghanshyam Patel, Safa Fatima, Mohammad Khan
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ABSTRACT
Wilms tumor, one of the most common
childhood malignancies, is typically
treated with a combination of
chemotherapy, radiation, and surgical
resection. Wilms tumor survivors who
received radiation therapy are, however,
at a higher risk of secondary
malignancies and need vigilant
monitoring. We present the case of a 35year-old female with history of Wilms
tumor at age five, who received
radiation therapy for pulmonary
metastasis, and was found to have breast
cancer at the age of 35. We discuss
different protocols in treatment of
Wilms tumor and current secondary
malignancy screening recommendations.
We also recognize the importance of
screening guideline awareness among
primary care physicians and its
mortality and morbidity implications.
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ACUTE AND LATE PULMONARY EFFECTS
AFTER RADIATION THERAPY IN CHILDHOOD
CANCER SURVIVORS: A PENTEC
COMPREHENSIVE REVIEW
Tina Marie Briere, Jennifer E Agrusa, Mary K Martel, Andrew Jackson, Arthur J Olch,
Cécile M Ronckers, Leontien C M Kremer, Louis S Constine, Mary Frances McAleer
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OBJECTIVES
The Pediatric Normal Tissue Effects in the
Clinic (PENTEC) pulmonary task force
reviewed dosimetric and clinical factors
associated with radiation therapy (RT)associated pulmonary toxicity in children.
METHODS
Comprehensive search of PubMed (19652020) was conducted to assess available
evidence and predictive models of RTinduced lung injury in pediatric cancer
patients (<21 years old). Lung dose for
radiation pneumonitis (RP) was obtained
from dose-volume histogram (DVH) data. RP
grade was obtained from standard criteria.
Clinical pulmonary outcomes were evaluated
using pulmonary function tests (PFTs),
clinical assessment, and questionnaires.
RESULTS
More than 2,400 abstracts were identified;
460 articles had detailed treatment and
toxicity data; and 11 articles with both
detailed DVH and toxicity data were formally
reviewed. Pooled cohorts treated during
1999 to 2016 included 277 and 507 patients
age 0.04 to 22.7 years who were evaluable
for acute and late RP analysis, respectively.
After partial lung RT, there were 0.4% acute
and 2.8% late grade 2, 0.4% acute and 0.8%
late grade 3, and no grade 4 to 5 RP. RP risk
after partial thoracic RT with mean lung
dose (MLD) <14 Gy and total lung V20Gy
<30% is low. Clinical and self-reported
pulmonary outcomes data included 8,628
patients treated during 1970 to 2013, age 0
to 21.9 years.

At a median 2.9- to 21.9-year follow-up,
patients were often asymptomatic; abnormal
PFTs were common and severity correlated
with lung dose. At ≥10-year follow-up, multiinstitutional studies suggested associations
between total or ipsilateral lung doses >10
Gy and pulmonary complications and deaths.
After whole lung irradiation (WLI),
pulmonary toxicity is higher; no dose
response relationship was identified.
Bleomycin and other chemotherapeutics at
current dose regimens do not contribute
substantially to adverse pulmonary
outcomes after partial lung irradiation but
increase risk with WLI.
CONCLUSIONS
After partial lung RT, acute pulmonary
toxicity is uncommon; grade 2 to 3 RP
incidences are <1%. Late toxicities, including
subclinical/asymptomatic impaired
pulmonary function, are more common
(<4%). Incidence and severity appear to
increase over time. Upon review of available
literature, there appears to be low risk of
pulmonary complications in children with
MLD < 14 Gy and V20Gy <30% using standard
fractionated RT to partial lung volumes. A
lack of robust data limit guidance on lung
dose/volume constraints, highlighting the
need for additional work to define factors
associated with RT-induced lung injury.
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PSYCHOSOCIAL DEVELOPMENTAL
MILESTONES OF YOUNG ADULT SURVIVORS
OF CHILDHOOD CANCER
Heleen Maurice-Stam, Loes M E van Erp, Anne Maas, Hedy A van Oers, Leontien C M
Kremer, Eline van Dulmen-den Broeder, Wim J E Tissing, Jacqueline J Loonen, Helena
J H van der Pal, Laura R Beek, Andrica C H de Vries, Marry M van den Heuvel-Eibrink,
Cécile M Ronckers, Dorine Bresters, Marloes Louwerens, Margriet van der Heiden-van
der Loo, Gea A Huizinga, Martha A Grootenhuis, Dutch LATER study group
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PURPOSE
The study aimed to compare the
psychosocial development of young
adult survivors of childhood cancer
(YACCS) with a norm group of young
adults from the general population.
METHODS
From 2017 to 2020, 558 YACCS (18-30
years, 51% female, 10.9% CNS cancer)
who participated in the Dutch Childhood
Cancer Survivor Study (DCCSS) LATER
cohort (diagnosed 1963-2001) part 2
completed the Course of Life
Questionnaire (CoLQ), assessing the
achievement of milestones. Items were
grouped into the scales autonomy,
psychosexual, and social development.
Differences between YACCS and norm
group were examined with ANOVA and
Cohen's d (CoLQ scales) and with
logistic regression analysis and odds
ratio (OR) (CoLQ items), for the total
group and YACCS of CNS cancer.

RESULTS
The total group of YACCS did not report
a less favorable psychosocial
development than the norm group.
YACCS of CNS cancer scored lower than
the norm group (p < 0.001) on the scales
autonomy (d = - 0.36) and psychosexual
(d = - 0.46). Additionally, on half of the
items of autonomy (0.25 ≤ OR ≤ 0.34),
psychosexual (0.30 ≤ OR ≤ 0.48), and
social (0.23 ≤ OR ≤ 0.47) development,
YACCS of CNS cancer were less likely (p
< 0.01) than the norm group to have
achieved the milestones.
CONCLUSION
Overall, psychosocial development of
YACCS was as favorable as the norm, but
YACCS of CNS cancer were at risk of an
unfavorable psychosocial development
in all domains. Monitoring psychosocial
development should be included in the
standards of psychosocial care,
especially for CNS cancer patients and
survivors, to be able to trace delay.
Personalized interventions should be
offered to improve the psychosocial
development in an early stage.
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QUALITY OF LIFE IN YOUNG LONG-TERM
SURVIVORS OF CANCER AND ALLOGENEIC
HEMATOPOIETIC STEM CELL
TRANSPLANTATION
Phoi Phoi Diep, Corina Silvia Rueegg, Marta Maria Burman, Lorentz Brinch, Kristine
Bø, Kristian Fosså, Linn Landrø, Jon Håvard Loge, May Brit Lund, Richard John
Massey, Ole Henrik Myrdal, Meeta Pathak, Liv Rimstad, Kristine Eidal Tanem, Geir
Erland Tjønnfjord, Trond Mogens Aaløkken, Ellen Ruud
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PURPOSE
Allogeneic hematopoietic stem cell
transplantation (allo-HSCT) is an
established treatment predominantly for
malignancies. Chronic graft-versus-host
disease (cGVHD) is the leading longterm complication after allo-HSCT, but
knowledge on cGVHD and health-related
quality of life (HRQOL) in long-term
survivors of allo-HSCT performed in
childhood, adolescence, and young
adulthood (CAYA) is scarce. Therefore,
we aimed to (1) assess prevalence and
risk factors of active cGVHD using the
2014 National Institutes of HealthConsensus criteria, (2) investigate
associations between cGVHD severity,
patient-reported symptom burden, and
HRQOL, and (3) compare HRQOL of
survivors to population norms.
METHODS
We conducted a nationwide crosssectional study in long-term survivors of
CAYA allo-HSCT combining clinical
examinations and patient-reported
outcome measures.

RESULTS
We included 103 survivors, 55 (53%)
females, median age of 19.6 years [range
0.3-29.9] at HSCT, 16.8 years [6.0-32.0]
from HSCT, and 77 (75%) with underlying
malignancy. Overall, 32 (31%) survivors
were diagnosed with active cGVHD. The
risk of active cGVHD was increased with
prior acute GVHD and reduced with in
vivo T cell depletion. cGVHD severity
was associated with increased symptom
burden, but not with adverse HRQOL.
Compared to Norwegian population
norms, allo-HSCT survivors reported
significantly lower HRQOL.
CONCLUSION
These results indicate a high prevalence
of cGVHD in long-term survivors of
CAYA allo-HSCT. Although we did not
find an association between cGVHD
severity and HRQOL, survivors reported
significantly poorer HRQOL compared to
population norms. Knowledge on the
long-term consequences of cGVHD will
be important for optimizing treatment
and long-term follow-up care after
CAYA allo-HSCT.
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THE IMPACT OF HISPANIC ETHNICITY AND
LANGUAGE ON COMMUNICATION AMONG
YOUNG ADULT CHILDHOOD CANCER
SURVIVORS, PARENTS, AND MEDICAL
PROVIDERS AND CANCER-RELATED FOLLOWUP CARE
Phoi Phoi Diep, Corina Silvia Rueegg, Marta Maria Burman, Lorentz Brinch, Kristine
Bø, Kristian Fosså, Linn Landrø, Jon Håvard Loge, May Brit Lund, Richard John
Massey, Ole Henrik Myrdal, Meeta Pathak, Liv Rimstad, Kristine Eidal Tanem, Geir
Erland Tjønnfjord, Trond Mogens Aaløkken, Ellen Ruud
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PURPOSE
The triad of communication between
young adult childhood cancer survivors
(YACCSs), their parents, and their
medical providers is an important
process in managing health care
engagement. This study sought to
identify communication patterns among
this triad, factors associated with
communication, and engagement of
survivorship care.
METHODS
We analyzed data from Project Forward,
a population-based study that surveyed
YACCSs and their parents. YACCSs were
on average age 20 years, 7 years from
diagnosis, 50% female, and 57%
identified as Hispanic/Latino (N = 160
dyads). Latent class analysis of nine
communication indicators from parent
and YACCS surveys identified distinct
classes of communication between
YACCSs, parents, and medical providers.
Associations between resulting classes
and YACCS/parent characteristics were
examined using multinomial logistic
regression. Logistic regression was used
to examine the association between
communication classes and cancerrelated follow-up care.

RESULTS
Latent class analysis identified three
classes of triad communication: (1) high
health care-focused communication
(37.5%), (2) high comprehensive
communication (15.6%), and (3) overall
low communication (46.9%). After
adjusting for covariates, greater time
since diagnosis was associated with
reduced odds of membership in class 2
while dyads with Spanish-speaking
Hispanic parents were more likely to be
in class 2 (v class 3). Additionally,
YACCSs who were in either of the high
communication groups were more likely
to have received recent follow-up care.
CONCLUSION
Examining language preference provides
an important contextual understanding
as we found Spanish-speaking Hispanic
parents engaged in high communication,
which was associated with cancerrelated follow-up care. Yet, our results
also support the need to enhance
communication between this triad to
improve outcomes.
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NEUROPSYCHOLOGICAL FUNCTIONING IN
CHILDHOOD CANCER SURVIVORS FOLLOWING
CRANIAL RADIOTHERAPY – RESULTS FROM A
LONG-TERM FOLLOW-UP CLINIC
Isabelle Rydén, Erik Fernström, Birgitta Lannering, Marie Kalm, Malin Blomstrand, Per
Hellström, Thomas Björk-Eriksson, Marianne Jarfelt
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ABSTRACT
Treatment of malignant childhood
posterior fossa tumors (CPFT) often
includes surgical resection and
craniospinal radiotherapy (CSI).
Nasopharyngeal tumors in childhood
(CNPHT) are often treated with surgery
and radiotherapy (RT), leading to
incidental brain irradiation. RT to the
developing brain is associated with risks
for cognitive impairments. We studied
cognitive functioning, health-related
quality of life (HRQOL), fatigue, and
psychological distress, in adult survivors
of CPFT and CNPHT, representing two
groups, which had received high and low
radiation dose-exposure to the brain,
respectively. Cognitive tests were used
to compare CPFT (n = 12) and CNPHT (n
= 7) survivors to matched healthy
controls (n = 28).

HRQOL data was compared to the
general population (GP) (n = 1415-1459).
Average follow-up was 23 (CPFT) and 19
years (CNPHT). CPFT survivors had
significant deficits in all cognitive
domains. CNPHT survivors showed
results below the control group but
differed statistically only on one
executive test. HRQOL-ratings indicated
that both groups had similar selfreported cognitive problems. CPFT
survivors reported more emotional
problems and fatigue. Anxiety was seen
in both CPFT and CNPHT survivors. This
study confirmed long-term cognitive
sequelae after RT in adult survivors of
CPFT,and possible RT-induced cognitive
deficits in adult CNPHT survivors.

66 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

APPROACHES FOR MONITORING AND
TREATING CARDIOMYOPATHY AMONG
CANCER SURVIVORS FOLLOWING
ANTHRACYCLINE OR THORACIC RADIATION
TREATMENT
Arash Delavar, Catherine Boutros, Dana Barnea, Wendy L Schaffer Md, Emily S
Tonorezos
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BACKGROUND
Anthracycline chemotherapy and thoracic
radiation therapy (RT) are known causes of
cardiomyopathy among cancer survivors,
however, management guidelines for this
population are lacking. In this study we
describe our single institution management
approach for cancer survivors with low left
ventricular ejection fraction (LVEF)
secondary to cancer treatment.
METHODS
We conducted a retrospective descriptive
study of childhood and young adult (CAYA)
cancer survivors in the Adult Long-Term
Follow-Up Clinic at Memorial Sloan
Kettering Cancer Center enrolled between
November 2005 and July 2019. Those
included were treated with anthracycline
and/or thoracic RT as a part of their cancer
therapy and had recorded a LVEF of < 55%
on at least one post-treatment
echocardiogram. Details regarding survivor
characteristics, screening, and management
were abstracted. Differences in management
approaches among survivors with LVEF of
50-54.9%, 40-49.9%, and < 40% were
described. Qualitative management
approaches were abstracted as well.

RESULTS
Among 668 CAYA survivors in the initial
cohort, 80 were identified who had received
anthracycline and/or thoracic RT and had a
LVEF of < 55%. Median age at cancer
diagnosis was 16.1 years, median time from
cancer diagnosis was 25.8 years, and 55% of
survivors were female. Cardiology referrals,
nuclear stress tests, multi-gated acquisition
scans, angiograms, echocardiograms,
treatment with angiotensin converting
enzyme inhibitors or receptor blockers,
beta-blockers, diuretics, aldosterone
antagonists, aspirin, and insertion of
pacemaker or implantable cardioverterdefibrillators differed by LVEF category.
Documentation suggested uncertainty
regarding management of survivors with
borderline low-LVEF, with low-LVEF that
improved on follow-up, and with subsequent
cancers requiring additional treatment.
CONCLUSIONS
The management of CAYA cancer survivors
with low-LVEF largely followed guidelines
designed for the general population,
however, uncertainty remains for issues
specific to cancer survivors.
Cardiomyopathy management guidelines
that address issues specific to cancer
survivors are needed.
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CHARACTERISTICS OF CHILDREN ≤36
MONTHS OF AGE WITH DIFFUSE INTRINSIC
PONTINE GLIOMA (DIPG): A REPORT FROM
THE INTERNATIONAL DIPG REGISTRY
Allison Bartlett, Adam Lane, Brooklyn Chaney, Nancy Yanez Escorza, Katie Black, Anne
Cochrane, Jane Minturn, Ute Bartels, Kathy Warren, Jordan Hansford, David Ziegler,
Blanca Diez, Stewart Goldman, Roger Packer, Mark Kieran, Mariko DeWireSchottmiller, Craig Erker, Michelle Monje-Deisseroth, Lars Wagner, Carl Koschmann,
Kathleen Dorris, Chie-Schin Shih, Tim Hassall, Yvan Samson, Paul Fisher, Stacie S
Wang, Karen Tsui, Gustavo Sevlever, Xiaoting Zhu, Phillip Dexheimer, Anthony Asher,
Christine Fuller, Rachid Drissi, Blaise Jones, James Leach, Maryam Fouladi
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BACKGROUND
Children ≤36 months with Diffuse Intrinsic
Pontine Glioma (DIPG) have increased longterm survival (LTS, overall survival (OS) ≥24
months). Understanding distinguishing
characteristics in this population is critical
to improving outcomes.
METHODS
Patients ≤36 months at diagnosis enrolled on
the International DIPG Registry (IDIPGR)
with central imaging confirmation were
included. Presentation, clinical course,
imaging, pathology and molecular findings
were analyzed.
RESULTS
Among 1183 patients in IDIPGR, 40 were
eligible (median age: 29 months). Median OS
was 15 months. Twelve patients (30%) were
LTS, 3 (7.5%) very long-term survivors ≥ 5
years. Among 8 untreated patients, median
OS was 2 months. Patients enrolled in the
registry but excluded from our study by
central radiology review or tissue diagnosis
had median OS of 7 months. All but 1 LTS
received radiation.

Among 32 treated patients, 1-, 2-, 3-, and 5year OS rates were 68.8%, 31.2%, 15.6% and
12.5%, respectively. LTS had longer duration
of presenting symptoms (p=0.018). No
imaging features were predictive of
outcome. Tissue and genomic data were
available in 18 (45%) and 10 patients,
respectively. Among 9 with known H3K27M
status, 6 had a mutation.
CONCLUSIONS
Children ≤36 months demonstrated
significantly more LTS, with an improved
median OS of 15 months; 92% of LTS
received radiation. Median OS in untreated
children was 2 months, compared to 17
months for treated children. LTS had longer
duration of symptoms. Excluded patients
demonstrated a lower OS, contradicting the
hypothesis that children ≤36 months with
DIPG show improved outcomes due to
misdiagnosis.

68 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

SOCIAL, EMOTIONAL, AND BEHAVIORAL
FUNCTIONING IN YOUNG CHILDHOOD
CANCER SURVIVORS WITH CHRONIC HEALTH
CONDITIONS
Luzius Mader, Tomáš Sláma, Christina Schindera, Jochen Rössler, Nicolas X von der
Weid, Fabiën N Belle, Claudia E Kuehni
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BACKGROUND
The cancer diagnosis and its intensive
treatment may affect the long-term
psycho-social adjustment of childhood
cancer survivors. We aimed to describe
social, emotional, and behavioral
functioning and their determinants in
young childhood cancer survivors.
PROCEDURE
The nationwide Swiss Childhood Cancer
Survivor Study sends questionnaires to
parents of survivors aged 5-15 years,
who have survived at least 5 years after
diagnosis. We assessed social,
emotional, and behavioral functioning
using the Strengths and Difficulties
Questionnaire (SDQ). The SDQ includes
four difficulties scales (emotional,
conduct, hyperactivity, peer problems),
a total difficulties indicator, and one
strength scale (prosocial). We compared
the proportion of survivors with
borderline and abnormal scores to
reference values and used multivariable
logistic regression to identify
determinants.

RESULTS
Our study included 756 families
(response rate of 72%). Thirteen percent
of survivors had abnormal scores for the
total difficulties indicator compared to
10% in the general population. The
proportion of survivors with abnormal
scores was highest for the emotional
scale (15% vs. 8% in the general
population), followed by the peer
problems scale (14% vs. 7%),
hyperactivity (8% vs. 10%), and conduct
scale (6% vs. 7%). Few survivors (4% vs.
7%) had abnormal scores on the
prosocial scale. Children with chronic
health conditions had a higher risk of
borderline and abnormal scores on all
difficulties scales (all p < 0.05).
CONCLUSION
Most childhood cancer survivors do well
in social, emotional, and behavioral life
domains, but children with chronic
health conditions experience difficulties.
Therefore, healthcare professionals
should offer specific psycho-social
support to these survivors.
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INTEGRATING PRIMARY CARE AND
CHILDHOOD CANCER SURVIVORSHIP CARE: A
SCOPING REVIEW PROTOCOL
Sarah E Piombo, Julia Stal, Dalia Kagramanov, Lynn Kysh, David R Freyer, Barbara J
Turner, Kimberly A Miller

BMJ Open; doi: 10.1136/bmjopen-2021-059050

INTRODUCTION
Improved treatment regimens have led
to increased survival rates among
childhood cancer survivors (CCS), and
more than 84% of all children diagnosed
with cancer will experience long-term
survival or cure. Survivors are
susceptible to late effects of cancer
treatment often requiring lifelong
follow-up care, as many of these
conditions can be prevented or
mitigated with surveillance. Integrating
primary care (PC) and childhood cancer
survivorship care can improve follow-up
for survivors, however, little integrative
research exists. This scoping review
aims to: identify and describe existing
models of care that integrate PC and
childhood cancer survivorship care,
examine the effectiveness of these
models of care, and characterise the
barriers and facilitators for the
integration of PC for CCS.

METHODS AND ANALYSIS
A comprehensive empirical literature
search of three electronic databases
(PubMed, CINAHL, and Embase) was
employed to identify potentially relevant
citations on 1 October 2020. The
population, independent
variables/intervention, comparator,
outcomes, timing, setting and study
design/other limiters (PICOTSS)
framework was used to inform protocol
development. The Preferred Reporting
Items for Systematic reviews and MetaAnalyses extension for Scoping Reviews
(PRISMA-ScR) checklist and explanation
will be used to report study findings.
The search strategy will be completed
again prior to publication to ensure
recent empirical research is accounted
for.
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WHAT ARE RISK FACTORS FOR AND
OUTCOMES OF LATE AMPUTATION AFTER
TREATMENT FOR LOWER EXTREMITY
SARCOMA: A CHILDHOOD CANCER SURVIVOR
STUDY REPORT
Erik J Geiger, Wei Liu, Deo Kumar Srivastava, Nicholas M Bernthal, Brent R Weil,
Yutaka Yasui, Kirsten K Ness, Kevin R Krull, Robert E Goldsby, Kevin C Oeffinger,
Leslie L Robison, Bryan V Dieffenbach, Christopher B Weldon, Mark C Gebhardt,
Rebecca Howell, Andrew J Murphy, Wendy M Leisenring, Gregory T Armstrong, Eric J
Chow, Rosanna L Wustrack
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BACKGROUND
Although pediatric lower extremity sarcoma
once was routinely treated with amputation,
multiagent chemotherapy as well as the
evolution of tumor resection and
reconstruction techniques have enabled the
wide adoption of limb salvage surgery (LSS).
Even though infection and tumor recurrence
are established risk factors for early
amputation (< 5 years) after LSS, the
frequency of and factors associated with late
amputation (≥ 5 years from diagnosis) in
children with sarcomas are not known.
Additionally, the resulting psychosocial and
physical outcomes of these patients
compared with those treated with primary
amputation or LSS that was not complicated
by subsequent amputation are not well
studied. Studying these outcomes is critical
to enhancing the quality of life of patients
with sarcomas.
QUESTIONS/PURPOSES
(1) How have treatments changed over time
in patients with lower extremity sarcoma
who are included in the Childhood Cancer
Survivor Study (CCSS), and did primary
treatment with amputation or LSS affect
overall survival at 25 years among patients
who had survived at least 5 years from
diagnosis? (2) What is the cumulative
incidence of amputation after LSS for
patients diagnosed with pediatric lower
extremity sarcomas 25 years after diagnosis?

(3) What are the factors associated with time
to late amputation (≥ 5 years after diagnosis)
in patients initially treated with LSS for
lower extremity sarcomas in the CCSS? (4)
What are the comparative social, physical,
and emotional health-related quality of life
(HRQOL) outcomes among patients with
sarcoma treated with primary amputation,
LSS without amputation, or LSS complicated
by late amputation, as assessed by CCSS
follow-up questionnaires, the SF-36, and the
Brief Symptom Inventory-18 at 20 years after
cancer diagnosis?
METHODS
The CCSS is a long-term follow-up study
that began in 1994 and is coordinated
through St. Jude Children's Research
Hospital. It is a retrospective study with
longitudinal follow-up of more than 38,000
participants treated for childhood cancer
when younger than 21 years at one of 31
collaborating institutions between 1970 and
1999 in the United States and Canada.
Participants were eligible for enrollment in
the CCSS after they had survived 5 years
from diagnosis.

TO BE CONTINUED ON NEXT PAGE
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Within the CCSS cohort, we included
participants who had a diagnosis of lower
extremity sarcoma treated with primary
amputation (547 patients with a mean age at
diagnosis of 13 ± 4 years) or primary LSS (510
patients with a mean age 14 ± 4 years). The
LSS cohort was subdivided into LSS without
amputation, defined as primary LSS without
amputation at the time of latest follow-up;
LSS with early amputation, defined as LSS
complicated by amputation occurring less
than 5 years from diagnosis; or LSS with late
amputation, defined as primary LSS in study
patients who subsequently underwent
amputation 5 years or more from cancer
diagnosis. The cumulative incidence of late
amputation after primary LSS was estimated.
Cox proportional hazards regression with
time-varying covariates identified factors
associated with late amputation. Modified
Poisson regression models were used to
compare psychosocial, physical, and HRQOL
outcomes among patients treated with
primary amputation, LSS without
amputation, or LSS complicated by late
amputation using validated surveys.
RESULTS
More study participants were treated with
LSS than with primary amputation in more
recent decades. The overall survival at 25
years in this population who survived 5 years
from diagnosis was not different between
those treated with primary amputation (87%
[95% confidence interval [CI] 82% to 91%])
compared with LSS (88% [95% CI 85% to
91%]; p = 0.31).

The cumulative incidence of amputation at
25 years after cancer diagnosis and primary
LSS was 18% (95% CI 14% to 21%). With the
numbers available, the cumulative incidence
of late amputation was not different among
study patients treated in the 1970s (27%
[95% CI 15% to 38%]) versus the 1980s and
1990s (19% [95% CI 13% to 25%] and 15%
[95% CI 10% to 19%], respectively; p = 0.15).
After controlling for gender, medical and
surgical treatment variables, cancer
recurrence, and chronic health conditions,
gender (hazard ratio [HR] 2.02 [95% CI 1.07
to 3.82]; p = 0.03) and history of prosthetic
joint reconstruction (HR 2.58 [95% CI 1.37 to
4.84]; p = 0.003) were associated with an
increased likelihood of late amputation.
Study patients treated with a primary
amputation (relative risk [RR] 2.04 [95% CI
1.15 to 3.64]) and LSS complicated by late
amputation (relative risk [RR] 3.85 [95% CI
1.66 to 8.92]) were more likely to be
unemployed or unable to attend school than
patients treated with LSS without
amputation to date. The CCSS cohort
treated with primary amputation and those
with LSS complicated by late amputation
reported worse physical health scores than
those without amputation to date, although
mental and emotional health outcomes did
not differ between the groups.

TO BE CONTINUED ON NEXT PAGE
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CONCLUSION
There is a substantial risk of late
amputation after LSS, and both primary
and late amputation status are
associated with decreased physical
HRQOL outcomes. Children treated for
sarcoma who survive into adulthood
after primary amputation and those who
undergo late amputation after LSS may
benefit from interventions focused on
improving physical function and
reaching educational and employment
milestones. Efforts to improve the
physical function of people who have
undergone amputation either through
prosthetic design or integration into the
residuum should be supported.
Understanding factors associated with
late amputation in the setting of more
modern surgical approaches and
implants will help surgeons more
effectively manage patient expectations
and adjust practice to mitigate these
risks over the life of the patient.
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FACTORS INFLUENCING IMPLEMENTATION OF
THE SURVIVORSHIP PASSPORT: THE IT
PERSPECTIVE
Catherine Chronaki, Eliana Charalambous, Giorgio Cangioli, Günter Schreier, Selina van
den Oever, Helena van der Pal, Leontien Kremer, Anne Uyttebroeck, Bart Van den Bosch,
Justas Trinkunas, Jelena Rascon, Ruth Ladenstein, Vanessa Düster, Edit Bardi, Diana Walz,
Anna-Liesa Filberd, Desiree Grabow, Thorsten Langer, Adela Cañete Nieto, Antonio J
Orduña Galán, Marisa Correcher Palau, Giacomo Cavalca, Riccardo Haupt
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ABSTRACT
Compared to the general population,
childhood cancer survivors represent a
vulnerable population as they are at
increased risk of developing health
problems, known as late effects,
resulting in excess morbidity and
mortality. The Survivorship Passport
aims to capture key health data about
the survivors and their treatment, as
well as personalized recommendations
and a care plan with the aim to support
long-term survivorship care. The
PanCareSurPass (PCSP) project building
on the experience gained in an earlier
implementation in Giannina Gaslini
Institute, Italy, will implement and
rigorously assess an integrated, HL7
FHIR based, implementation of the
Survivorship Passport.

The six implementation countries,
namely Austria, Belgium, Germany, Italy,
Lithuania, and Spain, are supported by
different national or regional digital
health infrastructures and Electronic
Medical Record (EMR) systems. Semi
structured interviews were carried out
to explore potential factors affecting
implementation, identify use cases, and
coded data that can be semiautomatically transferred from the EMR
to SurPass. This paper reflects on
findings of these interviews and
confirms the need for a multidisciplinary
and multi-professional approach
towards a sustainable and integrated
large-scale implementation of the
Survivorship Passport across Europe.
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PAIN SCIENCE EDUCATION FOR CHILDREN
LIVING WITH AND BEYOND CANCER:
CHALLENGES AND RESEARCH AGENDA
Emma Rheel, Lauren C Heathcote, Jutte van der Werff Ten Bosch, Fiona Schulte, Joshua W
Pate
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ABSTRACT
Pain in children living with and beyond
cancer is understudied and
undertreated. Pain science education
(PSE) is a conceptual change strategy
facilitating patients' understanding of
the biopsychosocial aspects of pain.
Preliminary studies on the adaptation of
PSE interventions to adults with and
beyond cancer provide a foundation for
pediatric research. PSE could help
childhood cancer survivors experiencing
persistent pain and pain-related worry
after active treatment. PSE may also
help children receiving cancer
treatment, providing them with a
foundation of adaptive pain beliefs and
cognitions, and preparing them for
procedural and treatment-related pain.

We direct this paper toward pediatric
oncology clinicians, policy makers, and
researchers working with children living
with and beyond cancer. We aim to (a)
identify challenges in adapting PSE for
children living with and beyond cancer,
(b) offer possible solutions, and (c)
propose research questions to guide the
implementation of PSE for children
living with and beyond cancer.
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NEUROCOGNITIVE DEFICITS IN SURVIVORS
OF CHILDHOOD ACUTE MYELOID LEUKEMIA
Satoko Takahashi, Satomi Sato, Shunji Igarashi, Hitoshi Dairoku, Yuichi Takiguchi,
Tetsuya Takimoto

BMC Pediatr; doi: 10.1186/s12887-022-03369-0

BACKGROUND
Although treatment of acute myeloid
leukemia (AML) contains neurotoxic
agents, studies investigating
neurocognitive outcomes in children
with AML are sparse. We evaluated late
cognitive effects in children treated
with a high-dose cytarabine based
regimen, focusing on general intellectual
ability and specific neurocognitive
domains.
METHODS
We evaluated 12 survivors of childhood
AML who were treated between 2006
and 2016 and completed the Wechsler
Intelligence Scales. One-sample t-tests
were used to compare full-scale
intelligence quotient (FSIQ) and primary
index scores to norms. The overall effect
of index scores and subtests was
examined with one-way ANOVA.
Univariate analyses and multiple
regression models examined
demographic and clinical characteristics
associated with FSIQ.

RESULTS
Participants who underwent the
Wechsler Intelligence Scale for Children
demonstrated impairment on working
memory index and participants who
underwent the Wechsler Adult
Intelligence Scale showed low score in
the subtests that reflect working
memory, whereas they exhibited no
statistical differences versus the
population means for FSIQ. There were
no significant differences in the overall
effect of index scores and subtests. On
univariate analysis, FSIQ were related to
time since diagnosis and age at
assessment, and both were significant
predictors of FSIQ on multiple linear
regression.
CONCLUSIONS
Survivors of childhood AML exhibited
impairment of working memory, even if
their FSIQ was within the normal range.
Difficulties in specific cognitive domains
are associated with reduced quality of
life. It is important to identify survivors
who are at risk and provide tailored
interventions.
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CHILDHOOD CANCER SURVIVORSHIP IN
CHINA: AN OVERVIEW OF THE PAST TWO
DECADES
Xu Ji, Jun Su, Xinyu Liu, Ziling Mao, Wenjing Zhang, Jinhe Zhang, Xiaojie Sun, Xuesong Han

Cancer Med; doi: 10.1002/cam4.4831

ABSTRACT
Across countries in the world, China has
the largest population of childhood
cancer survivors. Research and care for
the childhood cancer survivor
population in China is fragmented. We
searched studies published in English or
Chinese language between January 1,
2000 and June 30, 2021, which examined
various aspects of childhood cancer
survivorship in China. The existing
China-focused studies were largely
based on a single institution, convenient
samplings with relatively small sample
sizes, restricted geographic areas,
cross-sectional design, and focused on
young survivors in their childhood or
adolescence.

These studies primarily focused on the
physical late effects of cancer and its
treatment, as well as the inferior
psychological wellbeing among
childhood cancer survivors, with few
studies examining financial hardship,
health promotion, and disease
prevention, or healthcare delivery in
survivorship. Our findings highlight the
urgent need for research and evidencebased survivorship care to serve the
childhood cancer survivor population in
China.
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IDENTIFYING CAUSAL RELATIONSHIPS OF
CANCER TREATMENT AND LONG-TERM
HEALTH EFFECTS AMONG 5-YEAR SURVIVORS
OF CHILDHOOD CANCER IN SOUTHERN
SWEDEN
Anders Holst, Jan Ekman, Magnus Petersson-Ahrholt, Thomas Relander, Thomas
Wiebe, Helena M Linge

Commun Med (London); doi: 10.1038/s43856-022-00081-z

BACKGROUND
Survivors of childhood cancer can
develop adverse health events later in
life. Infrequent occurrences and scarcity
of structured information result in
analytical and statistical challenges.
Alternative statistical approaches are
required to investigate the basis of late
effects in smaller data sets.
METHODS
Here we describe sex-specific health
care use, mortality and causal
associations between primary diagnosis,
treatment and outcomes in a small
cohort (n = 2315) of 5-year survivors of
childhood cancer (n = 2129) in southern
Sweden and a control group (n = 11,882;
age-, sex- and region-matched from the
general population). We developed a
constraint-based method for causal
inference based on Bayesian estimation
of distributions, and used it to
investigate health care use and causal
associations between diagnoses,
treatments and outcomes. Mortality was
analyzed by the Kaplan-Meier method.

RESULTS
Our results confirm a significantly
higher health care usage and premature
mortality among childhood cancer
survivors as compared to controls. The
developed method for causal inference
identifies 98 significant associations (p <
0.0001) where most are well known (n =
73; 74.5%). Hitherto undescribed
associations are identified (n = 5; 5.1%).
These were between use of alkylating
agents and eye conditions,
topoisomerase inhibitors and viral
infections; pituitary surgery and
intestinal infections; and cervical cancer
and endometritis. We discuss studyrelated biases (n = 20; 20.4%) and
limitations.
CONCLUSIONS
The findings contribute to a broader
understanding of the consequences of
cancer treatment. The study shows
relevance for small data sets and causal
inference, and presents the method as a
complement to traditional statistical
approaches.
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REALIST REVIEW OF CARE MODELS THAT
INCLUDE PRIMARY CARE FOR ADULT
CHILDHOOD CANCER SURVIVORS
Claire Snyder, Youngjee Choi, Katherine C Smith, Renee F Wilson, Christina T Yuan, Paul
C Nathan, Allen Zhang, Karen A Robinson

JNCI Cancer Spectr; doi: 10.1093/jncics/pkac012

ABSTRACT
Appropriate models of survivorship care
for the growing number of adult
survivors of childhood cancer are
unclear. We conducted a realist review
to describe how models of care that
include primary care and relevant
resources (eg, tools, training) could be
effective for adult survivors of childhood
cancer. We first developed an initial
program theory based on qualitative
literature (studies, commentaries,
opinion pieces) and stakeholder
consultations. We then reviewed
quantitative evidence and consulted
stakeholders to refine the program
theory and develop and refine contextmechanism-outcome hypotheses
regarding how models of care that
include primary care could be effective
for adult survivors of childhood cancer.
Effectiveness for both resources and
models is defined by survivors living
longer and feeling better through highvalue care.

Intermediate measures of effectiveness
evaluate the extent to which survivors
and providers understand the survivor's
history, risks, symptoms and problems,
health-care needs, and available
resources. Thus, the models of care and
resources are intended to provide
information to survivors and/or primary
care providers to enable them to
obtain/deliver appropriate care. The
variables from our program theory found
most consistently in the literature
include oncology vs primary care
specialty, survivor and provider
knowledge, provider comfort treating
childhood cancer survivors,
communication and coordination
between and among providers and
survivors, and delivery/receipt of
prevention and surveillance of late
effects. In turn, these variables were
prominent in our context-mechanismoutcome hypotheses. The findings from
this realist review can inform future
research to improve childhood cancer
survivorship care and outcomes.
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LONG-TERM RISK OF HOSPITALIZATION FOR
SOMATIC DISEASES AMONG SURVIVORS OF
CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA
Gitte Vrelits Sørensen, Vanna Albieri, Anna Sällfors Holmqvist, Friederike Erdmann,
Hanna Mogensen, Mats Talbäck, Marianne Ifversen, Timothy Lee Lash, Maria
Feychting, Kjeld Schmiegelow, Mats Marshall Heyman, Jeanette Falck Winther, Henrik
Hasle

JNCI Cancer Spectr; doi: 10.1093/jncics/pkac029

BACKGROUND
Survivors of childhood acute
lymphoblastic leukemia (ALL) may be at
increased long-term risk of
hospitalization for somatic diseases.
However, large population-based cohort
studies with risk estimates for survivors
successfully cured without experiencing
a relapse or requiring hematopoietic
stem cell transplantation (HSCT) are
lacking.
METHODS
Danish and Swedish patients diagnosed
with ALL before age 20 years in 19822008 were identified in the national
cancer registries. Five-year survivors
and matched population comparisons
without childhood cancer were followed
for hospitalization for 120 somatic
disease categories in the national
hospital registries from 5 years
postdiagnosis until 2017, and diseasespecific hospitalization rate ratios (RR)
were calculated. The mean cumulative
count method was used to estimate the
mean number of multiple and recurrent
disease-specific hospitalizations per
individual.

RESULTS
A total of 2024 5-year survivors and 9797
population comparisons were included.
The overall hospitalization rate was
more than twice as high compared with
comparisons (RR = 2.30, 95% confidence
interval [CI] = 2.09 to 2.52). At 30 years
postdiagnosis, the mean cumulative
hospitalization count was 1.69 (95% CI =
1.47 to 1.90) per survivor and 0.80 (95%
CI = 0.73 to 0.86) per comparison. In the
subcohort without relapse or HSCT (n =
1709), the RR was 1.41 (95% CI = 1.27 to
1.58).
CONCLUSIONS
Survivors of childhood ALL were at
increased long-term risk for diseasespecific hospitalizations; however, in
survivors without relapse or HSCT, the
rate was only modestly higher than in
population comparisons without a
childhood cancer. The absolute mean
numbers of multiple and recurrent
hospitalizations were generally low.
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IMPLEMENTING A MHEALTH INTERVENTION
TO INCREASE COLORECTAL CANCER
SCREENING AMONG HIGH-RISK CANCER
SURVIVORS TREATED WITH RADIOTHERAPY
IN THE CHILDHOOD CANCER SURVIVOR
STUDY (CCSS)
Tara O Henderson, Jenna K Bardwell, Chaya S Moskowitz, Aaron McDonald, Chris
Vukadinovich, Helen Lam, Michael Curry, Kevin C Oeffinger, Jennifer S Ford, Elena B
Elkin, Paul C Nathan, Gregory T Armstrong, Karen Kim

BMC Health Serv Res; doi: 10.1186/s12913-022-08082-3

BACKGROUND
Cancer survivors treated with any dose of
radiation to the abdomen, pelvis, spine, or
total body irradiation (TBI) are at increased
risk for developing colorectal cancer (CRC)
compared to the general population. Since
earlier detection of CRC is strongly
associated with improved survival, the
Children's Oncology Group (COG) LongTerm Follow-Up Guidelines recommend that
these high-risk cancer survivors begin CRC
screening via a colonoscopy or a multitarget
stool DNA test at the age of 30 years or 5
years following the radiation treatment
(whichever occurs last). However, only 37%
(95% CI 34.1-39.9%) of high-risk survivors
adhere to CRC surveillance. The Activating
cancer Survivors and their Primary care
providers (PCP) to Increase colorectal
cancer Screening (ASPIRES) study is
designed to assess the efficacy of an
intervention to increase the rate of CRC
screening among high-risk cancer survivors
through interactive, educational textmessages and resources provided to
participants, and CRC screening resources
provided to their PCPs.

METHODS
ASPIRES is a three-arm, hybrid type II
effectiveness and implementation study
designed to simultaneously evaluate the
efficacy of an intervention and assess the
implementation process among participants
in the Childhood Cancer Survivor Study
(CCSS), a North American longitudinal
cohort of childhood cancer survivors. The
Control (C) arm participants receive
electronic resources, participants in
Treatment arm 1 receive electronic
resources as well as interactive text
messages, and participants in Treatment arm
2 receive electronic educational resources,
interactive text messages, and their PCP's
receive faxed materials. We describe our
plan to collect quantitative (questionnaires,
medical records, study logs, CCSS data) and
qualitative (semi-structured interviews)
intervention outcome data as well as
quantitative (questionnaires) and qualitative
(interviews) data on the implementation
process.
TO BE CONTINUED ON NEXT PAGE
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CONTINUED FROM PREVIOUS PAGE

DISCUSSION
There is a critical need to increase the
rate of CRC screening among high-risk
cancer survivors. This hybrid
effectiveness-implementation study will
evaluate the effectiveness and
implementation of an mHealth
intervention consisting of interactive
text-messages, electronic tools, and
primary care provider resources.
Findings from this research will advance
CRC prevention efforts by enhancing
understanding of the effectiveness of an
mHealth intervention and highlighting
factors that determine the successful
implementation of this intervention
within the high-risk cancer survivor
population.
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IMAGE-BASED DATA MINING APPLIES TO
DATA COLLECTED FROM CHILDREN
Lydia J Wilson, Abigail Bryce-Atkinson, Andrew Green, Yimei Li, Thomas E Merchant,
Marcel van Herk, Eliana Vasquez Osorio, Austin M Faught, Marianne C Aznar

Phys Med; doi: 10.1016/j.ejmp.2022.05.003

PURPOSE
Image-based data mining (IBDM) is a
novel voxel-based method for analyzing
radiation dose responses that has been
successfully applied in adult data.
Because anatomic variability and side
effects of interest differ for children
compared to adults, we investigated the
feasibility of IBDM for pediatric
analyses.
METHODS
We tested IBDM with CT images and
dose distributions collected from 167
children (aged 10 months to 20 years)
who received proton radiotherapy for
primary brain tumors. We used data
from four reference patients to assess
IBDM sensitivity to reference selection.
We quantified spatial-normalization
accuracy via contour distances and
deviations of the centers-of-mass of
brain substructures. We performed dose
comparisons with simplified and
modified clinical dose distributions with
a simulated effect, assessing their
accuracy via sensitivity, positive
predictive value (PPV) and Dice
similarity coefficient (DSC).

RESULTS
Spatial normalizations and dose
comparisons were insensitive to
reference selection. Normalization
discrepancies were small (average
contour distance < 2.5 mm, average
center-of-mass deviation < 6 mm). Dose
comparisons identified differences (p <
0.01) in 81% of simplified and all
modified clinical dose distributions. The
DSCs for simplified doses were high
(peak frequency magnitudes of 0.9-1.0).
However, the PPVs and DSCs were low
(maximum 0.3 and 0.4, respectively) in
the modified clinical tests.
CONCLUSIONS
IBDM is feasible for childhood lateeffects research. Our findings may
inform cohort selection in future studies
of pediatric radiotherapy dose responses
and facilitate treatment planning to
reduce treatment-related toxicities and
improve quality of life among childhood
cancer survivors.
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ILLNESS PERCEPTIONS IN CHILDHOOD
CANCER SURVIVOR AND CAREGIVERS' DYADS
Elisa Kern de Castro, Gabriella Benicio Beltrão, Maria Júlia Armiliato, Franciele Peloso,
Lauro José Gregianin

Clin Child Psychol Psychiatry Med; doi: 10.1177/13591045221095300

Surviving childhood cancer is a difficult
experience for children and their
caregivers, it can produce long-term
emotional distress. Illness perceptions
refer to the way people understand the
different aspects related to illness from
their individual and collective
experiences.
OBJECTIVE
to compare the illness perceptions of
adolescent childhood cancer survivors
and their caregivers and examine the
relationship between illness perception
of childhood cancer survivors, their
caregivers, and sociodemographic,
illness, and treatment variables. Fortythree survivor-caregiver dyads (the
mean age of a survivor 17.05 years old;
the mean age of caregivers 47.53 years
old) participated in the study and
answered the Brief Illness Perception
Questionnaire (Brief IPQ) and
Demographics data.

RESULTS
Results showed significant differences in
the illness perceptions of survivors and
caregivers. Caregivers presented more
negative cognitive perceptions than
survivors (t = -6.701, p < 0.001),
especially in the identity dimension (t =
-4.327, p < 0.001), and more negative
emotional perceptions than survivors (t
= -4.132, p < 0.001), both in concern (t =
-3.695, p < 0.001) and emotional
representation (t = -3.466, p < 0.001). No
significant correlations were found
between survivors' and caregivers'
illness perceptions and
sociodemographic illness variables.
CONCLUSION
These findings showed that even though
dyads went through cancer together,
survivors' and caregivers' perceptions of
childhood cancer are different,
indicating the need to better understand
how children growing up with a chronic
disease develop such illness perceptions
and their experience.
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HEALTH CARE EXPENDITURES AMONG LONGTERM SURVIVORS OF PEDIATRIC SOLID
TUMORS: RESULTS FROM THE FRENCH
CHILDHOOD CANCER SURVIVOR STUDY
(FCCSS) AND THE FRENCH NETWORK OF
CANCER REGISTRIES (FRANCIM)
Daniel Bejarano-Quisoboni, Nathalie Pelletier-Fleury, Rodrigue S Allodji, Brigitte
Lacour, Pascale GrosClaude, FRANCIM Group; Hélène Pacquement, François Doz,
Delphine Berchery, Claire Pluchart, Piere-Yves Bondiau, Julie Nys, Angela Jackson,
Charlotte Demoor-Goldschmidt, Agnès Dumas, Cécile Thomas-Teinturier, Giao VuBezin, Dominique Valteau-Couanet, Nadia Haddy, Brice Fresneau, Florent de Vathaire

PLoS One; doi: 10.1371/journal.pone.0267317

BACKGROUND
Childhood cancer survivors (CCS) may
require lifelong medical care due to late
effects of cancer treatments. Little is
known about of their healthcare
utilization and expenditures at longterm especially in publicly funded health
care system. We aim to estimate and
describe the health care expenditures
among long-term CCS in France.
METHODS
A total of 5319 five-year solid CCS
diagnosed before the age of 21 between
1945 and 2000 in France were identified
in the French Childhood Cancer
Survivors Study cohort (FCCSS) and the
French cancer registry. Information
about health care expenditure was taken
from the French national health data
system between 2011 and 2016, and was
described according to survivors'
characteristics. Generalized linear
models were used to determine
associations between health care
expenditures and survivors'
characteristics.

RESULTS
Mean annual amount of healthcare
expenditures was € 4,255. Expenditures
on hospitalizations and pharmacy
represents 60% of total expenditures.
Mean annual of healthcare expenditures
were higher at increasing age, among
women survivors (€ 4,795 vs € 3,814 in
men) and in central nervous system
(CNS) tumor survivors (€ 7,116 vs € 3,366
in lymphoma and € 3,363 in other solid
tumor survivors).
CONCLUSIONS
Childhood cancer survivorship is
associated with a substantial economic
burden in France. We found that female
gender and CNS primary cancer were
associated with increased healthcare
expenditures.
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ASYMPTOMATIC SURVIVORS OF CHILDHOOD
ACUTE LYMPHOBLASTIC LEUKEMIA
DEMONSTRATE A BIOLOGICAL PROFILE OF
INFLAMM-AGING EARLY IN LIFE
Eryk Latoch, Katarzyna Konończuk, Karolina Konstantynowicz-Nowicka, Katarzyna
Muszyńska-Rosłan, Klaudia Sztolsztener, Adrian Chabowski, Maryna Krawczuk-Rybak

Cancers (Basel); doi: 10.3390/cancers14102522

ABSTRACT
Childhood acute lymphoblastic leukemia
(ALL) survivors are at higher risk of
developing many late effects later in life.
They experience multiple health
problems that have significant public
health implications, such as frailty,
premature onset of lifestyle diseases,
and second tumors. There is some
evidence that chronic inflammation
causes accelerated aging in childhood
cancer survivors; however, the available
data are very limited. The aim of the
study was to evaluate the broad panel of
cytokines among asymptomatic ALL
survivors after anticancer treatment.
The study included 56 subjects with a
mean age of 16.11 ± 3.98 years. The
commercially available Bio-Plex Pro
Human Cytokine Screening 48-Plex
Panel Assay and Bio-Plex TGF-β Assay
were used for simultaneous
determination of 48 cytokines and 3
isoforms of TGF-β. Among 51 tested
cytokines, the levels of 33 were
statistically significantly higher in ALL
survivors than in the control group (p
&lt; 0.05).

Increased levels of pro-inflammatory
cytokines, including the IL-1 family (IL-1
β, IL-1Ra; p &lt; 0.0001), IL-6 (p &lt;
0.001), IL-17 (p &lt; 0.001), IL-18 (p &lt;
0.05), TNFα (p &lt; 0.01), IFNα2 (p &lt;
0.05), and IFNγ (p &lt; 0.01), were found
elevated in the entire study group,
compared with the controls. Subjects
treated previously according to the
high-risk protocol had higher IL-18
levels than low- and intermediate-risk
groups (p &lt; 0.05). Elevated levels of
IL-1ra, IL-6, IL-12 (p70), IL-17, LIF, MCSF, CSF, and VEGF were found in ALL
survivors treated before the age of 5,
compared with subjects treated over 5
years of age (p &lt; 0.05). Moreover,
individuals who received radiotherapy
presented elevated levels of both IL-18
(p &lt; 0.05) and MIG (p &lt; 0.05). In
conclusion, we found that young
asymptomatic survivors after ALL
treatment demonstrated a biological
profile of complex low-grade chronic
inflammation.
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THE PERCEIVED IMPACT OF COVID-19 ON
THE MENTAL HEALTH STATUS OF
ADOLESCENT AND YOUNG ADULT SURVIVORS
OF CHILDHOOD CANCER AND THE
DEVELOPMENT OF A KNOWLEDGE
TRANSLATION TOOL TO SUPPORT THEIR
INFORMATION NEEDS
Sharon H. J. Hou, Andrew Tran, Sara Cho, Caitlin Forbes, Victoria J. Forster, Mehak
Stokoe, Elleine Allapitan, Claire E. Wakefield, Lori Wiener, Lauren C. Heathcote,
Gisela Michel, Pandora Patterson, Kathleen Reynolds and Fiona S. M. Schulte

Front Psychol; doi: dx.doi.org/10.3389/fpsyg.2022.867151
BACKGROUND
Adolescent and young adult (AYA; 13 to 39
years) survivors of childhood cancer may be
especially vulnerable to physical health and
mental health concerns during the
pandemic. We investigated the impact of
COVID-19 on the mental health status of AYA
survivors (Aim 1) and shared tailored,
evidence-based health-related information
on COVID-19 (Aim 2).
METHODS
Between May and June 2020, participants
completed a cross-sectional online survey
assessing their cancer history, current
mental health status, and their COVID-19
information needs.
RESULTS
Ninety-four participants (78 females, 13
males, 2 non-binary) with a mean age of
26.9 years (SD = 6.2) were included in the
final sample. Participants reported residing
from 10 countries and 94% identified as
White. Nearly half of the participants (49%)
described their mental health status as
worse now than before the pandemic.
Thirty-nine participants (41%) that indicated
their current mental health status was tied
to fears/worries about their past cancer and

treatment experienced a higher level of
anxiety and PTSS than those who did not
report the same. Most participants (77%) had
not received any information related to the
potential risks of COVID-19 and expressed
an interest in receiving this information. In
response, an infographic detailing
recommended strategies for coping with
mental health problems in the pandemic,
along with preliminary study findings, was
developed.
DISCUSSION
AYA survivors reporting their mental health
status was linked to their past cancer
experienced poorer mental health. There is a
value to educating survivors on their
potential health risks, but accounting for
their perceived mental health vulnerabilities
should be considered when disseminating
knowledge. The use of an infographic is a
unique contribution towards the
development of innovative and personalized
means of sharing health education to this
vulnerable yet resilient group. This research
on the mental health status of AYA survivors
very early in the pandemic informs
continued initiatives investigating the
rapidly changing nature of how COVID-19
may impact AYA survivors today and in the
future.
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OPHTHALMIC EVALUATION OF LONG-TERM
SURVIVORS OF CHILDHOOD ACUTE
LYMPHOBLASTIC LEUKEMIA

R G Weaver Jr, A R Chauvenet, T J Smith, A C Schwartz

Cancer 1986; doi: 10.1002/1097-0142(19860815)58:4<963::aid-cncr2820580427>3.0.co;2-c

ABSTRACT
Thirty-four long-term survivors of
childhood acute lymphoblastic leukemia
(ALL) underwent comprehensive
ophthalmic examinations to detect
retinopathy or other ocular sequelae.
Sixteen of the 34 patients received
whole brain radiation (greater than or
equal to 2400 rad). All 18 patients in the
non-radiated group had normal eye
examinations, while 4 of 16 in the
radiated group had ocular abnormalities.
None of the ocular abnormalities could
be definitely attributed to radiation and
all patients had normal visual acuity. No
radiation retinopathy was found in
either group.
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SOME THOUGHTS
Christian Müller

While I am writing these lines there is
war in Europe. Not far away from me,
actually only a few hours.
We are facing a dramatic situation. A
country has disregarded the territorial
borders of another nation and invaded
it with its army.
Among the many fleeing people from
Ukraine are also children with cancer.
In a large solidarity action, the families
were distributed to different countries
of the European Union so that the
treatment of the children can continue
there. Clinics in countries everywhere
in the world are also participating.
Thanks to all those who are working for
this throughout the world.
We see a great willingness to show
solidarity across all national borders.
Many states feel more closely
connected with each other. The Russian
president apparently did not expect this
solidarity and believed he could take
Ukraine within a few days. Germany's
Federal President Frank-Walter
Steinmeier summed it up in one
sentence shortly before the war broke
out: "Don't underestimate the power of
democracy!"

No country in the world should risk
becoming actively involved in this
military conflict. No one should give the
Russian president a reason to feel
provoked and react unpredictably. But
he is aware that his ideology is opposed
by entire alliances of states.
Internationally coordinated sanctions
are causing considerable damage to the
Russian economy. At first, he did not
seem to want to take these seriously,
but in the meantime they are apparently
having an effect and he thinks he can
blackmail the world: Release of blocked
grain shipments in Ukrainian ports after
sanctions against Russia are lifted.
Solidarity remains the right response.
We are all stronger than the ideology of
the Russian president. Those who do
not accept borders from other states
and election results will always have the
majority of people against them.
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REGISTRATION IS OPEN

Early bird until July 7, 2022

Just click or tap on the graphic to get
all the information about the
registration.
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