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03 | EDITORIAL

WELCOME

Christian Müller

Here it is! The second issue of our
STUDY SCAN magazine. We were
overwhelmed by the amount of positive
feedback we have received.

Prof. Dr. med. Thorsten Langer

What's New?
We will mark open access articles from
now on. Just click on the graphic next to
the doi and you will be redirected to the
article.

This issue again demonstrates the high
level of research activity in the field of
late effects after childhood cancer. It
consists of more than 100 pages. We are
very pleased to present our new issue to
you and would like to thank all those
who have subscribed to our email
distribution list. If you are interested,
you can read in the imprint how to be
added to this distribution list. We thank
POINTE for the possibility to download
our magazine on their homepage.
We are already working on new ideas to
expand the magazine with new sections.
Any comments about our magazine are
very welcome. Please have a look at the
imprint on last page for contact details.
We wish everyone a great summer and
our friends in the southern hemisphere a
beautiful winter.

In survivorship research, we aim to not
only better understand late effects of
treatment, but to also assist survivors
in managing these effects and living
their lives to the fullest.
NICOLE ALBERTS (ASSOCIATE PROFESSOR, CONCORDIA UNIVERSITY
MONTREAL, CANADA)
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A LONG-TERM TRAJECTORY OF BONE
MINERAL DENSITY IN CHILDHOOD CANCER
SURVIVORS AFTER DISCONTINUATION OF
TREATMENT: RETROSPECTIVE COHORT
STUDY
Eryk Latoch, Jerzy Konstantynowicz, Maryna Krawczuk-Rybak, Anna Panasiuk,
Katarzyna Muszyńska-Rosłan

Arch Osteoporos; doi: 10.1007/s11657-020-00863-9

BACKGROUND
Low bone mineral density (BMD) was
diagnosed in 24% of childhood cancer
survivors (CCS), whereas very low BMD was
relatively uncommon at 8%. We suggest that
low BMD in CCS may become alleviated over
time. Stem cell transplantation,
radiotherapy, and underweight were the
strongest independent predictors of
decreased BMD.
PURPOSE
Childhood cancer survivors (CCS) are at risk
of premature bone loss, although published
studies are inconsistent. The objective of
this study was to evaluate the prevalence
and pattern of low bone mineral density
(BMD) in short- and long-term CCS, and to
determine clinical factors affecting skeleton
after anticancer treatment.
METHODS
This retrospective study was conducted in a
cohort of 326 children and young adult
CCS (147 females) who completed anticancer
treatment. BMD was determined by dualenergy X-ray absorptiometry (DXA). Low
BMD was defined as a Z-score ≤ - 1.0, and
the very low BMD as a Z-score ≤ - 2.0.
Additionally, the changes in BMD over time
were studied in 123 CCS who had been reexamined by DXA during follow-up.

RESULTS
Median age at diagnosis was 7.27 years
(range, 4.4-10.6); median time between end
of treatment and DXA was 6.12 (range, 4.022.0). Low BMD was found in 24% of CCS,
while very low BMD was relatively
uncommon (8%). Based on multivariate
analysis, the following were significantly
associated with low BMD at the follow-up:
hematopoietic stem cell transplantation (OR
3.13, 95% CI 1.02-9.63), head and neck
radiotherapy (OR 2.54, 95% CI 1.32-4.90),
and body weight below the standard
reference (OR 3.57, 95% CI 1.24-10.23). The
time-related trajectory showed an
improvement (BMDLS) or stabilization
(BMDTB) in Z-scores values.
CONCLUSION
These data based on serial DXA
measurements, encompassing a long-lasting
observation period, show that CCS may not
be at risk of premature bone loss in young
adulthood. However, it is unknown how the
scenario for skeletal mass is until the CCS
will achieve older or postmenopausal age.
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KIDNEY FUNCTION AFTER TREATMENT FOR
CHILDHOOD CANCER: A REPORT FROM THE
ST. JUDE LIFETIME COHORT STUDY
Daniel M Green, Mingjuan Wang, Matthew Krasin, DeoKumar Srivastava, Songul
Onder, Dennis W Jay, Kirsten K Ness, William Greene, Jennifer Q Lanctot, Kyla C
Shelton,Liang Zhu, Daniel A Mulrooney, Matthew J Ehrhardt, Andrew M Davidoff,
Leslie L Robison, Melissa M Hudson

J Am Soc Nephrol; doi: 10.1681/ASN.2020060849

BACKGROUND
Survivors of childhood cancer may be at
increased risk for treatment-related
kidney dysfunction. Although
associations with acute kidney toxicity
are well described, evidence informing
late kidney sequelae is less robust.
METHODS
To define the prevalence of and risk
factors for impaired kidney function
among adult survivors of childhood
cancer who had been diagnosed ≥10
years earlier, we evaluated kidney
function (eGFR and proteinuria). We
abstracted information from medical
records about exposure to
chemotherapeutic agents, surgery, and
radiation treatment and evaluated the
latter as the percentage of the total
kidney volume treated with ≥5 Gy (V5),
≥10 Gy (V10), ≥15 Gy (V15), and ≥20 Gy
(V20). We also used multivariable
logistic regression models to assess
demographic and clinical factors
associated with impaired kidney
function and Elastic Net to perform
model selection for outcomes of kidney
function.

RESULTS
Of the 2753 survivors, 51.3% were men,
and 82.5% were non-Hispanic White.
Median age at diagnosis was 7.3 years
(interquartile range [IQR], 3.3-13.2), and
mean age was 31.4 years (IQR, 25.8-37.8)
at evaluation. Time from diagnosis was
23.2 years (IQR, 17.6-29.7).
Approximately 2.1% had stages 3-5 CKD.
Older age at evaluation; grade ≥2
hypertension; increasing cumulative
dose of ifosfamide, cisplatin, or
carboplatin; treatment ever with a
calcineurin inhibitor; and volume of
kidney irradiated to ≥5 or ≥10 Gy
increased the odds for stages 3-5 CKD.
Nephrectomy was significantly
associated with stages 3-5 CKD in
models for V15 or V20.
CONCLUSION
We found that 2.1% of our cohort of
childhood cancer survivors had stages
3-5 CKD. These data may inform
screening guidelines and new protocol
development.
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IMPACT OF RISK-ADAPTED THERAPY FOR
PEDIATRIC HODGKIN LYMPHOMA ON RISK
OF LONG-TERM MORBIDITY: A REPORT FROM
THE CHILDHOOD CANCER SURVIVOR STUDY
Kevin C Oeffinger, Kayla L Stratton, Melissa M Hudson, Wendy M Leisenring, Tara O
Henderson, Rebecca M Howell, Suzanne L Wolden, Louis S Constine, Lisa R Diller,
Charles A Sklar, Paul C Nathan, Sharon M Castellino, Dana Barnea, Susan A Smith,
Raymond J Hutchinson, Gregory T Armstrong, Leslie L Robison
J Clin Oncol; doi: 10.1200/JCO.20.01186
PURPOSE
To determine the incidence of serious
chronic health conditions among
survivors of pediatric Hodgkin
lymphoma (HL), compare by era of
therapy and by selected cancer
therapies, and provide estimates of risks
associated with contemporary therapy.
METHODS
Assessing 2,996 5-year HL survivors in
the Childhood Cancer Survivor Study
diagnosed from 1970 to 1999, we
examined the cumulative incidence of
severe to fatal chronic conditions
(grades 3-5) using self-report
conditions, medically confirmed
subsequent malignant neoplasms, and
cause of death based on the National
Death Index. We used multivariable
regression models to estimate hazard
ratios (HRs) per decade and by key
treatment exposures.
RESULTS
HL survivors were of a mean age of 35.6
years (range, 12-58 years). The
cumulative incidence of any grade 3-5
condition by 35 years of age was 31.4%
(95% CI, 29.2 to 33.5).

Females were twice as likely (HR, 2.1;
95% CI, 1.8 to 2.4) to have a grade 3-5
condition compared with males. From
the 1970s to the 1990s, there was a 20%
reduction (HR, 0.8; 95% CI, 0.7 to 0.9) in
decade-specific risk of a grade 3-5
condition (P trend = .002). In survivors
who had a recurrence and/or
hematopoietic cell transplant, the risk of
a grade 3-5 condition was substantially
elevated, similar to that of survivors
treated with high-dose, extended-field
radiotherapy (HR, 1.2; 95% CI, 0.9 to 1.5).
Compared with survivors treated with
chest radiotherapy ≥ 35 Gy in
combination with an anthracycline or
alkylator, a contemporary regimen for
low-intermediate risk HL was estimated
to lead to a 40% reduction in risk of a
grade 3-5 condition (HR, 0.6; 95% CI, 0.4
to 0.8).
CONCLUSION
This study demonstrates that riskadapted therapy for pediatric HL has
resulted in a significant reduction in
serious long-term outcomes.
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HEARING LOSS RISK IN PEDIATRIC PATIENTS
TREATED WITH CRANIAL IRRADIATION AND
CISPLATIN-BASED CHEMOTHERAPY
Sally Cohen-Cutler, Kenneth Wong, Victoria Mena, Kevin Sianto, Michael A Wright,
Arthur Olch, Etan Orgel
Int J Radiat Oncol Biol Phys; doi: 10.1016/j.ijrobp.2021.02.050
PURPOSE
Cranial radiation therapy (RT) and
cisplatin-based chemotherapy are
essential to treating many pediatric
cancers but cause significant
ototoxicity. The objective of this study is
to determine the relationship of RT dose
with risk for subsequent hearing loss in
pediatric patients treated with cisplatin.
METHODS AND MATERIALS
This retrospective study of cisplatintreated pediatric patients examined
ototoxicity from cranial RT. Ototoxicity
was graded for each ear according to
International Society of Pediatric
Oncology (SIOP) consensus ototoxicity
scale. RT dose to cochlea was calculated
using mean, median, maximum, and
minimum dose received to determine
most predictive parameter for hearing
loss. Multivariable logistic regression
models then examined risk factors for
hearing loss.
RESULTS
In 96 children (161 ears) treated with
RT+cisplatin, minimum cochlear RT dose
was most predictive of hearing loss.

Higher cochlear RT dose was associated
with increased hearing loss (Odds Ratio
[OR] per 10 Gy dose increase = 1.64, p =
0.043), with added risk in those
receiving an autologous bone marrow
transplantation (aBMT) (HR = 10.47, p <
0.001).
CONCLUSIONS
This research supports further testing of
minimum cochlear RT dose as a more
predictive dose parameter for risk of
ototoxicity. Cochlear RT dose was
additive to risk of hearing loss from
underlying cisplatin-based
chemotherapy. Exposure to aBMT was
the strongest predictor of developing
hearing loss, placing these children at
particularly high risk for hearing loss
across all cochlear doses. Future
prospective studies are crucial to
further inform RT dose thresholds and
minimize risk of hearing loss in
childhood cancer survivors.
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GROWTH HORMONE DEFICIENCY AND OTHER
ENDOCRINOPATHIES AFTER CHILDHOOD
BRAIN TUMORS: RESULTS FROM A CLOSE
FOLLOW-UP IN A COHORT OF 242 PATIENTS
J Maciel, D Dias, D Cavaco, S Donato, M C Pereira, J Simões-Pereira
J Endocrinol Invest; doi: 10.1007/s40618-021-01541-4
PURPOSE
Brain tumors are the most common solid
tumor in children. The prevalence of
survivors from these cancers has been
increasing, presenting endocrine
sequelae in more than 40% of the cases.
Our aim was to characterize the
endocrinopathies diagnosed in this
population, exploring the outcomes of
growth hormone treatment.
METHODS
We have performed a retrospective
analysis of the survivors that were
followed-up through a close protocol at
our endocrine late-effects clinic.
RESULTS
242 survivors, followed during 6.4 (023.4) years, were considered. The
median age at tumor diagnosis was 6.7
(0-18) years and pilocytic astrocytoma
was the most frequent neoplasm (33.5%).
The prevalence of endocrinopathies was
of 71.5%, with growth hormone
deficiency being the most frequent
(52.9%). An indirect correlation between
the age at the beginning of somatropin
and growth velocity in the first year of
treatment was observed. Those treated
with craniospinal radiotherapy
presented a smaller final upper/lower
segments ratio comparing with those
that only received cranial radiotherapy.

However, their final height was not
compromised when compared to their
family height target. We found pubertal
delay in 12%; accelerated/precocious
puberty in 13.2%; central and primary
hypogonadism in 21.9% and 3.3%,
respectively; primary and central
hypothyroidism in 23.6% and 14.5%,
respectively; thyroid nodules in 7.4%;
ACTH deficiency in 10.3% and diabetes
insipidus in 12%.
CONCLUSION
This study reveals a higher prevalence of
endocrinopathies in brain tumors
survivors and explores the influence of
craniospinal irradiation in the adult
body proportions. It reinforces the
importance of routine follow-up among
survivors.
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THYROID DYSFUNCTION AND THYROID
CANCER IN CHILDHOOD CANCER SURVIVORS:
PREVALENCE, SURVEILLANCE AND
MANAGEMENT
Chantal A Lebbink, Steven G Waguespack, Hanneke M van Santen

Front Horm Res; doi: 10.1159/000513805

ABSTRACT
Childhood cancer survivors (CCS) are at
increased risk of developing thyroid
disorders during follow-up. Radiation
therapy to a field that includes the
thyroid gland and 131I-metaiodobenzylguanidine (131I-MIBG)
treatment are the main risk factors for
thyroid sequelae, which include
decreased thyroid function,
hyperthyroidism, thyroid nodules, and
differentiated thyroid cancer,
specifically papillary thyroid carcinoma.
In addition, treatment with antineoplastic drugs or immunotherapy may
result in thyroid dysfunction.

Central hypothyroidism may be seen in
CCS after cranial radiotherapy, after
immunotherapy, or secondary to a brain
tumor that involves the hypothalamicpituitary region and will be discussed
elsewhere in this series. In this chapter,
the prevalence, risk factors,
surveillance, and management of
primary hypothyroidism,
hyperthyroidism, thyroid nodules, and
differentiated thyroid carcinoma in CCS
are discussed.
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PARENTAL CANCER-RELATED INFORMATION
SEEKING, HEALTH COMMUNICATION AND
SATISFACTION WITH MEDICAL PROVIDERS OF
CHILDHOOD CANCER SURVIVORS:
DIFFERENCES BY RACE/ETHNICITY AND
LANGUAGE PREFERENCE
Carol Y Ochoa, Kimberly A Miller, Lourdes Baezconde-Garbanati, Rhona I Slaughter, Ann S
Hamilton, Joel E Milam

J Health Commun; doi: 10.1080/10810730.2021.1895919

ABSTRACT
For childhood cancer survivors (CCS),
parents play an important role in
communicating with providers and
conveying patient's needs. This
exploratory study examined the
prevalence of cancer-related
information-seeking among parents of
CCS and investigated the association
between parents' race/ethnicity and
language preference with health
communication and satisfaction with
child's medical providers. One hundred
and sixty CCS and their parents from
two hospitals in Los Angeles County
were recruited from the SEER registry.
Multivariable logistic regression
analyses assessed associations between
parents' race/ethnicity and language
preference and their health
communication with their child and with
their child's medical care providers.

Among the parents, 29% were Spanishspeaking Hispanics, 27% Englishspeaking Hispanics, and 43% Englishspeaking non-Hispanics. Regardless of
language preference, Hispanic parents
were more likely than non-Hispanic
parents to receive health information
about their CCS's cancer from hospital
sources versus the internet. There was
no difference by ethnicity/language in
parent satisfaction with their CCS's
medical provider. Spanish-speaking
Hispanic parents were more likely to
report talking to their CCS about the
need for cancer-related follow-up care
compared to non-Hispanic Englishspeaking parents. These findings point
to the potential importance of parents'
ethnicity and language for sources of
health information and frequency of
communication with their CCS about
their cancer care.
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PERCEPTION GAP IN HEALTH-RELATED
QUALITY OF LIFE BETWEEN YOUNG ADULT
SURVIVORS OF CHILDHOOD CANCER AND
THEIR FAMILY
Tappei Morino, Yuki Shinohara, Qian Niu, Kanako Shimoura, Ami Tabata, Akiko Hanai,
Masahiro Ogawa, Toshihiro Kato, Hitoshi Tanimukai, Tadao Tsuboyama, Mari Matsuoka,
Soichi Adachi, Tomoki Aoyama

J Adolesc Young Adult Oncol; doi: 10.1089/jayao.2020.0232

ABSTRACT
Young adult survivors of childhood
cancer may have a perception gap with
their families. Patients aged 18-39 years
after treatment of cancer and their
families (28 pairs) completed a survey
that contained questions on healthrelated quality of life using the 36-item
short form survey. There was a
significant difference in the role-social
component score (mean difference
-2.23; p = 0.04) with family reporting
higher scores than patients. Families
may overestimate the social function of
cancer survivors, emphasizing the
importance of the long-term follow-up
by taking into account the risk of a gap
(IRB approval No.: R2257-1).
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INTRAUTERINE GROWTH RETARDATION IS A
RISK FACTOR FOR ANTHRACYCLINE
TOXICITY
Nilgun Eroglu, Tamer Yoldas, Burcak Bilgin, Sule Yesil, Ali Fettah, Gurses Sahin

Pediatr Hematol Oncol; doi: 10.1007/s40618-021-01541-4

BACKGROUND
Anthracycline chemotherapy is used to
treat a variety of cancers. However, late
cardiac effects of anthracycline
chemotherapy, such as subclinical left
ventricular dilatation and/or
dysfunction, have been observed in more
than half of long-term survivors of
childhood cancers. A major risk factor
for anthracycline cardiotoxicity is
intrauterine growth restriction (IUGR).
We assessed the significance of IUGR as
an important risk factor for late
cardiotoxic effects of anthracycline
therapy in asymptomatic long-term
survivors of childhood cancers.
MATERIALS AND METHODS
The study included 61 survivors of
childhood cancers. Cardiac functions
were prospectively studied using both
conventional and non-conventional
echocardiographic methods (twodimensional speckle tracking
echocardiography) after completion of
the treatment. The patients were
divided into two groups based on their
birth weights: Group 1 (patients with
IUGR) and Group 2 (patients with normal
birth weight).

RESULTS
Conventional echocardiography revealed
a similar and normal range of left
ventricle systolic and diastolic functions
in both groups. However, global
longitudinal and circumferential strain
values demonstrated subclinical left
ventricular systolic dysfunction in both
groups as compared with normal
reference strain values. Furthermore,
Group 1 patients had significantly lower
global longitudinal and circumferential
strain and strain rate values than those
in Group 2 patients.
CONCLUSION
Asymptomatic long-term survivors of
childhood cancers with a history of
IUGR may have an increased risk of
anthracycline cardiotoxicity due to the
low content of mitochondrial DNA
(mtDNA). IUGR is a risk factor for late
anthracycline cardiotoxicity.
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PROGRESSION OF FRAILTY IN SURVIVORS OF
CHILDHOOD CANCER: A ST. JUDE LIFETIME
COHORT REPORT
Angela Delaney, Carrie R Howell, Kevin R Krull, Tara M Brinkman, Gregory T
Armstrong, Wassim Chemaitilly, Carmen L Wilson, Daniel A Mulrooney, Zhaoming
Wang , Jennifer Q Lanctot, Ruth E Johnson, Matthew R Krull, Robyn E Partin, Kyla C
Shelton, Deo Kumar Srivastava, Leslie L Robison, Melissa M Hudson, Kirsten K Ness
J Natl Cancer Inst; doi: 10.1093/jnci/djab033

BACKGROUND
Some adult survivors of childhood
cancers develop frailty at higher rates
than expected based on their
chronological age. This study examined
the incidence of frailty among survivors
at ten or more years after diagnosis,
frailty prevalence 5 years later, and risk
factors for becoming frail.
METHODS
Frailty was measured at study entry and
five years later. Logistic regression
tested the associations of several factors
with having frailty at five years for all
participants and separately by sex and
by study entry frailty status. Cox models
evaluated the hazard of death associated
with entry frailty considering covariates.
RESULTS
Cancer survivors (range = 0-22 years at
diagnosis, median = 7 years) were age
18-45 years (median = 30 years) at study
entry. Frailty prevalence increased from
6.2% (95% confidence interval [CI] =
5.0%-7.5%) to 13.6% (95% CI =
11.9%-15.4%) at 5 years.

Risk factors for frailty at follow-up
among all survivors included chest
radiation ≥20 Gy (odds ratio [OR] = 1.98,
95% CI = 1.29-3.05), cardiac (OR = 1.58,
95% CI = 1.02-2.46) and neurological (OR
= 2.58, 95% CI = 1.69-3.92) conditions,
lack of strength training (OR = 1.74, 95%
CI = 1.14-2.66), sedentary lifestyle (OR =
1.75, 95% CI = 1.18-2.59), and frailty at
study entry (OR = 11.12, 95% CI = 6.6418.61). The strongest risk factor for
death during follow-up was prior frailty
(OR = 3.52, 95% CI = 1.95-6.32).
CONCLUSIONS
Prevalent frailty more than doubled at 5
years after study entry among adult
childhood cancer survivors. Frailty at
entry was the strongest risk factor for
death. Because treatment exposures
cannot be changed, mitigation of other
risk factors for frailty, including lack of
strength training and sedentary lifestyle
may decrease risk of adverse health
events and improve longevity in
survivors.
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CORTICAL MORPHOMETRY AND ITS
RELATIONSHIP WITH COGNITIVE FUNCTIONS
IN CHILDREN AFTER NON-CNS CANCER
Janine S Spitzhüttl, Martin Kronbichler, Lisa Kronbichler, Valentin Benzing, Valerie
Siegwart, Mirko Schmidt, Manuela Pastore-Wapp, Claus Kiefer, Nedelina Slavova,
Michael Grotzer, Maja Steinlin, Claudia M Roebers, Kurt Leibundgut, Regula Everts

Dev Neurorehabil; doi: 10.1080/17518423.2021.1898059

BACKGROUND
Childhood cancer survivors (Ccs) are at
risk for cognitive late-effects, which
might result from cortical alterations,
even if cancer does not affect the brain.
The study aimed to examine gray and
white matter volume and its relationship
to cognition.
METHODS
Forty-three Ccs of non-central nervous
system cancers and 43 healthy controls,
aged 7-16 years, were examined.
Cognitive functions and fine motor
coordination were assessed and T1weighted images were collected for
voxel-based morphometry.

RESULTS
Executive functions (p = .024, d = .31)
were poorer in Ccs than controls,
however still within the normal range.
The volume of the amygdala (p = .011, ŋ2
= .117) and the striatum (p = .03, ŋ2 =
.102) was reduced in Ccs. No significant
structure-function correlations were
found, neither in patients nor controls.
CONCLUSION
Non-CNS childhood cancer and its
treatment impacts on brain structures
relevant to emotion processing.
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FAMILY AND PARENT-CHILD RELATIONSHIP
CORRELATES OF PEDIATRIC CANCER
SURVIVORS' SUBSTANCE USE
Rachel Tillery, Victoria W Willard, Mallorie L Gordon, Kristen Adams, Alanna Long,
Sean Phipps

J Cancer Surviv; doi: 10.1007/s11764-021-01026-6

OBJECTIVE
The primary aims of this research were
to examine substance use among
adolescent and young adult survivors of
pediatric cancer (AYA survivors) and AYA
without a history of chronic or life
threatening illness (AYA comparisons)
and to explore links between
demographic, medical, caregiver-AYA,
and family system factors with AYA
substance use patterns.
METHODS
Participants included 289 AYA
(survivors, n = 171; comparisons = 118;
51% female; Mage = 17.15, SDage = 2.86)
and their caregivers (Mage = 46.54,
SDage = 6.81; 88% mothers). AYA and
caregivers completed the family
environment scale, and caregivers
completed the parenting relationship
questionnaire at the initial assessment.
Two years later, AYA completed an
assessment of substance use. Chi-square
and frequency analyses were used to
compare differences in substance use
among AYA survivors and comparisons.
Multivariate analysis of variance was
used to examine links between AYA
substance use patterns with family and
caregiver-AYA system level factors.

RESULTS
Patterns of substance use did not differ
between AYA survivors and comparisons.
AYA survivors were more likely to report
polysubstance use if caregivers
endorsed problematic caregiver-AYA
relationship patterns. Family functioning
and caregiver relationship patterns did
not predict AYA comparison substance
use.
CONCLUSION
AYA survivors were just as likely as AYA
comparisons to engage in substance use,
increasing their vulnerability to
problematic health outcomes. Findings
indicate that the role caregiver-AYA
relationship patterns may have on youth
at risk for substance use and potential
mechanisms for future intervention.
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POSSIBLE MODIFICATION OF BRSK1 ON THE
RISK OF ALKYLATING CHEMOTHERAPYRELATED REDUCED OVARIAN FUNCTION
Anne-Lotte L F van der Kooi, Marloes van Dijk, Linda Broer, Marleen H van den Berg,
Joop S E Laven, Flora E van Leeuwen, Cornelis B Lambalk, Annelies Overbeek,
Jacqueline J Loonen, Helena J van der Pal, Wim J Tissing, Birgitta Versluys, Dorine
Bresters, Catharina C M Beerendonk, Cécile R Ronckers, Margriet van der Heiden-van
der Loo, Gertjan L Kaspers, Andrica C H de Vries, Leslie L Robison, Melissa M Hudson,
Wassim Chemaitilly, Julianne Byrne, Claire Berger, Eva Clemens, Uta Dirksen, Jeanette
Falck Winther, Sophie D Fosså, Desiree Grabow, Riccardo Haupt, Melanie Kaiser,
Tomas Kepak, Jarmila Kruseova, Dalit Modan-Moses, Saskia M F Pluijm, Claudia Spix,
Oliver Zolk, Peter Kaatsch, Jesse H Krijthe , Leontien C Kremer, Yutaka Yasui, Russell J
Brooke, André G Uitterlinden, Marry M van den Heuvel-Eibrink, Eline van Dulmen-den
Broeder
Hum Reprod; doi: 10.1093/humrep/deaa342
STUDY QUESTION
Do genetic variations in the DNA damage
response pathway modify the adverse effect
of alkylating agents on ovarian function in
female childhood cancer survivors (CCS)?
SUMMARY ANSWER
Female CCS carrying a common BR
serine/threonine kinase 1 (BRSK1) gene
variant appear to be at 2.5-fold increased
odds of reduced ovarian function after
treatment with high doses of alkylating
chemotherapy.
WHAT IS KNOWN ALREADY
Female CCS show large inter-individual
variability in the impact of DNA-damaging
alkylating chemotherapy, given as treatment
of childhood cancer, on adult ovarian
function. Genetic variants in DNA repair
genes affecting ovarian function might
explain this variability.
STUDY DESIGN, SIZE, DURATION
CCS for the discovery cohort were identified
from the Dutch Childhood Oncology Group
(DCOG) LATER VEVO-study, a multi-centre
retrospective cohort study evaluating
fertility, ovarian reserve and risk of
premature menopause among adult female
5-year survivors of childhood cancer.

Female 5-year CCS, diagnosed with cancer
and treated with chemotherapy before the
age of 25 years, and aged 18 years or older at
time of study were enrolled in the current
study. Results from the discovery Dutch
DCOG-LATER VEVO cohort (n = 285) were
validated in the pan-European PanCareLIFE
(n = 465) and the USA-based St. Jude
Lifetime Cohort (n = 391).
PARTICIPANTS/MATERIALS, SETTING,
METHODS
To evaluate ovarian function, anti-Müllerian
hormone (AMH) levels were assessed in both
the discovery cohort and the replication
cohorts. Using additive genetic models in
linear and logistic regression, five genetic
variants involved in DNA damage response
were analysed in relation to
cyclophosphamide equivalent dose (CED)
score and their impact on ovarian function.
Results were then examined using fixedeffect meta-analysis.
TO BE CONTINUED ON NEXT PAGE
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CONTINUED FROM PREVIOUS PAGE

MAIN RESULTS AND THE ROLE OF
CHANCE
Meta-analysis across the three
independent cohorts showed a
significant interaction effect (P = 3.0 ×
10-4) between rs11668344 of BRSK1
(allele frequency = 0.34) among CCS
treated with high-dose alkylating agents
(CED score ≥8000 mg/m²), resulting in a
2.5-fold increased odds of a reduced
ovarian function (lowest AMH tertile) for
CCS carrying one G allele compared to
CCS without this allele (odds ratio
genotype AA: 2.01 vs AG: 5.00).
LIMITATIONS, REASONS FOR CAUTION
While low AMH levels can also identify
poor responders in assisted
reproductive technology, it needs to be
emphasized that AMH remains a
surrogate marker of ovarian function.
WIDER IMPLICATIONS OF THE
FINDINGS
Further research, validating our findings
and identifying additional riskcontributing genetic variants, may
enable individualized counselling
regarding treatment-related risks and
necessity of fertility preservation
procedures in girls with cancer.
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COPING TRAJECTORIES AND THE HEALTHRELATED QUALITY OF LIFE OF CHILDHOOD
CANCER SURVIVORS
Rachel S Fisher, Katianne M Howard Sharp, Kemar V Prussien, Alexandra C Himelhoch,
Lexa K Murphy, Erin M Rodriguez, Tammi K Young-Saleme, Kathryn Vannatta, Bruce E
Compas, Cynthia A Gerhardt

J Pediatr Psychol; doi: 10.1093/jpepsy/jsab017

OBJECTIVE
To identify coping trajectories from
diagnosis through survivorship and test
whether particular trajectories exhibit
better health-related quality of life
(HRQOL) at 5 years post-diagnosis.
METHODS
Families of children with cancer (ages 517; M = 10.48, SD = 4.03) were recruited
following a new diagnosis of cancer (N =
248). Three follow-up assessments
occurred at 1-year (N = 185), 3-years (N
= 101), and 5-years (N = 110). Mothers
reported on children's coping using the
Responses to Stress Questionnaire for
Pediatric Cancer. Survivor HRQOL was
measured at 5-year follow-up using selfreport on the PedsQL 4.0. Longitudinal
patterns of coping were derived using
Latent Class Growth Analysis and meanlevels of survivor-report HRQOL were
compared across classes.

RESULTS
Two primary control coping trajectories
emerged, "Moderate and Stable" (50%)
and "Low-moderate and Decreasing"
(50%), with no significant differences in
HRQOL across trajectories. Three
secondary control coping trajectories
emerged, "Moderate-high and
Increasing" (54%), "Moderate and Stable"
(40%), and "High and Increasing" (6%),
with survivors in the last trajectory
showing better HRQOL. Two
disengagement coping trajectories
emerged, "Low and Stable" (85%) and
"Low and Variable" (15%), with no
significant differences in HRQOL across
trajectories.
CONCLUSIONS
Coping trajectories were relatively
stable from diagnosis to 5 years. A small
group of survivors with high and
increasing secondary control coping
over time, per mother-report, reported
better HRQOL. Future research should
consider tailoring coping interventions
to children with cancer to improve
survivors' HRQOL.
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HPV VACCINE EXPERIENCES AND
PREFERENCES AMONG YOUNG ADULT CANCER
SURVIVORS AND CAREGIVERS OF CHILDHOOD
CANCER SURVIVORS
Austin R Waters, Karely Mann, Perla L Vaca Lopez, Deanna Kepka, Yelena P Wu, Anne C
Kirchhoff

J Cancer Educ; doi: 10.1007/s13187-021-01992-6

ABSTRACT
Cancer survivors are at higher risk of
developing HPV-associated cancers later
in life, yet their HPV vaccination rates
remain lower than the general
population. Improving HPV vaccination
uptake among survivors is essential to
preventing second malignancies. We
interviewed HPV vaccine eligible
adolescent and young adult (AYA) cancer
survivors (18-26 years) and caregivers of
HPV vaccine eligible childhood cancer
survivors approaching the AYA age range
(9-17 years) about their HPV vaccine
experiences and preferences as
informed by the HPV Vaccination
Roundtable Best Practices. Interviews (N
= 20) were recorded, transcribed, and
analyzed using interpretive description.
Of AYA survivors (n = 10), 50% had
received at least one HPV vaccine dose.
Of caregivers (n = 10), 30% reported
their child had received at least one HPV
vaccine dose. Three distinct categories
emerged including (1) HPV vaccine
knowledge, (2) HPV vaccination
recommendation preferences, and (3)
HPV vaccination reminder preferences.

The first two categories were oncology
focused. Participants lacked knowledge
regarding HPV vaccine safety and
applicability due to their complex
cancer history. Most participants
strongly preferred that their oncologist
provide an HPV vaccine
recommendation. The third category
was mixed, with some participants
preferring oncology-based HPV vaccine
reminders while others preferred
primary care-based reminders. Almost
all participants preferred digital
reminders (e.g., text messages). Our
results suggest that oncologists play an
essential role in recommending the HPV
vaccine and providing information to
assist survivors and caregivers with
vaccine decision-making. Additionally,
HPV vaccination uptake among pediatric
and childhood and AYA survivors could
be improved through the use of tailored,
electronically delivered vaccine
reminders.
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INTEGRATION OF CANCER REGISTRY AND
ELECTRONIC HEALTH RECORD DATA TO
CONSTRUCT A CHILDHOOD CANCER
SURVIVORSHIP COHORT, FACILITATE RISK
STRATIFICATION FOR LATE EFFECTS, AND
ASSESS APPROPRIATE FOLLOW-UP CARE
David H Noyd, Nigel B Neely, Kristin M Schroeder, Paul M Lantos, Steve Power, Susan
G Kreissman, Kevin C Oeffinger
Pediatr Blood Cancer; doi: 10.1002/pbc.29014
BACKGROUND
This retrospective study harnessed an
institutional cancer registry to
construct a childhood cancer
survivorship cohort, integrate electronic
health record (EHR) and geospatial data
to stratify survivors based on late-effect
risk, analyze follow-up care patterns,
and determine factors associated with
suboptimal follow-up care.
PROCEDURE
The survivorship cohort included
patients ≤18 years of age reported to the
institutional cancer registry between
January 1, 1994 and November 30, 2012.
International Classification of Diseases
for Oncology, third revision (ICD-O-3)
coding and treatment exposures
facilitated risk stratification of
survivors. The EHR was linked to the
cancer registry based on medical record
number (MRN) to extract clinic visits.
RESULTS
Five hundred and ninety pediatric
hematology-oncology (PHO) and 275
pediatric neuro-oncology (PNO)
survivors were included in the final
analytic cohort.

Two hundred and eight-two survivors
(32.6%) were not seen in any oncologyrelated subspecialty clinic at Duke 5-7
years after initial diagnosis. Factors
associated with follow-up included age
(p = .008), diagnosis (p < .001),
race/ethnicity (p = .010), late-effect risk
strata (p = .001), distance to treatment
center (p < .0001), and area deprivation
index (ADI) (p = .011). Multivariable
logistic modeling attenuated the
association for high-risk (OR 1.72; 95%
CI 0.805, 3.66) and intermediate-risk
(OR 1.23, 95% CI 0.644, 2.36) survivors
compared to survivors at low risk of late
effects among the PHO cohort. PNO
survivors at high risk for late effects
were more likely to follow up (adjusted
OR 3.66; 95% CI 1.76, 7.61).
CONCLUSIONS
Nearly a third of survivors received
suboptimal follow-up care. This study
provides a reproducible model to
integrate cancer registry and EHR data
to construct risk-stratified survivorship
cohorts to assess follow-up care.
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IDENTIFICATION OF SMALL MOLECULES THAT
MITIGATE VINCRISTINE-INDUCED
NEUROTOXICITY WHILE SENSITIZING
LEUKEMIA CELLS TO VINCRISTINE
Barthelemy Diouf, Claudia Wing, John C Panetta, Donnie Eddins, Wenwei Lin, Wenjian
Yang, Yiping Fan, Deqing Pei, Cheng Cheng, Shannon M Delaney, Wei Zhang, Erik J
Bonten, Kristine R Crews, Steven W Paugh, Lie Li, Burgess B Freeman 3rd, Robert J Autry,
Jordan A Beard, Daniel C Ferguson, Laura J Janke, Kirsten K Ness, Taosheng Chen,
Stanislav S Zakharenko, Sima Jeha, Ching-Hon Pui, Mary V Relling, M Eileen Dolan,
William E Evans

Clin Transl Sci; doi: 10.1111/cts.13012
ABSTRACT
Vincristine is one of the most widely
prescribed medications for treating solid
tumors and acute lymphoblastic
leukemia (ALL) in children and adults.
However, its major dose-limiting
toxicity is peripheral neuropathy that
can disrupt curative therapy. Peripheral
neuropathy can also persist into
adulthood, compromising quality of life
of childhood cancer survivors. Reducing
vincristine-induced neurotoxicity
without compromising its anticancer
effects would be ideal. Here we show
that low expression of NHP2L1 is
associated with increased sensitivity of
primary leukemia cells to vincristine,
and that concomitant administration of
vincristine with inhibitors of NHP2L1
increases vincristine cytotoxicity in
leukemia cells, prolongs survival of ALL
xenograft mice, but decreases
vincristine effects on human induced
pluripotent stem cell (hiPSC)-derived
neurons and mitigates neurotoxicity in
mice.

These findings offer a strategy for
increasing vincristine's antileukemic
effects while reducing peripheral
neuropathy in patients treated with this
widely prescribed medication.
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TREATMENT-RELATED FERTILITY
IMPAIRMENT IN LONG-TERM FEMALE
CHILDHOOD, ADOLESCENT AND YOUNG
ADULT CANCER SURVIVORS: INVESTIGATING
DOSE-EFFECT RELATIONSHIPS IN A
EUROPEAN CASE-CONTROL STUDY
(PANCARELIFE)
M H van den Berg, M van Dijk, J Byrne, C Berger, U Dirksen, J F Winther, S D Fossa, D
Grabow, V L Grandage, R Haupt, M M van den Heuvel-Eibrink, M Kaiser, T Kepak, A L
F van der Kooi, L C M Kremer, J Kruseova, C B Lambalk, F E van Leeuwen, A Leiper, D
Modan-Moses, C Spix, J W R Twisk, C M Ronckers, P Kaatsch, E van Dulmen-den
Broeder, PanCareLIFE Consortium
Hum Reprod; doi: 10.1093/humrep/deab035
STUDY QUESTION
Which chemotherapeutic agents and body
site-specific radiation fields are dosedependently associated with an increased
risk of fertility impairment in long-term
female childhood, adolescent and young
adulthood (CAYA) cancer survivors?
SUMMARY ANSWER
Busulfan, lower abdominal radiotherapy (RT)
and total body irradiation (TBI) seem to be
associated with fertility impairment at any
dose, whereas gonadotoxicity of melphalan
and procarbazine is suggested at
medium/high (>140 mg/m²) or high dose
(>5600 mg/m²) therapy, respectively.
WHAT IS KNOWN ALREADY
Several treatment-related fertility deficits,
as assessed by both self-reported outcomes
and hormonal markers are known to occur
following treatment of CAYA cancer.
However, knowledge regarding precise
dose-related estimates of these treatmentrelated risks are scarce.
STUDY DESIGN, SIZE, DURATION
The current case-control study was nested
within the PanCareLIFE cohort study. In
total, 1332 CAYA survivors from 8 countries,
9 institutions and 11 cohorts, participated in
and contributed data to the study.

PARTICIPANTS/MATERIALS, SETTING,
METHODS
A positive dose-effect relationship between
cyclophosphamide equivalent dose (CED)
score and fertility impairment was found,
with survivors with a CED score > 7121
mg/m² being at a significantly increased risk
of fertility impairment (odds ratio (95% CI) =
2.6 (1.9-3.6) P < 0.001). Moreover, cumulative
dose variables of the following treatments
were significantly associated with fertility
impairment: busulfan, carmustine,
cyclophosphamide, melphalan, procarbazine,
lower abdominal RT and TBI. Busulfan, lower
abdominal RT and TBI seem to be associated
with fertility impairment at any dose,
whereas gonadotoxicity of melphalan and
procarbazine is suggested at medium/high
(>140 mg/m²) or high dose (>5600 mg/m²)
therapy, respectively.
LIMITATIONS, REASONS FOR CAUTION
Our study may have been subject to
selection bias since data from about half of
the original base cohorts were available for
the current study. This could impact the
generalizability of our study results.

TO BE CONTINUED ON NEXT PAGE
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CONTINUED FROM PREVIOUS PAGE

WIDER IMPLICATIONS OF THE
FINDINGS
We identified survivors at high risk for
fertility impairment and, consequently,
for a reduced or even absent
reproductive life span. Both girls and
young women who are about to start
anti-cancer treatment, as well as adult
female survivors, should be counselled
about future parenthood and referred to
a reproductive specialist for fertility
preservation, if desired.
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EFFECT OF ANTHRACYCLINE THERAPY ON
MYOCARDIAL FUNCTION AND MARKERS OF
FIBROTIC REMODELLING IN CHILDHOOD
CANCER SURVIVORS
Wadi Mawad, Luc Mertens, Joseph J Pagano, Eugenie Riesenkampff, Marjolein J E
Reichert, Seema Mital, Paul F Kantor, Mark Greenberg, Peter Liu, Paul C Nathan, Lars
Grosse-Wortmann

Eur Heart J Cardiovasc Imaging; doi: 10.1093/ehjci/jeaa093

AIMS
Anthracyclines are a cornerstone of
paediatric cancer treatment. We aimed
to quantify myocardial cardiac magnetic
resonance (CMR) native T1 (NT1) and
extracellular volume fraction (ECV) as
markers of fibrosis in a cohort of
childhood cancer survivors (CCS).
METHODS AND RESULTS
A cohort of CCS in remission underwent
CMR T1 mapping. Diastolic function was
assessed by echocardiography. Results
were compared to a cohort of normal
controls of similar age and gender. Fiftyfive CCS and 46 controls were included.
Both groups had similar mean left
ventricular (LV) NT1 values (999 ± 36 vs.
1007 ± 32 ms, P = 0.27); ECV was higher
(25.6 ± 6.9 vs. 20.7 ± 2.4%, P = 0.003) and
intracellular mass was lower (37.5 ± 8.4
vs. 43.3 ± 9.9g/m², P = 0.02) in CCS. The
CCS group had lower LV ejection
fraction (EF) and LV mass index with
otherwise normal diastolic function in
all but one patient.

The proportion of subjects with elevated
ECV compared to controls did not differ
between subgroups with normal or
reduced LV EF (22% vs. 28%; P = 0.13)
and no correlations were found between
LVEF and ECV. While average values
remained within normal range, mitral
E/E' (6.6 ± 1.6 vs. 5.9 ± 0.9, P = 0.02) was
higher in CCS. Neither NT1 nor ECV
correlated with diastolic function
indices or cumulative anthracycline
dose.
CONCLUSIONS
There is evidence for mild diffuse
extracellular volume expansion in some
asymptomatic CCS; myocyte loss could
be part of the mechanism, accompanied
by subtle changes in systolic and
diastolic function. These findings
suggest mild myocardial damage and
remodelling after anthracycline
treatment in some CCS which requires
continued monitoring.
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A CROSSCUT SURVEY ON REPRODUCTIVE
HEALTH IN LITHUANIAN CHILDHOOD
CANCER SURVIVORS
Egle Stukaite-Ruibiene, Mantas Jurkonis, Robertas Adomaitis, Zana Bumbuliene, Zivile
Gudleviciene, Gilvydas Verkauskas, Kestutis Zagminas, Rasa Vaiciuniene, Jelena
Rascon

Ginekol Pol; doi: 10.5603/GP.a2021.0027

OBJECTIVES
Sexual dysfunction was reported to
compromise the quality of life in
childhood cancer survivors. The aim of
our study was to evaluate the
reproductive health in long-term
pediatric cancer survivors by conducting
a crosscut survey.
MATERIAL AND METHODS
Childhood cancer survivors over 18 years
of age, who were in remission for more
than 5 years, were invited to complete a
gender-specific questionnaire surveying
on their reproductive health.
Demographic and treatment data were
retrieved from their medical records.
Treatment modalities were reviewed for
its potential gonadotoxicity.
RESULTS
34 (17 males and 17 females, respectively)
from 346 addressed survivors (9.8%)
completed the questionnaire. Median
age and follow-up after diagnosis was 27
(18-35) and 14 (3-25) years, respectively.
Some respondents reported sexual
concerns: 11.8% males experienced
problems with penetration, two males
(11.8%) who underwent semen analysis
were found to be azoospermic.

Similarly, 11.8% females reported
delayed puberty, the average age of
menarche was 14 (12-17) years, 29.4%
females reported irregular menstrual
cycles. Cyclophosphamide equivalent
dose (CED) differed significantly
between the patients treated for
leukemia, lymphoma and solid tumors
(3000 vs 4352 vs 6660 mg/m²,
respectively, p = 0.014).
CONCLUSIONS
Low prevalence of sexual dysfunction,
fertility related disorders or delayed
puberty in childhood cancer survivors
was found. However, the results should
be interpreted with caution taking into
account a low response rate.
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TONGUE CARCINOMA AS A SECONDARY
MALIGNANCY IN A 17-YEAR-OLD LEUKEMIA
SURVIVOR: A CASE REPORT
Regina Maria Holanda de Mendonça, Katia Maria Coutinho Cappellaro, Luiz Alcino
Gueiros, Izilda Aparecida Cardinalli, Lady Paola Aristizábal Arboleda, Alan Roger SantosSilva

Spec Care Dentist; doi: 10.1111/scd.12590

ABSTRACT
Pediatric hematologic malignancies
present an elevated survival rate, and
these survivors may experience longterm complications, including secondary
malignancies. This case describes a 17year-old female patient previously
treated for acute lymphoblastic
leukemia (ALL) who developed a
squamous cell carcinoma (SCC, T2N0M0)
of the lateral border of the tongue
diagnosed during dental follow-up 2
years and 9 months after the conclusion
of ALL therapy (GBTLILLA99 protocol).
The patient underwent exclusive
surgical resection for the tongue SCC
and is free of disease 11 years after the
surgery. The current case report
highlights the importance of monitoring
the oral health of childhood cancer
survivors. As part of a multidisciplinary
team, our directives include counseling
to avoid carcinogenic exposures.
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A MIXED-METHODS ANALYSIS OF FAMILY
PERCEPTIONS OF NEUROPSYCHOLOGICAL
EVALUATION AND RESOURCES FOR
PEDIATRIC BRAIN TUMOR SURVIVORS
Emily L Moscato, Allison P Fisher, Lisa M Gies, Julia M Smith-Paine, Aimee E Miley,
Dean W Beebe, Thea L Quinton, Ahna L H Pai, Ralph Salloum, Shari L Wade

Arch Clin Neuropsychol; doi: 10.1093/arclin/acab014

OBJECTIVE
Neuropsychological testing is often
recommended for pediatric brain tumor
survivors, yet little is known about
perceptions of testing and resources.
The purpose of this study is to examine
survivor and caregiver perceptions
about neuropsychology and resources
and identify factors associated with
receipt of neuropsychological testing.
METHOD
Survivors and their families (N = 55)
completed questionnaires on
demographics and family functioning.
The Neurological Predictive Scale was
used to rate treatment intensity and
expected impact on neuropsychological
functioning. Chi squares and logistic
regression were used to examine the
associations between demographic,
disease, and treatment factors and
receipt of neuropsychological testing.
Qualitative interviews (N = 25) were
completed with a subset of families and
coded with thematic content analysis
and a multicoder consensus process
with high inter-rater reliability (kappas
.91-.93).

RESULTS
The majority of survivors received
neuropsychological testing. Survivors
were more likely to receive
neuropsychological testing if they were
younger and if their caregivers had less
than a college education and lower
income. Qualitatively, families identified
neurocognitive concerns. Some families
reported that neuropsychological
testing was helpful in clarifying deficits
or gaining accommodations, while other
families had difficulty recalling results
or identified barriers to services. To
mitigate the impact of deficits, families
implemented metacognitive strategies
and advocated for their survivor at
school. Families desired more resources
around the transition to adulthood and
more opportunities for connection with
other survivors.
CONCLUSIONS
Many families valued insights from
neuropsychological services yet
identified room for further improvement
to address barriers and ensure
accessibility and comprehensibility of
neuropsychological findings.
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DENTAL LATE EFFECTS OF ANTINEOPLASTIC
TREATMENT ON CHILDHOOD CANCER
SURVIVORS: RADIOGRAPHIC FINDINGS
K Seremidi, K Kavvadia, A Kattamis, A Polychronopoulou

Int J Paediatr Dent; doi: 10.1111/ipd.12792

BACKGROUND
Dental anomalies are common late side
effects of childhood cancer therapy and
may lead to anatomical, functional and
aesthetic sequelae.
AIM
The study aimed to record dental late
effects of antineoplastic treatment and
associate them with disease and
treatment characteristics in order to
identify possible risk factors.
DESIGN
Orthopantomographs of 70 survivors
aged 4-21 years, that have been treated
at ages 0-10 years for any type of
malignancy and have completed
antineoplastic treatment at least one
year before were examined. Incidence of
developmental disturbances was
recorded. Their severity was calculated
and odds ratios for the development of
severe defects were estimated.

RESULTS
Root defects presented in 62% of the
participants, with impaired root growth
being the most common (58%).
Increased incidence was associated with
combination treatment protocols,
irradiation to the head and neck region
and administration of antimetabolites,
steroids, and vincristine. Mean DeI value
was 17.46 with risk factors for the
development of severe root defects
being diagnosis of acute lymphoblastic
leukemia, combination treatment
protocols, administration of
cyclophosphamide and steroids, and
hemopoietic stem cell transplantation.
CONCLUSIONS
Root defects are common amongst
childhood cancer survivors, with their
incidence and severity being affected by
multiple disease and treatment
characteristics.
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BONE MINERAL DENSITY CHANGES IN A FREE
VASCULARISED FIBULAR GRAFT IN THE DISTAL
FEMORAL BONE AFTER OSTEOSARCOMA IN A
10-YEAR-OLD BOY: A 7-YEAR FOLLOW-UP
Andrea René Jørgensen, Peter Holmberg Jørgensen, Birgitte Jul Kiil, Maiken Stilling

BMJ Case Rep; doi: 10.1136/bcr-2020-236097

ABSTRACT
A 10-year-old boy presented with
continuous reports of pain located to
the left knee. Imaging revealed a
sclerotic process in the left distal femur,
and biopsies were consistent with
chondroblastic osteosarcoma. As part of
standard treatment the patient
underwent neoadjuvant chemotherapy
followed by limb sparring surgery and
adjuvant chemotherapy. The entire
tumour was excised and femoral bone
reconstruction was performed with a
double barrel free vascularised fibular
graft.

Bone mineral density (BMD) can be
decreased in childhood survivors of
cancer. The patient was followed for 7
years with dual-energy X-ray
absorptiometry scans in order to assess
BMD and graft adaption. Despite two
accidental fractures to the graft region
local and global BMD underwent an
overall increase. Approximately 7 years
after tumour resection the patient had a
global Z-score of 0.2, which is
considered within normal range.
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CONSIDERATIONS FOR CHILD CANCER
SURVIVORS AND IMMUNOCOMPROMISED
CHILDREN TO PREVENT SECONDARY HPVASSOCIATED CANCERS
Teresa M Imburgia, Marcia L Shew, Patti E Gravitt, Rachel A Katzenellenbogen

Transplantation; doi: 10.1097/TP.0000000000003444

ABSTRACT
Survivors of childhood cancer and other
immunocompromised children are at
high risk for the development of
secondary human papillomavirus (HPV)associated cancers. In this overview, the
authors examine the epidemiology of
vaccine efficacy, the natural history of
HPV infections, and accelerated HPVassociated cancer development in these
populations. The authors highlight the
opportunities for preventive care and
future research directives.
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RISK FACTORS FOR PREMATURE AGING IN
CHILDHOOD CANCER SURVIVORS

Maryna Krawczuk-Rybak, Eryk Latoch

J Mother Child; PMID: 31280245

ABSTRACT
Over the last decades, the overall
survival rate for childhood cancer has
increased from 20% to 80%, which is the
result of advances in treatment
Nevertheless, most data from the
international registers of childhood
cancer survivors (CCS) stress that this
population of patients is at high risk for
late sequelae and their biologica/ aging
starts earlier in life. Anticancer therapy
(chemotherapy, radiotherapy, surgery,
immunotherapy) affects the intracellular
processes leading to the chronic
deterioration of organ function and
premature senescence. The present
review focuses on the late effects of
anticancer treatment on various human
organs that may lead to premature
aging.
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PERSONALIZED MASSIVE OPEN ONLINE
COURSE FOR CHILDHOOD CANCER
SURVIVORS: BEHIND THE SCENES
Claire Berger, Léonie Casagranda, Hélène Sudour-Bonnange, Catherine Massoubre,
Jean-Hugues Dalle, Cecile Teinturier, Sylvie Martin-Beuzart, Pascale Guillot, Virginie
Lanlo, Muriele Schneider, Bernard Dal Molin, Michèle Dal Molin, Olivier Mounier,
Arnauld Garcin, Brice Fresneau, Jacqueline Clavel, Charlotte Demoor-Goldschmidt

Apl Clin Inform; doi: 10.1055/s-0041-1725185

BACKGROUND
Today, in France, it is estimated that 1 in
850 people aged between 20 and 45
years has been treated for childhood
cancer, which equals 40,000 to 50,000
people. As late effects of the cancer and
its treatment affect a large number of
childhood cancer survivors (CCS) and
only 30% of them benefit from an
efficient long-term follow-up care for
prevention, early detection, and
treatment of late effects, health
education of CCS represents a challenge
of public health.
OBJECTIVES
Massive open online courses (MOOCs)
are a recent innovative addition to the
online learning landscape. This
entertaining and practical tool could
easily allow a deployment at a national
level and make reliable information
available for all the CCS in the country,
wherever they live.

METHODS
The MOOC team brings together a large
range of specialists involved in the longterm follow-up care, but also
associations of CCS, video producers, a
communication consultant, a
pedagogical designer, a cartoonist and a
musician. We have designed three
modules addressing transversal issues
(lifestyle, importance of psychological
support, risks of fertility problems) and
eight modules covering organ-specific
problems. Detailed data on childhood
cancer treatments received were used to
allocate the specific modules to each
participant.
RESULTS
This paper presents the design of the
MOOC entitled "Childhood Cancer,
Living Well, After," and how its
feasibility and its impact on CCS
knowledge will be measured. The MOOC
about long-term follow-up after
childhood cancer, divided into 11
modules, involved 130 participants in its
process, and resulted in a 170-minute
film. The feasibility study included 98
CCS (31 males vs. 67 females; p < 0.0001).
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EVALUATION OF THE MODIFIED
REPRODUCTIVE CONCERNS SCALE AMONG
EMERGING ADULT CANCER SURVIVORS
Brooke Cherven, Lillian Meacham, Rebecca Williamson Lewis, James L Klosky, Jordan
Gilleland Marchak

J Adolesc Young Adult Oncol; doi: 10.1089/jayao.2020.0219

PURPOSE
The reproductive concerns of emerging
adult survivors of childhood cancer are
not well described, and valid
measurement tools tailored to this
population are lacking. The purpose of
this analysis was to evaluate a modified
version of the Reproductive Concerns
Scale (mRCS) among male and female
survivors of childhood cancer.
METHODS
The reproductive concerns of emerging
adult survivors of childhood cancer are
not well described, and valid
measurement tools tailored to this
population are lacking. The purpose of
this analysis was to evaluate a modified
version of the Reproductive Concerns
Scale (mRCS) among male and female
survivors of childhood cancer.

RESULTS
The sample consisted of N = 98
participants who were an average of 19.1
(±1.1) years of age, 45.9% were male, and
61.2% were non-Hispanic white. Factor
analyses revealed three domains:
Fertility Concerns (Cronbach's alpha =
0.77), Health Concerns (α = 0.74), and
Information Seeking (α = 0.57). Sexspecific factor analyses identified
differences in scale items for males. The
open-ended responses aligned well with
participant scores on the Fertility
Concerns subscale.
CONCLUSION
The mRCS consists of three subscales
relevant to emerging adult survivors of
childhood cancer. Further analysis by
sex suggests that separate scales for
males and females are warranted. Future
research is warranted to determine the
clinical utility of using the mRCS as a
screening tool to identify and address
reproductive concerns among emerging
adult survivors.
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ASYMPTOMATIC SYSTOLIC DYSFUNCTION ON
CONTEMPORARY ECHOCARDIOGRAPHY IN
ANTHRACYCLINE-TREATED LONG-TERM
CHILDHOOD CANCER SURVIVORS: A
SYSTEMATIC REVIEW
Remy Merkx , Jan M Leerink, Esmée C de Baat, Elizabeth A M Feijen, Wouter E M Kok,
Annelies M C Mavinkurve-Groothuis, Jacqueline Loonen, Helena J H van der Pal,
Louise Bellersen, Chris L de Korte, Leontien C M Kremer, Elvira C van Dalen, Livia
Kapusta
J Cancer Surviv; doi: 10.1007/s11764-021-01028-4
PURPOSE
Echocardiographic surveillance for
asymptomatic left ventricular systolic
dysfunction (ALVSD) is advised in
childhood cancer survivors (CCS),
because of their risk of heart failure
after anthracycline treatment. ALVSD
can be assessed with different
echocardiographic parameters. We
systematically reviewed the prevalence
and risk factors of late ALVSD, as
defined by contemporary and more
traditional echocardiographic
parameters.
METHODS
We searched databases from 2001 to
2020 for studies on ≥ 100 asymptomatic
5-year CCS treated with anthracyclines,
with or without radiotherapy involving
the heart region. Outcomes of interest
were prevalence of ALVSD-measured
with volumetric methods (ejection
fraction; LVEF), myocardial strain, or
linear methods (fractional shortening;
FS)-and its risk factors from
multivariable analyses.

RESULTS
Eleven included studies represented
3840 CCS. All studies had
methodological limitations. An LVEF <
50% was observed in three studies in 16% of CCS, and reduced global
longitudinal strain (GLS) was reported in
three studies in 9-30% of CCS, both
after a median follow-up of 9 to 23
years. GLS was abnormal in 20-28% of
subjects with normal LVEF. Abnormal FS
was reported in six studies in 0.3-30% of
CCS, defined with various cut-off values
(< 25 to < 30%), at a median follow-up of
10 to 18 years. Across echocardiographic
parameters, reported risk factors were
cumulative anthracycline dose and
radiotherapy involving the heart region,
with no 'safe' dose for ALVSD.
CONCLUSIONS
GLS identifies higher prevalence of
ALVSD in anthracycline-treated CCS,
than LVEF.
IMPLICATIONS FOR CANCER
SURVIVORS
The diagnostic and prognostic value of
GLS should be evaluated within large
cohorts.
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EXECUTIVE FUNCTION AND PSYCHOSOCIAL
ADJUSTMENT IN ADOLESCENT SURVIVORS OF
PEDIATRIC BRAIN TUMOR
A Puhr, E Ruud, V Anderson, B J Due-Tønnessen, A B Skarbø, A Finset, S Andersson

Dev Neuropsychol; doi: 10.1080/87565641.2021.1900191

ABSTRACT
Adolescent survivors of pediatric brain
tumor (PBT) are a sparsely studied
subset of childhood cancer survivors.
Sustaining a PBT may complicate the
development of executive functions
(EFs), which play a vital role in longterm psychosocial adjustment. In this
study, 48 adolescent survivors and their
parents completed questionnaires
assessing EF, psychological symptoms,
fatigue, and adaptive functioning, and 26
survivors underwent neuropsychological
assessment. Survivors reported
significantly more problems with
adaptive functioning than a healthy
control group, and this was most
strongly associated to executive
dysfunction, compared to psychological
symptoms and fatigue. The findings have
important implications for long-term
follow-ups.
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CUMULATIVE BURDEN OF CHRONIC HEALTH
CONDITIONS AMONG ADOLESCENT AND
YOUNG ADULT SURVIVORS OF CHILDHOOD
CANCER: IDENTIFICATION OF VULNERABLE
GROUPS AT KEY MEDICAL TRANSITIONS
Matthew J Ehrhardt, AnnaLynn M Williams, Qi Liu, Sarah Hudson Scholle, Nickhill Bhakta,
Yutaka Yasui, Leslie L Robison, Melissa M Hudson

Pediatr Blood Cancer; doi: 10.1002/pbc.29030

ABSTRACT
The cumulative burden of chronic health
conditions as childhood cancer survivors
transition to adult health care and
insurance systems is unknown. We
estimated the cumulative burden (N =
4612 survivors, 625 controls) in the St.
Jude Lifetime Cohort. At 18 and 26 years
old, survivors experienced (per 100
individuals) an average of 22.3 (95%
confidence interval [CI]: 17.2-27.4) and
40.3 (95% CI: 34.8-45.8) disabling
conditions versus 3.5 (95% CI: 2.0-5.0)
and 5.7 (95% CI: 3.7-7.7) in controls, and
128.7 (95% CI: 119.5-137.8) and 240.5 (95%
CI: 229.9-251.0) lower severity
conditions versus 12.4 (95% CI: 8.9-16.0)
and 51.3 (95% CI: 43.1-59.4) in controls.
Survivors experience a high cumulative
burden at key health care transition
ages, underscoring the need to optimize
access to care.
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CHILDHOOD CANCER SURVIVORS FACE
MARKEDLY WORSE OVERALL SURVIVAL
AFTER DIAGNOSIS WITH BREAST CANCER,
MELANOMA, OR COLORECTAL CANCER
Kevin T Lynch, William J Kane, Mark A Fleming, Raj P Desai, Shayna L Showalter, Craig
L Slingluff, Daniel E Levin, Traci L Hedrick

J Surg Oncol; doi: 10.1002/jso.26478

BACKGROUND
Childhood cancer survivors (CCS) are at
elevated risk of secondary malignancies
(SM). Enhanced screening for SM is
recommended, but compliance is poor.
We hypothesized that CCS with adultonset SM (colorectal cancer [CRC],
melanoma, or breast cancer [BC]) would
present with more advanced disease and
have decreased overall survival (OS).
METHODS
The Surveillance, Epidemiology, and End
Results Program was queried for
patients diagnosed with cancer at age
less than or equal to 18 also diagnosed
with adult-onset CRC, melanoma, or BC.
A cohort without a history of prior
malignancy was likewise identified.
Tumor features and clinical outcomes
were compared.

RESULTS
CCS with a SM (n = 224) were compared
with patients without a childhood
cancer history (n = 1,392,670). CCS were
diagnosed younger (BC = 37.6 vs. 61.3, p
< 0.01, CRC = 35.0 vs. 67.1, p < 0.01,
melanoma = 29.6 vs. 61.3 years old, p <
0.01). CCS with BC were more likely to
have Stage III or IV disease (25.2% vs.
16.5%, p = 0.01). Hormone-receptor
expression also differed; CCS were less
likely to develop Luminal A-type tumors
(48.6% vs. 66.9%, p = 0.01). After ageadjustment, CCS had worse OS (Hazard
ratio: CRC = 2.449, p < 0.01, melanoma =
6.503, p < 0.01, BC = 3.383, p < 0.01).
CONCLUSION
CCS were younger when diagnosed with
a SM. After age-adjustment, OS was
diminished. Heightened surveillance may
be necessary for CCS diagnosed with
SM.
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HEART RATE RESPONSE AND CHRONOTROPIC
INCOMPETENCE DURING CARDIOPULMONARY
EXERCISE TESTING IN CHILDHOOD ACUTE
LYMPHOBLASTIC LEUKEMIA SURVIVORS
Émilie Bertrand, Maxime Caru, Valérie Lemay, Gregor Andelfinger, Caroline Laverdiere ,
Maja Krajinovic, Daniel Sinnett, Daniel Curnier

Pediatr Hematol Oncol; doi: 10.1080/08880018.2021.1894279

ABSTRACT
Cardiopulmonary exercise tests (CPET)
focusing on analyses of heart rate (HR)
responses and chronotropic
incompetence (CI) could provide early
information about treatment's negative
cardiac effects. We examined childhood
acute lymphoblastic leukemia (ALL)
survivors' HR response during maximal
CPET and identified survivors with CI. A
total of 250 childhood ALL survivors
underwent a CPET on ergocycle to
assess their HR response. We used a
multiparametric structure of three
methods to assess survivors' CI, as
follows: 1) age-predicted HRmax
(APMHR): failure to achieve 85% of the
APMHR at the peak of CPET; 2) HR
reserve (HRR): failure to achieve 80% of
the HRR at the peak of CPET; and 3)
metabolic chronotropic relationship
(MCR): failure to reach an MCR slope
ratio >0.8 at each stage of the CPET.

Among 250 childhood ALL survivors, 216
survivors performed a maximum CPET.
We observed that 73 males and 74
females did not achieve their predicted
HRmax. We found that 6 survivors did
not achieve 85% of their APMHR (80.9 ±
3.9%) and had an MCR below 80% (53.9 ±
13.8%). In addition, 16 survivors did not
achieve 80% of their HRR (71.0 ± 7.4%)
and among them, 15 survivors had an
MCR below 80% (61.0 ± 12.1%). Survivors
with CI had a significantly lower
cardiorespiratory fitness than those
without CI. This study shows that
survivors are at risk of developing
altered HR responses and CI many years
after the end of their cancer treatments.
These findings highlight the importance
of early detection of cardiac damage due
to cancer treatments.
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MIXED METHODS ASSESSMENT OF IMPACT
ON HEALTH AWARENESS IN ADULT
CHILDHOOD CANCER SURVIVORS AFTER
VIEWING THEIR PERSONALIZED DIGITAL
TREATMENT SUMMARY AND FOLLOW-UP
RECOMMENDATIONS
Helena M Linge, Cecilia Follin

BMC Cancer; doi: 10.1186/s12885-021-08051-9
BACKGROUND
The survival rate after childhood cancer
has improved to 80%. The majority of
childhood cancer survivors (CCS) will
experience late complications which
require follow up care, including access
to their individual cancer treatment
summary. The need to understand CCS
needs and preferences in terms of ways
to receive information e.g. digitally,
becomes important. This study aims to
through a mixed methods approach a)
examine how CCS' health awareness was
impacted by viewing their personalized
digital treatment summary and followup recommendations, b) explore E
health literacy, and c) determine selfreported survivorship experiences and
health care usage.
METHODS
Survivors with a recent visit to the Late
effects clinic were eligible for the study
(n = 70). A representative sample of
primary diagnoses were invited (n = 28).
16 CCS were enrolled. Recent medical
visits, e health literacy and impressions
of the digital treatment summary were
assessed by a survey in conjunction with
viewing their digital treatment summary
on a computer screen.

Their experience of reading and
understanding their digital treatment
summary in the context of their health
related survivorship experiences were
assessed in focus groups. The
transcribed data was analyzed with
conventional qualitative content
analysis.
RESULTS
The self-reported medical problems
largely reflected that, only 6,3%
reported no cancer-related reasons for
seeking medical attention. Of the
medical specialists, the primary care
physician was the most frequently
visited specialist (68.8%). High E health
literacy was not associated with
treatment features but with educational
level (p = 0.003, CI: 3.9-14.6) and sex (p
= 0.022, CI: - 13.6- -1.3). All survivors
graded the digital treatment summary
above average in terms of being
valuable, agreeable and comprehensive.
The focus group interviews identified
three themes: 1) The significance of
information, 2) The impact of awareness;
and 3) Empowerment.
CONTINUED ON NEXT PAGE
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CONCLUSIONS
Reading the treatment summaries
furthered the survivors understanding of
their health situation and consequently
aided empowerment. A digital treatment
summary, provided by knowledgeable
health care professionals, may increase
the self-managed care and adherence to
follow-up recommendations. Further
insights into e health literacy in larger
samples of CCS may determine to what
extent health-related information can be
communicated via digital resources to
this at risk population.
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TRANSITION FROM PEDIATRIC TO ADULT
AFTERCARE FOR SURVIVORS OF PEDIATRIC
CANCER IN NEWFOUNDLAND AND LABRADOR:
A QUALITATIVE STUDY
Devonne Ryan, Roger Chafe, Paul Moorehead
CMAJ Open; doi: 10.9778/cmajo.20200134
BACKGROUND
Childhood cancer survivors (CCSs) face
increased risks during the period when
they leave pediatric care and transition
into adult-focused aftercare. We
examined the experiences of CCSs
entering adult-focused aftercare to gain
a better understanding of current
transition practices and barriers to
transition, and to identify opportunities
for improving care.
METHODS
We conducted a qualitative study using
in-person and telephone semistructured interviews. Childhood cancer
survivors who recently transitioned out
of pediatric care and health care
providers (HCPs) who provide care for
CCSs in Newfoundland and Labrador
were identified using purposive
sampling. Participants were interviewed
between July 2017 and March 2019. Data
were analyzed using both qualitative
descriptive and thematic analysis.

RESULTS
We conducted interviews with 5 CCSs
and 9 HCPs. All CCSs interviewed
reported receiving aftercare through
their pediatric oncology program; only 2
reported receiving any form of aftercare
in the adult setting. The lack of a
structured transition process for CCSs
in the province emerged as a theme in
this study. Interview participants
identified several barriers to transition:
the added challenges for survivors in
rural areas, changes in the availability of
services after the transition to adultfocused aftercare, challenges associated
with navigating the adult system, and a
lack of education on transitioning into
adult aftercare.
INTERPRETATION
We found that there was little
preparation for the transition of CCSs
into adult care, and their aftercare was
disrupted. Programs serving CCSs have
opportunities to improve care by
standardizing and better supporting
these transitions, for example through
the development of context-appropriate
educational resources.
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PATIENT AND PARENT EXPERIENCES WITH
GROUP TELEREHABILITATION FOR CHILD
SURVIVORS OF ACUTE LYMPHOBLASTIC
LEUKEMIA
Genevieve Lambert, Nathalie Alos, Pascal Bernier, Caroline Laverdière, Kenneth
Drummond, Noémi Dahan-Oliel, Martin Lemay, Louis-Nicolas Veilleux, Dahlia Kairy
Int J Environ Res Public Health; doi: 10.3390/ijerph18073610

BACKGROUND
Acute Lymphoblastic Leukemia (ALL) is the
most common pediatric cancer. ALL and its
treatment cause altered bone-mineral
homeostasis, which can contribute to
musculoskeletal late adverse effects (LAEs).
With the increasing number of childhood
cancer survivors, LAEs are reported often,
and are aggravated by inactive lifestyles. A
telerehabilitation program is proposed to
strengthen the muscle-bone complex and
prevent future impairment.
OBJECTIVE
This study aimed to explore and better
understand patient and parent experience of
a telerehabilitation program after
completion of ALL treatment.
METHODS
ALL survivors (n = 12), 75% girls, 7.9 to 14.7
years old, within six months to five years of
treatment, were recruited to participate in
the proposed study, along with a parent. The
16-week group program included 40
potential home-based physical activities,
with monthly progression, supervised by a
kinesiologist, through an online
telerehabilitation platform. Patients could be
included in the study if they joined during
the first month of intervention of their
group (minimum 12 weeks of intervention). A
semi-structured post-intervention interview
was conducted with the patients and their
parent during the final assessment, along
with a review of the kinesiologist's clinical
notes, to obtain a portrait of the
participants' experience with the

with the telerehabilitation program.
Overarching themes were identified by one
author and confirmed by two senior authors
before extracting the various aspects of each
theme.
RESULTS
Of the 12 patients recruited, three were
excluded from the analysis because they did
not complete the minimum 12 weeks of
intervention (one = relapse, one = failure to
meet technical requirements, and one =
abandoned due to parent's disinterest). The
nine patients who completed the program
(six girls; 10.93 ± 2.83 years) had a mean
adherence of 89%. The overarching themes
identified were the program modalities
(group approach with patient-parent paired
training, supervised by a kinesiologist), the
telerehabilitation system, the participants'
perception of the benefits, and
recommendations and suggestions from the
families. Both patients and parents
expressed very high satisfaction with the
program and perceived benefits.
CONCLUSION
Participants appreciated the program and
reported they would all recommend it to
other families in similar situations. The
telerehabilitation method of service delivery
was perceived by some as decisive in
choosing to participate, while the
supervision and intra- and inter-family
interactions were the motivating factors
that were key to program adherence.
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PRIMARY HYPOTHYROIDISM IN CHILDHOOD
CANCER SURVIVORS TREATED WITH
RADIATION THERAPY: A PENTEC
COMPREHENSIVE REVIEW
Michael T Milano, John A Vargo, Ellen D Yorke, Cécile M Ronckers, Leontien C
Kremer, Susan M J Chafe, Hanneke M van Santen, Lawrence B Marks, Søren M
Bentzen, Louis S Constine, Ivan R Vogelius
Int J Radiat Oncol Biol Phys; doi: 10.1016/j.ijrobp.2021.02.001
PURPOSE
From the Pediatric Normal Tissue
Effects in the Clinic (PENTEC) initiative,
a systematic review and meta-analysis of
publications reporting on radiation
dose-volume effects for risk of primary
hypothyroidism after radiation therapy
for pediatric malignancies was
performed.
METHODS AND MATERIALS
All studies included childhood cancer
survivors, diagnosed at age <21 years,
whose radiation therapy fields exposed
the thyroid gland and who were followed
for primary hypothyroidism. Children
who received pituitary-hypothalamic or
total-body irradiation were excluded.
PubMed and the Cochrane Library were
searched for studies published from 1970
to 2017. Data on age at treatment,
patient sex, radiation dose to neck or
thyroid gland, specific endpoints for
hypothyroidism that were used in the
studies, and reported risks of
hypothyroidism were collected.
Radiation dose-volume effects were
modeled using logistic dose response.
Relative excess risk of hypothyroidism
as a function of age at treatment and sex
was assessed by meta-analysis of
reported relative risks (RR) and odds
ratios.

RESULTS
Fifteen publications (of 1709 identified)
were included for systematic review.
Eight studies reported data amenable for
dose-response analysis. At mean thyroid
doses of 10, 20, and 30 Gy, predicted
rates of uncompensated (clinical)
hypothyroidism were 4%, 7%, and 13%,
respectively. Predicted rates of
compensated (subclinical)
hypothyroidism were 12%, 25%, and 44%
after thyroid doses of 10, 20, and 30 Gy,
respectively. Female sex (RR = 1.7, P <
.0001) and age >15 years at radiation
therapy (RR = 1.3, P = .005) were
associated with higher risks of
hypothyroidism. After a mean thyroid
dose of 20 Gy, predicted risks of
hypothyroidism were 13% for males <14
years of age, increasing to 29% for
females >15 years of age.
CONCLUSION
A radiation dose response for risk of
hypothyroidism is evident; a threshold
radiation dose associated with no risk is
not observed. Thyroid dose exposure
should be minimized when feasible. Data
on hypothyroidism after radiation
therapy should be better reported to
facilitate pooled analyses.
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NEUROCOGNITIVE EFFECTS AND NECROSIS
IN CHILDHOOD CANCER SURVIVORS
TREATED WITH RADIATION THERAPY: A
PENTEC COMPREHENSIVE REVIEW
Anita Mahajan, Peter L Stavinoha, Warissara Rongthong, N Patrik Brodin, Susan L
McGovern, Issam El Naqa, Joshua D Palmer, Sabina Vennarini, Daniel J Indelicato, Paul
Aridgides, Daniel C Bowers, Leontien Kremer, Cecile Ronckers, Louis Constine,
Michele Avanzo
Int J Radiat Oncol Biol Phys; doi: 10.1016/j.ijrobp.2020.11.073
PURPOSE
A PENTEC review of childhood cancer
survivors who received brain radiation
therapy (RT) was performed to develop
models that aid in developing dose
constraints for RT-associated central
nervous system (CNS) morbidities.
METHODS AND MATERIALS
A comprehensive literature search,
through the PENTEC initiative, was
performed to identify published data
pertaining to 6 specific CNS toxicities in
children treated with brain RT.
Treatment and outcome data on
survivors were extracted and used to
generate normal tissue complication
probability (NTCP) models.
RESULTS
The search identified investigations
pertaining to 2 of the 6 predefined CNS
outcomes: neurocognition and brain
necrosis. For neurocognition, models for
2 post-RT outcomes were developed to
(1) calculate the risk for a below-average
intelligence quotient (IQ) (IQ <85) and
(2) estimate the expected IQ value.

The models suggest that there is a 5%
risk of a subsequent IQ <85 when 10%,
20%, 50%, or 100% of the brain is
irradiated to 35.7, 29.1, 22.2, or 18.1 Gy,
respectively (all at 2 Gy/fraction and
without methotrexate). Methotrexate
(MTX) increased the risk for an IQ <85
similar to a generalized uniform brain
dose of 5.9 Gy. The model for predicting
expected IQ also includes the effect of
dose, age, and MTX. Each of these
factors has an independent, but
probably cumulative effect on IQ. The
necrosis model estimates a 5% risk of
necrosis for children after 58.9 Gy or
59.9 Gy (2 Gy/fraction) to any part of
the brain if delivered as primary RT or
reirradiation, respectively.
CONCLUSIONS
This PENTEC comprehensive review
establishes objective relationships
between patient age, RT dose, RT
volume, and MTX to subsequent risks of
neurocognitive injury and necrosis. A
lack of consistent RT data and outcome
reporting in the published literature
hindered investigation of the other
predefined CNS morbidity endpoints.
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ENDOCRINE COMPLICATIONS IN CHILDREN
AND ADOLESCENTS WITH NON-CENTRAL
NERVOUS SYSTEM SOLID TUMORS
Yena Lee, Juhee Shin, Yunha Choi, Hyery Kim, Kyung-Nam Koh, Ho Joon Im, HanWook Yoo, Jin-Ho Choi
Front Endocrinol; doi: 10.3389/fendo.2021.610730

BACKGROUND
Due to remarkable progress in cancer
treatment, endocrine complications are
now the major medical issues facing
childhood cancer survivors. Although
non-central nervous system solid
tumors (NCSTs) account for
approximately 40% of all pediatric
cancers, there have been few studies on
endocrine complications associated with
NCSTs. This study investigated
endocrinopathies following the
treatment of pediatric NCSTs.
DESIGN AND SETTING
Retrospective study in a single academic
center.
METHODS
This study analyzed 253 survivors of
childhood NCSTs who were diagnosed
between January of 2000 and December
of 2018. The medical charts were
reviewed regarding the frequency of
endocrinopathies and treatment
modalities. The hazard ratios were
assessed by multivariable Cox regression
analysis. The final height-SDS were
analyzed by multivariable linear
regression analysis.

RESULTS
There were 76 patients (30%) that
developed at least one endocrine
complication. Forty-four patients (17.4%)
experienced endocrine complications
within five years of their cancer
diagnosis. The most common endocrine
complication was growth failure (n = 35),
followed by obesity (n = 18), and primary
gonadal failure (n = 16). High cumulative
doses of alkylating agents increased the
risk of developing at least one endocrine
complication. Hematopoietic stem cell
transplantation was an important risk
factor for primary gonadal failure.
CONCLUSIONS
This study described the comprehensive
endocrine outcomes, including growth
failure, obesity, primary gonadal failure,
primary hypothyroidism, dyslipidemia,
and osteoporosis, following the
treatment of childhood NCSTs. As
endocrinopathies occurred within five
years of primary tumor diagnosis,
surveillance for endocrine dysfunction is
required for early intervention and
management.
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LATE EFFECTS OF RADIATION THERAPY IN
PEDIATRIC PATIENTS AND SURVIVORSHIP

Joshua D Palmer, Derek S Tsang, Christopher L Tinkle, Arthur J Olch, Leontien C M
Kremer, Cecile M Ronckers, Iris C Gibbs, Louis S Constine

Pediatr Blood Cancer; doi: 10.1002/pbc.28349

ABSTRACT
Advances in multimodality therapy have
led to childhood cancer cure rates over
80%. However, surgery, chemotherapy,
and radiotherapy may lead to
debilitating or even fatal long-term
effects among childhood survivors
beyond those inflicted by the primary
disease process. It is critical to
understand, mitigate, and prevent these
late effects of cancer therapy to improve
the quality of life of childhood cancer
survivors. This review summarizes the
various late effects of radiotherapy and
acknowledges the Pediatric Normal
Tissue Effects in the Clinic (PENTEC), an
international collaboration that is
systematically analyzing the association
between radiation treatment
dose/volume and consequential organ
toxicities, in developing children as a
basis to formulate recommendations for
clinical practice of pediatric radiation
oncology.

We also summarize initiatives for
survivorship and surveillance of late
normal tissue effects related to
radiation therapy among long-term
survivors of childhood cancer treated in
the past.
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SHORT SLEEP DURATION AND PHYSICAL AND
PSYCHOLOGICAL HEALTH OUTCOMES
AMONG ADULT SURVIVORS OF CHILDHOOD
CANCER
Margaret M Lubas, Belinda N Mandrell, Kirsten K Ness, Deo Kumar Srivastava,
Matthew J Ehrhardt, Zhaoming Wang, Melissa M Hudson, Leslie L Robison, Kevin R
Krull, Tara M Brinkman
Pediatr Blood Cancer; doi: 10.1002/pbc.28988

BACKGROUND
To examine associations between
phenotypes of short sleep duration and
clinically assessed health conditions in
long-term survivors of childhood cancer.
METHODS
Survivors recruited from the St. Jude
Lifetime Cohort (n = 911; 52% female;
mean age 34 years; 26 years
postdiagnosis) completed behavioral
health surveys and underwent
comprehensive physical examinations.
Sleep was assessed with the Pittsburgh
Sleep Quality Index. Short sleep was
defined as ≤6 h per night with
phenotypes of short sleep including
poor sleep efficiency (<85%), prolonged
sleep onset latency (SOL; ≥30 min), and
wake after sleep onset (≥3 times per
week). Covariates included childhood
cancer treatment exposures,
demographics, body mass index, and
physical inactivity. Separate modified
Poisson regression models were
computed for each health category to
estimate relative risks (RR) and 95%
confidence intervals (CI). Multinomial
logistic regression models examined
associations between sleep and an
aggregated burden of chronic health
conditions.

RESULTS
Short sleep duration was reported
among 44% (95% CI 41%-47%) of
survivors. In multivariable models, short
sleep duration alone was associated with
pulmonary (RR = 1.35, 95% CI 1.08-1.69),
endocrine (RR = 1.22, 95% CI 1.06-1.39)
and gastrointestinal/hepatic conditions
(RR = 1.46, 95% CI 1.18-1.79), and anxiety
(RR 3.24, 95% CI 1.64-6.41) and
depression (RR = 2.33, 95% CI 1.27-4.27).
Short sleep with prolonged SOL was
associated with a high/severe burden of
health conditions (OR = 2.35, 95% CI
1.12-4.94).
CONCLUSIONS
Short sleep duration was associated with
multiple clinically ascertained adverse
health conditions. Although the
temporality of these associations cannot
be determined in this cross-sectional
study, sleep is modifiable and improving
sleep may improve long-term health in
survivors.
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PREVALENCE AND RISK FACTORS FOR
VITAMIN D DEFICIENCY IN LONG-TERM
CHILDHOOD CANCER SURVIVORS
Rusha Bhandari, Jennifer Berano Teh, Claudia Herrera, Meagan Echevarria, Lanie
Lindenfeld, F Lennie Wong, Karla Wilson, Saro H Armenian

Pediatr Blood Cancer; doi: 10.1002/pbc.29048

BACKGROUND
Childhood cancer survivors (CCS) have
increased risk of developing chronic
health conditions, including
musculoskeletal disorders. Little is
known regarding vitamin D deficiency
(VDD, <20 ng/ml) and its association
with bone mineral density (BMD) in
long-term CCS. We evaluated the
prevalence and risk factors for VDD in a
large, diverse population of long-term
CCS, and examined the association
between VDD and BMD in patients who
underwent guideline-recommended
dual-energy X-ray absorptiometry (DXA)
screening.
METHODS
This cross-sectional study included 446
consecutive CCS seen from March 2018
to September 2020. Univariate analyses
examined associations between CCS
demographics, socioeconomic status,
and treatment exposures and VDD.
Multivariable logistic regressions
identified factors associated with odds
of VDD and reduced BMD.

RESULTS
Median age at evaluation was 27.5 years
(range 7-67 years); median time from
completing therapy was 14.2 years
(range 2-65 years). Fifty percent were
female, and 45% were Hispanic. Twentyfour percent had VDD. In multivariable
analysis, overweight and obese BMI were
associated with VDD (overweight: OR
1.78, 95% CI 1.03-3.07, p = 0.04; obese:
OR 2.40, 95% CI 1.39-4.13, p < 0.01;
reference: normal/underweight), as was
Hispanic or black race/ethnicity (OR
2.40, 95% CI 1.41-4.09, p < 0.01;
reference: non-Hispanic white). In the
118 CCS with DXA results, VDD was
independently associated with reduced
BMD (OR 3.58, 95%CI 1.33-9.59, p =
0.01).
CONCLUSIONS
CCS have a high prevalence of VDD.
High BMI and Hispanic or black
race/ethnicity were associated with
VDD. Survivors with VDD had a greater
than threefold risk of reduced BMD.
Risk-based screening may facilitate
timely interventions to mitigate VDD
and improve BMD in CCS.
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SARCOPENIA AND OBESITY IN LONG-TERM
SURVIVORS OF CHILDHOOD
LEUKEMIA/LYMPHOMA: A REPORT FROM A
SINGLE INSTITUTION
Hideki Nakayama, Maiko Noguchi, Reiji Fukano, Tamaki Ueda, Shizu Taguchi, Kenichi
Yoshimaru, Michiko Namie, Mototsugu Shimokawa, Jun Okamura

Jpn J Clin Oncol; doi: 10.1093/jjco/hyab046

BACKGROUND
The incidence and background factors of
sarcopenia and obesity in long-term
survivors of childhood
leukemia/lymphoma were not clear in
Japan.
METHODS
Between August 2018 and September
2019, we recruited adults aged ≥18 years
who had childhood leukemia/lymphoma.
Blood sampling, body composition
measurement by bioelectrical impedance
analysis and grip strength test were
performed.
RESULTS
Among 81 adult survivors (34 men and 47
women) with a median age of 25.0 years,
9 (11%) had sarcopenia and 10 (12%) had
obesity, of whom, 3 had metabolic
syndrome. Sarcopenia was observed in 7
(21%) of 33 survivors with hematopoietic
stem cell transplantation (HSCT) and 2
(4%) of 48 survivors without
hematopoietic stem cell transplantation
(P = 0.012).

The incidence of obesity was
significantly higher in the cranial
radiotherapy (P = 0.021) and nontransplanted cases (P = 0.042).
Univariate logistic regression analysis
revealed that hematopoietic stem cell
transplantation for sarcopenia (odds
ratio, 6.19; 95% confidence interval, 1.232.0; P = 0.03) and cranial radiotherapy
for obesity (odds ratio, 5.6; 95%
confidence interval, 1.4-22.4; P = 0.015)
were significantly associated.
Hypertension was more prevalent among
the obese survivors, and higher
transaminase levels were found more in
both the sarcopenia and obese survivors
than in others.
CONCLUSIONS
Young adult survivors of childhood
leukemia/lymphoma could be at risk of
developing sarcopenia after
hematopoietic stem cell transplantation
and obesity after cranial radiotherapy.
Further studies are required to assess
the body composition of long-term
survivors to find detailed risk factors of
sarcopenia and metabolic syndrome.
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LONG-TERM NEUROCOGNITIVE AND
PSYCHOSOCIAL OUTCOMES AFTER ACUTE
MYELOID LEUKEMIA: A CHILDHOOD CANCER
SURVIVOR STUDY REPORT
Kristen J Stefanski, Julia S Anixt, Pamela Goodman, Katherine Bowers, Wendy
Leisenring, K Scott Baker, Karen Burns, Rebecca Howell, Stella Davies, Leslie L
Robison, Gregory T Armstrong, Kevin R Krull, Christopher Recklitis
J Natl Cancer Inst; doi: 10.1093/jnci/djaa102
BACKGROUND
Survivors of childhood acute myeloid
leukemia (AML) are vulnerable to
medical late effects of treatment;
however, less is known about their
psychosocial outcomes. This study
evaluated neurocognitive and
psychosocial outcomes in long-term
AML survivors treated with bone marrow
transplantation (BMT) or intensive
chemotherapy (IC) without BMT.
METHODS
AML survivors (N = 482; median age at
diagnosis = 8 [range = 0-20] years;
median age at evaluation = 30 [range =
18-49] years) treated with BMT (n = 183)
or IC (n = 299) and sibling controls (N =
3190; median age at evaluation = 32
[range = 18-58] years) from the
Childhood Cancer Survivor Study were
compared on emotional distress (Brief
Symptom Inventory-18), neurocognitive
problems (Childhood Cancer Survivor
Study Neurocognitive Questionnaire),
health-related quality of life (SF-36), and
social attainment. Outcomes were
dichotomized (impaired vs nonimpaired)
using established criteria, and relative
risks (RRs) were estimated with
multivariable Poisson regression,
adjusted for age at evaluation and sex.

RESULTS
AML survivors were more likely than
siblings to report impairment in overall
emotional (RR = 2.19, 95% confidence
interval [CI] = 1.51 to 3.18),
neurocognitive (RR = 2.03, 95% CI = 1.47
to 2.79), and physical quality of life (RR =
2.71, 95% CI = 1.61 to 4.56) outcomes.
Survivors were at increased risk for
lower education (RR = 1.15, 95% CI = 1.03
to 1.30), unemployment (RR = 1.41, 95%
CI = 1.16 to 1.71), lower income (RR = 1.39,
95% CI = 1.17 to 1.65), and not being
married or having a partner (RR = 1.33,
95% CI = 1.17 to 1.51). BMT-treated
survivors did not differ statistically
significantly from IC-treated on any
outcome measure.
CONCLUSIONS
AML survivors are at increased risk for
psychosocial impairment compared with
siblings; however, BMT does not confer
additional risk for psychosocial late
effects compared with treatment
without BMT.
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PERSISTENT VARIATIONS OF BLOOD DNA
METHYLATION ASSOCIATED WITH
TREATMENT EXPOSURES AND RISK FOR
CARDIOMETABOLIC OUTCOMES IN LONGTERM SURVIVORS OF CHILDHOOD CANCER
IN THE ST. JUDE LIFETIME COHORT
Nan Song, Chia-Wei Hsu, Haitao Pan, Yinan Zheng, Lifang Hou, Jin-Ah Sim, Zhenghong
Li, Heather Mulder, John Easton, Emily Walker, Geoffrey Neale, Carmen L Wilson,
Kirsten K Ness, Kevin R Krull, Deo Kumar Srivastava, Yutaka Yasui, Jinghui Zhang,
Melissa M Hudson, Leslie L Robison, I-Chan Huang, Zhaoming Wang
J Natl Cancer Inst; doi: 10.1093/jnci/djaa102
BACKGROUND
It is well-established that cancer treatment
substantially increases the risk of long-term
adverse health outcomes among childhood
cancer survivors. However, there is limited
research on the underlying mechanisms. To
elucidate the pathophysiology and a possible
causal pathway from treatment exposures to
cardiometabolic conditions, we conducted
epigenome-wide association studies (EWAS)
to identify the DNA methylation (DNAm)
sites associated with cancer treatment
exposures and examined whether treatmentassociated DNAm sites mediate associations
between specific treatments and
cardiometabolic conditions.
METHODS
We included 2052 survivors (median age 33.7
years) of European ancestry from the St.
Jude Lifetime Cohort Study, a retrospective
hospital-based study with prospective
clinical follow-up. Cumulative doses of
chemotherapy and region-specific radiation
were abstracted from medical records.
Seven cardiometabolic conditions were
clinically assessed. DNAm profile was
measured using MethylationEPIC BeadChip
with blood-derived DNA.
RESULTS
By performing multiple treatment-specific
EWAS, we identified 935 5'-cytosinephosphate-guanine-3' (CpG) sites mapped to

538 genes/regions associated with one or
more cancer treatments at the epigenomewide significance level (p < 9 × 10^-8).
Among the treatment-associated CpGs, 8
were associated with obesity, 63 with
hypercholesterolemia, and 17 with
hypertriglyceridemia (false discovery rateadjusted p < 0.05). We observed substantial
mediation by methylation at four
independent CpGs (cg06963130, cg21922478,
cg22976567, cg07403981) for the association
between abdominal field radiotherapy
(abdominal-RT) and risk of
hypercholesterolemia (70.3%) and by
methylation at three CpGs (cg19634849,
cg13552692, cg09853238) for the association
between abdominal-RT and
hypertriglyceridemia (54.6%). In addition,
three CpGs (cg26572901, cg12715065,
cg21163477) partially mediated the
association between brain-RT and obesity
with a 32.9% mediation effect, and two CpGs
mediated the association between
corticosteroids and obesity (cg22351187,
14.2%) and between brain-RT and
hypertriglyceridemia (cg13360224, 10.5%).
Notably, several mediator CpGs reside in the
proximity of well-established dyslipidemia
genes: cg21922478 (ITGA1) and cg22976567
(LMNA).
CONTINUED ON NEXT PAGE
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CONCLUSIONS
AML survivors are at increased risk for
psychosocial impairment compared with
siblings; however, BMT does not confer
additional risk for psychosocial late
effects compared with treatment
without BMT.
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ADVANCED IMAGING AND NEW CARDIAC
BIOMARKERS IN LONG-TERM FOLLOW-UP
AFTER CHILDHOOD CANCER
Vanessa Sitte, Barbara Burkhardt, Roland Weber, Oliver Kretschmar, Martin
Hersberger, Eva Bergsträsser, Martin Christmann
J Pediatr Hematol Oncol; doi: 10.1097/MPH.0000000000002156

OBJECTIVES
Pathologic ejection fraction (EF),
shortening fraction (FS), and standard
heart failure biomarkers (high sensitive
troponin T and N-terminal brain
natriuretic peptide) during follow-up
after childhood cancer have been
associated with irreversible cardiac
damage. We aimed to evaluate strain
imaging values by echocardiography and
new biomarkers for heart failure with
preserved ejection fraction (HFpEF) as
potential more sensitive parameters for
cardiac deterioration in childhood
cancer survivors (CCS).
MATERIALS AND METHODS
Prospective study with 50 CCS (median
16.2 y) at a median follow-up of 13 years.
In addition to standard echo and
laboratory parameters for heart failure,
strain measurements and new
biomarkers, including myocardial
inflammation (interleukin 6),
extracellular matrix (ECM) remodeling
(C-telopeptide for type I collagen, intact
N-terminal propeptide of type III
procollagen), and other heart failure
biomarkers (galectin 3, solutable ST2,
growth differentiation factor 15), were
obtained and compared with 50 healthy
controls.

RESULTS
No significant differences in EF, FS, high
sensitive troponin T, N-terminal brain
natriuretic peptide, interleukin 6,
solutable ST2, and galectin 3 were found
between study and control groups. In
contrast, strain imaging showed
significant differences between both
groups (global longitudinal strainGLS
-16.1% vs. -20.4%, P<0.0001; global
circumferential strain -14.3 vs. -21.4%,
P<0.0001), detecting 66% (global
longitudinal strain) and 76% (global
circumferential strain) of patients with
pathologic values in contrast to 6% (EF)
and 16% (FS) for standard parameters.
Markers for disturbances of ECM
remodeling (C-telopeptide for type I
collagen, intact N-terminal propeptide
of type III procollagen, each P<0.0001)
and growth differentiation factor 15
(P<0.0001) were significantly different
between the groups.
CONCLUSION
Strain imaging and new cardiac
biomarkers used in HFpEF focusing on
ECM remodeling appear to be more
sensitive in detecting early remodeling
processes in CCS than standard echo
and laboratory parameters.
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CONTRIBUTION OF POLYGENIC RISK TO
HYPERTENSION AMONG LONG-TERM
SURVIVORS OF CHILDHOOD CANCER
Yadav Sapkota, Nan Li, Jeanne Pierzynski, Daniel A Mulrooney, Kirsten K Ness,
Lindsay M Morton, J Robert Michael, Jinghui Zhang, Smita Bhatia, Gregory T
Armstrong, Melissa M Hudson, Leslie L Robison, Yutaka Yasui
JACC CardioOncol; doi: 10.1016/j.jaccao.2021.01.007

BACKGROUND
Childhood cancer survivors experience
significantly higher rates of
hypertension which potentiates
cardiovascular disease, but the
contribution and relationship of genetic
and treatment factors to hypertension
risk are unknown.
OBJECTIVES
To determine the contribution of a
blood pressure polygenic risk score
(PRS) from the general population and
its interplay with cancer therapies to
hypertension in childhood cancer
survivors.
METHODS
Using 895 established blood pressure
loci from the general population, we
calculated a PRS for 3572 childhood
cancer survivors of European ancestry
from Childhood Cancer Survivor Study
(CCSS) original cohort, 1889 from CCSS
expansion cohort, and 2534 from the St.
Jude Lifetime Cohort (SJLIFE).
Hypertension was assessed using
National Cancer Institute criteria based
on self-report of a physician diagnosis in
CCSS and by blood pressure
measurement in SJLIFE.

RESULTS
In the combined sample of 7995
survivors, those in the top decile of the
PRS had an odds ratio (OR) of 2.66 (95%
CI=2.03-3.48) for hypertension
compared to survivors in the bottom
decile. The PRS-hypertension
association was modified by being
overweight/obese (per SD interaction
OR=1.13; 95% CI=1.01-1.27) and exposure
to hypothalamic-pituitary axis radiation
(per SD interaction OR=1.18; 95%
CI=1.05-1.33). Attributable fractions for
hypertension to the PRS and cancer
therapies were 21.0% and 15.7%,
respectively, they jointly accounted for
40.2% of hypertension among survivors.
CONCLUSIONS
A blood pressure PRS from the general
population is significantly associated
with hypertension among childhood
cancer survivors and contributes to
approximately one quarter of
hypertension risk among survivors.
These findings highlight the importance
of screening for hypertension in all
childhood cancer survivors, and identify
higher risk subgroups.
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PREVALENCE AND PREDICTORS OF CANCERRELATED WORRY AND ASSOCIATIONS WITH
HEALTH BEHAVIORS IN ADULT SURVIVORS
OF CHILDHOOD CANCER
Glynnis A McDonnell, Tara M Brinkman, Mingjuan Wang, Todd M Gibson, Lauren C
Heathcote, Matthew J Ehrhardt, Deo Kumar Srivastava, Leslie L Robison, Melissa M
Hudson, Nicole M Alberts
Cancer; doi: 10.1002/cncr.33563

BACKGROUND
Cancer-related worry (CRW) is common
among cancer survivors; however, little
is known about factors associated with
CRW or its impact on health behaviors in
adult survivors of childhood cancer.
METHODS
Survivors in the St. Jude Lifetime Cohort
Study (n = 3211; 51% male; mean age, 31.2
years [SD, 8.4 years]; mean time after
diagnosis, 22.8 years [SD, 8.3 years])
underwent medical evaluations and
completed ratings of CRW, psychological
symptoms, and health behaviors.
Multivariable modified Poisson
regression models examined
associations between CRW and
treatment exposures, chronic health
conditions, psychological symptoms, and
health behaviors.
RESULTS
Sixty-four percent of survivors (95%
confidence interval [CI], 62.6-65.9)
reported worry about subsequent
malignancy, 45% (95% CI, 43.5-46.9)
reported worry about physical problems
related to cancer, and 33% (95% CI, 31.234.4) reported worry about relapse.

Multiple psychological symptoms,
treatment exposures, and chronic
conditions significantly increased the
risk of CRW. Survivors reporting CRW
were at increased risk for substance use,
inadequate physical activity, and
increased health care utilization after
adjustments for chronic conditions. For
example, with adjustments for chronic
conditions, those who endorsed CRW
were more likely to have ≥5 cancerrelated physician visits, ≥5 physician
visits related to cancer, and ≥5 calls to a
physician's office in the previous 2 years
in comparison with survivors who were
not worried. CRW was also associated
with an increased risk of current
tobacco use, past marijuana use, and
current marijuana use.
CONCLUSIONS
A substantial proportion of adult
survivors of childhood cancer reported
CRW associated with increased health
care utilization. CRW may serve as an
intervention target to promote wellbeing and adaptive health behaviors.
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ESOPHAGEAL DISEASE AMONG CHILDHOOD
CANCER SURVIVORS-A REPORT FROM THE
CHILDHOOD CANCER SURVIVORS STUDY

Peter H Asdahl, Kevin C Oeffinger, Vanna Albieri, Melissa Hudson, Wendy M Leisenring,
Sarah S Donaldson, Henrik Hasle, Jeanette F Winther, Gregory T Armstrong, Leslie L
Robison

Pediatr Blood Cancer; doi: 10.1002/pbc.29043

ABSTRACT
There is limited information addressing
the occurrence of esophageal strictures
among the growing population of
survivors of childhood cancer. Using the
Childhood Cancer Survivor Study, we
analyzed data from 17,121 5-year
survivors and 3400 siblings to determine
the prevalence and risk factors for
esophageal strictures. Prevalence among
survivors was 2.0% (95% confidence
interval [CI]: 1.8-2.2%), representing a
7.6-fold increased risk compared to
siblings. Factors significantly associated
with risk of esophageal stricture
included diagnosis of Hodgkin
lymphoma, greater chest radiation dose,
younger age at cancer diagnosis,
platinum chemotherapy, and
hematopoietic stem cell transplantation.
While uncommon, survivors are at risk
for therapy-related esophageal
strictures.
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SURVEILLANCE FOR SUBSEQUENT NEOPLASMS
OF THE CNS FOR CHILDHOOD, ADOLESCENT,
AND YOUNG ADULT CANCER SURVIVORS: A
SYSTEMATIC REVIEW AND
RECOMMENDATIONS FROM THE
INTERNATIONAL LATE EFFECTS OF
CHILDHOOD CANCER GUIDELINE
HARMONIZATION GROUP
Bowers DC, Verbruggen LC, Kremer LCM, Hudson MM, Skinner R, Constine LS, Sabin ND,
Bhangoo R, Haupt R, Hawkins MM, Jenkinson H, Khan RB, Klimo P Jr, Pretorius P, Ng A,
Reulen RC, Ronckers CM, Sadighi Z, Scheinemann K, Schouten-van Meeteren N, Sugden E,
Teepen JC, Ullrich NJ, Walter A, Wallace WH, Oeffinger KC, Armstrong GT, van der Pal
HJH, Mulder RL.

Lancet Oncol; doi: 10.1016/S1470-2045(20)30688-4
ABSTRACT
Exposure to cranial radiotherapy is
associated with an increased risk of
subsequent CNS neoplasms among
childhood, adolescent, and young adult
(CAYA) cancer survivors. Surveillance for
subsequent neoplasms can translate into
early diagnoses and interventions that
could improve cancer survivors' health
and quality of life. The practice
guideline presented here by the
International Late Effects of Childhood
Cancer Guideline Harmonization Group
was developed with an evidence-based
method that entailed the gathering and
appraisal of published evidence
associated with subsequent CNS
neoplasms among CAYA cancer
survivors. The preparation of these
guidelines showed a paucity of highquality evidence and highlighted the
need for additional research to inform
survivorship care.

The recommendations are based on
careful consideration of the evidence
supporting the benefits, risks, and harms
of the surveillance interventions, clinical
judgment regarding individual patient
circumstances, and the need to maintain
flexibility of application across different
health-care systems. Currently, there is
insufficient evidence to establish
whether early detection of subsequent
CNS neoplasms reduces morbidity and
mortality, and therefore no
recommendation can be formulated for
or against routine MRI surveillance. The
decision to start surveillance should be
made by the CAYA cancer survivor and
health-care provider after careful
consideration of the potential harms and
benefits of surveillance for CNS
neoplasms, including meningioma.
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SCREENING COLONOSCOPY ACCORDING TO
GUIDELINES IN LONG-TERM SURVIVORS OF
CHILDHOOD CANCER – RESULTS OF A
POPULATION-BASED STUDY
Lorna Zadravec Zaletel, Gregor Kos

J Cancer Surviv; doi: 10.1007/s11764-021-01040-8

PURPOSE
To report on findings in screening
colonoscopies in long-term survivors of
childhood cancer treated with
abdominopelvic irradiation (RT).
METHODS
Screening colonoscopies were
introduced at the Slovenian outpatient
follow-up clinic in 2015, according to
the Children's Oncology Group
guidelines. In January 2019, 54 patients
who received abdominopelvic irradiation
for Hodgkin disease, Wilms tumour or
dysgerminoma at the age of 0-16
between 1968 and 1995 were eligible for
screening colonoscopy, and until
December 2019, twenty-eight
asymptomatic patients have undergone
this examination.
RESULTS
Patients were 1-16 (median 13) years old
at cancer diagnosis and had colonoscopy
24-47 (median 36) years after diagnosis.
They received abdominopelvic
irradiation with the dose 16-46 (median
30) Gy. Adenomatous lesions were found
in 18 patients (64%) and advanced
adenomatous lesions in one-third.

Patients who received abdominopelvic
RT with a dose below 30 Gy had 75%
incidence of adenomatous lesions and in
those who received a dose of 30 Gy or
more the incidence was 60%. Alkylating
agents did not have impact on this
incidence.
CONCLUSIONS
In this first population-based study of
screening colonoscopies in
asymptomatic survivors of childhood
cancer, we provided new evidence for
64% incidence of adenomatous lesions
after abdominopelvic RT with the dose
above or below 30 Gy.
IMPLICATIONS FOR CANCER
SURVIVORS
Screening colonoscopies are of vital
importance in patients treated with
abdominal RT in childhood.
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UTILITY OF EPILEPSY SURGERY IN SURVIVORS
OF CHILDHOOD CANCER

Ayat Siddiqui, Amy L McGregor, James W Wheless, Paul Klimo, Frederick A Boop, Raja B
Khan

Neuropediatrics; doi: 10.1055/s-0041-1728653

ABSTRACT
Resection of an epileptogenic focus
improves seizure control in patients
with drug-resistant epilepsy. There is
little data available on usefulness of
epilepsy surgery in childhood cancer
survivors with drug-resistant epilepsy.
To learn about seizure outcome after
epilepsy surgery in childhood cancer
survivors, we retrospectively reviewed
charts of 42 children who were referred
to an epilepsy center for surgical
evaluation. Sixteen children (38%) were
offered epilepsy surgery and 10
consented. Seizure outcome was
classified based on International League
Against Epilepsy outcome scale. All 10
children were having multiple seizures a
month on therapeutic doses of three
antiepilepsy drugs (AEDs).

At a median follow-up of 5.6 years after
epilepsy surgery, three children had
class 1 outcome (no seizures), four had
class 3 outcome (1-3 seizure days/year),
and three had class 4 outcome (≥ 50%
reduction in seizure frequency). One
child was off AEDs, seven were on a
single AED, and two were on three AEDs
at their last follow-up. Epilepsy surgery
had low morbidity and improved seizure
control in childhood cancer survivors
with drug-resistant epilepsy. Childhood
cancer survivors with drug-resistant
epilepsy should be referred to an
epilepsy center for a higher level of
care.
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PHYSICAL AND FUNCTIONAL PERFORMANCE
ASSESSMENT IN PEDIATRIC ONCOLOGY: A
SYSTEMATIC REVIEW
Regine Söntgerath, Julia Däggelmann, Sabine V Kesting, Corina S Rueegg, TorgeChristian Wittke, Simon Reich, Katharina G Eckert, Sandra Stoessel, Carolina
Chamorro-Viña, Joachim Wiskemann, Peter Wright, Anna Senn-Malashonak, Vanessa
Oschwald, Anne-Marie Till, Miriam Götte
Pediatr Res; doi: 10.1038/s41390-021-01523-5

BACKGROUND
Research indicates reduced physical
performance from diagnosis into
survivorship of pediatric cancer patients.
However, there is no systematic information
or guideline available on the methods to
assess physical performance and function in
this population. The purpose was to
systematically compile and describe
assessments of physical performance and
function in patients and survivors of
pediatric cancer, including cardiorespiratory
fitness, muscle strength, speed, balance,
flexibility, functional mobility, gait and
motor performance test batteries.
METHODS
We searched the databases PubMed,
SPORTDiscus, and Cochrane Database and
performed abstract and full-text selection of
2619 articles according to the Cochrane
Handbook of Systematic Reviews.
Information on patients characteristics,
assessments, information on validity and
reliability, and relevant references was
extracted.
RESULTS
In summary, 63 different assessments were
found in 149 studies including 11639
participants. Most studies evaluated
cardiorespiratory fitness and muscle
strength with the majority conducted off
treatment.

Some outcomes (e.g. speed) and diagnoses
(e.g. neuroblastoma) were severely
underrepresented. With the exception of
gait, leukemia patients represented the
largest group of individuals tested.
CONCLUSIONS
Insufficient data and patient heterogeneity
complicate uniform recommendations for
assessments. Our results support
researchers and practitioners in selecting
appropriate assessment to meet their
specific research questions or individual
daily practice needs.
IMPACT
This systematic review includes 149 studies
and provides a comprehensive summary of
63 assessments to evaluate
cardiorespiratory fitness, muscle strength,
speed, balance, flexibility, functional
mobility, gait or motor performance test
batteries in patients and survivors of
pediatric cancer. We present the most
studied fields within the pediatric cancer
population, which are cardiorespiratory
fitness and muscle strength, off treatment
phase, and leukemia patients. We propose
research priorities by identification of
subgroups in terms of cancer type, phase of
treatment, and outcome of interest that are
underrepresented in studies currently
available.
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A GLOBAL APPROACH TO LONG-TERM
FOLLOW-UP OF TARGETED AND IMMUNEBASED THERAPY IN CHILDHOOD AND
ADOLESCENCE
Mark W Kieran, Hubert Caron, Jeanette Falck Winther, Tara O Henderson, Riccardo
Haupt, Lars Hjorth, Melissa M Hudson, Leontien C M Kremer, Helena J van der Pal,
Andrew D J Pearson, Leonardo Pereira, Gregory Reaman, Roderick Skinner, Gilles Vassal,
Susan L Weiner, Danielle Horton Taylor, ACCELERATE Long-Term Follow-Up Working
Group

Pediatr Blood Cancer; doi: 10.1002/pbc.29047

ABSTRACT
While considerable efforts and progress
in our understanding of the long-term
toxicities of surgery, radiation and
chemotherapy in children with cancer
have been made over the last 5 decades,
there continues to be a wide gap in our
knowledge of the long-term health
impact of most novel targeted and
immunotherapy agents. To address this
gap, ACCELERATE, a multi-stakeholder
collaboration of clinical and
translational academics, regulators from
the EMA and FDA, patient/family
advocates and members spanning small
biotechnology through to large
pharmaceutical companies have initiated
the development of an international
long-term follow-up data registry to
collect this important information
prospectively.

Providing critical safety data on the
long-term use of these approved and
investigational therapies in children will
support the regulatory requirements and
labeling information. It will also provide
the necessary insight to help guide
physicians and families on the
appropriateness of a targeted or immune
therapy for their child and inform
survivorship planning.
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UNMET SUPPORT NEEDS IN TEENAGE AND
YOUNG ADULT CHILDHOOD BRAIN TUMOUR
SURVIVORS AND THEIR CAREGIVERS: "IT'S
ALL THE AFTERMATH, AND THEN YOU'RE
FORGOTTEN ABOUT"
Emma Nicklin, Lucy Pointon, Adam Glaser, Naseem Sarwar, Michelle Kwok-Williams,
Miguel Debono, Galina Velikova & Florien W. Boele
Support Care Cancer; doi: 10.1007/s00520-021-06193-x
PURPOSE
Teenage and young adult (TYA) survivors
of childhood brain tumours and their
family caregivers can experience many
late effects of treatment that can
hamper the transition to living
independent lives. Yet, their long-term
supportive care needs are largely
unknown. We investigated the
supportive care needs of TYA survivors
and their caregivers and explored the
role and perceived use of support.
METHODS
Face-to-face semi-structured interviews
were conducted with survivors aged 1630 (n = 11) who were ≥ 5 years after
diagnosis and caregivers (n = 11).
Interviews were recorded and
transcriptions thematically analysed.
RESULTS
Four themes emerged: (1) preferences
for support and support services (unmet
needs). Concerns regarding mental
health, employment and financial
uncertainty, the desire to live
independently, and lack of support were
emphasised.

(2) Decline in support. Caregivers noted
a drop-off in support available when
transitioning to adult services. (3)
Reasons for not obtaining adequate
support. Several barriers to accessing
support were raised, including distance
and aging out of services. (4) The role of
long-term hospital-based follow-up
care. Participants highlighted the
importance of, and reassurance from,
long-term follow-up care but noted a
more all-inclusive approach is required.
CONCLUSIONS
Even many years after diagnosis, TYA
childhood brain tumour survivors and
their caregivers continue to have unmet
supportive care needs. Both TYA
survivors and their caregivers can
benefit from support to meet their
unique needs and improve long-term
quality of life. Understanding unmet
needs and recognising what services are
required due to the late effects of
treatment is critical to improving longterm quality of survival.
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USE OF CHRONIC PRESCRIPTION
MEDICATIONS AND PREVALENCE OF
POLYPHARMACY IN SURVIVORS OF
CHILDHOOD CANCER
Celeste L Y Ewig, Yi Man Cheng, Hoi Shan Li, Jasper Chak Ling Wong, Alex Hong Yu
Cho, Freddie Man Hong Poon, Chi Kong Li, Yin Ting Cheung

Front Oncol; doi: 10.3389/fonc.2021.642544

BACKGROUND
As survivors of childhood cancer age,
development of cancer treatment-related
chronic health conditions often occur. This
study aimed to describe the pattern of
chronic prescription medication use and
identify factors associated with
polypharmacy among survivors of childhood
cancer.
METHODS
This was a retrospective study conducted at
the pediatric oncology long-term follow-up
clinic in Hong Kong. Eligible subjects
included survivors who were (1) diagnosed
with cancer before 18 years old, (2) were at
least 3 years post-cancer diagnosis and had
completed treatment for at least 30 days,
and (3) receiving long-term follow-up care
at the study site between 2015 and 2018.
Dispensing records of eligible survivors were
reviewed to identify medications taken daily
for ≥30 days or used on an "as needed" basis
for ≥6 months cumulatively within the past
12-month period. Polypharmacy was defined
as the concurrent use of ≥5 chronic
medications. Multivariable log-binomial
modeling was conducted to identify
treatment and clinical factors associated
with medication use pattern and
polypharmacy.

RESULTS
This study included 625 survivors (mean
current age = 17.9 years, standard deviation
[SD] = 7.2 years) who were 9.2 [5.2] years
post-treatment. Approximately one-third (n
= 219, 35.0%) of survivors were prescribed at
least one chronic medication. Frequently
prescribed medication classes include
systemic antihistamines (26.5%), sex
hormones (19.2%), and thyroid replacement
therapy (16.0%). Overall prevalence of
polypharmacy was 5.3% (n = 33). A higher
rate of polypharmacy was found in survivors
of CNS tumors (13.6%) than in survivors of
hematological malignancies (4.3%) and other
solid tumors (5.3%) (P = .0051). Higher
medication burden was also observed in
survivors who had undergone cranial
radiation (RR = 6.31; 95% CI = 2.75-14.49) or
hematopoietic stem-cell transplantation
(HSCT) (RR = 3.53; 95% CI = 1.59-7.83).
CONCLUSIONS
Although polypharmacy was observed in a
minority of included survivors of childhood
cancer, chronic medication use was
common. Special attention should be paid to
survivors of CNS tumors and survivors who
have undergone HSCT or cranial radiation.
These individuals should be monitored
closely for drug-drug interactions and
adverse health outcomes that may result
from multiple chronic medications,
particularly during hospitalization in an
acute care setting.
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THE ASSOCIATION OF MITOCHONDRIAL
COPY NUMBER WITH SARCOPENIA IN ADULT
SURVIVORS OF CHILDHOOD CANCER
Kelly McCastlain, Carrie R Howell, Catherine E Welsh, Zhaoming Wang, Carmen L
Wilson, Heather L Mulder, John Easton, Ann C Mertens, Jinghui Zhang, Yutaka Yasui,
Melissa M Hudson, Leslie L Robison, Mondira Kundu, Kirsten K Ness

J Natl Cancer Inst; doi: 10.1093/jnci/djab084

BACKGROUND
Adult childhood cancer survivors are at
risk for frailty, including low muscle
mass and weakness (sarcopenia). Using
peripheral blood (PB) mitochondrial DNA
copy number (mtDNAcn) as a proxy for
functional mitochondria, this study
describes cross-sectional associations
between mtDNAcn and sarcopenia
among survivors.
METHODS
Among 1,762 adult childhood cancer
survivors (51.6% male; median age = 29.4
[IQR = 23.3-36.8] years), with a median
of 20.6 years from diagnosis (IQR = 15.228.2), mtDNAcn estimates were derived
from whole-genome sequencing. A
subset was validated by quantitative
polymerase chain reaction and evaluated
cross-sectionally using multivariable
logistic regression for their association
with sarcopenia, defined by race-, age-,
and sex-specific low lean muscle mass
or weak grip strength. All statistical
tests were 2-sided.

RESULTS
The prevalence of sarcopenia was 27.0%,
higher among females than males (31.5%
vs. 22.9%; P < 0.001) and associated with
age at diagnosis; 51.7% of survivors with
sarcopenia were diagnosed ages 4-13
years (p = 0.01). Sarcopenia was most
prevalent (39.0%) among central nervous
system tumor survivors. Cranial
radiation (OR = 1.84; 95% CI = 1.32-2.59)
and alkylating agents (OR = 1.34; 95% CI
= 1.04-1.72) increased, while
glucocorticoids decreased odds (OR =
0.72; 95% CI = 0.56-0.93) of sarcopenia.
mtDNAcn decreased with age (β=-0.81; P
= 0.002), was higher among females (β =
9.23; P = 0.01) and among survivors with
a C allele at mt.204 (β=-17.9; P = 0.02). In
adjusted models, every standard
deviation decrease in mtDNAcn
increased the odds of sarcopenia 20%
(OR = 1.20; 95% CI = 1.07-1.34).
CONCLUSIONS
While a growing body of evidence
supports PB mtDNAcn as a biomarker for
adverse health outcomes, this study is
the first to report an association
between mtDNAcn and sarcopenia
among childhood cancer survivors.
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THE CONCEPT OF CANCER SURVIVORSHIP AND
MODELS FOR LONG-TERM FOLLOW-UP

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

Front Horm Res; doi: 10.1159/000514693

ABSTRACT
With improved survival of childhood,
adolescent, and young adult (CAYA)
cancer, the European survivor
population of 300,000-500,000
continues to expand. Most survivors will
experience at least one and often
multiple cancer- and treatment-related
late effects throughout their lives,
including endocrine toxicities. Besides
affecting their physical and psychosocial
health status, these might reduce life
expectancy and quality of life. Prevalent
endocrine complications include
hypothalamic-pituitary dysfunction,
central precocious puberty, primary
thyroid, male or female gonadal
dysfunction, metabolic syndrome, and
low bone mineral density. Long-term
follow-up (LTFU) care, including
education, risk-based prevention, and
surveillance strategies, is essential to
reduce the burden of endocrine
complications and to allow for timely
interventions.

To integrate scientific expert
knowledge, evidence-based clinical
practice guidelines have been developed
by the International Late Effects of
Childhood Cancer Guideline
Harmonization Group (IGHG) and
PanCare. These guide LTFU care by
describing risk populations and
preferred surveillance modalities.
Moreover, consensus-based
recommendations have been developed
by PanCareFollowUp where evidencebased guidance is still awaited. The
PanCareSurFup models of care
guidelines recommend multidisciplinary
team care at or under guidance of a
cancer survivorship expert center, so
CAYA cancer survivors receive
appropriate care and support to
optimize health.
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ARTIFICIAL INTELLIGENCE-ASSISTED
PREDICTION OF LATE-ONSET
CARDIOMYOPATHY AMONG CHILDHOOD
CANCER SURVIVORS
Fatma Güntürkün, Oguz Akbilgic, Robert L Davis, Gregory T Armstrong, Rebecca M
Howell , John L Jefferies, Kirsten K Ness, Ibrahim Karabayir, John T Lucas Jr, Deo
Kumar Srivastava, Melissa M Hudson, Leslie L Robison, Elsayed Z Soliman, Daniel A
Mulrooney
JCO Clin Cancer Inform; doi: 10.1200/CCI.20.00176

PURPOSE
Early identification of childhood cancer
survivors at high risk for treatmentrelated cardiomyopathy may improve
outcomes by enabling intervention
before development of heart failure. We
implemented artificial intelligence (AI)
methods using the Children's Oncology
Group guideline-recommended baseline
ECG to predict cardiomyopathy.
MATERIAL AND METHODS
Seven AI and signal processing methods
were applied to 10-second 12-lead ECGs
obtained on 1,217 adult survivors of
childhood cancer prospectively followed
in the St Jude Lifetime Cohort (SJLIFE)
study. Clinical and echocardiographic
assessment of cardiac function was
performed at initial and follow-up
SJLIFE visits. Cardiomyopathy was
defined as an ejection fraction < 50% or
an absolute drop from baseline ≥ 10%.
Genetic algorithm was used for feature
selection, and extreme gradient
boosting was applied to predict
cardiomyopathy during the follow-up
period. Model performance was
evaluated by five-fold stratified crossvalidation.

RESULTS
The median age at baseline SJLIFE
evaluation was 31.7 years (range 18.466.4), and the time between baseline and
follow-up evaluations was 5.2 years (0.59.5). Two thirds (67.1%) of patients were
exposed to chest radiation, and 76.6% to
anthracycline chemotherapy. One
hundred seventeen (9.6%) patients
developed cardiomyopathy during
follow-up. In the model based solely on
ECG features, the cross-validation area
under the curve (AUC) was 0.87 (95% CI,
0.83 to 0.90), whereas the model based
on clinical features had an AUC of 0.69
(95% CI, 0.64 to 0.74). In the model
based on ECG and clinical features, the
cross-validation AUC was 0.89 (95% CI,
0.86 to 0.91), with a sensitivity of 78%
and a specificity of 81%.
CONCLUSION
AI using ECG data may assist in the
identification of childhood cancer
survivors at increased risk for
developing future cardiomyopathy.
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PREMATURE OVARIAN FAILURE AFTER
CHILDHOOD CANCER AND RISK OF
METABOLIC SYNDROME – A CROSSSECTIONAL ANALYSIS
Axel Netterlid, Helena Mörse, Aleksander Giwercman, Emir Henic, Kristina E Akesson,
Eva Marie Erfurth, Maria Elfving

Eur J Endocrinol; doi: 10.1530/EJE-20-1275

OBJECTIVE
Female childhood cancer survivors (CCS)
are at risk of several late effects, among
them metabolic syndrome (MetS) and
premature ovarian insufficiency (POI).
The objective is to study if POI is
associated with risk of MetS and
increased cardiovascular risk in CSS.
DESIGN
A cross-sectional study with a median
time since cancer diagnosis of 25 (12 –
41) years. Patients and controls were
recruited from the South Medical Region
of Sweden.
METHODS
The study included 167 female CCS,
median age 34 (19 - 57) years, diagnosed
with childhood cancer at median age 8.4
(0.1 - 17.9) years together with 164
controls, matched for age, sex, ethnicity,
residence, and smoking habits. All
subjects were examined with fasting
glucose, insulin, HbA1c, and lipid profile.
Fat mass was calculated with dualenergy X-ray absorptiometry (DXA),
questionnaires for medication were
obtained. Detailed information of cancer
treatment was available.

RESULTS
POI was present in 13% (22/167) among
CCS (hypothalamic/pituitary cause
excluded) and in none among controls.
MetS was present in 14% (24/167) among
all CCS (p = 0.001), in 23% (5/22) of
those with POI (p < 0.001), compared
with 4% (6/164) among controls. OR for
MetS in all CCS compared with controls
was 4.4 (95% CI 1.8, 11.1) (p = 0.002) and
among CCS with POI the OR was 7.7 (CI
2.1, 28.1) (p = 0.002).
CONCLUSION
The prevalence of MetS was higher in
females treated for childhood cancer
compared with controls and the
presence of POI significantly increased
the risk of developing MetS.
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ASSOCIATION BETWEEN OBESITY AND
NEUROCOGNITIVE FUNCTION IN SURVIVORS
OF CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA TREATED ONLY WITH
CHEMOTHERAPY
Mayuko Iijima, Wei Liu, John C Panetta, Melissa M Hudson, Ching-Hon Pui, Deo Kumar
Srivastava, Kevin R Krull, Hiroto Inaba
Cancer; doi: 10.1002/cncr.33624
BACKGROUND
Neurocognitive impairment and obesity
are common adverse sequelae in
survivors of childhood acute
lymphoblastic leukemia (ALL); however,
the association has not been
investigated.
METHODS
Neurocognitive function was evaluated
once in survivors of ALL who were at
least 8 years old and 5 years from their
diagnosis. In a cross-sectional analysis,
the associations with the body mass
index (BMI) category and Z score were
examined. A longitudinal analysis used
the overweight/obesity area under the
curve (AUC), which was determined via
the trapezoidal rule by a sum of the
integrals defined by the BMI Z score at
each time point and the time intervals of
the BMI measurement.
RESULTS
For 210 survivors, the median BMI Z
score at diagnosis was 0.17, which
increased to 0.54 at the end of induction
and to 0.74 at the neurocognitive
assessment.

In the cross-sectional analysis,
overweight/obese survivors scored
significantly lower than others on the
measures of executive function
(cognitive flexibility, planning, verbal
fluency, working memory, and spatial
construction; all P < .05), attention
(attention span and risk taking; all P <
.05), and processing speed (visual motor
coordination, visual speed, and motor
speed; all P < .05). In the longitudinal
analysis, when the treatment period was
subdivided into 4 time periods
(induction, consolidation, early
maintenance, and late maintenance), a
greater overweight/obesity AUC during
induction therapy was associated with
worse cognitive flexibility (P = .01) and
slower motor speed (P = .02), which
persisted throughout the treatment
CONCLUSIONS
Overweight/obesity was significantly
associated with neurocognitive
impairment during long-term follow-up,
and this association started early in
treatment for ALL. Novel early
interventions to provide cognitive
training and prevent weight gain are
required for patients at risk.
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LIPODYSTROPHY AS A LATE EFFECT AFTER
STEM CELL TRANSPLANTATION

Daniel Tews, Ansgar Schulz, Christian Denzer, Julia von Schnurbein, Giovanni Ceccarini,
Klaus-Michael Debatin, Martin Wabitsch

J Clin Med; doi: 10.3390/jcm10081559

ABSTRACT
Survivors of childhood cancer are at
high risk of developing metabolic
diseases in adulthood. Recently, several
patients developing partial
lipodystrophy following hematopoietic
stem cell transplantation (HSCT) have
been described. In this review, we
summarize the cases described so far
and discuss potential underlying
mechanisms of the disease. The findings
suggest that HSCT-associated
lipodystrophies may be seen as a novel
form of acquired lipodystrophy.
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INCREASED LEVELS OF ADIPOCYTE AND
EPIDERMAL FATTY ACID-BINDING PROTEINS
IN ACUTE LYMPHOBLASTIC LEUKEMIA
SURVIVORS
Katarzyna Konończuk, Eryk Latoch, Beata Żelazowska-Rutkowska, Maryna Krawczuk-Rybak,
Katarzyna Muszyńska-Rosłan

J Clin Med; doi: 10.3390/jcm10081567

ABSTRACT
Childhood cancer survivors are highly
exposed to the development of side effects
after many years of cessation of anticancer
treatment, including altered lipid
metabolism that may result in an increased
risk of overweight and metabolic syndrome.
Adipocyte (A-FABP) and epidermal (E-FABP)
fatty acid-binding proteins are expressed in
adipocytes and are assumed to play an
important role in the development of lipid
disturbances leading to the onset of
metabolic syndrome. The aim of this study
was to investigate the association between
serum A-FABP and E-FABP levels,
overweight, and components of the
metabolic syndrome in acute lymphoblastic
leukemia survivors. Sixty-two acute
lymphoblastic leukemia (ALL) survivors (34
females) were included in the study. The
mean age at the time of the study was 12.41 ±
4.98 years (range 4.71-23.43). Serum levels of
A-FABP and E-FABP were analyzed using a
commercially available ELISA kit. The ALL
survivors presented statistically higher AFABP levels in comparison with the healthy
controls (25.57 ± 14.46 vs. 15.13 ± 7.61 ng/mL,
p < 0.001). The subjects with body mass
index (BMI) above the normal range (18
overweight, 10 obese) had a greater level of
A-FABP compared to the ALL group with
normal BMI (32.02 ± 17.10 vs. 20.33 ± 9.24
ng/mL, p = 0.006).

Of all participants, 53.23% had at least one
risk factor of metabolic syndrome; in this
group, only the A-FABP level showed a
statistically significant difference compared
to the healthy control group (30.63 ± 15.91
vs. 15.13 ± 7.61 ng/mL, p < 0.001). The
subjects with two or more metabolic risk
factors (16.13%) presented higher levels of
both A-FABP (33.62 ± 17.16 vs. 15.13 ± 7.61
ng/mL, p = 0.001) and E-FABP (13.37 ± 3.62
vs. 10.12 ± 3.21 ng/mL, p = 0.021) compared
to the controls. Univariable regression
models showed significant associations
between BMI and systolic blood pressure
with the A-FABP level (coeff. 1.02 and 13.74,
respectively; p < 0.05). In contrast, the EFABP level was only affected by BMI (coeff.
0.48; p < 0.01). The findings reported herein
suggest that the increased levels of A-FABP
and E-FABP may be involved in the
pathogenesis of overweight and the onset of
metabolic syndrome in acute lymphoblastic
leukemia. However, further longitudinal,
prospective studies of fatty acid-binding
proteins and their potential role in the
pathogenesis of obesity and metabolic
syndrome in ALL survivors remain to be
performed.
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MANAGING A PAN-EUROPEAN CONSORTIUM
ON LATE EFFECTS AMONG LONG-TERM
SURVIVORS OF CHILDHOOD AND ADOLESCENT
CANCER-THE PANCARELIFE PROJECT
Peter Kaatsch, Julianne Byrne, Desiree Grabow, On Behalf Of The PanCareLIFE
Consortium

Int J Environ Res Public Health; doi: 10.3390/ijerph18083918
ABSTRACT
PanCareLIFE brought together European
partners and is the largest study to have
evaluated the issues of fertility
impairment, hearing loss, and healthrelated quality of life in survivors of
childhood and adolescent cancer.
Successful delivery of the project aims
did not evolve solely from scientific
qualities. Organizational structure and
careful information management were
key components for its successful
completion and are retrospectively
assessed in this paper. PanCareLIFE
used cohort studies, case-control
studies, clinical evaluation of hearing,
and genetic testing to study 32,000
survivors from 25 data providers. A
management team implemented the
organizational structures, was the
decision making body, developed and
maintained a communication plan, and
supervised deadlines, and made timely
decisions.

A biostatistics support group and an
ethical advisory board were established.
A publication committee ensured quality
and accuracy of publications and is
jointly responsible for the sustainability
of the project. The chosen management
structure of PanCareLIFE can serve as a
blueprint for the management of
complex international projects. Apart
from the survivors themselves, various
target audiences like oncology
researchers, health care providers, and
policy makers can derive benefits from
the project. The results can also be used
in oncological frontline therapy to
reduce toxicity.
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SUBSEQUENT PRIMARY CANCERS OF THE
DIGESTIVE SYSTEM AMONG CHILDHOOD AND
ADOLESCENT CANCER SURVIVORS FROM 1975
TO 2015 IN THE UNITED STATES
Jason J Liu, Chuan-Yu Chen, Edward Giovannucci, Chun-Ying Wu

Am J Gastroenterol; doi: 10.14309/ajg.0000000000001133
INTRODUCTION
Among survivors from first primary
cancers that occurred during childhood
and adolescence, their risks of
developing subsequent primary digestive
system cancers are not well understood.
Therefore, we conducted the largest and
most comprehensive analysis examining
risks for diverse types of digestive
system cancers after survival from a
wide variety of first primary childhood
and adolescent cancers.
METHODS
We identified 41,249 patients diagnosed
with first primary cancer from 1975 to
2015 before 20 years of age from 9
Surveillance, Epidemiology and End
Results Program registries. Standardized
incidence ratios (SIRs) and absolute
excess risks (AERs) for digestive system
cancers were calculated controlling for
age, sex, race, and calendar year.

RESULTS
Among 41,249 cancer survivors, 133
developed subsequent primary digestive
system cancer, with a median digestive
system cancer diagnosis age of 37 years.
The SIR and AER for any digestive
system cancer were highest among
survivors of bone cancer, lymphoma, and
neuroblastoma. Among survivors from
any first primary cancer, the SIR was
significantly elevated for cancer of the
esophagus, stomach, small intestine,
large intestine, liver, and pancreas,
whereas the AER was highest for large
intestine cancer.
DISCUSSION
Childhood and adolescent cancer
survivors diagnosed from 1975 to 2015
have significantly elevated risks of
digestive system cancers compared with
the US general population. Our detailed
findings may contribute to surveillance
recommendations of childhood and
adolescent cancer survivors and
promote future studies to further
understand mechanisms by which having
various first primary cancers lead to
subsequent primary digestive system
cancers.

74 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

CLINICAL CHARACTERISTICS OF
SUBSEQUENT HISTOLOGICALLY CONFIRMED
MENINGIOMAS IN LONG-TERM CHILDHOOD
CANCER SURVIVORS: A DUTCH LATER STUDY
Lisanne C Verbruggen, Judith L Kok, Jop C Teepen, Geert O Janssens, Charlotte M de
Boer, Lukas J A Stalpers, Meike W Vernooij, Eline van Dulmen-den Broeder, Jacqueline
J Loonen, Marry M van den Heuvel-Eibrink, Wim J E Tissing, Margriet van der Heidenvan der Loo, Anne Birgitta Versluys, Sebastian J C M M Neggers, Flora E van Leeuwen,
Eelco W Hoving, Pieter Wesseling, Leontine C M Kremer, Cécile M Ronckers, Helena J
H van der Pal, Dutch LATER Study group
Eur J Cancer; doi: 10.1016/j.ejca.2021.03.021
BACKGROUND
Meningiomas are the most frequent
brain tumours occurring after pediatric
cranial radiotherapy (CrRT). Data on
course of disease, to inform clinical
management of meningiomas, are
sparse. This study reports the clinical
characteristics of histologically
confirmed meningiomas in childhood
cancer survivors (CCS) in the
Netherlands.
METHODS
In total, 6015 CCS from the Dutch LongTerm Effects After Childhood Cancer
(LATER) cohort were eligible, including
1551 with prior CrRT. These CCS were
diagnosed with cancer age <18 y
(between 1963 and 2002) and are not
subject to brain tumour screening. We
identified histologically confirmed
meningiomas by record linkage with the
Dutch Pathology Registry (PALGA; 19912018), and in the Dutch LATER registry.
We extracted details regarding
diagnosis, treatment, and follow-up
from medical records.

RESULTS
We described 93 CCS with meningioma,
of whom 89 (95.7%) were treated with
CrRT (5.7% of 1551 with prior CrRT; OR =
68). Median age at diagnosis was 31.8 y
(range: 13.2-50.5). Thirty survivors
(32.3%) had synchronous meningiomas;
84 (90.3%) presented with symptoms.
Only 16.1% of meningioma was detected
at late effects clinics. Over time, all
survivors had surgery; one-third also
received radiotherapy. During follow-up
38 (40.9%), survivors developed new
meningiomas, 22(23.7%) recurrences and
at least four died due to the
meningioma.
CONCLUSIONS
Histologically confirmed meningiomas
after childhood cancer are mostly
diagnosed with symptoms and not
during routine follow-up at late effects
clinics. The meningiomas occur at a
median of 20-25 y younger age than
incidental meningiomas, are frequently
multiple and recurrence after treatment
is high. It is crucial to inform CCS and
healthcare providers about risk and
symptoms of subsequent meningiomas.
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GROWTH HORMONE DEFICIENCY AND
GROWTH HORMONE REPLACEMENT IN
CHILDHOOD CANCER SURVIVORS
Briana C Patterson, Lillian R Meacham

Front Horm Res; doi: 10.1159/000515111
ABSTRACT
Growth hormone deficiency (GHD) is
common in childhood cancer survivors
(CCS). Major risk factors for GHD
include radiation therapy, both cranial
and total body irradiation, and tumor
location. Some newer anti-cancer
therapies may impact growth and the
GH-IGF-1 axis as well. While untreated
childhood-onset GHD adversely impacts
adult height in CCS, longstanding GHD
can cause or exacerbate multiple
metabolic and skeletal health problems.
This chapter discusses considerations in
the diagnosis and treatment of GHD in
CCS and discusses long-term outcomes
in survivors of childhood cancer who
have GHD.
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NEUROMUSCULAR MECHANISMS THAT
CONTRIBUTE TO GROSS MOTOR
PERFORMANCE IN SURVIVORS OF
CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA
Victoria Marchese, Kelly Rock, Teresa York, Robert Creath, Vicki Gray

J Pediatr Rehabil Med; doi: 10.3233/PRM-200784
PURPOSE
This study explored neuromuscular
mechanisms and clinical measures that
contribute to countermovement jump
performance in survivors of childhood
acute lymphoblastic leukemia (ALL CCS)
compared to age- and sex-matched
peers.
METHODS
This exploratory cross-sectional
observational study examined 12
participants, six ALL CCS and six ageand sex-matched peers (7-16 years).
During a countermovement jump, rates
of muscle activation of lower leg
muscles were measured with
electromyography, and joint torques and
peak jump height with force plates and a
motion capture system. Clinical
measures included muscle extensibility,
balance, and mobility measured by
active ankle dorsiflexion, BruininksOseretsky Motor Proficiency (BOT-2),
and Timed Up and Go (TUG) tests.

RESULTS
Compared to peers, ALL CCS
demonstrated reduced gastrocnemius
muscle extensibility and tibialis anterior
rate of muscle activation, decreased
jump height, and poorer performance on
the BOT-2 and TUG. Jump height was
significantly correlated with clinical
measures of the BOT-2 and TUG.
CONCLUSION
These ALL CCS demonstrated
neuromuscular impairments that may
impact jump performance, an essential
childhood physical activity. Further
research is needed to explore
intervention strategies to improve the
neuromuscular mechanisms that
contribute to high-level gross motor
skills in ALL CCS.
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SCREENING FOR DISTRESS IN PEDIATRIC
CANCER SURVIVORS: A SYSTEMATIC
COMPARISON OF ONE-STEP AND TWO-STEP
STRATEGIES TO MINIMIZE DETECTION
ERRORS
Annie-Jade Pépin, Sarah Lippé, Simon Drouin, Maja Krajinovic, Caroline Laverdière,
Bruno Michon, Philippe Robaey, Émélie Rondeau, Daniel Sinnett, Serge Sultan
J Psychosoc Oncol; doi: 10.1080/07347332.2021.1906377
BACKGROUND
Childhood cancer survivors should be
routinely screened for psychological
distress. However, existing screening
tools promoted by cancer care
institutions, such as the Distress
Thermometer (DT) generate high rates
of errors. The aim of this study is to help
refining strategies of screening
psychological distress in this population
by exploring two-step methods
combining the DT on step #1 with one
question on step #2.

RESULTS
The best two-step strategies to screen
anxious-depressive distress were DT ≥ 2
on step #1, with the item of Sadness on
step #2, and DT ≥ 2 combined with the
item of Concerns. Two-step strategies
outperformed the DT alone on the
correct identification of distressed
survivors. However, two-step strategies
did not outperform the DT used alone on
the correct detection of no distressed
survivors. Results were similar when
predicting depression or anxiety alone.

PROCEDURE
Data from 255 survivors of childhood
acute lymphoblastic leukemia aged 13-40
years were analyzed (38% 13-18 years,
62% 19+ years, 53% females). We used
the DT on step #1 and the individual
emotion items from the Pediatric
Quality of Life Questionnaire (PedsQL)
on step #2, to detect distress,
depression and anxiety as measured by
standard instruments. We compared
sensitivity, specificity, negative and
positive predictive values, Youden index,
and clinical utility indices, in newly
developed two-step strategies.

CONCLUSION
Completing the DT with one single
question on emotions from the PedsQL
may minimize the number of
participants falsely identified as
distressed, which could be particularly
pertinent in resource-limited clinics.
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NEUROPSYCHOLOGICAL SURVEILLANCE
MODEL FOR SURVIVORS OF PEDIATRIC
CANCER: A DESCRIPTIVE REPORT OF
METHODOLOGY AND FEASIBILITY
Ashley M Whitaker, Kimberly Kayser
Clin Neuropsychol; doi: 10.1080/13854046.2021.1912831
OBJECTIVE
Neuropsychological late effects of
pediatric cancer may not become
apparent for years after therapy;
therefore, serial monitoring is necessary
for detecting changes to ensure timely
intervention. Unfortunately, lack of
access to neuropsychologists, increased
patient volume, insurance authorization
and reimbursement issues, time
required for neuropsychological
evaluation, and practice effects related
to repeat testing present many
challenges to provision of
neuropsychological care for survivors of
childhood cancer. Models involving
surveillance and monitoring have been
proposed, though minimal data exist
related to the implementation and
feasibility of such models.
METHOD
In this descriptive feasibility study, the
Neuropsychology Consult Clinic (NCC)
at Children's Hospital Los Angeles is
presented, outlining a methodology and
algorithm for neuropsychological
surveillance of survivors of non-CNS
pediatric cancer and an account of the
first three years of clinic
implementation. Participants included
215 survivors (x̅ age = 5.6 years),
including 75.3% Latinx patients.

RESULTS
The overall clinic implementation was
found to be feasible, with approximately
75% of patients "passing" the screening
and 25% "failing" the screening. Clinical
judgment only conflicted with the
algorithm 8.6% of the time. However,
several limitations to feasibility were
noted, including validity concerns and
ability/time to complete parentreported outcomes using Spanish forms,
as well as access to bilingual examiners.
CONCLUSIONS
These preliminary data support the
feasibility of the NCC model with
limitations as outlined above. This is the
first phase in a multiphase plan to
develop an appropriate screening clinic
for survivors of pediatric cancer, with
the next phase focusing on
sensitivity/specificity of measures.
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SEX-SPECIFIC ASSOCIATIONS BETWEEN
CHEMOTHERAPY, CHRONIC CONDITIONS,
AND NEUROCOGNITIVE IMPAIRMENT IN
ACUTE LYMPHOBLASTIC LEUKEMIA
SURVIVORS: A REPORT FROM THE
CHILDHOOD CANCER SURVIVOR STUDY
Ellen van der Plas, Weiyu Qiu, Brian J Nieman, Yutaka Yasui, Qi Liu, Stephanie B
Dixon, Nina S Kadan-Lottick, Christopher B Weldon, Brent R Weil, Lisa M Jacola, Todd
M Gibson, Wendy Leisenring, Kevin Oeffinger, Melissa M Hudson, Leslie L Robison,
Gregory T Armstrong, Kevin R Krull
J Natl Cancer Inst; doi: 10.1093/jnci/djaa136
BACKGROUND
The purpose was to examine associations
between treatment and chronic health
conditions with neurocognitive impairment
survivors of acute lymphoblastic leukemia
(ALL) treated with chemotherapy only.
METHODS
This cross-sectional study included 1207 ALL
survivors (54.0% female; mean age 30.6
years) and 2273 siblings (56.9% female; mean
age 47.6 years), who completed the
Childhood Cancer Survivor Study
Neurocognitive Questionnaire. Multivariable
logistic regression compared prevalence of
neurocognitive impairment between
survivors and siblings by sex. Associations
between neurocognitive impairment with
treatment exposures and chronic conditions
(graded according to Common Terminology
Criteria for Adverse Events) were also
examined. Statistical tests were 2-sided.
RESULTS
Relative to same-sex siblings, male and
female ALL survivors reported increased
prevalence of impaired task efficiency
(males: 11.7% vs 16.9%; adjusted odds ratio
[OR] = 1.89, 95% confidence interval [CI] =
1.31 to 2.74; females: 12.5% vs 17.6%; OR =
1.50, 95% CI = 1.07 to 2.14),

as well as impaired memory (males: 11.6% vs
19.9%, OR = 1.89, CI = 1.31 to 2.74; females:
14.78% vs 25.4%, OR = 1.96, 95% CI = 1.43 to
2.70, respectively). Among male survivors,
impaired task efficiency was associated with
2-4 neurologic conditions (OR = 4.33, 95% CI
= 1.76 to 10.68) and with pulmonary
conditions (OR = 4.99, 95% CI = 1.51 to
16.50), and impaired memory was associated
with increased cumulative dose of
intrathecal methotrexate (OR = 1.68, 95% CI
= 1.16 to 2.46) and with exposure to
dexamethasone (OR = 2.44, 95% CI = 1.19 to
5.01). In female survivors, grade 2-4
endocrine conditions were associated with
higher risk of impaired task efficiency (OR =
2.19, 95% CI = 1.20 to 3.97) and memory (OR
= 2.26, 95% CI = 1.31 to 3.92).
CONCLUSION
Neurocognitive impairment is associated
with methotrexate, dexamethasone, and
chronic health conditions in a sex-specific
manner, highlighting the need to investigate
physiological mechanisms and monitor
impact through survivorship.
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EPIGENETIC AGE ACCELERATION AND
CHRONIC HEALTH CONDITIONS AMONG
ADULT SURVIVORS OF CHILDHOOD CANCER
Na Qin, Zhenghong Li, Nan Song, Carmen L Wilson, John Easton, Heather Mulder,
Emily Plyler, Geoffrey Neale, Emily Walker, Xin Zhou, Haitao Pan, Melissa M Hudson,
Yutaka Yasui, Leslie L Robison, Jinghui Zhang, Kirsten K Ness, Zhaoming Wang
J Natl Cancer Inst; doi: 10.1093/jnci/djaa147
BACKGROUND
Mounting evidence supports the occurrence
of accelerating aging among long-term
survivors of childhood cancer. We aimed to
investigate epigenetic age acceleration (EAA)
in survivors and evaluate associations
between EAA, treatment exposures, health
behaviors, and chronic health conditions
(CHCs).
METHODS
Genome-wide methylation data were
generated with Infinium EPIC BeadChip on
blood-derived DNA from 2139 survivors and
282 frequency matched controls from the St
Jude Lifetime Cohort Study. EAAs were
estimated as residuals from a linear
regression of epigenetic age (Levine's clock)
against chronological age. Adjusted least
square mean (ALSM) of EAA was calculated
and compared between survivors and
controls, across treatment exposures and
health behaviors. Associations of EAA with
20 clinically assessed CHCs were evaluated
with multivariable piecewise-exponential
models. All statistical tests for P values
below were 2-sided.
RESULTS
EAA was statistically significantly higher in
survivors than controls (ALSM = 0.63, 95%
confidence interval [CI] = 0.26 to 1.01 vs
-3.61, 95% CI = -4.43 to 2.80).

In a multivariable model among survivors,
statistically significantly higher EAA (P < .05)
was observed in those exposed to chest
radiotherapy, abdomen or pelvic
radiotherapy, alkylating agents,
glucocorticoids, or epipodophyllotoxins.
Compared with survivors with favorable
health behaviors (ALSM = 0.26, 95% CI=-0.36
to 0.87), EAA was statistically significantly
higher among survivors with intermediate
(ALSM = 1.07, 95% CI = 0.59 to 1.54) or
unfavorable health behaviors (ALSM = 1.45,
95% CI = 0.60 to 2.30). In time-to-event
analyses, statistically significant
associations were identified between EAA
tertiles and incidence of 7 CHCs:
hypertension (3rd vs 1st tertile, relative rate
[RR] = 1.83, 95% CI = 1.17 to 2.83), myocardial
infarction (RR = 2.91, 95% CI = 1.27 to 7.21),
obesity (RR = 1.39, 95% CI = 1.17 to 1.66),
obstructive pulmonary deficit (RR = 1.86,
95% CI = 0.95 to 3.77), peripheral motor
neuropathy (RR = 2.89, 95% CI = 1.24 to 6.97),
peripheral sensory neuropathy (RR = 2.04,
95% CI = 0.99 to 4.26), and pulmonary
diffusion deficits (RR = 2.75, 95% CI = 0.95 to
7.63).
CONCLUSIONS
EAA is statistically significantly higher in
survivors of childhood cancer than in
noncancer controls and is associated with
specific treatment exposures, unfavorable
health behaviors, and presence of specific
CHCs.
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A COMPARISON OF LATE MORTALITY AMONG
SURVIVORS OF CHILDHOOD CANCER IN THE
UNITED STATES AND UNITED KINGDOM
Miranda M Fidler-Benaoudia, Kevin C Oeffinger, Yutaka Yasui, Leslie L Robison, David
L Winter, Raoul C Reulen, Wendy M Leisenring, Yan Chen, Gregory T Armstrong,
Michael M Hawkins

J Natl Cancer Inst; doi: 10.1093/jnci/djaa151

BACKGROUND
It is unclear whether late-effect risks among
childhood cancer survivors vary
internationally. We compared late mortality
in the North American Childhood Cancer
Survivor Study (CCSS) and British Childhood
Cancer Survivor Study (BCCSS).
METHODS
Late mortality was assessed among 49 822 5year survivors of childhood cancer
diagnosed before 15 years of age from 1970
to 1999 (CCSS, n = 31 596; BCCSS, n = 18 226)
using cumulative mortality probabilities
(CM%) and adjusted ratios of the
standardized mortality ratio.
RESULTS
The all-cause CM% at 10 years from
diagnosis was statistically significantly lower
in the CCSS (4.7%, 95% confidence interval
[CI] = 4.5% to 5.0%) compared with the
BCCSS (6.9%, 95% CI = 6.5% to 7.2%),
attributable to a lower probability of death
from recurrence or progression of the
primary cancer, with statistically significant
differences observed in survivors of
leukemia, lymphoma, central nervous system
tumors, and sarcoma. However, at 40 years
from diagnosis, the CCSS had a greater CM%
(22.3% vs 19.3%), attributable to a twofold
higher risk of mortality from subsequent
malignant neoplasms, cardiac and
respiratory diseases, and other healthrelated causes.

Differences increased when assessed by
follow-up interval, with the CCSS faring
worse as time-since-diagnosis increased.
Finally, the gap in all-cause mortality
widened more recently, with CCSS survivors
diagnosed in 1990-1999 experiencing onehalf the excess deaths observed in the
BCCSS (ratios of the standardized mortality
ratio = 0.5, 95% CI = 0.5 to 0.6).
CONCLUSIONS
Our findings suggest that US survivors may
have received more intensive regimens to
achieve sustainable remission and cure, but
the cost of this approach was a higher risk of
death from late effects. Although the clinical
impact of these differences is unclear, our
results provide important evidence to aid
the discussion of late effects management.
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DETERMINANTS OF SURVEILLANCE FOR LATE
EFFECTS IN CHILDHOOD CANCER
SURVIVORS: A QUALITATIVE STUDY USING
THE THEORETICAL DOMAINS FRAMEWORK
Jennifer Shuldiner, Nida Shah, Ann Marie Corrado, David Hodgson, Paul C Nathan,
Noah Ivers
J Cancer Surv; doi: 10.1007/s11764-021-01050-6

PURPOSE
Most adult survivors of childhood cancer
do not complete the recommended
surveillance tests for late effects of their
treatment. We used a theory-informed
method to elucidate the barriers and
enablers among childhood cancer
survivors to accessing such tests.
METHODS
Semi-structured interviews were
completed with adult survivors of
childhood cancer. Participants were
eligible for the surveillance tests of
interest (echocardiogram,
mammogram/breast MRI and/or
colonoscopy) but had not attended a
specialised aftercare clinic in over five
years. The Theoretical Domains
Framework (TDF), a tool specifically
developed for implementation research
to identify influences on desired
behaviour(s), informed the interview
guide and analysis; interview transcripts
were coded line-by-line and mapped to
domains in accordance with the
framework.

RESULTS
Thirty childhood cancer survivors were
interviewed (ages 25-60). The TDF
domains described by survivors
included: intention to complete the
tests, which was facilitated by the fear
of another cancer (emotion), confidence
in the benefits of early detection (beliefs
about consequences), and supportive
reminders (memory, attention, and
decision-making). In contrast, a lack of
knowledge of late effects and relevant
guidelines and the burden of arranging
tests (social identity) were key barriers.
CONCLUSION
Interventions seeking to increase
surveillance testing for late effects may
be more effective if they feature
components that explicitly address all
the theory-informed determinants
identified.
IMPLICATIONS FOR CANCER
SURVIVORS
Awareness about the recommendations
among survivors and their physicians is
a necessary (but likely not sufficient)
step towards implementation of
guidelines regarding surveillance for late
effects.
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NEUROCOGNITIVE AND BEHAVIORAL
OUTCOMES OF CHINESE SURVIVORS OF
CHILDHOOD LYMPHOBLASTIC LEUKEMIA
Liwen Peng, Lok Sum Yang, Perri Yam, Chun Sing Lam, Agnes Sui-Yin Chan, Chi Kong
Li, Yin Ting Cheung
Front Oncol; doi: 10.3389/fonc.2021.655669
BACKGROUND
Increasing attention has been dedicated to
investigate modifiable risk factors of late
effects in survivors of childhood cancer. This
study aims to evaluate neurocognitive and
behavioral functioning in a relatively young
cohort of survivors of childhood acute
lymphoblastic leukemia (ALL) in Hong Kong,
and to identify clinical and socioenvironmental factors associated with these
outcomes.
METHODS
This analysis included 152 survivors of
childhood ALL who were ≥5 years postdiagnosis (52% male, mean [SD] age 23.5[7.2]
years at evaluation, 17.2[7.6] years postdiagnosis). Survivors completed
performance-based neurocognitive tests,
and reported their emotional and behavioral
symptoms using the Child/Adult Behavior
Checklist. Socio-environmental variables
(living space, fatigue, physical activity,
family functioning, and academic stress)
were self-reported using validated
questionnaires. Clinical variables and
chronic health conditions were extracted
from medical charts. Multivariable linear
modeling was conducted to test identify
factors associated with
neurocognitive/behavioral outcomes,
adjusting for current age, sex, age at
diagnosis and cranial radiation. An
exploratory mediation analysis was
performed to examine the mediating effects
of risk factors on neurocognitive and
behavioral outcomes.

RESULTS
As compared to population norms, a
minority of survivors developed mildmoderate impairment in motor processing
speed (36.2%), memory (9.2%) and attention
measures (4.0%-10.5%). Survivors also
reported attention problems (12.5%),
sluggish cognitive tempo (23.7%) and
internalizing (depressive, anxiety and
somatic symptoms) problems (17.1%). A
minority of survivors developed mildmoderate treatment-related chronic
conditions (n=37, 24.3%). As compared to
survivors without chronic conditions,
survivors with chronic conditions had more
executive dysfunction (B=5.09, standard
error [SE]=2.05; P=0.014) and reported more
attention problems (B=5.73, SE=1.43;
P<0.0001). Fatigue and poor family
functioning was associated with multiple
measures of behavior problems (all P<0.001).
A lower level of physical activity was
correlated with more self-reported
symptoms of inattention (B= -1.12, SE=0.38,
P=0.004) and sluggish cognitive tempo
(B=-1.22, SE=0.41, P=0.003). Exploratory
analysis showed that chronic health
conditions were associated with behavioral
measures through fatigue as the mediator.
CONCLUSION
The majority of young Chinese survivors of
ALL had normal cognitive and behavioral
function. Regular monitoring of behavioral
function should be performed on survivors
who develop treatment-related chronic
conditions. Health behavior and socioenvironment factors may be potentially
modifiable risk factors associated with
health outcomes in survivors.
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MENTAL HEALTH AND HEALTH-RELATED
QUALITY OF LIFE IN PRESCHOOL-AGED
CHILDHOOD CANCER SURVIVORS. RESULTS
OF THE PROSPECTIVE COHORT STUDY IKIDSOEVA
Marie A Neu, Jennifer Schlecht, Martina F Schmidt, Abigale L Robinson, Claudia Spix,
Desiree Grabow, Peter Kaatsch, Friederike Erdmann, Jörg Faber, Michael S Urschitz,
IkidS Study Group
Pediatr Blood Cancer; doi: 10.1002/pbc.29039
OBJECTIVES
Long-term survivors of childhood cancer
are at increased risk for sequelae such
as poor mental health (MH) or impaired
health-related quality of life (HrQoL).
We aimed to evaluate early adverse
effects on MH and HrQoL in young
childhood cancer survivors (YCCS)
before school entry.
METHODS
In a nationwide prospective cohort
study, children with cancer other than
brain tumors diagnosed at preschool age
and completed cancer treatments were
identified from the German Childhood
Cancer Registry. The comparison group
was children of the same age without a
cancer diagnosis who participated in the
prospective population-based health
survey ikidS. MH problems and HrQoL
were assessed by parental versions of
the Strengths and Difficulties
Questionnaire (SDQ) and the
questionnaire for health-related quality
of life in children (KINDL), respectively.
Associations between cancer and MH as
well as HrQoL were analyzed by
multivariable linear regression.

RESULTS
Of 382 YCCS contacted, 145 were
enrolled (mean age 6.6 years) and 124
analyzed. Compared to children without
a cancer diagnosis (3683 contacted,
2003 enrolled, 1422 analyzed), YCCS had
more MH problems (13% vs. 3%) and
slightly worse HrQoL (median 78.7 vs.
80.2 points). In the adjusted analysis,
YCCS had higher SDQ scores (2.2 points,
95% confidence interval [CI] 1.3, 3.0) and
lower KINDL scores (-2.4 points, 95% CI
-3.7, -1.1) compared to children without
cancer diagnosis.
CONCLUSION
Already at preschool age, YCCS may be
at increased risk of MH problems and
impaired HrQoL. This could have
impacts on subsequent school
performance and educational
attainment. Follow-up health care for
YCCS may include early screening for
MH problems and reasons for HrQoL
deficits.
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TECHNOLOGY-ASSISTED PSYCHOSOCIAL
INTERVENTIONS FOR CHILDHOOD,
ADOLESCENT, AND YOUNG ADULT CANCER
SURVIVORS: A SYSTEMATIC REVIEW AND
META-ANALYSIS
Anao Zhang, Bradley Zebrack, Chiara Acquati, Michael Roth, Nina Jackson Levin,
Kaipeng Wang, Samantha Schwartz

J Adolesc Young Adult Oncol; doi: 10.1089/jayao.2021.0012
PURPOSE
Technology-assisted interventions are
essential in supporting cancer survivors'
psychosocial outcomes, especially for
childhood, adolescent, and young adult
(AYA) cancer survivors, a tech-savvy
generation. This study aims to systematically
evaluate review and meta-analyze
technology-assisted interventions for
childhood and AYA cancer survivors.
METHODS
Following the Preferred Reporting Items for
Systematic Review and Meta-Analysis
(PRISMA) guidelines, the study team used a
pre-set of key words and searched studies
across 11 electronic databases and 4
professional websites, and conducted a
manual search of reference lists from
published reviews. Meta-analysis of small
sample size corrected Hedges' g was
conducted using meta-regression with
robust variance estimation.
RESULTS
Final analysis included a total of 28 clinical
trials, including 237 effect sizes reported an
overall statistically significant treatment
effect of technology-assisted psychosocial
interventions for childhood and AYA cancer
survivors, g = 0.382, 95% confidence interval
(CI) 0.243 to 0.521, p < 0.0001.

Subgroup analysis revealed that distractionbased interventions and interventions for
psychosocial and emotional health were
overall statistically significant, whereas
interventions for childhood and AYA cancer
survivors' cancer knowledge outcomes and
physical and functional health outcomes
were statistically nonsignificant. Moderator
analysis found intervention target was a
significant moderator.
CONCLUSIONS
Technology-assisted interventions for
childhood and AYA cancer survivors were
overall effective across domains of
survivorship outcomes. Favorable evidence
was found primarily for childhood cancer
survivors with limited support for AYA
cancer survivors.
IMPLICATIONS FOR CANCER SURVIVORS
Although existing technology-assisted
interventions are overall promising, research
support for cancer survivors from different
age groups and with different psychosocial
challenges varies and should be considered
individually.
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GROWING UP AFTER CHILDHOOD CANCER:
MATURITY AND LIFE SATISFACTION IN
YOUNG ADULTHOOD
Taylor M Dattilo, Randal S Olshefski, Leena Nahata, Jennifer A Hansen-Moore, Cynthia
A Gerhardt, Vicky Lehmann

Support Care Cancer; doi: 10.1007/s00520-021-06260-3

PURPOSE
Young individuals face a variety of
developmental tasks as they mature into
adulthood. For survivors of childhood
cancer, growing up may be more
difficult due to their illness and late
effects from treatment. This study is the
first to quantitatively examine
perceptions of maturity and how these
perceptions contribute to satisfaction
with life among young adult survivors of
childhood cancer.
METHODS
Ninety survivors of childhood cancer
(Mage = 29.8; 7-37 years post-diagnosis)
were recruited to complete online
surveys on how mature they felt relative
to peers, their perceived maturity on
three domains (financial, personal,
social), and life satisfaction.
RESULTS
Most survivors (62%; n = 56) felt they
grew up faster than their peers, and
over half (56%; n = 50) felt more mature.
Perceived maturity was high on all three
domains, but brain tumor survivors
reported significantly lower maturity
than other survivors (d = 0.76-1.11).

All maturity domains were positively
associated with life satisfaction (r =
.49-.56). Hierarchical linear regressions
indicated that 44% of the variance in life
satisfaction was explained by
perceptions of growing up slower (β = 1.08, p = .004) and marginally by greater
perceived personal maturity (β = 0.45, p
= .061).
CONCLUSIONS
Childhood cancer can influence
development, with most survivors
feeling that they grew up faster and
were more mature than peers. Personal
maturity was related to life satisfaction,
with survivors of brain tumors or those
who felt they grew up slower at greatest
risk for lower life satisfaction. Future
research and clinical practice should
consider survivors' development and
maturation across the life span to
promote overall well-being.
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THE WORKING MEMORY NETWORK AND ITS
ASSOCIATION WITH WORKING MEMORY
PERFORMANCE IN SURVIVORS OF NON-CNS
CHILDHOOD CANCER
Valerie Siegwart, Leonie Steiner, Manuela Pastore-Wapp, Valentin Benzing, Janine
Spitzhuttl, Mirko Schmidt, Claus Kiefer, Nedelina Slavova, Michael Grotzer, Claudia
Roebers, Maja Steinlin, Kurt Leibundgut, Regula Everts

Dev Neuropsychol; doi: 10.1080/87565641.2021.1922410
ABSTRACT
Childhood cancer and its treatment puts
survivors at risk of low working memory
capacity. Working memory represents a
core cognitive function, which is crucial
in daily life and academic tasks. The aim
of this functional MRI (fMRI) study was
to examine the working memory
network of survivors of childhood
cancer without central nervous system
(CNS) involvement and its relation to
cognitive performance. Thirty survivors
(aged 7-16 years, ≥ 1 year after cancer
treatment) and 30 healthy controls
performed a visuospatial working
memory task during MRI, including a
low- and a high-demand condition.
Working memory performance was
assessed using standardized tests
outside the scanner. When cognitive
demands increased, survivors performed
worse than controls and showed
evidence for slightly atypical working
memory-related activation.

The survivor group exhibited
hyperactivation in the right-hemispheric
superior parietal lobe (SPL) in the highcompared to the low-demand working
memory condition, while maintaining
their performance levels.
Hyperactivation in the right SPL
coincided with poorer working memory
performance outside the scanner in
survivors. Even in survivors of childhood
cancer without CNS involvement, we find
neural markers pointing toward late
effects in the cerebral working memory
network.
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EFFECTS OF CARDIOTOXINS ON CARDIAC
STEM AND PROGENITOR CELL POPULATIONS
Andrew J Smith

Front Cardiovasc Med; doi: 10.3389/fcvm.2021.624028

ABSTRACT
As research and understanding of the
cardiotoxic side-effects of anticancer
therapy expands further and the
affected patient population grows,
notably the long-term survivors of
childhood cancers, it is important to
consider the full range of myocardial
cell types affected. While the direct
impacts of these toxins on cardiac
myocytes constitute the most immediate
damage, over the longer term, the
myocardial ability to repair, or adapt to
this damage becomes an ever greater
component of the disease phenotype.
One aspect is the potential for
endogenous myocardial repair and
renewal and how this may be limited by
cardiotoxins depleting the cells that
contribute to these processes. Clear
evidence exists of new cardiomyocyte
formation in adult human myocardium,
along with the identification in the
myocardium of endogenous
stem/progenitor cell populations with
pro-regenerative properties. Any effects
of cardiotoxins on either of these
processes will worsen long-term
prognosis.

While the role of cardiac
stem/progenitor cells in cardiomyocyte
renewal appears at best limited
(although with stronger evidence of this
process in response to diffuse
cardiomyocyte loss), there are strong
indications of a pro-regenerative
function through the support of injured
cell survival. A number of recent studies
have identified detrimental impacts of
anticancer therapies on cardiac
stem/progenitor cells, with negative
effects seen from both long-established
chemotherapy agents such as,
doxorubicin and from newer, less
overtly cardiotoxic agents such as
tyrosine kinase inhibitors. Damaging
impacts are seen both directly, on cell
numbers and viability, but also on these
cells' ability to maintain the myocardium
through generation of pro-survival
secretome and differentiated cells. We
here present a review of the identified
impacts of cardiotoxins on cardiac stem
and progenitor cells, considered in the
context of the likely role played by these
cells in the maintenance of myocardial
tissue homeostasis.
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MONITORING OF METABOLIC SYNDROME AND
CARDIOVASCULAR DISEASE IN CHILDHOOD
CANCER SURVIVORS
Yutthapong Temtanakitpaisan, Suchaorn Saengnipanthkul

J Adolesc Young Adult Oncol; doi: 10.1089/jayao.2021.0001

ABSTRACT
As research and understanding of the
cardiotoxic side-effects of anticancer
therapy expands further and the
affected patient population grows,
notably the long-term survivors of
childhood cancers, it is important to
consider the full range of myocardial
cell types affected. While the direct
impacts of these toxins on cardiac
myocytes constitute the most immediate
damage, over the longer term, the
myocardial ability to repair, or adapt to
this damage becomes an ever greater
component of the disease phenotype.
One aspect is the potential for
endogenous myocardial repair and
renewal and how this may be limited by
cardiotoxins depleting the cells that
contribute to these processes. Clear
evidence exists of new cardiomyocyte
formation in adult human myocardium,
along with the identification in the
myocardium of endogenous
stem/progenitor cell populations with
pro-regenerative properties. Any effects
of cardiotoxins on either of these
processes will worsen long-term
prognosis.

While the role of cardiac
stem/progenitor cells in cardiomyocyte
renewal appears at best limited
(although with stronger evidence of this
process in response to diffuse
cardiomyocyte loss), there are strong
indications of a pro-regenerative
function through the support of injured
cell survival. A number of recent studies
have identified detrimental impacts of
anticancer therapies on cardiac
stem/progenitor cells, with negative
effects seen from both long-established
chemotherapy agents such as,
doxorubicin and from newer, less
overtly cardiotoxic agents such as
tyrosine kinase inhibitors. Damaging
impacts are seen both directly, on cell
numbers and viability, but also on these
cells' ability to maintain the myocardium
through generation of pro-survival
secretome and differentiated cells. We
here present a review of the identified
impacts of cardiotoxins on cardiac stem
and progenitor cells, considered in the
context of the likely role played by these
cells in the maintenance of myocardial
tissue homeostasis.
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USE OF COMPLEMENTARY OR ALTERNATIVE
MEDICINE AND POTENTIAL INTERACTIONS
WITH CHRONIC MEDICATIONS AMONG
CHINESE SURVIVORS OF CHILDHOOD
CANCER
Chun Sing Lam, Yi Man Cheng, Hoi Shan Li, Ho-Kee Koon, Chi Kong Li, Celeste L Y
Ewig, Yin Ting Cheung
J Cancer Surviv; doi: 10.1007/s11764-021-01051-5
PURPOSE
This study explored the pattern of
complementary or alternative medicine
(CAM) use among Chinese survivors of
childhood cancer and identified potential
drug-CAM interactions and factors
predicting CAM use.
METHODS
This cross-sectional study recruited 393
survivors of childhood cancer (male, 57.8%;
mean age, 17.7 [SD = 7.3] years; mean years
post-treatment, 8.8 [SD = 5.0]) from a public
hospital in Hong Kong. Participants reported
CAM and over-the-counter medications that
they used in the past year. Prescription drug
data were extracted from pharmacy
dispensing records. Potential interactions
between concurrent CAM and chronic
medications were identified from wellestablished CAM-drug/herb-drug
interaction databases. A multivariate logistic
regression was performed to analyze
associations of socio-demographic and
clinical factors with CAM use.
RESULTS
Half (n = 205/393, 52.2%) of the participants
reported the use of CAM.

The most popular CAMs were traditional
Chinese medicine (n = 127/205, 62.0%) and
natural products (n = 114/205, 55.3%).
Among the 69 survivors (33.7%) concurrently
using CAM and chronic medications, onethird (n = 21/69, 30.4%) were at risk of drugCAM interactions that are of moderate
significance. Adult survivors were more
likely to use CAM than pediatric survivors
(odds ratio [OR], 2.35; 95% confidence
interval [CI], 1.31-4.41). Brain tumor
survivors were more likely than other solid
tumor survivors to use non-oral therapies
(OR, 2.70; 95% CI, 1.01-7.72).
CONCLUSIONS
The prevalence of CAM use among Chinese
survivors of childhood cancer was high. A
minority of survivors had a risk of clinically
significant CAM-drug interactions. Future
studies should focus on survivors' behavior
and motivations for CAM use.
IMPLICATIONS FOR CANCER SURVIVORS
As the concurrent use of CAM and chronic
medications might result in interactions,
healthcare providers should proactively
identify such interactions and develop
referral pathways to promote evidencebased integrative therapies for survivors.
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METHODOLOGY OF THE DCCSS LATER
FATIGUE STUDY: A MODEL TO INVESTIGATE
CHRONIC FATIGUE IN LONG-TERM
SURVIVORS OF CHILDHOOD CANCER
Adriaan Penson, Sylvia van Deuren, Ewald Bronkhorst, Ellen Keizer, Tom Heskes,
Marieke J H Coenen, Judith G M Rosmalen, Wim J E Tissing, Helena J H van der Pal,
Andrica C H de Vries, Marry M van den Heuvel-Eibrink, Sebastian Neggers, Birgitta A
B Versluys, Marloes Louwerens, Margriet van der Heiden-van der Loo, Saskia M F
Pluijm, Martha Grootenhuis, Nicole Blijlevens, Leontien C M Kremer, Eline van
Dulmen-den Broeder, Hans Knoop, Jacqueline Loonen
BMC Med Res Methodol; doi: 10.1186/s12874-021-01298-7

BACKGROUND
A debilitating late effect for childhood
cancer survivors (CCS) is cancer-related
fatigue (CRF). Little is known about the
prevalence and risk factors of fatigue in
this population. Here we describe the
methodology of the Dutch Childhood
Cancer Survivor Late Effect Study on
fatigue (DCCSS LATER fatigue study).
The aim of the DCCSS LATER fatigue
study is to examine the prevalence of
and factors associated with CRF,
proposing a model which discerns
predisposing, triggering, maintaining
and moderating factors. Triggering
factors are related to the cancer
diagnosis and treatment during
childhood and are thought to trigger
fatigue symptoms. Maintaining factors
are daily life- and psychosocial factors
which may perpetuate fatigue once
triggered. Moderating factors might
influence the way fatigue symptoms
express in individuals.

Predisposing factors already existed
before the diagnosis, such as genetic
factors, and are thought to increase the
vulnerability to develop fatigue.
Methodology of the participant
inclusion, data collection and planned
analyses of the DCCSS LATER fatigue
study are presented.
RESULTS
Data of 1955 CCS and 455 siblings was
collected. Analysis of the data is planned
and we aim to start reporting the first
results in 2022.
CONCLUSION
The DCCSS LATER fatigue study will
provide information on the epidemiology
of CRF and investigate the role of a
broad range of associated factors in
CCS. Insight in associated factors for
fatigue in survivors experiencing severe
and persistent fatigue may help identify
individuals at risk for developing CRF
and may aid in the development of
interventions.
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ATTITUDES AND PERCEPTIONS OF
PARENTHOOD AMONG YOUNG ADULT
SURVIVORS OF CHILDHOOD CANCER
Alexandra C Himelhoch, Taylor M Datillo, Marrit A Tuinman, Cynthia A Gerhardt,
Vicky Lehmann
J Adolesc Young Adult Oncol; doi: 10.1089/jayao.2020.0213
PURPOSE
Increasing numbers of childhood cancer
survivors enter adulthood and encounter
decisions surrounding parenthood.
However, limited research has
systematically examined how childhood
cancer may influence parenthood
attitudes among survivors.
METHODS
Adult survivors of childhood cancer, who
had or wanted to have children (N = 77;
M_age = 30.2 years, range: 22-43; 91%
White), rated their perceived impact of
cancer at enrollment and parenthood
attitudes using the "Attitudes to
Parenthood After Cancer Scale" 2 years
later. First, internal consistencies for
the parenthood measure were examined,
and modified subscales were proposed.
Second, hierarchical stepwise
regressions analyzed the contribution of
background factors and cancer's impact
on parenthood attitudes.
RESULTS
Reevaluation of parenthood items
yielded four subscales with improved
internal consistency (α's > .78): improved
parenting due to cancer, no children due
to cancer, concerns about a (potential)
child's health, and parenthood desire
irrespective of own health concerns.
Already having children (n = 38) was
related to more favorable ratings on
most subscales.

Older age was associated with
perceiving improved parenting due to
cancer (r = .24) and shorter time since
diagnosis was related to considering
having no children due to cancer (r =
-.23). Hierarchical stepwise regressions
reconfirmed parenthood status as
related to more favorable parenting
attitudes. Cancer preoccupation and
perceiving cancer as a most difficult life
experience predicted more concerns
toward parenthood (R² = .044-.216).
CONCLUSIONS
Parenthood attitudes were more
favorable among survivors with children,
who were older, and/or further into
survivorship. Survivors burdened by
their cancer experience reported more
concerns about parenthood. Childhood
cancer may shape parenthood
perceptions positively and negatively,
warranting further research to inform
interventions.
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TREATMENT-RELATED FERTILITY
IMPAIRMENT IN LONG-TERM FEMALE
CHILDHOOD, ADOLESCENT AND YOUNG
ADULT CANCER SURVIVORS: INVESTIGATING
DOSE-EFFECT RELATIONSHIPS IN A
EUROPEAN CASE-CONTROL STUDY
(PANCARELIFE)
M H van den Berg, M van Dijk, J Byrne, C Berger, U Dirksen, J F Winther, S D Fossa, D
Grabow, V L Grandage, R Haupt, M M van den Heuvel-Eibrink, M Kaiser, T Kepak, A L
F van der Kooi, L C M Kremer, J Kruseova, C B Lambalk, F E van Leeuwen, A Leiper, D
Modan-Moses, C Spix, J W R Twisk, C M Ronckers, P Kaatsch, E van Dulmen-den
Broeder, PanCareLIFE Consortium
Hum Reprod; doi: 10.1093/humrep/deab035
STUDY QUESTION
Which chemotherapeutic agents and
body site-specific radiation fields are
dose-dependently associated with an
increased risk of fertility impairment in
long-term female childhood, adolescent
and young adulthood (CAYA) cancer
survivors?
SUMMARY ANSWER
Busulfan, lower abdominal radiotherapy
(RT) and total body irradiation (TBI)
seem to be associated with fertility
impairment at any dose, whereas
gonadotoxicity of melphalan and
procarbazine is suggested at
medium/high (>140 mg/m²) or high dose
(>5600 mg/m²) therapy, respectively.
WHAT IS KNOWN ALREADY
Several treatment-related fertility
deficits, as assessed by both selfreported outcomes and hormonal
markers are known to occur following
treatment of CAYA cancer. However,
knowledge regarding precise doserelated estimates of these treatmentrelated risks are scarce.

STUDY DESIGN, SIZE, DURATION
The current case-control study was
nested within the PanCareLIFE cohort
study. In total, 1332 CAYA survivors from
8 countries, 9 institutions and 11
cohorts, participated in and contributed
data to the study.
PARTICIPANTS/MATERIALS, SETTING,
METHODS
All participants were female 5-year
CAYA cancer survivors. In total, 450
cases (fertility impaired survivors) and
882 matched controls (not fertility
impaired survivors) were included.
Fertility impairment was defined using
both questionnaire data (primary or
secondary amenorrhea; use of artificial
reproductive techniques; unfulfilled
wish to conceive) and hormonal data
(FSH and anti-Müllerian hormone
(AMH)). Multivariable logistic regression
models were used to investigate the
effect of (i) alkylating agent exposure,
and (ii) dose categories for individual
chemotherapeutic agents and for RTexposed body sites.
CONTINUED ON NEXT PAGE
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MAIN RESULTS AND THE ROLE OF
CHANCE
A positive dose-effect relationship
between cyclophosphamide equivalent
dose (CED) score and fertility
impairment was found, with survivors
with a CED score > 7121 mg/m² being at
a significantly increased risk of fertility
impairment (odds ratio (95% CI) = 2.6
(1.9-3.6) P < 0.001). Moreover,
cumulative dose variables of the
following treatments were significantly
associated with fertility impairment:
busulfan, carmustine,
cyclophosphamide, melphalan,
procarbazine, lower abdominal RT and
TBI. Busulfan, lower abdominal RT and
TBI seem to be associated with fertility
impairment at any dose, whereas
gonadotoxicity of melphalan and
procarbazine is suggested at
medium/high (>140 mg/m²) or high dose
(>5600 mg/m²) therapy, respectively.

LIMITATIONS, REASONS FOR CAUTION
Our study may have been subject to
selection bias since data from about half
of the original base cohorts were
available for the current study. This
could impact the generalizability of our
study results.
WIDER IMPLICATIONS OF THE
FINDINGS
We identified survivors at high risk for
fertility impairment and, consequently,
for a reduced or even absent
reproductive life span. Both girls and
young women who are about to start
anti-cancer treatment, as well as adult
female survivors, should be counselled
about future parenthood and referred to
a reproductive specialist for fertility
preservation, if desired.
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GENETIC VARIANTS ASSOCIATED WITH
THERAPY-RELATED CARDIOMYOPATHY
AMONG CHILDHOOD CANCER SURVIVORS OF
AFRICAN ANCESTRY
Yadav Sapkota, Na Qin, Matthew J. Ehrhardt, Zhaoming Wang, Yan Chen, Carmen L.
Wilson, Jeremie Estepp, Parul Rai, Jane S. Hankins, Paul W. Burridge, John L. Jefferies,
Jinghui Zhang, Melissa M. Hudson, Leslie L. Robison, Gregory T. Armstrong, Daniel A.
Mulrooney, and Yutaka Yasui

Cancer Res; doi: 10.1158/0008-5472.CAN-20-2675
ABSTRACT
Cardiomyopathy occurs at significantly
higher rates in survivors of childhood cancer
than the general population, but few studies
have evaluated racial or ethnic disparities,
and none have assessed potential genetic
factors contributing to this outcome. In this
study, childhood cancer survivors of African
ancestry exposed to cardiotoxic therapies
(anthracyclines and/or heart radiotherapy; n
= 246) were compared with cardiotoxicexposed survivors of European ancestry (n =
1,645) in the St. Jude Lifetime Cohort.
Genetic variants were examined using
whole-genome sequencing data among
survivors of African ancestry, first based on
ejection fraction (EF) as a continuous
outcome, followed by clinical history of
cardiomyopathy. Survivors of African
ancestry showed 1.53- and 2.47-fold risks of
CTCAE grade 2–4 and grade 3–4
cardiomyopathy than survivors of European
ancestry. A novel locus at 1p13.2 showed
significant association with EF
(rs6689879*C: EF reduction = 4.2%; P = 2.8 ×
10^−8) in 246 survivors of African ancestry,
which was successfully replicated in 1,645
survivors of European ancestry but with
attenuated magnitude (EF reduction = 0.4%;
P = 0.042).

In survivors of African ancestry,
rs6689879*C showed a 5.43-fold risk of
cardiomyopathy and 1.31-fold risk in those of
European ancestry. Among survivors of
African ancestry with rs6689879*C and
CTCAE grade 2–4 cardiomyopathy, the
PHTF1 promoter region was hypomethylated.
Similar results were observed in survivors of
European ancestry, albeit with reduced
magnitudes of hypomethylation among those
with rs6689879*C and CTCAE grade 2–4
cardiomyopathy. PHTF1 was upregulated in
human-induced pluripotent stem cellderived cardiomyocytes from patients with
doxorubicin-induced cardiomyopathy. These
findings have potential implications for
long-term cardiac surveillance and up-front
cancer care for patients of African ancestry.
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ECHOCARDIOGRAPHY PROTOCOL FOR EARLY
DETECTION OF CARDIAC DYSFUNCTION IN
CHILDHOOD CANCER SURVIVORS IN THE
MULTICENTER DCCSS LATER 2 CARD STUDY:
DESIGN, FEASIBILITY, AND REPRODUCIBILITY
Remy Merkx, Jan M Leerink, Elisabeth Lieke A M Feijen, Leontien C M Kremer, Esmée C de
Baat, Louise Bellersen, Elvira C van Dalen, Eline van Dulmen-den Broeder, Margriet van der
Heiden-van der Loo, Marry M van den Heuvel-Eibrink, Chris L de Korte, Jacqueline Loonen,
Marloes Louwerens, Angela H E M Maas, Yigal M Pinto, Cécile M Ronckers, Arco J Teske, Wim J
E Tissing, Andrica C H de Vries, Annelies M C Mavinkurve-Groothuis, Helena J H van der Pal,
Gert Weijers, Wouter E M Kok, Livia Kapusta, Dutch LATER Study Group

Echocardiography; doi: 10.1111/echo.15081
BACKGROUND
Cardiotoxicity is a well-known side effect
after anthracyclines and chest radiotherapy
in childhood cancer survivors (CCS). The
DCCSS LATER 2 CARD (cardiology) study
includes evaluation of echocardiographic
measurements for early identification of CCS
at highest risk of developing heart failure.
This paper describes the design, feasibility,
and reproducibility of the echocardiography
protocol.
METHODS
Echocardiograms from CCS and sibling
controls were prospectively obtained at the
participating centers and centrally analyzed.
We describe the image acquisition,
measurement protocol, and softwarespecific considerations for myocardial strain
analyses. We report the feasibility of the
primary outcomes of systolic and diastolic
function, as well as reproducibility analyses
in 30 subjects.

RESULTS
We obtained 1,679 echocardiograms. Biplane
ejection fraction (LVEF) measurement was
feasible in 91% and 96% of CCS and siblings,
respectively, global longitudinal strain (GLS)
in 80% and 91%, global circumferential
strain (GCS) in 86% and 89%, and ≥2
diastolic function parameters in 99% and
100%, right ventricle free wall strain
(RVFWS) in 57% and 65%, and left atrial
reservoir strain (LASr) in 72% and 79%.
Intra-class correlation coefficients for interobserver variability were 0.85 for LVEF, 0.76
for GLS, 0.70 for GCS, 0.89 for RVFWS and
0.89 for LASr. Intra-class correlation
coefficients for intra-observer variability
were 0.87 for LVEF, 0.82 for GLS, 0.82 for
GCS, 0.85 for RVFWS and 0.79 for LASr.
CONCLUSION
The DCCSS LATER 2 CARD study includes a
protocolized echocardiogram, with feasible
and reproducible primary outcome
measurements. This ensures high-quality
outcome data for prevalence estimates and
for reliable comparison of cardiac function
parameters.
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ASSOCIATION OF LANGUAGE PROFICIENCY,
SOCIODEMOGRAPHICS, AND
NEUROCOGNITIVE FUNCTIONING IN DUALLANGUAGE LATINO SURVIVORS OF
CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA AND LYMPHOMA
Laura Bava, David R Freyer, Linda M Radbill, Alexis L Johns
Pediatr Blood Cancer; doi: 10.1002/pbc.29118
BACKGROUND
Survivors of childhood acute
lymphoblastic leukemia and lymphoma
(ALL/LL) are at risk for cognitive
dysfunction, but little is known about its
relationship with language proficiency
and sociodemographics.
PROCEDURE
In this cross-sectional cohort study of
Latino survivors of childhood ALL/LL,
English and Spanish language
proficiency and cognitive and academic
functioning were measured and their
associations determined using paired ttests, Pearson correlations, and linear
regressions.
RESULTS
Participants (N = 57; 50.9% female) had
mean ages (years ± SD) of 4.3 ± 2.6 at
diagnosis and 10.6 ± 2.9 at testing (range
6-16); mean time post treatment was 3.7
± 2.6 years. The majority (73.7%) had low
socioeconomic status (SES). Most
(78.8%) were dual-language learners in
English and Spanish. English proficiency
was graded as limited-to-fluent and was
significantly higher than Spanish (p <
.001).

Higher SES was correlated with higher
English proficiency (r = 0.31, p = .020).
Males had higher Spanish proficiency (r
= -0.32, p = .034). Controlling for SES
and sex, English proficiency accounted
for 43% of cognitive functioning
variance (F = 14.86, p < .001), 55% of
reading comprehension variance (F =
22.14, p < .001), and 21% of mathematics
variance (F = 5.76, p = .002).
CONCLUSIONS
Low language proficiency correlated
with SES but was independently
associated with lower cognitive and
academic functioning. Research and
surveillance for neurocognitive late
effects in Latino ALL/LL survivors
should incorporate measures of
language proficiency and SES to account
for their effects on cognitive and
academic functioning.
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FACTORS INFLUENCING PARTICIPATION
RATES IN CLINICAL LATE-EFFECT STUDIES OF
CHILDHOOD CANCER SURVIVORS
Anne Sophie Lind Helligsoe, Louise Tram Henriksen, Line Kenborg, Christian Dehlendorff,
Jeanette Falck Winther, Henrik Hasle

Pediatr Blood Cancer; doi: 10.1002/pbc.29098

ABSTRACT
To ensure external validation of a study
population in clinical late-effect studies
of childhood cancer, the participation
rate must be high. This study
investigated demographic data in Nordic
late-effect studies and potential factors
impacting participation rates such as
cancer type, time since diagnosis, and
duration of clinical examinations. We
found 80 published studies originating
from 16 cohorts, with median follow-up
of 6.0 years (range 3-14). The overall
participation rates ranged from 27% to
100%.

The highest participation rates were
seen in studies of survivors with solid
tumors (92%) and the lowest in
hematologic malignancies (67%) and
central nervous system tumors (73%).
The clinical examination in 10 studies
(62.5%) lasted for more than 3 hours.
Neither duration of the clinical
examination nor time since diagnosis
seemed to affect the participation rate.
We encourage future studies to describe
the recruitment process more
thoroughly to improve understanding of
the factors influencing participation
rates.
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METHYLENE TETRAHYDROFOLATE
REDUCTASE A1298C POLYMORPHISMS
INFLUENCE THE ADULT SEQUELAE OF
CHEMOTHERAPY IN CHILDHOOD-LEUKEMIA
SURVIVORS
Iris Elens, Sabine Deprez, Thibo Billiet, Charlotte Sleurs, Veerle Labarque, Anne
Uyttebroeck, Stefaan Van Gool, Jurgen Lemiere, Rudi D'Hooge

PLoS One; doi: 10.1371/journal.pone.0250228
ABSTRACT
This retrospective correlation study
investigated the putative link between
methylene tetrahydrofolate reductase
(MTHFR) A1298C mutations and
chemotherapy-related brain function
changes in adult childhood-leukemia
survivors. To this end, we determined
the relationship between the particular
MTHFR1298 genotype (AA, AC or CC) of
31 adult childhood-leukemia survivors,
and (1) their CSF Tau and
phosphorylated Tau (pTau) levels at the
time of treatment, (2) their adult
performance intelligence quotient (PIQ),
and (3) their regional brain connectivity
using diffusion magnetic resonance
imaging (dMRI) and resting-state
functional MRI (rsfMRI). We confirmed
that neuropathology markers Tau and
pTau significantly increased in CSF of
children after intrathecal methotrexate
administration.

Highest concentrations of these toxicity
markers were found during the
induction phase of the therapy.
Moreover, CSF concentrations of Tau
and pTau during treatment were
influenced by the children's particular
MTHFR1298 genotype. CSF Tau (but not
pTau) levels significantly dropped after
folinic acid supplementation. At adult
age (on average 13.1 years since the end
of their treatment), their particular
MTHFR1298 genotype (AA, AC or CC)
influenced the changes in PIQ and
cortical connectivity that we found to be
related to their childhood exposure to
chemotherapeutics. In summary, we
suggest that homozygous MTHFR1298CC
individuals are more vulnerable to the
adult sequelae of antifolate
chemotherapy.
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ANTHRACYCLINE INDUCED CARDIAC
DISORDERS IN CHILDHOOD ACUTE
LYMPHOBLASTIC LEUKEMIA: A SINGLECENTRE, RETROSPECTIVE, OBSERVATIONAL
STUDY
Hui Yu, Yining Qiu, Hui Yu, Zhujun Wang, Jiawei Xu, Yun Peng, Xia Wan, Xiaoyan Wu,
Runming Jin, Fen Zhou

Front Pharmacol; doi: 10.3389/fphar.2021.598708
ABSTRACT
Anthracycline-associated cardiotoxicity
is frequently seen in cancer survivors
years after treatment, but it is rare in
patients on chemotherapy. This study
aimed to investigate the clinical
characteristics of cardiac disorders in
children with acute lymphoblastic
leukemia (ALL) during chemotherapy. A
retrospective case study was conducted
in children with ALL, for whom
electrocardiogram (ECG) and
echocardiography (Echo) were regularly
assessed before each course of
chemotherapy. The cardiac disorders
were diagnosed according to the
Common Terminology Criteria for
Adverse Events (CTCAE) Version 5.0.
Binary logistic regression analysis was
used to identify risk factors associated
with cardiac disorders. There were 171
children eligible for the study, and 78
patients (45.61%) were confirmed as
having cardiac disorders. The incidence
of cardiac disorders was dependent
upon the cumulative dose of
daunorubicin (DNR) (p = 0.030, OR =
1.553, 95% CI: 1.005-3.108).

Four patients (2.34%) presented with
palpitation, chest pain, and persistent
tachycardia, and they were cured or
improved after medical intervention. A
total of 74 patients (43.27%) had
subclinical cardiac disorders confirmed
by ECG or Echo. ECG abnormalities were
commonly seen in the induction and
continuation treatments, including
arrhythmias (26, 15.20%), ST changes
(24, 14.04%) and conduction disorders
(4, 2.34%). Pericardial effusion (14,
8.19%), left ventricular hypertrophy (11,
6.43%), a widened pulmonary artery (5,
2.92%) and valvular insufficiency (5,
2.92%) suggested by Echo occurred after
induction chemotherapy. Therefore,
cardiac disorders with clinical
manifestations are rare and need early
intervention. Subclinical cardiac
disorders are common but very hidden
in children during ALL chemotherapy.
Regular ECG and Echo could help
paediatricians to identify and monitor
patients with asymptomatic cardiac
disorders earlier.
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SCREENING FOR DISTRESS IN PEDIATRIC
CANCER SURVIVORS: A SYSTEMATIC
COMPARISON OF ONE-STEP AND TWO-STEP
STRATEGIES TO MINIMIZE DETECTION
ERRORS
Annie-Jade Pépin, Sarah Lippé, Simon Drouin, Maja Krajinovic, Caroline Laverdière,
Bruno Michon, Philippe Robaey, Émélie Rondeau, Daniel Sinnett, Serge Sultan
J Psychosoc Oncol; doi: 10.1080/07347332.2021.1906377
BACKGROUND
Childhood cancer survivors should be
routinely screened for psychological
distress. However, existing screening
tools promoted by cancer care
institutions, such as the Distress
Thermometer (DT) generate high rates
of errors. The aim of this study is to help
refining strategies of screening
psychological distress in this population
by exploring two-step methods
combining the DT on step #1 with one
question on step #2.

RESULTS
The best two-step strategies to screen
anxious-depressive distress were DT ≥ 2
on step #1, with the item of Sadness on
step #2, and DT ≥ 2 combined with the
item of Concerns. Two-step strategies
outperformed the DT alone on the
correct identification of distressed
survivors. However, two-step strategies
did not outperform the DT used alone on
the correct detection of no distressed
survivors. Results were similar when
predicting depression or anxiety alone.

PROCEDURE
Data from 255 survivors of childhood
acute lymphoblastic leukemia aged 13-40
years were analyzed (38% 13-18 years,
62% 19+ years, 53% females). We used
the DT on step #1 and the individual
emotion items from the Pediatric
Quality of Life Questionnaire (PedsQL)
on step #2, to detect distress,
depression and anxiety as measured by
standard instruments. We compared
sensitivity, specificity, negative and
positive predictive values, Youden index,
and clinical utility indices, in newly
developed two-step strategies.

CONCLUSION
Completing the DT with one single
question on emotions from the PedsQL
may minimize the number of
participants falsely identified as
distressed, which could be particularly
pertinent in resource-limited clinics.
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FUNCTIONAL CONNECTIVITY NETWORKS AND
THEIR RECRUITMENT DURING WORKING
MEMORY TASKS IN ADULT SURVIVORS OF
CHILDHOOD BRAIN TUMORS
Michelle Erica Fox, Jessica A Turner, Bruce Crosson, Robin D Morris, Tricia Z King

Brain Connect; doi: 10.1089/brain.2020.0800
ABSTRACT
Assessments of functional connectivity
of default mode network (DMN) and
positively task-related networks (TRNs)
using independent component analysis
(ICA) may help describe long-term
effects of childhood brain tumors and
adjuvant treatments. Aiming to identify
potential neuronal markers that may aid
in prognosis and inform interventions to
optimize outcomes, the present study
used ICA to evaluate the presence of
functional connectivity networks and
their recruitment during a letter n-back
task in 23 adult survivors of childhood
posterior fossa tumors (9 low grade, 14
high grade) at least 5 years past
diagnosis compared to 40 age- and sexmatched healthy peers. DMN
components generally demonstrated
increasing disengagement as task
difficulty increased, and relationships
between effective DMN disengagement
and improved performance were
observed in healthy controls (HC).

Low grade brain tumor survivors (LGS)
demonstrated unique patterns in DMN
recruitment that suggested increased
involvement of the medial prefrontal
cortex in LGS during tasks. TRN
components generally demonstrated
increasing engagement, which was
related to improved task performance in
HC for one executive control network
(ECN) component. High grade brain
tumor survivors (HGS) demonstrated
distinct challenges recruiting an ECN
component at more difficult task levels
and showed a relationship between
recruitment of another ECN component
and task-performance, indicating a
potential compensatory mechanism for
some HGS. Findings suggest the
importance of cognitive intervention in
both survivor groups and the necessity
to track LGS despite their cognitive
abilities often resembling that of their
healthy peers.
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THE LONG SHADOW OF CHILDHOOD
CANCER: A QUALITATIVE STUDY ON
INSURANCE HARDSHIP AMONG SURVIVORS
OF CHILDHOOD CANCER
Manya Jerina Hendriks, Erika Harju, Katharina Roser, Marcello Ienca, Gisela Michel
BMC Health Serv Res; doi: 10.1186/s12913-021-06543-9

BACKGROUND
The long-term consequences of
childhood cancer have received
increasing attention due to the growing
number of survivors over the past
decades. However, insurance hardships
of survivors are mostly unknown. This
study explored qualitatively, in a sample
of childhood cancer survivors (CCS), (i)
the experiences and needs of CCS living
in Switzerland with a special focus on
hardships related to insurance; and (ii)
the views of insurance and law experts
with experience on childhood cancer.
METHODS
Semi-structured interviews were
conducted with 28 childhood cancer
survivors and 3 experts (one legal
expert, two insurance experts). Data was
analysed using qualitative content
analysis.
RESULTS
Three key themes emerged from the
interviews with the CCS: 1) experiences
with insurance, 2) perception of
discrimination, and 3) needs and
barriers for support. The interviewed
experts provided further detailed
clarification of CCS' concerns.

Our findings indicated that some CCS
can move past their cancer history,
while others continue to face hardships.
CCS reported confusion about the
opportunities and services within the
social security system and most relied
on their personal contacts for guidance.
Finally, CCS expressed a strong need for
socio-economic and legal support for
social insurance questions, especially
related to disability insurance.
CONCLUSIONS
With the growing population of CCS, it
is essential to further assess the
interplay between medical and
psychosocial health and socio-economic
hardship. Supportive psychosocial
services should aim to ameliorate
insurance hardships. Better
understanding of the relationship
between childhood cancer and insurance
hardships during survivorship will
inform efforts to improve long-term
financial security and health outcomes
for survivors. We call for the public,
lawmakers, researchers, insurers, and
patient organizations to come together
and discuss future perspectives to avoid
the risk of discrimination for cancer
survivors.
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DETECTION MODE OF CHILDHOOD ACUTE
LYMPHOBLASTIC LEUKAEMIA RELAPSE AND
ITS EFFECT ON SURVIVAL: A NORDIC
POPULATION-BASED COHORT STUDY
Karen S Jensen, Trausti Oskarsson, Päivi M Lähteenmäki, Trond Flaegstad, Kjeld
Schmiegelow, Peter Vedsted, Birgitte K Albertsen, Henrik Schrøder, Nordic Society of
Paediatric Haematology and Oncology (NOPHO)

Br J Haematol; doi: 10.1111/bjh.17555
ABSTRACT
Relapse constitutes the greatest threat
to event-free survival after completion
of treatment for childhood acute
lymphoblastic leukaemia (ALL). However,
evidence on optimal follow-up schedules
is limited. The aims of the present
population-based cohort study were to
assess the value of current follow-up
schedules after completion of Nordic
Society of Paediatric Haematology and
Oncology ALL protocol treatment and to
estimate the impact of relapse detection
mode on overall survival (OS). Among
3262 patients diagnosed between 1992
and 2014 and who completed treatment,
338 developed a relapse. Relapse
detection was equally distributed
between extra visits (50·8%) and
scheduled follow-up visits (49·2%).

All cases detected at an extra visit and
64·3% of cases detected at a scheduled
visit presented with symptoms or
objective findings. Neither the mode of
detection {adjusted hazard ratio 0·95,
[95% confidence interval (CI) 0·61-1·48]
for scheduled visits} nor the duration of
symptoms was an independent risk
factor for OS after relapse. The
estimated number of scheduled blood
samples needed to diagnose one
subclinical relapse during the first 5
years after treatment cessation was 1269
(95% CI 902-1637). In conclusion, based
on OS data, scheduled visits after
cessation of therapy seem to yield no
extra benefit. These results should
frame future follow-up strategies.
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LONG-TERM FOLLOW-UP OF SURGICAL
OUTCOMES FOR PATIENTS WITH WILMS
TUMOR AND NEUROBLASTOMA
Jo Cooke-Barber, Federico Scorletti, Beth Rymeski, Debra Eshelman-Kent, Rajaram
Nagarajan, Karen Burns, Todd Jenkins, Roshni Dasgupta
Cancer; doi: 10.1002/cncr.33581

BACKGROUND
There are minimal data on long-term
surgical outcomes of patients who have
undergone resection for Wilms tumor
(WT) and neuroblastoma (NB).
METHODS
A retrospective review of patients in a
long-term survivor clinic between the
years 1967 and 2016 in a pediatric
tertiary care hospital (>5 years
posttreatment) was performed.
RESULTS
Eighty-six survivors of WT and 86
survivors of NB who had ongoing followup in the survivors' clinic were
identified. The median age at diagnosis
was 2.5 years (range, 0.4-15.7 years) with
a mean follow-up of 22.3 years (±10.4
years) for WT. The median age at
diagnosis for patients with NB was 0.9
years (range, 0.1-8.6 months); mean
follow-up of 21.7 years (±7.9 years).
Twelve patients with WT (14.0%) had at
least 1 repeat laparotomy, 11.1% for
bowel obstruction, at a median of 3
months from initial surgery.

Twelve patients (14.0%) with NB
required laparotomy and 8.1% for bowel
obstruction, at a median of 12 years after
initial surgery. The incidence of
hypertension in patients with WT who
had undergone nephrectomy was not
outside of population norms. Patients
who underwent thoracotomy for a NB
have a higher incidence of scoliosis and
Horner syndrome.
CONCLUSIONS
Small bowel obstruction requiring
laparotomy is significantly higher than
the literature norms for both tumor
patient populations and typically occurs
in the early postoperative period for
patients with WT and remotely in
patients with NB. The long-term surgical
complications of patients who
underwent resection for NB and WT
clearly merit follow-up and patient
education within multidisciplinary longterm survivorship clinics.
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FORGOING NEEDED MEDICAL CARE AMONG
LONG-TERM SURVIVORS OF CHILDHOOD
CANCER: RACIAL/ETHNIC-INSURANCE
DISPARITIES
Jessica L Baedke, Lauren A Lindsey, Aimee S James, I-Chan Huang, Kirsten K Ness,
Carrie R Howell, Tara M Brinkman, Nickhill Bhakta, Matthew J Ehrhardt, Cindy Im,
William Letsou, Qi Liu, Leslie L Robison, Melissa M Hudson, Yutaka Yasui
J Cancer Surviv; doi: 10.1007/s11764-021-01061-3

PURPOSE
To investigate racial/ethnic-related
disparities by insurance status in "forgoing
needed medical care in the last year due to
finances" in childhood cancer survivors.
METHODS
Our study included 3310 nonHispanic/Latinx White, 562 nonHispanic/Latinx Black, and 92
Hispanic/Latinx survivors from the St. Jude
Lifetime Cohort Study. Logistic regression
analyses, guided by Andersen's Healthcare
Utilization Model, were adjusted for
"predisposing" (survey age, sex, childhood
cancer diagnosis and treatment, and
treatment era) and "need" (perceived health
status) factors. Additional adjustment for
household income/education and chronic
health conditions was considered.
RESULTS
Risk of forgoing care was highest among
non-Hispanic/Latinx Blacks and lowest
among Hispanics/Latinxs for each insurance
status. Among privately insured survivors,
relative to non-Hispanic/Latinx Whites,
non-Hispanic/Latinx Blacks were more
likely to forgo care (adjusted OR: 1.82, 95%
CI: 1.30-2.54): this disparity remained
despite additional adjustment for household
income/education (adjusted OR: 1.43, 95%
CI: 1.01-2.01).

In contrast, publicly insured survivors,
regardless of race/ethnicity, had similar risk
of forgoing care as privately insured nonHispanic/Latinx Whites. All uninsured
survivors had high risk of forgoing care.
Additional chronic health condition
adjustment did not alter these results.
CONCLUSIONS
Provision of public insurance to all
childhood cancer survivors may diminish
racial/ethnic disparities in forgoing care
that exist among the privately insured and
reduce the risk of forgoing care among
uninsured survivors to that of privately
insured non-Hispanic/Latinx Whites.
IMPLICATIONS FOR CANCER SURVIVORS
Under public insurance, childhood cancer
survivors had low risk of forgoing care, at
the similar level to privately insured nonHispanic/Latinx Whites, regardless of
race/ethnicity.
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DEVELOPMENT AND VALIDATION OF A
BREAST CANCER RISK PREDICTION MODEL
FOR CHILDHOOD CANCER SURVIVORS
TREATED WITH CHEST RADIATION: A
REPORT FROM THE CHILDHOOD CANCER
SURVIVOR STUDY AND THE DUTCH HODGKIN
LATE EFFECTS AND LATER COHORTS
Chaya S Moskowitz, Cécile M Ronckers, Joanne F Chou, Susan A Smith, Danielle Novetsky
Friedman, Dana Barnea, Judith L Kok, Simone de Vries, Suzanne L Wolden, Tara O Henderson,
Helena J H van der Pal, Leontien C M Kremer, Joseph P Neglia, Lucie M Turcotte, Rebecca M
Howell, Michael A Arnold, Michael Schaapveld, Berthe Aleman, Cecile Janus, Birgitta Versluys,
Wendy Leisenring, Charles A Sklar, Colin B Begg, Malcolm C Pike, Gregory T Armstrong, Leslie L
Robison, Flora E van Leeuwen, Kevin C Oeffinger
J Clin Oncol; doi: 10.1200/JCO.20.02244
PURPOSE
Women treated with chest radiation for
childhood cancer have one of the highest
risks of breast cancer. Models producing
personalized breast cancer risk estimates
applicable to this population do not exist.
We sought to develop and validate a breast
cancer risk prediction model for childhood
cancer survivors treated with chest
radiation incorporating treatment-related
factors, family history, and reproductive
factors.
METHODS
Analyses were based on multinational
cohorts of female 5-year survivors of cancer
diagnosed younger than age 21 years and
treated with chest radiation. Model
derivation was based on 1,120 participants in
the Childhood Cancer Survivor Study
diagnosed between 1970 and 1986, with
median attained age 42 years (range 20-64)
and 242 with breast cancer. Model validation
included 1,027 participants from three
cohorts, with median age 32 years (range
20-66) and 105 with breast cancer.

RESULTS
The model included current age, chest
radiation field, whether chest radiation was
delivered within 1 year of menarche,
anthracycline exposure, age at menopause,
and history of a first-degree relative with
breast cancer. Ten-year risk estimates
ranged from 2% to 23% for 30-year-old
women (area under the curve, 0.63; 95% CI,
0.50 to 0.73) and from 5% to 34% for 40year-old women (area under the curve, 0.67;
95% CI, 0.54 to 0.84). The highest risks were
among premenopausal women older than
age 40 years treated with mantle field
radiation within a year of menarche who had
a first-degree relative with breast cancer. It
showed good calibration with an expectedto-observed ratio of the number of breast
cancers of 0.92 (95% CI, 0.74 to 1.16).
CONCLUSION
Breast cancer risk varies among childhood
cancer survivors treated with chest
radiation. Accurate risk prediction may aid
in refining surveillance, counseling, and
preventive strategies in this population.
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CARDIAC SURVEILLANCE FOR EARLY
DETECTION OF LATE SUBCLINICAL CARDIAC
DYSFUNCTION IN CHILDHOOD CANCER
SURVIVORS AFTER ANTHRACYCLINE
THERAPY
Rosaria Sofia, Veronica Melita, Antonio De Vita, Antonio Ruggiero, Alberto Romano,
Giorgio Attinà, Lisa Birritella, Priscilla Lamendola, Antonella Lombardo, Gaetano
Antonio Lanza, Angelica Bibiana Delogu
Front Oncol; doi: 10.3389/fonc.2021.624057
BACKGROUND
In childhood cancer survivors (CCSs)
anthracycline-related cardiotoxicity is an
important cause of morbidity and late
mortality, but the optimal modality of
cardiac surveillance still remains to be
defined. The aim of this study was to assess
whether non-invasive echocardiographybased functional cardiac measures can
detect early subclinical myocardial changes
in long-term pediatric cancer survivors who
received anthracycline therapy.
METHODS
Twenty anthracycline-treated long-term
CCSs and 20 age, sex, and body surface area
matched healthy controls were enrolled in
this study. Among cancer survivors, mean
age at diagnosis was 6.5 ± 4.4 years, and the
mean cumulative anthracycline dose was
234.5 ± 87.4 mg/m2. All subjects underwent
a comprehensive functional
echocardiographic protocol study including
two-dimensional echocardiography (2D
Echo), tissue Doppler imaging (TDI), speckle
tracking (STE) and three-dimensional
echocardiography (3D Echo). Patients were
studied at a mean follow-up time of 6.5 ± 2.8
years from the end of therapy.

RESULTS
No significant differences in twodimensional left ventricle ejection fraction
(LVEF), diastolic parameters and speckle
tracking (STE)-derived myocardial strain
were observed between patients treated
with anthracyclines and controls. Myocardial
performance index was significantly
prolonged (p = 0.005) and three-dimensional
LVEF was significantly reduced (p = 0.002) in
CCSs compared to controls, even though
most values were within the normal range.
There were no significant correlations
between 2D, STE, and 3D echocardiographic
parameters and age at diagnosis or duration
of follow-up. No significant differences in
echocardiographic parameters were found
when stratifying cancer patients according
to established risk factors for anthracycline
cardiomyopathy.
CONCLUSIONS
This study found significantly reduced
three-dimensional LVEF in CCSs compared
with controls, despite no significant
differences in two-dimensional LVEF and
longitudinal strain values. These findings
suggest that long-term CCSs who had
received anthracycline therapy may be
found to have subclinical features of
myocardial dysfunction. However, further
studies are needed to demonstrate the
validity of new imaging techniques,
including STE and 3D Echo, to identify
patients at risk for cardiomyopathy in the
long-term follow-up of CCSs.
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NEUROCOGNITIVE OUTCOMES IN SURVIVORS
OF PEDIATRIC ONCOLOGY (SPECIAL SERIES)
Journal of Clinical Oncology
Life-Altering Consequences of Neurocognitive
Impairment in Survivors of Pediatric Cancer
Kristina K. Hardy; Melissa M. Hudson; Kevin R. Krull
doi: 10.1200/JCO.21.00211

Brain Imaging in Pediatric Cancer Survivors: Correlates of Cognitive Impairment
Shelli R. Kesler; Charlotte Sleurs; Brenna C. McDonald; Sabine Deprez; Ellen van der
Plas; and Brian J. Nieman
doi: 10.1200/JCO.20.02315

Cognitive Impairment in Survivors of Pediatric Acute Lymphoblastic Leukemia
Treated With Chemotherapy Only
Ellen van der Plas; Arunkumar J. Modi; Chi Kong Li; Kevin R. Krull; and Yin Ting
Cheung
doi: 10.1200/JCO.20.02322

Addressing Neurocognitive Late Effects in Pediatric Cancer Survivors: Current
Approaches and Future Opportunities
Matthew C. Hocking; Karin S. Walsh; Kristina K. Hardy; and Heather M. Conklin
doi: 10.1200/JCO.20.02327

Cognitive Risk in Survivors of Pediatric Brain Tumors
Ade Oyefiade; Iris Paltin; Cinzia R. De Luca; Kristina K. Hardy; David R. Grosshans;
Murali Chintagumpala; Donald J. Mabbott; and Lisa S. Kahalley
doi: 10.1200/JCO.20.02338
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NEUROCOGNITIVE OUTCOMES IN SURVIVORS
OF PEDIATRIC ONCOLOGY (SPECIAL SERIES)
Journal of Clinical Oncology

Cognitive Impairment in Survivors of Pediatric Extracranial Solid Tumors and
Lymphomas
Rebecca Foster; Daniel J. Zheng; Kelli L. Netson-Amore; and Nina S. Kadan-Lottick
doi: 10.1200/JCO.20.02358

Biomarkers of Cognitive Impairment in Pediatric Cancer Survivors
AnnaLynn M. Williams and Peter D. Cole
doi: 10.1200/JCO.20.02436
Assessment and Monitoring of Neurocognitive Function in Pediatric Cancer
Lisa M. Jacola; Marita Partanen; Jurgen Lemiere; Melissa M. Hudson; and Sophie
Thomas
doi: 10.1200/JCO.20.02444

Systematic Review of Educational Supports of Pediatric Cancer Survivors: Current
Approaches and Future Directions
Jordan Gilleland Marchak; Katie A. Devine; Melissa M. Hudson; Lisa A. Jacobson; Gisela
Michel; Shenita R. Peterson; Fiona Schulte; Claire E. Wakefield; and Stephen A. Sands
doi: 10.1200/JCO.20.02471
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NEUROCOGNITIVE OUTCOMES IN SURVIVORS
OF PEDIATRIC ONCOLOGY (SPECIAL SERIES)
Journal of Clinical Oncology

Health Behaviors and Neurocognitive Function in Survivors of Childhood Cancer
Alicia S. Kunin-Batson; James L. Klosky; Bonnie Carlson-Green; and Tara M. Brinkman
doi: 10.1200/JCO.20.02512

Cognitive Impairment and Family Functioning of Survivors of Pediatric Cancer: A
Systematic Review
Sasja A. Schepers; Fiona S. M. Schulte; Sunita K. Patel; Kathryn Vannatta
doi: 10.1200/JCO.20.02516
Neurotoxic Effects of Childhood Cancer Therapy and Its Potential Neurocognitive
Impact
Nicholas S. Phillips; Elizabeth S. Duke; Hannah-Lise T. Schofield; and Nicole J. Ullrich
doi: 10.1200/JCO.20.02533

Aging in Adult Survivors of Childhood Cancer: Implications for Future Care

Ilse Schuitema; Tyler Alexander; Melissa M. Hudson; Kevin R. Krull; and Kim Edelstein
doi: 10.1200/JCO.20.02534
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LONG-TERM SURVIVORS IN ACUTE LEUKEMIA

Joseph H. Burchenal and M. Lois Murphy

Cancer Research 1965; 25: 1491–1494; online

SUMMARY
By means of a questionnaire survey data
from 71 patients with acute leukemia who
have survived 5–12 years since the diagnosis
of the disease have been collected. Thirtysix out of 53 children and 6 out of 18 adults
are living and well with no evidence of
leukemia more than 5 years after the
diagnosis. Theoretical reasons have been
considered for differences in response
between these long-term survivors and the
usual cases of acute leukemia.
COMMENTARY
This is one of the first publications (or
actually the first one) about "long-term"
survivors of leukemia. Published in 1965, the
results could have been seen as a miracle. 36
out of 53 children were living more than five
years after their diagnosis. At that time,
success was achieved by the first
combination chemotherapies with four
drugs. In the second half of the 1960s,
cranial irradiation came into use and helped
to reduce relapses of leukemia in the central
nervous system.

Joseph Burchenal was one of the pioneers in
the treatment of childhood leukemia. He was
involved in the development during the
1950s when leukemias were treated with
only one drug (actually a success) and then,
in the event of a relapse, with the next
available choice. At some point, there was no
more medication and the children died.
Sometimes something extraordinary did
happen. In 1954, Joseph Burchenal treated an
11-year-old girl with leukemia. She was given
6-mercaptopurine (6-MP) and achieved
remission, but relapsed after 18 months.
Now she no longer responded to 6-MP, so
Burchenal treated her with methotrexate.
She came back into remission. And remained
so for years. She was the first child cured of
leukemia at Memorial Sloan-Kettering
Cancer Center, even though Joseph
Burchenal and the other doctors couldn't
believe it.
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SOME THOUGHTS
Christian Müller

This issue of STUDY SCAN is released at a
hopeful time. Many have already received
their Covid 19 vaccinations, some partially.
Thus, a return to our former normalcy
seems possible. Even if this happens more
slowly and in smaller steps than many of us
would like.
As difficult as the past few months have
been, they have shown us something for
sure: Given the necessary public funding,
science can achieve great results in a very
short time. Perhaps this can also be a model
for the field of pediatric oncology.
Looking at our field, I think the Covid-19
pandemic has brought us closer together.
Of course, it is regrettable not to be able to
meet in person in face-to-face conferences.
On the other hand, new opportunities arose
through online events. This made it possible
for many people to participate if the journey
to the congress would have been too far. I
am also thinking of the "Science of
Childhood Cancer" lecture series from St
Jude Children's Research Hospital, which
provided a highly interesting insight into
current developments in pediatric oncology
over a total of 30 weeks.
This event was a great idea and a unique
way for people outside of St. Jude to
participate. I hope that this lecture series
will continue online in the future. Many
thanks to the organizers Charles Mullighan
and Charles Roberts (both St Jude).

The SIOP meeting also had to be hosted
virtually in 2020. On the one hand, many
participants were certainly disappointed
not to be able to be on site in Ottawa
(Canada). On the other hand, there have
never been more participants at a SIOP
meeting than at this first virtual conference.
So we see: Virtual conferences offer an
advantage for all those who cannot or do
not want to travel to the venue. But the lack
of opportunity for personal encounters
remains, in my view, a disadvantage that
cannot be compensated for. All in all, the
combination of a face-to-face event and an
online congress is ideal.
This year, the SIOP meeting will also be held
virtually. A good opportunity to meet in the
networking area. And just as good an
opportunity to cross your fingers that
better times have begun.
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HOW TO EXPLAIN THE CANCER JOURNEY?
EXACTLY LIKE THIS!
Understanding cancer is very difficult for many of the children affected. However, this book by
Brazilian author Carola Schmidt manages to do so very clearly. It tells the story of a teddy bear
diagnosed with cancer with a strong, positive, and trustworthy message. The book is designed and
written with great dedication. From the first to the last page it conveys courage and confidence.
Thus, it not only contributes to the understanding of the disease, but also to mental support. So
especially for those in psychsocial care this book is an important tool.
Carola Schmidt is an award-winning author of children's cancer books, and uses her experience
as pediatric oncology pharmacist to write scientific books for Springer Nature. You can find her
on Twitter @_CarolaSchmidt
Mark O'Dwyer is the Guardian of Scotty and a photographer and writer from Perth, Western
Autralia. He is the creator of the Mawson Bear book series and can be found on Twitter
@Mawsonsguardian
Schmidt, Carola; O'Dwyer, Mark: "When a Brave Bear
Fights Cancer" (44 pages, ISBN: 9798723574601)
https://bookgoodies.com/a/B0943RM1S8
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CLEAR GUIDANCE ON CANCER AFTERCARE
This comprehensive guide describes the aftercare that is appropriate in young cancer patients
and discusses in detail the risk and detection of treatment sequelae. It explains the impacts on
body and mind of both the disease itself and the different risk-adapted cancer treatments
currently in use. Clear guidance is provided on diagnosis and management of the principal
treatment-related toxicities in different organs and organ systems and for a wide variety of tumor
types. In addition, the role of genetic polymorphisms in the development of adverse therapyrelated outcomes is explored, and advice offered on genetic counselling. As the number of longterm survivors of childhood cancer and of cancer in young adults continues to grow, so issues
surrounding potential sequelae, second malignancies, and quality of life are becoming ever more
important. All practitioners involved in the care of young cancer patients will find this book to be
a helpful source of up-to-date information and assistance.
About the editors:
Dr. Joern D. Beck is a retired Professor of Pediatrics and Pediatric Oncology at the Children’s
Hospital of the Friedrich-Alexander-University Erlangen-Nuernberg, Germany. He is founder
of the German working group "Late Effects Surveillance System" (LESS).
Carsten Bokemeyer is Professor for Internal Medicine and Director of the Department of
Internal Medicine II (Oncology, Haematology, BMT with Devison of Pneumology) at the
Oncology Center, University Hospital Hamburg-Eppendorf, Hamburg, Germany.
Thorsten Langer is Professor in Pediatric Oncology for patient-centered long-term follow-up
research at the University of Luebeck. He is chair of the LESS group.

Beck, Bokemeyer, Langer (Eds.): “Late Treatment
Effects and Cancer Survivor Care in the Young –
From Childhood to Early Adulthood” (Springer, 439
pages) ISBN: 978-3-030-49138-3 (ebook also
available)
www.springer.com/gp/book/9783030491383
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