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WELCOME

Christian Müller

We want to welcome you to read this
new publication released by the Late
Effects Surveillance System study group.
Even though the world faces hard times
during the last months we can't ignore
still existing problems beside
coronavirus. One of these issues are late
effects after childhood cancer.
Prof. Dr. med. Thorsten Langer

Numbers of publications in this field
have increased from year to year. That's
why we decided to publish this
newsletter from now on as quarterly
magazine. It contains abstracts from
current publications about late effects
after childhood cancer. Those who want
to read more details, can use links on
the same page to get to full text page.
We think to provide all professions who
are involved in care of childhood cancer
patients (the future survivors), childhood
cancer survivors, and everyone who is
interested in this subject with this
magazine an helpful tool.
Any comments about our magazine are
very welcome. Please have a look at the
imprint on last page for contact details.

The challenge with
survivorship research is
that you're often looking
for effects that can occur
decades after treatment.
MATT EHRHARDT (ST. JUDE CHILDREN'S RESEARCH HOSPITAL)

05 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

COST-EFFECTIVENESS OF THE
INTERNATIONAL LATE EFFECTS OF
CHILDHOOD CANCER GUIDELINE
HARMONIZATION GROUP SCREENING
GUIDELINES TO PREVENT HEART FAILURE IN
SURVIVORS OF CHILDHOOD CANCER
Matthew J. Ehrhardt; Zachary J. Ward; Qi Liu; Aeysha Chaudhry; Anju Nohria;
William Border; Joy M. Fulbright; Daniel A. Mulrooney; Kevin C. Oeffinger; Paul C.
Nathan; Wendy M. Leisenring; Louis S. Constine; Todd M. Gibson; Eric J. Chow;
Rebecca M. Howell; Leslie L. Robison; Gregory T. Armstrong; Melissa M. Hudson;
Lisa Diller; Yutaka Yasui; Saro H. Armenian; and Jennifer M. Yeh
Journal of Clinical Oncology; doi: 10.1200/JCO.20.00418
PURPOSE
Survivors of childhood cancer treated with
anthracyclines and/or chest-directed
radiation are at increased risk for heart
failure (HF). The International Late Effects of
Childhood Cancer Guideline Harmonization
Group (IGHG) recommends risk-based
screening echocardiograms, but evidence
supporting its frequency and costeffectiveness is limited.
PATIENTS AND METHODS
Using the Childhood Cancer Survivor Study
and St Jude Lifetime Cohort, we developed a
microsimulation model of the clinical course
of HF. We estimated long-term health
outcomes and economic impact of screening
according to IGHG-defined risk groups (low
[doxorubicin-equivalent anthracycline dose
of 1-99 mg/m² and/or radiotherapy < 15 Gy],
moderate [100 to < 250 mg/m² or 15 to < 35
Gy], or high [≥ 250 mg/m² or ≥ 35 Gy or
both ≥ 100 mg/m² and ≥ 15 Gy]). We
compared 1-, 2-, 5-, and 10-year intervalbased screening with no screening.
Screening performance and treatment
effectiveness were estimated based on
published studies. Costs and quality-of-life
weights were based on national averages and
published reports.

Outcomes included lifetime HF risk, qualityadjusted life-years (QALYs), lifetime costs,
and incremental cost-effectiveness ratios
(ICERs). Strategies with ICERs < $100,000
per QALY gained were considered costeffective.
RESULTS
Among the IGHG risk groups, cumulative
lifetime risks of HF without screening were
36.7% (high risk), 24.7% (moderate risk), and
16.9% (low risk). Routine screening reduced
this risk by 4% to 11%, depending on
frequency. Screening every 2, 5, and 10 years
was cost-effective for high-risk survivors,
and every 5 and 10 years for moderate-risk
survivors. In contrast, ICERs were > $175,000
per QALY gained for all strategies for lowrisk survivors, representing approximately
40% of those for whom screening is
currently recommended.
CONCLUSION
Our findings suggest that refinement of
recommended screening strategies for IGHG
high- and low-risk survivors is needed,
including careful reconsideration of
discontinuing asymptomatic left ventricular
dysfunction and HF screening in low-risk
survivors.
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PROTEIN SUPPLEMENTATION AND
RESISTANCE TRAINING IN CHILDHOOD
CANCER SURVIVORS

Matthew R Krull, Carrie R Howell, Robyn E Partin, Jennifer Lanctot, Sean Phipps,
James L Klosky, Ginger Carney, Daniel A Mulrooney, Leslie L Robison, Melissa M
Hudson, Kirsten K Ness

Med Sci Sports Exerc; doi: 10.1249/MSS.0000000000002345

PURPOSE
Muscle weakness, low lean body mass, and
poor physical performance are prevalent
among adult survivors of childhood cancer
(survivors). We evaluated the feasibility and
effects of resistance training with and
without protein supplementation on lean
body mass and muscle strength among
survivors.
METHODS
This double-blind placebo-controlled trial
enrolled survivors ≥18 to <45 yr old.
Participants were randomized to resistance
training with protein supplement (21 g whey
protein per day, 90 kcal) (RT + S) or
resistance training with placebo
(sucrose, 90 kcal) (RT + P). Participants
received educational materials, access to a
local fitness center, and a tailored resistance
training program with tapered supervision.
Participant retention and adherence were
used to evaluate feasibility. Lean body mass
and muscle strength were assessed at
baseline and 24 wk, using dual x-ray
absorptiometry, and dynamometer testing or
one-repetition maximum testing,
respectively. Mean changes were compared
with two-way ANOVA.

RESULTS
Of 70 participants randomized, 57 completed
the 24-wk intervention (24 in RT + S, 33
in RT + P). The RT + S group completed
74.8% and the RT + P group completed
67.0% of exercise sessions. Mean ± SD age
for those who completed was 33.1 ± 7.0 yr,
67% were White and 47% female. There were
no differences in change in lean mass (RT +
S, 1.05 ± 2.34 kg; RT + P, 0.13 ± 2.19 kg; P =
0.10) or strength (grip RT + S, 1.65 ± 4.17 kg;
RT + P, 1.63 ± 4.47 kg; P = 0.98; mean leg
press RT + S, 58.4 ± 78.8 kg; RT + P, 51.0 ±
65.1 kg; P = 0.68) between groups. Both lean
mass (P = 0.03) and strength (grip P = 0.003,
leg press P < 0.001) increased over time.
CONCLUSIONS
Supervised resistance training among
survivors with protein supplementation is
feasible but not more effective at increasing
total lean body mass than resistance
training alone.
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GENETIC FACTORS IN ANTHRACYCLINEINDUCED CARDIOTOXICITY IN PATIENTS
TREATED FOR PEDIATRIC CANCER

Kateryna Petrykey, Gregor U Andelfinger, Caroline Laverdière, Daniel Sinnett, Maja
Krajinovic

Expert Opin Drug Metab Toxicol; doi: 10.1080/17425255.1807937

INTRODUCTION
Cardiovascular diseases are the main cause
of treatment-related morbidity and
mortality in childhood cancer patients.
Anthracyclines, one of the most common
chemotherapeutic agents in treatment
regimens, are implicated in chemotherapyinduced cardiotoxicity.
AREAS COVERED
This review describes the pharmacogenomic
markers related to anthracycline-induced
cardiotoxicity affecting childhood cancer
patients. We also included a brief overview
of the applicability of reported findings to
the well-established PETALE cohort of
childhood acute lymphoblastic leukemia
survivors of the Sainte-Justine University
Health Center (Canada).

EXPERT OPINION
The wide variation in interindividual
susceptibility to anthracycline-induced
cardiotoxicity, along with a multitude
of genetic variants detected through
association studies, suggests that genetic
contributions could be essential for the
design of new individualized preventive
approaches.
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SUICIDALITY AMONG ADULT SURVIVORS OF
CHILDHOOD CANCER: A REPORT FROM THE
ST. JUDE LIFETIME COHORT STUDY

Margaret M Lubas, Sedigheh Mirzaei Salehabadi, Jeanette Lavecchia, Nicole M Alberts,
Kevin R Krull, Matthew J Ehrhardt, Deokumar Srivastava, Leslie L Robison, Melissa M
Hudson, Tara M Brinkman
Cancer; doi: 10.1002/cncr.33187

BACKGROUND
Suicide is a serious public health concern.
An increased risk of suicide ideation
previously has been reported among
survivors of childhood cancer.
METHODS
Suicide mortality was assessed for all
potentially eligible survivors (those aged ≥18
years who were ≥5 years after their cancer
diagnosis; 7312 survivors). Risk factors for
acute suicidal ideation were assessed among
clinically evaluated survivors (3096
survivors) and the prevalence of acute
ideation was compared with that of
community controls (429 individuals). The
prevalence of 12-month suicidality was
assessed among survivors who could be
compared with population data (1255
survivors). Standardized mortality ratios
compared rates of suicide mortality among
survivors with those of the general
population. Risk ratios (RRs) and 95%
confidence intervals (95% CIs) derived from
generalized linear models identified risk
factors associated with acute suicidal
ideation. Standardized incidence ratios
(SIRs) compared the prevalence of 12-month
suicidality among survivors with that of a
matched sample from the general
population.

RESULTS
Survivors reported a similar 12-month
prevalence of ideation compared with the
general population (SIR, 0.68; 95% CI,
0.35-1.01) and a lower prevalence of suicidal
behaviors (planning: SIR, 0.17 [95% CI, 0.070.27]; attempts: SIR, 0.07 [95% CI, 0.000.15]) and mortality (standardized mortality
ratio, 0.60; 95% CI, 0.34-0.86). Among
survivors, depression (RR, 12.30; 95% CI,
7.89-19.11), anxiety (RR, 2.19; 95% CI,
1.40-3.40), and financial stress (RR, 1.47; 95%
CI, 1.00-2.15) were found to be associated
with a higher prevalence of acute suicidal
ideation.
CONCLUSIONS
Survivors of childhood cancer were found to
be at a lower risk of suicidal behaviors and
mortality, yet endorsed a prevalence of
ideation similar to that of the general
population. These results are in contrast to
previous findings of suicidal ideation among
survivors and support the need for further
research to inform screening strategies and
interventions.
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IDENTIFYING METRICS OF SUCCESS FOR
TRANSITIONAL CARE PRACTICES IN
CHILDHOOD CANCER SURVIVORSHIP: A
QUALITATIVE INTERVIEW STUDY OF
SURVIVORS
Karim Thomas Sadak, Milki T Gemeda, Michelle Grafelman, Joseph P Neglia, David R
Freyer, Eileen Harwood, Jude Mikal

BMC Cancer; doi: 10.1186/s12885-020-07360-9

BACKGROUND
Adolescent and young adult (AYA) childhood
cancer survivors (CCS) should be
empowered to continue their survivorfocused care as they transition into adult
medicine. However, the majority of AYAaged survivors become lost to follow up
around the age of typical transition to
adulthood. The purpose of this study was to
identify, from the patient's perspective, key
factors that facilitate successful transitions
to adult-centered survivorship care.
METHODS
A qualitative study was conducted with AYA
CCS (n = 29) from the survivorship
clinic of a single institution as key
informants. Data were collected through a
series of structured phone interviews and
subjected to thematic content analysis.

RESULTS
Four major themes with multiple subthemes
were identified: (1) transition practices
need to be flexible and individually tailored;
(2) effective communication is critical to a
successful transition; (3) continuity in
providers is needed during the transition;
and (4) comprehensive care means care that
also addresses psycho-social well-being.
CONCLUSIONS
From the perspective of AYA CCS, the ideal
model of transitional survivorship care
could include a patient navigator who
promotes provider flexibility, consistent
communication, and pro-active
comprehensive care that encompasses both
medical and psycho-social well-being.
Models of care for CCS should be built to
provide, or seamlessly facilitate, continuous
survivor-focused care across the age
continuum. A longitudinal relationship with
a survivor-focused provider can help
promote the values that CCS' report as
important in transitioning care from
pediatric- to adult-centered care.
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USEFULNESS OF CURRENT CANDIDATE
GENETIC MARKERS TO IDENTIFY CHILDHOOD
CANCER PATIENTS AT RISK FOR PLATINUMINDUCED OTOTOXICITY: RESULTS OF THE
EUROPEAN PANCARELIFE COHORT STUDY
Thorsten Langer, Eva Clemens, Linda Broer, Lara Maier, André G Uitterlinden, Andrica C H de
Vries, Martine van Grotel, Saskia F M Pluijm, Harald Binder, Benjamin Mayer, Annika von dem
Knesebeck, Julianne Byrne, Eline van Dulmen-den Broeder, Marco Crocco, Desiree Grabow, Peter
Kaatsch, Melanie Kaiser, Claudia Spix, Line Kenborg, Jeanette F Winther, Catherine Rechnitzer,
Henrik Hasle, Tomas Kepak, Anne-Lotte F van der Kooi, Leontien C Kremer, Jarmila Kruseova,
Stefan Bielack, Benjamin Sorg, Stefanie Hecker-Nolting, Claudia E Kuehni, Marc Ansari, Martin
Kompis, Heleen van der Pal, Ross Parfitt, Dirk Deuster, Peter Matulat, Amelie Tillmanns, Wim J E
Tissing, Jörn D Beck, Susanne Elsner, Antoinette Am Zehnhoff-Dinnesen, Marry M van den HeuvelEibrink, Oliver Zolk, PanCareLIFE consortium

Eur J Cancer; doi: 10.1016/j.ejca.2020.07.019
BACKGROUND
Irreversible sensorineural hearing loss is a
common side effect of platinum treatment
with the potential to significantly impair the
neurocognitive, social and educational
development of childhood cancer survivors.
Genetic association studies suggest a
genetic predisposition for cisplatin-induced
ototoxicity. Among other candidate genes,
thiopurine methyltransferase (TPMT) is
considered a critical gene for susceptibility
to cisplatin-induced hearing loss in a
pharmacogenetic guideline. The aim of this
cross-sectional cohort study was to confirm
the genetic associations in a large panEuropean population and to evaluate the
diagnostic accuracy of the genetic markers.

the relationship between genetic predictors
and platinum ototoxicity, adjusting for
clinical risk factors. Additionally, measures
of the diagnostic accuracy of the genetic
markers were determined.

METHODS
Eligibility criteria required patients to be
aged less than 19 years at the start of
chemotherapy, which had to include
cisplatin and/or carboplatin. Patients were
assigned to three phenotype categories: no,
minor and clinically relevant hearing loss.
Fourteen variants in eleven candidate genes
(ABCC3, OTOS, TPMT, SLC22A2, NFE2L2,
SLC16A5, LRP2, GSTP1, SOD2, WFS1 and
ACYP2) were investigated. Multinomial
logistic regression was performed to model

CONCLUSIONS
PanCareLIFE is the largest study of
cisplatin-induced ototoxicity to date and
confirmed a role for the polyspecific organic
cation transporter SLC22A2. However, the
predictive value of the current genetic
candidate markers for clinical use is
negligible, which puts the value of clinical
factors for risk assessment of cisplatininduced ototoxicity back into the
foreground.

RESULTS
900 patients were included in this study. In
the multinomial logistic regression,
significant unique contributions were found
from SLC22A2 rs316019, the age at the start
of platinum treatment, cranial radiation and
the interaction term [platinum
compound]∗[cumulative dose of cisplatin].
The predictive performance of the genetic
markers was poor compared with the clinical
risk factors.
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PARENTS' PERCEPTION OF THEIR CHILDREN'S
PROCESS OF REINTEGRATION AFTER
CHILDHOOD CANCER TREATMENT

Laura Inhestern, Mona L Peikert, Konstantin A Krauth, Gabriele Escherich, Stefan Rutkowski,
Daniela Kandels, Corinna Bergelt

PLoS One; doi: 10.1371/journal.pone.0239967

ABSTRACT
Our objective was to further the
understanding of the process of
reintegration of childhood cancer patients
after treatment and to identify factors
influencing that process. Using a qualitative
approach, we conducted 49 interviews with
parents (n = 29 mothers, n = 20 fathers) from
31 families with a child (<18 years) with
leukemia or CNS tumor. Interviews were
conducted about 16 to 24 months after the
end of the treatment. We used a semistructured interview guideline and analyzed
the data using content analysis. Average age
of pediatric cancer patients was 5.5 years at
the time of diagnosis; mean time since
diagnosis was 3.5 years. Parents reported
immediate impact of the disease on their
children. Reintegration had gone along with
delayed nursery/school enrollment or social
challenges.

In most cases reintegration was organized
with a gradual increase of attendance. Due
to exhaustion by obligatory activities,
reintegration in leisure time activities was
demanding and parents reported a gradual
increase of activity level for their children.
Parents described several barriers and
facilitators influencing the reintegration
process into nursery/school and
leisure time activities (structural support,
social support, health status, intrapersonal
aspects). Although many children reintegrate
well, the process takes lots of effort from
parents and children. Childhood cancer
survivors and their families should be
supported after the end of intensive
treatment to facilitate reintegration.
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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 19701999 (CCSS n = 31,596; BCCSS n = 18,226)
using cumulative mortality probabilities and
adjusted ratios of the standardized mortality
ratio (RSMR).
RESULTS
The all-cause cumulative mortality
probability at 10 years from diagnosis was
statistically significantly lower in the CCSS
(4.7%; 95%CI= 4.5%-5.0%) compared
to the BCCSS (6.9%; 95%CI= 6.5%-7.2%),
attributable to a lower probability of
death from recurrence/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 cumulative mortality
probability (22.3% vs. 19.3%), attributable to
a 2-fold 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 half the excess deaths
observed in the BCCSS (RSMR=0.5; 95%CI=
0.5-0.6).
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. While 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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ASSESSING THE RELATIONSHIP BETWEEN PTSS
IN CHILDHOOD CANCER SURVIVORS AND
THEIR CAREGIVERS AND THEIR QUALITY OF
LIFE
Elisa Kern de Castro, Carla Crespo, Luísa Barros, Maria Júlia Armiliato, Lauro Gregianin

Pediatr Hematol Oncol; doi: 10.1080/08880018.2020.1825574

ABSTRACT
Childhood cancer is a traumatic experience
for survivors and their families. The
experience of this disease affects survivors'
and families' quality of life, even years after
it occurs. The purpose of the present study
was to assess if the caregivers'
posttraumatic stress symptoms mediated the
associations between survivors'
posttraumatic stress symptoms and
caregivers' quality of life, in a sample of 46
dyads of caregivers and childhood cancer
survivors. Survivors and caregivers
completed the PCL-5, and caregivers
completed the WHOQOL-bref.

Results showed that survivors' and
caregivers' posttraumatic stress symptoms
scores and caregivers' quality of life were
associated. The caregivers' posttraumatic
stress symptoms mediated the relationship
between survivors' posttraumatic stress
symptoms and caregivers' quality of life.
Knowing posttraumatic stress symptoms
direct and indirect effects on caregivers'
quality of life contributes to understand
their experience and to develop
intervention strategies with this population.
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SLEEP DISTURBANCES IN SURVIVORS OF
PEDIATRIC ACUTE LYMPHOBLASTIC LEUKEMIA
AND THEIR SIBLINGS

K Brooke Russell, Erin L Merz, Kathleen Reynolds, Fiona Schulte, Lianne Tomfohr-Madsen

J Pediatr Psych; doi: 10.1093/jpepsy/jsaa043

OBJECTIVE
Sleep disturbances have been identified by
patients with cancer as common and
distressing; however, conflicting evidence
about the prevalence of these outcomes
exists for survivors of childhood cancers.
Additionally, little is known about how the
experience of cancer might impact survivor
siblings’ sleep. The current study compared
the sleep of survivors of acute lymphoblastic
leukemia who were 2–7 years off therapy and
their siblings to healthy control/sibling
dyads.
METHODS
Participants (survivors, n = 45; survivor
siblings, n = 27; controls, n = 45; control
siblings, n = 41; 58% male) aged 8–18 (m =
11.64) completed a 7-day sleep diary and
seven consecutive days of actigraphy.
Parents (n = 90) completed the Children’s
Sleep Habits Questionnaire for each of their
children.

RESULTS
No between-group differences were found
on measures of sleep diaries or actigraphy.
Parents reported that survivor siblings had
significantly poorer sleep habits than
survivors or controls. For survivors, greater
time off treatment and younger age at
diagnosis were associated with less total
sleep time, more wake after sleep onset, and
decreased sleep efficiency via actigraphy.
CONCLUSIONS
Sleep across all groups was consistent and
below national guidelines. Although the
survivor group did not have poorer sleep
compared to their siblings or matched
controls, within the survivor group, those
who were diagnosed at an earlier age and
those who were further off treatment had
more disrupted sleep. Parent reports
suggested that survivor siblings may be at
risk for sleep problems.
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FEAR OF CANCER RECURRENCE AMONG
SURVIVORS OF CHILDHOOD CANCER

Hayley Wroot, Arfan R. Afzal, Caitlin Forbes, K. Brooke Russell, Lindsey Trepanier, Michaela Patton,
Miranda Fidler‐Benaoudia, Kathleen Reynolds, Fiona Schulte

Psycho Oncology; doi: 10.1002/pon.5387

OBJECTIVES
Fear of cancer recurrence (FCR) has not
been widely explored in survivors of
childhood cancer. Yet, childhood survivors
are at risk of experiencing late effects and
may be especially vulnerable. The aims of
the current study were to conduct a
retrospective chart review to determine the
prevalence and persistence of FCR
among survivors of childhood cancer and to
examine factors that may be related to FCR.
METHODS
Survivors of childhood cancer (n = 228, mean
attained age = 14.5 years [range = 4.7‐21
years]; mean diagnosis age = 4.4 years [range
= 0‐16.5 years]; mean time off treatment =
8.7 years [range = 2.8‐19.3 years]) seen in a
Long‐Term Survivor Clinic (LTSC) completed
questionnaires at each clinic visit detailing
their current health. FCR was measured with
a single item. Data from questionnaires from
2011 to 2018 were analyzed retrospectively.
Descriptive statistics and a random effects
model were used to address study aims.

RESULTS
FCR was reported in 43% (n = 98) of
survivors at least once across all clinic visits.
Among survivors reporting FCR at least
once, 66% were diagnosed with cancer
under the age of 5, and 64% were 13 years or
older at their most recent follow‐up.
Twenty‐one percent of survivors (n =
48/224) reported FCR during at least 50% of
their visits. Survivors with a higher number
of depressive symptoms were more likely to
report FCR (OR = 1.66, P = .03).
CONCLUSIONS
FCR is prevalent among survivors of
childhood cancer and is related to other
health concerns. Research is needed to
understand who is at risk and how to.
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THE 6‐MINUTE WALK TEST IS A GOOD
PREDICTOR OF CARDIORESPIRATORY FITNESS
IN CHILDHOOD CANCER SURVIVORS WHEN
ACCESS TO COMPREHENSIVE TESTING IS
LIMITED
David Mizrahi, Joanna E. Fardell, Richard J. Cohn, Robyn E. Partin, Carrie R. Howell, Melissa M.
Hudson, Leslie L. Robison, Kirsten K. Ness, Jamie McBride, Penelope Field, Claire E. Wakefield,
David Simar

Cancer Epidemiology; doi: 10.1002/ijc.32819

ABSTRACT
Cardiovascular disease is up to 10 times
more likely among childhood cancer
survivors compared to siblings. Low
cardiorespiratory fitness is a modifiable
risk‐factor for cardiovascular diseases. Yet,
cardiorespiratory fitness is not routinely
screened in pediatric oncology, and healthy
VO2max cut‐points are unavailable. We
aimed to predict cardiorespiratory fitness by
developing a simple algorithm and establish
cut‐points identifying survivors’
cardiovascular fitness health‐risk zones. We
recruited 262 childhood cancer survivors (8–
18 years old, ≥1‐year posttreatment).
Participants completed gold‐standard
cardiorespiratory fitness assessment
(Cardiopulmonary Exercise Test [CPET;
VO2max]) and 6‐minute walk test (6MWT).
Associations with VO2max were included in
a linear regression algorithm to predict
VO2max, which was then cross‐validated.
We used Bland–Altman's limits of agreement
and Receiver Operating Characteristic
curves using FITNESSGRAM's “Healthy
Fitness Zones” to identify cut‐points for
adequate cardiorespiratory fitness.

A total of 199 participants (aged 13.7 ± 2.7
years, 8.5 ± 3.5 years posttreatment) were
included. We found a strong positive
correlation between VO2max and 6MWT
distance (r = 0.61, r2 = 0.37, p < 0.001). Our
regression algorithm included 6MWT
distance, waist‐to‐height ratio, age and sex
to predict VO2max (r = 0.79, r2 = 0.62, p <
0.001). Forty percentages of predicted
VO2max values were within ±3 ml/kg/min of
measured VO2max. The cut‐point for
FITNESSGRAM's “health‐risk” fitness zone
was 39.8 ml/kg/min (males: AUC = 0.88),
and 33.5 ml/kg/min (females: AUC = 0.82).
We present an algorithm to reasonably
predict cardiorespiratory fitness for
childhood cancer survivors, using
inexpensive measures. This algorithm has
useful clinical application, particularly when
CPET is unavailable. Our algorithm has the
potential to assist clinicians to identify
survivors below the cut‐points with
increased cardiovascular disease‐risk, to
monitor and refer for tailored interventions
with exercise specialists.
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RE-ENGAGE: A NOVEL NURSE-LED PROGRAM
FOR SURVIVORS OF CHILDHOOD CANCER WHO
ARE DISENGAGED FROM CANCER-RELATED
CARE
Christina Signorelli; Claire E. Wakefield; Karen A. Johnston; Joanna E. Fardell; Jordana K McLoone;
Mary-Ellen E. Brierley; Maria Schaffer; Elysia Thornton-Benko; Afaf Girgis; W. Hamish Wallace; and
Richard J. Cohn; on behalf of the BSU Implementation Group

J Natl Compr Canc Netw; doi: 10.6004/jnccn.2020.7552

BACKGROUND
Survivors of childhood cancer often
experience treatmentrelated chronic health
conditions. Survivorship care improves
survivors’ physical and mental health,
yet many are disengaged from care.
Innovative models of care are necessary to
overcome patient-reported barriers to
accessing survivorship care and to maximize
survivors’ health.
METHODS
We piloted a novel survivorship program,
called “Reengage,” a distance-delivered,
nurse-led intervention aiming to engage,
educate, and empower survivors not
receiving any cancerrelated care. Re-engage
involves a nurse-led consultation delivered
via telephone/online to establish survivors’
medical history and needs. Participants
completed questionnaires at baseline, 1
month postintervention, and 6-month
follow-up.
RESULTS
A total of 27 survivors who had not accessed
survivorship care in the last 2 years
participated (median age, 31 years;
interquartile range [IQR], 27–39 years);

of which, 82% were at high-risk for
treatment-related complications.
Participation in Re-engage was high (75%)
and there was no attrition once survivors
enrolled. At 1 month postintervention, 92%
of survivors reported that Re-engage was
“beneficial,” which all survivors reported at
6-month follow-up.
Survivors’ overall satisfaction with their care
increased from 52% before Re-engage to
84% at 1 month postintervention. Survivors’
mean self-efficacy scores remained similar
from baseline to 1 month postintervention
(b520.33, 95% CI, 21.31 to 0.65), but
increased significantly from baseline to 6month follow-up (b 5 1.64, 95% CI, 0.28–
3.00). At 6-month follow-up, 73% of
survivors showed an increase in healthrelated self-efficacy compared with baseline.
CONCLUSIONS
Re-engage is a highly acceptable and
feasible intervention and promotes healthrelated self-efficacy, which is integral to
survivors being advocates for their own
health. Further empirical work is needed to
evaluate the long-term efficacy of Reengage. Trial registration:
CTRN12618000194268
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SELF-REPORTED LATE EFFECTS AND LONGTERM FOLLOW-UP CARE AMONG 1889 LONGTERM NORWEGIAN CHILDHOOD,
ADOLESCENT, AND YOUNG ADULT CANCER
SURVIVORS (THE NOR-CAYACS STUDY)
A V Mellblom, C E Kiserud, C S Rueegg, E Ruud, J H Loge, S D Fosså, Hanne C Lie

Support Care Cancer; doi: 10.1007/s00520-020-05790-6

PURPOSE
The majority of childhood, adolescent, and
young adult cancer survivors (CAYACS)
are at risk of late effects but may not receive
long-term follow-up care for these. Here, we
investigated (1) self-reported late effects, (2)
long-term follow-up care, and (3) factors
associated with receiving follow-up care in a
population-based sample of Norwegian longterm CAYACS.
METHODS
Survivors were identified by the Cancer
Registry of Norway. All > 5-year survivors
diagnosed between 1985 and 2009 with
childhood cancer (CCS, 0-18 years old,
excluding CNS), breast cancer (BC, stages IIII), colorectal cancer (CRC), leukemias
(LEUK), non-Hodgkin lymphoma (NHL), or
malignant melanoma (MM) at age 19-39 years
were mailed a questionnaire (NOR-CAYACS
study). Descriptive statistics and logistic
regression models were used to analyze
occurrence of late effects, long-term followup care for these, and associated factors.

RESULTS
Of 2104 responding survivors, 1889 were
eligible for analyses. Of these, 68% were
females, with a mean age of 43 years at
survey, on average 17 years since diagnosis,
and diagnosed with CCS (31%), BC (26%),
CRC (8%), NHL (12%), LEUK (7%), and MM
(16%). Overall, 61.5% reported the
experience of at least one late effect, the
most common being concentration/memory
problems (28.1%) and fatigue (25.2%). Sixtynine percent reported not having received
long-term follow-up care focusing on late
effects. Lower age at survey (p = 0.001),
higher education (p = 0.012), and increasing
number of late effects (p = < 0.001) were
associated with increased likelihood of
follow-up care in the multivariate
model.
CONCLUSIONS
The majority of survivors reported at least
one late effect, but not receiving specific
follow-up care for these. This indicates a
need for structured models of long-term
follow-up to ensure adequate access to care.
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THE IMPACT OF CANCER ON EARLY
CHILDHOOD DEVELOPMENT: A LINKED DATA
STUDY

Julia N Morris, David Roder, Deborah Turnbull, Hugh Hunkin

J Pediatr Psychol; doi: 10.1093/jpepsy/jsaa084

OBJECTIVE
This study used retrospective linked
population data to investigate the impact of
early childhood cancer on developmental
outcomes.
METHODS
Children aged <9 years with a recorded
malignant neoplasm were identified in the
South Australian Cancer Registry. They were
then linked to developmental data recorded
in the Australian Early Development Census
(AEDC) for the 2009, 2012, and 2015 data
collection periods; and assigned five
matched controls from the same AEDC year.
RESULTS
Between 2000 and 2015, 43 children had a
malignant cancer diagnosis and also
participated in the AEDC. Compared to
controls, childhood cancer survivors
exhibited greater developmental
vulnerability in their physical health and
wellbeing. Between survivors and controls,
no significant developmental
differences were observed in social,
emotional, language and cognitive, and
communication and general knowledge
domains.

Rural or remote location had a significant
positive effect on developmental outcomes
for childhood cancer survivors relative to
controls, suggesting this was a protective
factor in terms of physical health and
wellbeing, social competence,
communication, and general knowledge.
Among all children, socioeconomic
advantage was linked to better
developmental outcomes on all domains
except physical health and wellbeing.
CONCLUSION
Following an early cancer diagnosis, children
may require targeted care to support their
physical health and wellbeing. Geographic
variation in developmental outcomes
indicates remoteness was a protective factor
and requires further investigation. This
study highlights the feasibility of using
administrative whole-population data to
investigate cancer outcomes.
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PREMATURE OCULAR AGING FEATURES IN
CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA SURVIVORS

Sudhashini Chandrasekaran, Norlina Ramli, Marium Jamaluddin Ahmad, Irina Effendi, Nurul Najieha
Amir, Rhuen Chiou Chow, Caroline Ka Lin Chee, Mohamad Shafiq Azanan, Sayyidatul Syahirah Abd
Ghafar, Hany Ariffin, Tengku Ain Kamalden

J Adolesc Young Adult Oncol; doi: 10.1089/jayao.2020.0064

PURPOSE
Childhood cancer survivors (CCS)
demonstrate features of premature aging in
a multitude of organ systems. The aim of this
pilot study is to determine the presence of
premature ocular aging features in CCS,
specifically childhood acute lymphoblastic
leukemia (ALL) survivors.his study used
retrospective linked population data to
investigate the impact of early childhood
cancer on developmental outcomes.
METHODS
This prospective case-control study was
conducted over a period of 21 months,
starting July 2015 till March 2017. A total of
59 childhood ALL survivors who attended
the Paediatric Oncology Clinic of University
Malaya Medical Centre (UMMC) and 48 age,
race, and gender-matched controls went
through a series of ocular examinations and
tests. Inclusion criteria used to recruit
survivors were age above 16 years, history of
ALL in childhood, completion of treatment
for ALL, and a remission period of at least 5
years. Patients with ocular disease and those
who received hematopoietic stem cell
transplantation were excluded.

The parameters measured were visual
acuity, amplitude of accommodation, pupil
cycle time (PCT), and tear break-up time
(TBUT).
RESULTS
Survivors of childhood ALL demonstrated
significant differences in amplitude of
accommodation, PCT, and TBUT compared
to age-matched controls. Survivors had a
lower median (interquartile range [IQR])
amplitude of accommodation compared to
controls (11.0 D [9.0-13.0] vs. 12.0 D [10.515]; p = 0.045). Survivors also showed a
longer median (IQR) PCT in comparison to
controls (931.00 mseconds (857.00-1063.00)
vs. 875.50 mseconds (825.75-966.00); p =
0.024). In addition, median (IQR) TBUT was
worse in survivors in comparison to the
control group (9 seconds [6-13] vs. 11
seconds [10-15]; p = 0.001).
CONCLUSION
Survivors of childhood ALL demonstrate
premature ocular aging features compared
to age-matched controls. Thus, survivors
may benefit from having ocular examinations
as part of their routine late-effects
screening to detect age-related ocular
morbidities early in its course.
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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 two-sided.
RESULTS
EAA was statistically significantly higher in
survivors than controls (ALSM=0.63,
95%CI=0.26-1.01 vs. -3.61, 95%CI=-4.432.80).

In a multivariable model among
survivors, statistically significantly higher
EAA (P<0.05) was observed in those exposed
to chest-radiotherapy (RT),
abdomen/pelvic-RT, alkylating agents,
glucocorticoids or epipodophyllotoxins.
Compared to survivors with favorable
health behaviors (0.26, 95%CI=-0.36-0.87),
EAA was statistically significantly higher
among survivors with intermediate (1.07,
95%CI=0.59-1.54) or unfavorable health
behaviors (1.45, 95%CI=0.60-2.30). In timeto-event analyses, statistically significant
associations were identified between EAA
tertiles and incidence of seven CHCs:
hypertension (3rd vs. 1st tertile, Relative
Rate [RR]=1.83, 95%CI=1.17-2.83), myocardial
infarction (RR = 2.91, 95%CI=1.27-7.21),
obesity (RR = 1.39, 95%CI=1.17-1.66),
obstructive pulmonary deficit (RR = 1.86,
95%CI=0.95-3.77), peripheral motor
neuropathy (RR = 2.89, 95%CI=1.24-6.97),
peripheral sensory neuropathy (RR = 2.04,
95%CI=0.99-4.26), and pulmonary diffusion
deficits (RR = 2.75, 95%CI=0.95-7.63).
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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SPINAL CHANGES AFTER CRANIOSPINAL
IRRADIATION IN PEDIATRIC PATIENTS

Yoshiko Oshiro, Masashi Mizumoto, Haitao Pan, Sue C. Kaste, Amar Gajjar, Thomas E. Merchant

Pediatr Blood Cancer; doi: 10.1002/pbc.28728

BACKGROUND
To evaluate long‐term degenerative changes
in bone and soft tissue after craniospinal
irradiation (CSI).
PROCEDURE
An analysis was performed for 892 vertebral
bodies in 220 pediatric patients treated with
CSI. To analyze vertebral growth, vertebral
body height was calculated. Signal changes
for vertebral bodies on MRI, scoliosis and
kyphosis, degenerative changes of vertebral
bones and discs, and wedging or vertebral
height loss were analyzed on images, and
factors that influenced these changes
were investigated.
RESULTS
Vertebral growth was significantly
correlated with radiation dose and growth
hormone (GH) deficiency. Growth rate was
significantly worse at a dose >39 Gy. Fatty
marrow change was found in 83% of
patients, 31% had disc degenerative changes,
13% had degenerative changes of spinal
bones, 17% had wedging or spinal height
loss, and 27% had scoliosis.

CONCLUSIONS
Vertebral bone growth was significantly
reduced when high doses were dministered,
and adequate GH replacement was
important for bone growth. Even with
symmetrical irradiation, the risk of scoliosis
is high after CSI. There was also frequent
progression of spinal demineralization and
degenerative changes after CSI. Therefore,
careful attention should be paid to spinal
symptoms as pediatric patients grow into
adulthood.
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GUIDELINES FOR LONG-TERM FOLLOW-UP
AFTER CHILDHOOD CANCER: PRACTICAL
IMPLICATIONS FOR THE DAILY WORK

Gebauer J, Baust K, Bardi E, Grabow D, Stein A, van der Pal H.J, Calaminus G, Langer T

Oncol Res Treat; doi: 10.1159/000504200
BACKGROUND
Many childhood cancer survivors develop
treatment-associated late effects emerging
years or even decades after the end of
treatment. Evidence-based guidelines
recommend risk-adapted screening,
facilitating early diagnosis and management
of these sequelae. Long-term follow-up
(LTFU) in specialized late effects clinics is
devised to implement screening
recommendations in the care of childhood
cancer survivors. Objectives: To create a
practical LTFU tool for the daily practice.
METHODS
Current guidelines and screening
recommendations concerning LTFU in adult
survivors of childhood cancer were reviewed
and a comprehensive LTFU approach was
developed.
RESULTS
A risk stratification model assigning patients
to three risk groups with different screening
recommendations and frequencies is
presented based on current LTFU guidelines.
Furthermore, a model of LTFU in a clinical
multidisciplinary team is proposed.

CONCLUSIONS
Although late morbidity and mortality in
childhood cancer survivors have been
attenuated in the last decade by reducing
treatment toxicities, a high proportion of
long-term survivors already is or will still be
affected by treatment-associated chronic
health conditions. With the knowledge of
late effects and their occurrence as a
consequence of specific treatment
modalities, practical LTFU recommendations
are essential to achieve standardized and
structured LTFU care.
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CARDIOVASCULAR FAMILY HISTORY
INCREASES RISK FOR LATE-ONSET ADVERSE
CARDIOVASCULAR OUTCOMES IN CHILDHOOD
CANCER SURVIVORS: A ST. JUDE LIFETIME
COHORT REPORT
Jason F Goldberg, Kirsten K Ness, Xiaofei Chi, Aimee K Santucci, Juan Carlos Plana, Vijaya M Joshi,
Russell V Luepker, Jean-Bernard Durand, Robyn E Partin, Rebecca M Howell, Carmen L Wilson,
Jeffrey A Towbin, John L Jefferies, Deo Kumar Srivastava, Melissa M Hudson, Leslie L Robison,
Gregory T Armstrong

Cancer Epidemiol Biomarkers Prev; doi: 10.1158/1055-9965.EPI-20-0809
BACKGROUND
Survivors of childhood cancer have an
increased risk of therapy-related
cardiovascular disease (CVD). It is not known
whether family history (FH) of CVD further
increases risk of adverse cardiovascular
outcomes among survivors.
METHODS
Family history of CVD was collected from
1,260 survivors (median age at diagnosis 8
years [range 0-23], age at last follow-up 35
years [18-66]) of childhood cancer in the St.
Jude Lifetime Cohort Study. Multivariable
risk models evaluated associations with
CVD (CTCAE grade 2-4 events) and
cardiovascular risk factors.
RESULTS
Among survivors exposed to chest-directed
radiation and/or anthracycline
chemotherapy (n=824): 7% reported a firstdegree FH of heart failure (HF), 19%
myocardial infarction (MI), 11% stroke, 26%
atherosclerotic disease (MI and/or stroke),
62% hypertension, and 31% diabetes mellitus
(DM). 18% of exposed survivors developed
HF, 9% MI, 3% stroke, 11% atherosclerotic
disease, 30% hypertension, and 9% DM.

Having a first-degree FH of atherosclerotic
disease was independently associated with
development of treatment-related HF (RR
1.38, 95%CI 1.01-1.88, p=0.04) among exposed
survivors. Risk for hypertension was creased
among exposed survivors with a first-degree
FH of hypertension (RR 1.55, 95%CI 1.26-1.92,
p<0.0001) or of any cardiovascular disease
(MI, stroke, or HF [RR 1.30, 95%CI 1.06-1.59,
p=0.01])
CONCLUSION
Family history of CVD and cardiovascular
risk factors independently increased risk of
HF and hypertension among survivors of
childhood cancer exposed to cardiotoxic
therapies.
IMPACT
These data show the importance of
cardiovascular FH as a risk factor for
cardiovascular disease in survivors of
childhood cancer.
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RISK FACTORS OF SUBSEQUENT CENTRAL
NERVOUS SYSTEM TUMORS AFTER
CHILDHOOD AND ADOLESCENT CANCERS:
FINDINGS FROM THE FRENCH CHILDHOOD
CANCER SURVIVOR STUDY
Neige Marie Yvanne Journy, Wael Salem Zrafi, Stéphanie Bolle, Brice Fresneau, Claire Alapetite,
Rodrigue S Allodji, Delphine Berchery, Nadia Haddy, Isao Kobayashi, Martine Labbé, Hélène
Pacquement, Claire Pluchart, Boris Schwartz, Vincent Souchard, Cécile Thomas-Teinturier,
Cristina Veres, Giao Vu-Bezin, Ibrahima Diallo, Florent De Vathaire

Cancer Epidemiol Biomarkers Prev; doi: 10.1158/1055-9965.EPI-20-0735
BACKGROUND
Childhood or adolescent cancer survivors
are at increased risks of subsequent primary
neoplasms (SPN) of the central nervous
system (CNS) after cranial irradiation. In a
large multicentric cohort, we investigated
clinical and therapeutic factors associated
with the long-term risk of CNS SPN, and
quantified the dose-response relationships.
METHODS
We selected all CNS SPN cases diagnosed up
to 2016 among members of the French
Childhood Cancer Survivor Study at least 5
years after first cancer diagnosis in 19462000. Four controls per case were randomly
selected within the cohort and matched by
sex, year of/age at first cancer diagnosis,
and follow-up time. Based on medical and
radiological reports, cumulative radiation
doses received to the SPN or matched
location were retrospectively estimated
using mathematical phantoms. We
computed conditional logistic regression
models.
RESULTS
Meningioma risk significantly increased with
higher radiation doses (EOR.Gy-1 = 1.377, pvalue <0.001, 86 cases, median latency
time=30 years), after adjustment for
reported genetic syndromes and first CNS
tumor. It was higher among youngest

individuals at first cancer diagnosis, but did
not vary with follow-up time. On the
opposite, radiation-related glioma risk
(EOR.Gy-1 = 0.049, p-value = 0.11, 47 cases,
median latency time=17 years) decreased
over time (p-value for time effect =0.05).
There was a significant association between
meningioma risk and cumulative doses of
alkylating agents, but no association with
growth hormone therapy.
CONCLUSION
The surveillance of patients with cranial
irradiation should continue beyond 30 years
after treatment.
IMPACT
The identified risk factors may inform longterm surveillance strategies.
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CLINICAL IMPACT OF HYPOTHALAMICPITUITARY DISORDERS AFTER CONFORMAL
RADIATION THERAPY FOR PEDIATRIC LOWGRADE GLIOMA OR EPENDYMOMA
Laura van Iersel, Hanneke M van Santen, Brian Potter, Zhenghong Li, Heather M Conklin, Hui
Zhang, Wassim Chemaitilly, Thomas E Merchant

Pediatr Blood Cancer; doi: 10.1002/pbc.28723
BACKGROUND
To determine the impact of hypothalamicpituitary (HP) disorders on health outcomes
in children and adolescents who received
conformal radiation therapy (RT) for central
nervous system tumors.
METHODS
Cohort study including 355 patients (age ≤25
years at diagnosis) treated with high-dose
(50.4-59.4 Gy) RT using photons for lowgrade glioma or ependymoma. Patients
(median age, 6.4 years at RT) received
systematic endocrine follow-up (median
duration, 10.1 years; range, 0.1-19.6).
Associations between HP disorders and
adverse health outcomes were determined
by multivariable analysis.
RESULTS
Prevalence was 37.2% for growth hormone
deficiency (GHD), 17.7% for gonadotropin
deficiency (LH/FSHD), 14.9% for thyroidstimulating hormone deficiency (TSHD),
10.3% for adrenocorticotropic hormone
deficiency (ACTHD), and 12.6% for central
precocious puberty (CPP). Hypothalamus
mean dose ≥ 36 Gy was associated with
higher odds of any deficiency. GHD was
associated with short stature (OR 2.77;
95% CI 1.34-5.70), low bone mineral density
(OR 3.47; 95% CI 1.16-10.40), and TSHD with
dyslipidemia (OR 5.54; 95% CI 1.66-18.52).
Patients with ACTHD and CPP had lower

intelligence quotient scores, and memory
scores were impaired in patients with GHD
(P = 0.02). Treatment of GHD was not
associated with increased risk for tumor
recurrence, secondary tumors, or mortality.
CONCLUSION
HP disorders occur frequently in patients
receiving high-dose RT and are related to
physical and neurocognitive well-being.
Future studies are needed to assess whether
further optimization of endocrine
management yields better health outcomes.
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COMBINED RESISTANCE AND AEROBIC
EXERCISE INTERVENTION IMPROVES FITNESS,
INSULIN RESISTANCE AND QUALITY OF LIFE IN
SURVIVORS OF CHILDHOOD HAEMOPOIETIC
STEM CELL TRANSPLANTATION WITH TOTAL
BODY IRRADIATION
Laura van Iersel, Hanneke M van Santen, Brian Potter, Zhenghong Li, Heather M Conklin, Hui
Zhang, Wassim Chemaitilly, Thomas E Merchant

Pediatr Blood Cancer; doi: 10.1002/pbc.28687
PURPOSE
To investigate the effects of a supervised
combined resistance and aerobic training
programme on cardiorespiratory fitness,
body composition, insulin resistance and
quality of life (QoL) in survivors of childhood
haematopoietic stem cell transplantation
(HSCT) with total body irradiation (TBI).
PARTICIPANTS
HSCT/TBI survivors (n = 20; 8 females).
Mean (range) for age at study and time since
HSCT/TBI was 16.7 (10.9-24.5) and 8.4 (2.316.0) years, respectively.
METHODS
After a 6-month run-in, participants
undertook supervised 45- to 60-minute
resistance and aerobic training twice weekly
for 6 months, with a 6-month follow-up. The
following assessments were made at 0, 6
(start of exercise programme), 12 (end of
exercise programme) and 18 months: Body
composition via dual energy X-ray
absorptiometry, homeostatic model
assessment of insulin resistance (HOMA-IR),
cardiorespiratory fitness (treadmill-based
peak rate of oxygen uptake (VO2 peak) test),
QoL questionnaires (36-Item Short Form
Health Survey (SF-36) and MinneapolisManchester Quality of Life Instrument
(MMQL).

RESULTS
Results expressed as mean (standard
deviation) or geometric mean (range). There
were significant improvements in VO2 peak
(35.7 (8.9) vs 41.7 (16.1) mL/min/kg, P = 0.05),
fasted plasma insulin (16.56 (1.48-72.8) vs
12.62 (1.04-54.97) mIU/L, P = 0.03) and
HOMA-IR (3.65 (0.30-17.26) vs 2.72 (0.2212.89), P = 0.02) after the exercise
intervention. There were also significant
improvements in the SF-36 QoL general
health domain (69.7 (14.3) vs 72.7 (16.0), P =
0.001) and the MMQL school domain (69.1
(25.2) vs (79.3 (21.6), P = 0.03) during the
exercise intervention. No significant
changes were observed in percentage body
fat, fat mass or lean mass.
CONCLUSION
The supervised 6-month combined
resistance and aerobic exercise programme
significantly improved cardiorespiratory
fitness, insulin resistance and QoL in
childhood HSCT/TBI survivors, with no
change in body composition, suggesting a
metabolic training effect on muscle. These
data support a role for targeted physical
rehabilitation services in this group at high
risk of diabetes and cardiovascular disease.

28 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

REDUCED MORBIDITY AND MORTALITY IN
SURVIVORS OF CHILDHOOD ACUTE
LYMPHOBLASTIC LEUKEMIA: A REPORT FROM
THE CHILDHOOD CANCER SURVIVOR STUDY
Stephanie B. Dixon; Yan Chen; Yutaka Yasui; Ching-Hon Pui; Stephen P. Hunger; Lewis B.
Silverman; Kirsten K. Ness; Daniel M. Green; Rebecca M. Howell; Wendy M. Leisenring; Nina S.
Kadan-Lottick; Kevin R. Krull; Kevin C. Oeffinger; Joseph P. Neglia; Ann C. Mertens; Melissa M.
Hudson; Leslie L. Robison; Gregory T. Armstrong; Paul C. Nathan

J Clin Oncol; doi: 10.1200/JCO.20.00493
PURPOSE
Risk-stratified therapy, which modifies
treatment on the basis of clinical and
biologic features, has improved 5-year
overall survival of childhood acute
lymphoblastic leukemia (ALL) to 90%, but its
impact on long-term toxicity remains
unknown.
METHODS
We assessed all-cause and health-related
late mortality (including late effects of
cancer therapy), subsequent malignant
neoplasms (SMNs), chronic health
conditions, and neurocognitive outcomes
among 6,148 survivors of childhood ALL
(median age, 27.9 years; range, 5.9-61.9
years) diagnosed between 1970 and 1999.
Therapy combinations and treatment
intensity defined 6 groups: 1970s-like (70s),
standard- or high-risk 1980s-like (80sSR,
80sHR) and 1990s-like (90sSR, 90sHR), and
relapse/transplantation (R/BMT).
Cumulative incidence, standardized
mortality ratios, and standardized incidence
ratios were compared between treatment
groups and with the US population.

RESULTS
Overall, 20-year all-cause late mortality was
6.6% (95% CI, 6.0 to 7.1). Compared with 70s,
90sSR and 90sHR experienced lower healthrelated late mortality (rate ratio [95% CI]:
90sSR, 0.2 [0.1 to 0.4]; 90sHR, 0.3 [0.1 to
0.7]), comparable to the US population
(standardized mortality ratio [95% CI]:
90sSR, 1.3 [0.8 to 2.0]; 90sHR, 1.7 [0.7 to
3.5]). Compared with 70s, 90sSR had a lower
rate of SMN (rate ratio [95% CI], 0.3 [0.1 to
0.6]) that was not different from that of the
US population (standardized incidence ratio
[95% CI], 1.0 [0.6 to 1.6]). The 90sSR group
had fewer severe chronic health conditions
than the 70s (20-year cumulative incidence
[95% CI], 11.0% [9.7% to 12.3%] v 22.5%
[19.4% to 25.5%]) and a lower prevalence of
impaired memory (prevalence ratio [95% CI],
0.7 [0.6 to 0.9]) and task efficiency (0.5 [0.4
to 0.7]).
CONCLUSION
Risk-stratified therapy has reduced late
morbidity and mortality among
contemporary survivors of standard-risk
ALL, represented by 90sSR. Health-related
late mortality and SMN risks among 5-year
survivors of contemporary, standard-risk
childhood ALL are comparable to the general
population.
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GENETIC VARIATION IN THE BODY MASS
INDEX OF ADULT SURVIVORS OF CHILDHOOD
ACUTE LYMPHOBLASTIC LEUKEMIA: A REPORT
FROM THE CHILDHOOD CANCER SURVIVOR
STUDY AND THE ST. JUDE LIFETIME COHORT
Melissa A Richard, Austin L Brown, John W Belmont, Michael E Scheurer, Vidal M Arroyo, Kayla L
Foster, Kathleen D Kern, Melissa M Hudson, Wendy M Leisenring, M Fatih Okcu, Yadav Sapkota,
Yutaka Yasui, Lindsay M Morton, Stephen J Chanock, Leslie L Robison, Gregory T Armstrong, Smita
Bhatia, Kevin C Oeffinger, Philip J Lupo, Kala Y Kamdar

Cancer; doi: 10.1002/cncr.33258
BACKGROUND
Treatment characteristics such as cranial
radiation therapy (CRT) do not fully explain
adiposity risk in childhood acute
lymphoblastic leukemia (ALL) survivors. This
study was aimed at characterizing genetic
variation related to adult body mass index
(BMI) among survivors of childhood ALL.
METHODS
Genetic associations of BMI among 1458
adult survivors of childhood ALL (median
time from diagnosis, 20 years) were analyzed
by multiple approaches. A 2-stage genomewide association study in the Childhood
Cancer Survivor Study (CCSS) and the St.
Jude Lifetime Cohort Study (SJLIFE) was
performed. BMI was a highly polygenic trait
in the general population. Within the known
loci, the BMI percent variance explained
was estimated, and additive interactions
chi-square test) with CRT in the CCSS were
evaluated. The role of DNA methylation in
CRT interaction was further evaluated in a
subsample of ALL survivors.

RESULTS
In a meta-analysis of the CCSS and SJLIFE, 2
novel loci associated with adult BMI among
survivors of childhood ALL (LINC00856
rs575792008 and EMR1 rs62123082; PMeta <
5E-8) were identified. It was estimated that
the more than 700 known loci explained
6.2% of the variation in adult BMI in
childhood ALL survivors. Within the known
loci, significant main effects for 23 loci and
statistical interactions with CRT at 9 loci (P
< 7.0E-5) were further identified. At 2 CRTinteracting loci, DNA methylation patterns
may have differed by age.
CONCLUSION
Adult survivors of childhood ALL have
genetic heritability for BMI similar to that
observed in the general population. This
study provides evidence that treatment with
CRT can modify the effect of genetic
variants on adult BMI in childhood ALL
survivors.
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URINE NGAL AND KIM-1: TUBULAR INJURY
MARKERS IN ACUTE LYMPHOBLASTIC
LEUKEMIA SURVIVORS

Eryk Latoch, Katarzyna Konończuk, Katarzyna Taranta-Janusz, Katarzyna Muszyńska-Rosłan, Edyta
Szymczak, Anna Wasilewska, Maryna Krawczuk-Rybak

Cancer Chemother Pharmacol; doi: 10.1007/s00280-020-04164-3
INTRODUCTION
Nephrotoxicity is a potential adverse effect
of anticancer treatment in childhood.
Cytostatics, abdominal radiotherapy, total
body irradiation (TBI) and some agents used
in supportive care may induce acute kidney
injury (AKI) or lead to chronic kidney disease
(CKD). The aim of this study was to test the
hypothesis whether urinary kidney injury
molecule-1 (KIM-1) and neutrophil
gelatinase-associated lipocalin (NGAL) are
increased in acute lymphoblastic leukemia
(ALL) survivors.
METHOD
The study cohort consisted of 86 patients
(42 females) previously treated for ALL. The
median time after cessation of treatment
was 6.55 (IQR: 1.96-9.93) years and median
age at the time of study: 12 (IQR: 6.76-16.00).
The control group included 53 healthy peers.
Immunoenzymatic ELISA commercial kits
were used to measure urine KIM-1 and NGAL
levels.

RESULTS
The median levels of urine uNGAL (p < 0.05),
uNGAL/creatinine (cr.) ratio (p < 0.0001)
and uKIM-1/creatinine ratio (p < 0.0001)
were significantly higher in ALL survivors in
comparison with healthy controls. Female
patients had significantly higher levels of
NGAL and NGAL/cr. than males (mean 8.42 ±
7.1 vs. 4.59 ± 4.5 ng/mL and 86.57 ± 77 vs.
37.7 ± 37 ng/mg, respectively; p < 0.01). Of
all the study participants, 11 (13%) presented
eGFR below 90 mL/min/1.73 m2. The
NGAL/cr. ratio seemed to be the best
predictor of decreased eGFR (AUC = 0.65).
The cumulative dose of methotrexate and
cyclophosphamide did not predict the values
of the urine NGAL, NGAL/cr., KIM-1/cr. and
eGFR. Five years after the end of treatment,
the patients had higher levels of uKIM-1
(1.02 ± 0.8 vs. 0.62 ± 0.6 ng/mL, p < 0.01),
uNGAL (7.9 ± 6.7 vs. 4.6 ± 5 ng/mL, p < 0.01)
and lower eGFR (114 ± 29 vs. 134 ± 35
mL/min/1.73 m2, p < 0.01) in comparison
with ALL survivors with the observation
period of less than 5 years.
CONCLUSION
We demonstrated that ALL survivors have
higher levels of urine NGAL, NGAL/cr. and
uKIM-1/cr. ratio as compared to the control
group. Further long-term follow-up studies
are necessary to assess the significance of
the NGAL and KIM-1 and their relationship
to kidney damage after anticancer treatment
in childhood.
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PROVIDER DOCUMENTATION OF TINNITUS IN
CHILDHOOD CANCER SURVIVORS

Natalie Macaruso, Kristen Campbell, Carrye Cost, Jenna Sopfe

J Pediatr Hematol Oncol; doi: 10.1097/MPH.0000000000001966
ABSTRACT
Tinnitus is a known complication of
treatment for childhood cancer and
potentially reduces the quality of life for
childhood cancer survivors (CCS). Although
current guidelines recommend annual
surveillance in CCS at risk for tinnitus,
current screening practices among pediatric
oncology survivorship providers are
unknown. The authors performed a
retrospective cohort study to assess the
adequacy of current tinnitus screening in
survivorship care. The 5.6% prevalence of
tinnitus reported by the Childhood Cancer
Survivorship Study, the largest ongoing
follow-up cohort of CCS, served as the
baseline for comparison for our rate of
documented positive screening for tinnitus.
Survivorship providers identified tinnitus in
3 of 624 (0.48%) eligible CCS, which was
significantly lower than the prevalence in
the Childhood Cancer Survivorship Study
(P<0.0001).

Survivorship providers documented any
screening for tinnitus (positive or negative)
in 15 of 624 (2.4%) CCS. Screening practices
significantly differed by ototoxic exposure
history and age at follow-up. This study
demonstrates that screening and detection
of tinnitus are underdocumented by
survivorship providers, raising concern for
inadequate screening practices. Improved
screening may facilitate the recognition and
treatment of this late effect, improving the
quality of life for CCS.
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FEAR OF CANCER RECURRENCE IN
CHILDHOOD CANCER SURVIVORS: A
DEVELOPMENTAL PERSPECTIVE FROM
INFANCY TO YOUNG ADULTHOOD
Perri R Tutelman, Lauren C Heathcote

Psychooncology; doi: 10.1002/pon.5576
AIMS
Fear of cancer recurrence (FCR) is among
the most prevalent and distressing concerns
reported by cancer survivors. While younger
age is the most consistent predictor of
elevated FCR, research to date has focused
almost exclusively on adult cancer survivors.
This is despite the fact that children with
cancer are more likely to survive compared
to adults, and will become regular, lifelong
users of the medical system to mitigate the
effects of toxic treatment. The early
experience of cancer yields unique
challenges and circumstances that may
impact children's capacity for and
experience of FCR across the developmental
trajectory. The aim of this paper is to
present a developmental perspective of
FCR from infancy through to young
adulthood.
METHODS
Drawing on the developmental science
literature and recent theoretical
advancements in FCR, we outline cognitive
and social factors that may influence
children's capacity for and experience of
FCR across the developmental trajectory.

RESULTS
First, distinct developmental groups that fall
under the classification of "childhood
cancer survivor", and that all require
attention, are summarized. Using the
structure of these groupings, we centrally
provide a developmental perspective of FCR
that offers a useful starting point for
research in pediatric populations. Key
research gaps, including the need for
validated assessment tools to measure FCR
in child and adolescent survivors, are
highlighted.
CONCLUSIONS
Consideration of the unique context of
childhood is needed to guide the
identification of childhood cancer survivors
at risk for FCR as well as the development of
effective FCR interventions for this
population.
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SEMEN ANALYSIS AND TREATMENT RISK
FACTORS IN LONG-TERM SURVIVORS OF
CHILDHOOD CANCER

Jarmila Kruseová, Jelena Černíková, Marina Zámečníková, Lucie Hřivnová, Stanislava Koloušková,
Michaela Čepelová, Edita Kabíčková, Václav Čapek, Aleš Lukš, Tomáš Eckschlager

Andrologia; doi: 10.1111/and.13853
ABSTRACT
The objective of this study was to compare
semen quality (sperm density, progressive
motility and spermia) between long-term
childhood cancer survivors and a control
group of males. The second objective was to
correlate the semen analysis of the survivors
with cancer treatment and endocrine status.
The semen quality of 143 survivors (median
age, 23.6 years) was compared to 200 men
(median age, 27.9 years) who had not been
diagnosed with cancer. The cancer-related
risk factors and gonadotrophin levels were
compared. Overall, 65% of the survivors had
abnormal semen analysis compared to 26.5%
of the controls (p < 0.0001). Survivors with
nonaspermia had lower sperm density than
the controls (p < 0.001). Other observed
correlations were not significant.

Survivors who were treated with alkylating
agents were more likely to have abnormal
semen analysis (p < 0.008). Folliclestimulating hormone and luteinising
hormone levels were significantly elevated
(p < 0.0001) in survivors with abnormal
semen analysis. The semen quality
parameters, except for low sperm density,
did not differ in survivors with nonaspermia
compared to the controls. The risk factors
included treatment with alkylating agents.
Elevated gonadotrophin levels correlated
with abnormal semen analysis. Allcancer
survivors should be made aware of the
possibility of suffering from cancer
treatment-related infertility.
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FEMALE ADOLESCENTS AND YOUNG WOMEN
PREVIOUSLY TREATED FOR PEDIATRIC
MALIGNANCIES: ASSESSMENT OF OVARIAN
RESERVE AND GONADOTOXICITY RISK
STRATIFICATION FOR EARLY
IDENTIFICATION OF PATIENTS AT INCREASED
INFERTILITY RISK
Francesca Parissone, Rossana Di Paola, Rita Balter, Simone Garzon, Stefano Zaffagnini, Maria Neri,
Virginia Vitale, Gloria Tridello, Simone Cesaro

J Pediatr Endocrinol Metab; doi: 10.1515/jpem-2020-0272
BACKGROUND
Childhood and adolescent cancer survivors
(CACSs) are at risk of adverse reproductive
outcomes. Assessment of follicle-stimulating
hormone (FSH) levels is the most common
test used to diagnose premature ovarian
insufficiency (POI) whereas anti-m|llerian
hormone (AMH) and antral follicle count
(AFC) have been proposed as ovarian reserve
markers. We assessed the correlation
between these markers and treatment
gonadotoxicity risk (GR) in CACSs.
SUBJECT AND METHODS
A total of 55 female CACSs were enrolled. GR
was graded as low, medium, or high
according to classifications based on disease
and treatments and on cyclophosphamide
equivalent dose score. FSH, AMH, and AFC
were determined. POI was defined by
amenorrhea and FSH>30 IU/L. For
remaining patients, diminished ovarian
reserve (DOR) was defined by AMH<5th
centile. FSH and AFC cut-offs proposed in
the literature as DOR markers were also
considered (FSH>10 IU/L or >95th centile;
AFC<8 or <5th centile).

RESULTS
Ovarian reserve results to be compromised
in 23 (41.8%) patients: 14 with DOR and 9
with an established POI. Results showed GR
classifications to be a good predictor of
ovarian reserve, with significantly lower
AMH and AFC in the high-risk groups. AFC
resulted to be directly correlated with AMH
(r=0.75, p<0.001).
CONCLUSIONS
In CACSs, GR classifications correlate with
post-treatment AMH and AFC. These are
useful tools in the early identification of
young patients with DOR, who may benefit
from reproductive and fertility preservation
counseling. Further studies are needed to
determine the rate and time of progression
from DOR to POI in this population.
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SYMPTOM APPRAISAL IN UNCERTAINTY: A
THEORY-DRIVEN THEMATIC ANALYSIS WITH
SURVIVORS OF CHILDHOOD CANCER

Lauren C Heathcote, Nele Loecher, Pamela Simon, Sheri L Spunt, Abbie Jordan, Perri R Tutelman,
Sarah Cunningham, Lidia Schapira, Laura E Simons

Psychol Health; doi: 10.1080/08870446.2020.1836180
OBJECTIVE
Somatic symptoms capture attention,
demand interpretation, and promote health
behaviors. Symptom appraisal is particularly
impactful within uncertain health contexts
such as cancer survivorship. Yet, little is
known about how individuals make sense of
somatic symptoms within uncertain health
contexts, nor how this process guides health
behaviors.
DESIGN
25 adolescent and young adult survivors of
childhood cancer completed semistructured interviews regarding how they
appraise and respond to changing somatic
sensations within the uncertain context of
survivorship.
MAIN OUTCOME MEASURES
Interviews were transcribed verbatim and
subjected to a hybrid deductive-inductive
thematic analysis, guided by the Cancer
Threat Interpretation model.

RESULTS
We constructed three themes. Symptoms as
signals of bodily threat (theme 1) captured
that participants described commonly
interpreting and worrying about everyday
sensations as indicating cancer recurrence
or new illness. Playing detective with bodily
signals (theme 2) captured participants' felt
need to employ cognitive and behavioral
strategies to determine whether somatic
sensations indicated a credible health
threat. These two themes are qualified
by the final theme, Living with symptomrelated uncertainty (theme 3), which
captured participants' recognition that postcancer symptoms are wily and influenced by
psychological factors such as anxiety.
CONCLUSIONS
These data highlight that making sense of
everday somatic sensations can be
particularly challenging following an
experience of cancer. There is a need for
novel symptom management approaches
that target how somatic sensations are
appraised and responded to as signals of
bodily threat.
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PAIN IN LONG‐TERM SURVIVORS OF
CHILDHOOD CANCER: A SYSTEMATIC REVIEW
OF THE CURRENT STATE OF KNOWLEDGE AND
A CALL TO ACTION FROM THE CHILDREN'S
ONCOLOGY GROUP
Fiona S. M. Schulte, Michaela Patton, Nicole M. Alberts, Alicia Kunin‐Batson, Barbara A. Olson‐
Bullis, Caitlin Forbes, K. Brooke Russell, Alexandra Neville, Lauren C. Heathcote, Cynthia W.
Karlson, Nicole M. Racine, Courtney Charnock, Matthew C. Hocking, Pia Banerjee, Perri R.
Tutelman, Melanie Noel, Kevin R. Krull

Cancer; doi: 10.1002/cncr.33289
ABSTRACT
Survivors of childhood cancer may be at risk
of experiencing pain, and a systematic
review would advance our understanding of
pain in this population. The objective of this
study was to describe: 1) the prevalence of
pain in survivors of childhood cancer, 2)
methods of pain measurement, 3)
associations between pain and
biopsychosocial factors, and 4)
recommendations for future research. Data
sources for the study were articles
published from January 1990 to August 2019
identified in the PubMed, PsycINFO,
EMBASE, and Web of Science data bases.
Eligible studies included: 1) original
research, 2) quantitative assessments of
pain, 3) articles published in English, 4)
cancers diagnosed between birth and
age 21 years, 5) survivors at 5 years from
diagnosis and/or at 2 years after herapy
completion, and 6) a sample size >20.
Seventy‐three articles were included in the
final review.

Risk of bias was considered using the
Cochrane risk of bias tool. The quality of
evidence was evaluated according to
Grading of Recommendations Assessment
Development and Evaluation (GRADE)
criteria. Common measures of pain were
items created by the authors for the purpose
of the study (45.2%) or health‐related
quality‐of‐life/health status questionnaires
(42.5%). Pain was present in from 4.3% to
75% of survivors across studies. Three
studies investigated chronic pain according
the definition in the International
Classification of Diseases. The findings
indicated that survivors of childhood cancer
are at higher risk of experiencing pain
compared with controls. Fatigue was
consistently associated with pain, females
reported more pain than males, and other
factors related to pain will require stronger
evidence. Theoretically grounded,
multidimensional measurements of pain are
absent from the literature.
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CARDIAC BIOMARKERS AND ASSOCIATION
WITH SUBSEQUENT CARDIOMYOPATHY AND
MORTALITY AMONG ADULT SURVIVORS OF
CHILDHOOD CANCER: A REPORT FROM THE
ST. JUDE LIFETIME COHORT
Stephanie B. Dixon, Carrie R. Howell, Lu Lu, Juan C. Plana, Vijaya M. Joshi, Russell V. Luepker, Jean
B. Durand, Bonnie Ky, Daniel J. Lenihan, John L. Jefferies, Daniel M. Green, Matthew J. Ehrhardt,
Daniel A. Mulrooney, Timothy E. Folse, Robyn E. Partin, Aimee K. Santucci, Rebecca M. Howell, Deo
Kumar Srivastava, Melissa M. Hudson, Leslie L. Robison, Kirsten K. Ness, Gregory T. Armstrong

Cancer; doi: 10.1002/cncr.33292
BACKGROUND
Survivors of childhood cancer exposed to
cardiotoxic therapies are at significant
cardiovascular risk. The utility of cardiac
biomarkers for identifying the risk of future
cardiomyopathy and mortality is unknown.
METHODS
N-terminal pro-B-type natriuretic peptide
(NT-proBNP) and cardiac troponin T (cTnT)
were assessed in 1213 adults 10 or more
years from a childhood cancer diagnosis; 786
were exposed to anthracycline
chemotherapy and/or chest-directed
radiation therapy (RT). NT-proBNP values
above age- and sex-specific 97.5th
percentiles were considered abnormal.
Generalized linear models estimated crosssectional associations between abnormal
NT-proBNP and anthracycline or chest RT
doses as risk ratios with 95% confidence
intervals (CIs). A Poisson distribution
estimated rates and a Cox proportional
hazards model estimated hazard ratios (HRs)
for future cardiac events and death.

RESULTS
At a median age of 35.5 years (interquartile
range, 29.8-42.5 years), NT-proBNP and
cTnT were abnormal in 22.5% and 0.4%,
respectively. Exposure to chest RT and
exposure to anthracycline chemotherapy
were each associated with a dose-dependent
increased risk for abnormal NT-proBNP (P
for trend <.0001). Among exposed survivors
with no history of Common Terminology
Criteria for Adverse Events-graded
cardiomyopathy and with normal systolic
function, survivors with abnormal NTproBNP had higher rates per 1000 personyears of cardiac mortality (2.93 vs 0.96; P
< .0001) and future cardiomyopathy (32.10 vs
15.98; P < .0001) and an increased risk of
future cardiomyopathy (HR, 2.28; 95% CI,
1.28-4.08) according to a multivariable
assessment.
CONCLUSIONS
Abnormal NT-proBNP values were prevalent
and, among survivors who were exposed to
cardiotoxic therapy but did not have a
history of cardiomyopathy or current
systolic dysfunction, identified those at
increased risk for future cardiomyopathy.
Further longitudinal studies are needed to
confirm this novel finding.
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WHEN CHILDHOOD CANCER BECOMES A
FAMILY AFFAIR, IT REALLY HITS HOME

David M Johnston, J Martin Johnston

Pediatr Clin North Am; doi: 10.1016/j.pcl.2020.07.001

ABSTRACT
In this article, a father and son describe the
experience of childhood leukemia treatment
and its aftermath with the unique
perspective of a parent who is also a
pediatric oncologist. An illness that began
with an apparently favorable prognosis was
transformed by an early relapse, followed by
unexpected complications and difficult
treatment decisions. Despite unfavorable
statistics, the son is a long-term survivor
with an overall excellent quality of life,
despite several late events and effects. His
father, in the meantime, gained insights that
now inform his own practice.
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THE FUTURE OF CHILDHOOD CANCER
SURVIVORSHIP: CHALLENGES AND
OPPORTUNITIES FOR CONTINUED PROGRESS

Stephanie B Dixon, Eric J Chow, Lars Hjorth, Melissa M Hudson, Leontien C M Kremer, Lindsay
M Morton, Paul C Nathan, Kirsten K Ness, Kevin C Oeffinger, Gregory T Armstrong

Pediatr Clin North Am; doi: 10.1016/j.pcl.2020.07.013
ABSTRACT
As treatment evolves and the population
who survive childhood cancer ages and
increases in number, researchers must use
novel approaches to prevent, identify and
mitigate adverse effects of treatment. Future
priorities include collaborative efforts to
pool large cohort data to improve detection
of late effects, identify late effects of novel
therapies, and determine the contribution of
genetic factors along with physiologic and
accelerated aging among survivors. This
knowledge should translate to individual risk
prediction and prevention strategies. Finally,
we must utilize health services research and
implementation science to improve adoption
of survivorship care recommendations
outside of specialized pediatric oncology
centers.
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REPRODUCTIVE COMPLICATIONS IN
CHILDHOOD CANCER SURVIVORS

Hanneke M van Santen, Marianne D van de Wetering, Annelies M E Bos, Marry M Vd HeuvelEibrink, Helena J van der Pal, William Hamish Wallace

Pediatr Clin North Am; doi: 10.1016/j.pcl.2020.08.003
ABSTRACT
Gonadal dysfunction and infertility after
cancer treatment are major concerns for
childhood cancer survivors and their
parents. Uncertainty about fertility or being
diagnosed with infertility has a negative
impact on quality of survival.
In this article, determinants of gonadal
damage are reviewed and consequences for
fertility and pregnancies are discussed.
Recommendations for screening and
treatment of gonadal function are provided.
These should enable timely treatment of
gonadal insufficiency aiming to improve
linear growth, pubertal development, and
sexual functioning. Options for fertility
preservation are discussed.
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ENDOCRINE HEALTH IN CHILDHOOD CANCER
SURVIVORS

Hanneke M van Santen, Wassim Chemaitilly, Lillian R Meacham, Emily S Tonorezos, Sogol
Mostoufi-Moab

Pediatr Clin North Am; doi: 10.1016/j.pcl.2020.08.002
ABSTRACT
Endocrine late effects, including
reproductive disorders and secondary
thyroid cancer, have been reported in up to
50 %childhood cancer survivors (CCS) more
than 5 years after treatment. Most endocrine
disorders are amenable to treatment;
awareness of symptoms is therefore of great
importance. Recognition of these symptoms
may be delayed however because many are
nonspecific. Timely treatment of endocrine
disorders improves quality of life in CCS and
prevents possible consequences, such as
short stature, bone and cardiovascular
disorders, and depression. At-risk CCS must
therefore be regularly and systematically
monitored. This article provides a summary
of the most commonly reported endocrine
late effects in CCS.
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CARDIOVASCULAR AND PULMONARY
CHALLENGES AFTER TREATMENT OF
CHILDHOOD CANCER

Henk Visscher, Maria Otth, E A M Lieke Feijen, Paul C Nathan, Claudia E Kuehni

Pediatr Clin North Am; doi: 10.1016/j.pcl.2020.07.007
ABSTRACT
Childhood cancer survivors are at risk for
developing cardiovascular disease and
pulmonary disease related to cancer
treatment. This might not become apparent
until many years after treatment and varies
from subclinical to life-threatening disease.
Important causes are anthracyclines and
radiotherapy involving heart, head, or neck
for cardiovascular disease, and bleomycin,
busulfan, nitrosoureas, radiation to the
chest, and lung or chest surgery for
pulmonary disease. Most effects are dose
dependent, but genetic risk factors
have been discovered. Treatment options are
limited. Prevention and regular screening
are crucial. Survivors should be encouraged
to adopt a healthy lifestyle, and modifiable
risk factors should be addressed.
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SUBSEQUENT PRIMARY NEOPLASMS: RISKS,
RISK FACTORS, SURVEILLANCE, AND FUTURE
RESEARCH

Michael Hawkins, Smita Bhatia, Tara O Henderson, Paul C Nathan, Adam Yan, Jop C Teepen,
Lindsay M Morton

Pediatr Clin North Am; doi: 10.1016/j.pcl.2020.07.006
ABSTRACT
The authors' objective is to provide a brief
update on recent advances in knowledge
relating to subsequent primary neoplasms
developing in survivors of childhood cancer.
This includes a summary of established
large-scale cohorts, risks reported, and
contrasts with results from recently
established large-scale cohorts of survivors
of adolescent and young adult cancer.
Recent evidence is summarized concerning
the role of radiotherapy and chemotherapy
for childhood cancer and survivor genomics
in determining the risk of subsequent
primary neoplasms. Progress with
surveillance, screening, and clinical followup guidelines is addressed. Finally, priorities
for future research are outlined.
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THE CRITICAL ROLE OF CLINICAL PRACTICE
GUIDELINES AND INDICATORS IN HIGHQUALITY SURVIVORSHIP AFTER CHILDHOOD
CANCER
Renée L Mulder, Rebecca J van Kalsbeek, Melissa M Hudson, Roderick Skinner, Leontien C M
Kremer

Pediatr Clin North Am; doi: 10.1016/j.pcl.2020.07.003
ABSTRACT
Childhood cancer survivors are at significant
risk for late cancer treatment-related
morbidity and mortality. Physicians involved
in the care of childhood cancer survivors
should be aware of these specific health
problems and provide high-quality, longterm follow-up care to preserve and improve
survivors' health. The steps required to
achieve high-quality care include
synthesizing evidence (systematic reviews
are helpful in this regard), developing
clinical policy from evidence into evidencebased clinical practice guidelines,
disseminating and implementing clinical
practice guidelines, and evaluating their
impact on quality of care and survivor health
outcomes with quality indicators. This
article describes these cornerstones of
evidence-based medicine.
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RADIOTHERAPY AND LATE EFFECTS

Joshua D Palmer, Matthew D Hall, Anita Mahajan, Arnold C Paulino, Suzanne Wolden, Louis S
Constine

Pediatr Clin North Am; doi: 10.1016/j.pcl.2020.08.001
ABSTRACT
Advances in multimodality care for patients
with pediatric cancer continues to improve
long-term survival. The use of surgery,
chemotherapy, and radiotherapy may lead to
debilitating late effects in childhood cancer
survivors. It is critically important to
understand, mitigate, and screen for late
effects to improve the quality of life in
childhood cancer survivors. This review
summarizes the use of radiotherapy in
children, radiobiology of tissue injury,
impact of age on late effects, important
organ systems affected by radiotherapy
during survivorship, and screening for
radiotherapy late effects.
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SURVIVING SURVIVAL-CHALLENGE
ACCEPTED!: PERSPECTIVES ON SURVIVORSHIP
IN PEDIATRIC ONCOLOGY

Carina Schneider, Jaap den Hartogh, Zuzana Tomášiková, Anita Kienesberger

Pediatr Clin North Am; doi: 10.1016/j.pcl.2020.07.010
ABSTRACT
Surviving childhood cancer can be a lifelong
challenge: up to 75% of childhood cancer
survivors must deal with late effects of their
cancer and treatments. Next to keeping the
balance between dealing with late-effects
and adapting to a life "after cancer" many
childhood cancer survivors also face the
reality of inadequate or nonexisting followup care. Because cure is not enough, patient
advocates depict why it is important to
#RaiseYourHands4Survivors!
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PSYCHIATRIC DISORDERS IN OFFSPRING OF
CHILDHOOD OR ADOLESCENT CENTRAL
NERVOUS SYSTEM TUMOR SURVIVORS: A
NATIONAL COHORT STUDY
Wuqing Huang, Kristina Sundquist, Jan Sundquist, Jianguang Ji

Cancer Med; doi: 10.1002/cam4.3591
BACKGROUND
Children experience a higher risk of
psychiatric problems when their parents are
diagnosed with cancer. However, the
psychological effect among offspring who
are born after parental cancer diagnosed in
childhood or adolescence is unknown. We
aimed to investigate the risk of psychiatric
disorders in children of survivors with
childhood or adolescent central nervous
system (CNS) tumors.
METHODS
By combining several nationwide Swedish
registers, we identified all children who had
at least one parent previously diagnosed
with CNS tumor below the age of 20. Five
children without parental CNS tumor were
randomly selected for the matching. Cox
proportional hazards model was used to
calculate hazard ratios (HRs) with 95%
confidence interval (CI).

RESULTS
The incidence rate of psychiatric disorders
was 8.46 per 1000 person-years in children
of CNS tumor survivors, whereas the rate
was 7.47 in the matched comparisons,
yielding an adjusted HR of 1.10 (95% CI =
0.94, 1.28). Boys of survivors had a higher
risk of psychiatric disorders (adjusted HR =
1.29, 95% CI = 1.04, 1.59). The risk of the
specific types of psychiatric disorders in
children of tumor survivors was comparable
with that in the matched comparisons,
except for mental retardation. Children of
survivors experienced 2.36 times higher risk
of mental retardation (95% CI = 1.21, 4.58),
mainly of mild mental retardation (adjusted
HR = 2.99, 95% CI = 1.40, 6.38).
CONCLUSIONS
Children of survivors with CNS tumor in
early life did not experience a significantly
increased risk of overall psychiatric
disorders, with the exception of an elevated
risk of mental retardation that was mainly
mild.

48 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

EVALUATION OF THE V2.0 BRIEF PROFILES FOR
SEXUAL FUNCTION AND SATISFACTION
PROMIS IN ADOLESCENT AND YOUNG ADULT
CHILDHOOD CANCER SURVIVORS
Jenna Sopfe, Rebekah Marsh, Sonja I Ziniel, James L Klosky, Eric J Chow, Brooke Dorsey Holliman,
Pamela N Peterson

J Adolesc Young Adult Oncol; doi: 10.1089/jayao.2020.0166
PURPOSE
Sexual dysfunction (SD) is a common, but
often unrecognized potential late effect
among childhood cancer survivors (CCS).
Unfortunately, both patients and providers
report low levels of routine screening and
identify multiple barriers, including lack of
knowledge, discomfort, and limited time.
This is particularly true among CCS who are
adolescent or young adult aged (AYA-CCS).
One potential way to increase screening,
detection, and treatment for SD among AYACCS is to employ patient-reported outcomes
measures. While adult screening tools exist,
no SD screening tool has been evaluated
specifically among this younger population.
METHODS
This qualitative study used Think-Aloud and
cognitive interviewing methods to obtain
feedback from AYA-CCS on acceptability,
usefulness, and validity of the PatientReported Outcomes Measurement
Information System® (PROMIS®) v2.0 Brief
Profiles for Sexual Function and Satisfaction
(SexFS Brief) in CCS now 15-24 years of age.

RESULTS
The SexFS Brief demonstrated acceptability,
response process and content validity, and
usefulness among AYA-CCS. There were no
detectable differences by age or gender.
This study did not reveal any necessary
modification to the SexFS Brief for this
population.
CONCLUSIONS
The PROMIS SexFS Brief is an acceptable
and useful tool, with demonstrated response
process and content validity, and may
facilitate improved screening and diagnosis
of SD among AYA-CCS. Furthermore, this
tool was viewed favorably by AYA-CCS as a
way to reduce barriers such as discomfort
and lack of knowledge on the part of
patients. Further evaluation of its
effectiveness and acceptability in a clinical
setting is warranted.
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WEARABLE RESPIRATORY MONITORING AND
FEEDBACK FOR CHRONIC PAIN IN ADULT
SURVIVORS OF CHILDHOOD CANCER: A
FEASIBILITY RANDOMIZED CONTROLLED
TRIAL FROM THE CHILDHOOD CANCER
SURVIVOR STUDY
Nicole M. Alberts; Wendy M. Leisenring; Jessica S. Flynn; Jillian Whitton; Todd M. Gibson; Lindsay
Jibb; Aaron McDonald; James Ford; Neema Moraveji; Blake F. Dear; Kevin R. Krull; Leslie L. Robison;
Jennifer N. Stinson; Gregory T. Armstrong

JCO Clinical Cancer Informatics; doi: 10.1200/CCI.20.00070
PURPOSE
Approximately 40% of childhood cancer
survivors experience chronic pain, with
many also reporting pain-related disability.
Given associations established in the general
population among respiration, anxiety, and
pain, continuous tracking and feedback of
respiration may help survivors manage pain.
METHODS
A feasibility, nonblinded, randomized
controlled trial (RCT) comparing wearable
respiratory monitoring with a control group
examined feasibility, acceptability, and
preliminary efficacy among survivors of
childhood cancer with chronic pain who
were ≥ 18 years of age, able to speak and
read English, lived in the United States, and
had access to a smartphone and the
Internet. The primary outcomes were pain
interference, pain severity, anxiety, negative
affect, and perceived stress. The
intervention group (n = 32) received a
wearable respiratory monitor, used the
device, and completed an in-application
breathing exercise daily for 30 days. The
control group (n = 33) received
psychoeducation after completion of the
study.

RESULTS
Almost all participants in the intervention
group (n = 31 of 32) and control group (n =
32 of 33) completed the study. Of those who
completed the intervention, 90.3% wore the
device for ≥ 50% of the trial. Posttreatment
improvement for negative affect (Cohen d =
0.59; 95% CI, 0.09 to 1.10) was significantly
greater in the intervention group compared
with the control group. A follow-up study (n
= 24) examined acceptability and feasibility
of a second-generation device among those
who completed the RCT. Most survivors
(81.0%) wore the device daily during the trial
and 85.7% reported satisfaction with the
device and the application.
CONCLUSION
The results of this pilot study support the
acceptability and feasibility of wearable
respiratory monitoring among survivors of
childhood cancer. Larger randomized trials
are needed to assess efficacy and
maintenance of this intervention for chronic
pain.
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IDENTIFYING AND EXPLORING THE SELFMANAGEMENT STRATEGIES USED BY
CHILDHOOD CANCER SURVIVORS

Morven C. Brown, Anna Haste, Vera Araújo-Soares, Roderick Skinner, Linda Sharp

J Cancer Surviv; doi: 10.1007/s11764-020-00935-2
PURPOSE
Childhood cancer survivors (CCSs) are at
increased risk of chronic health problems.
Effective self-management could help CCSs
cope with the challenges that accompany
survivorship and reduce their risk of
developing further health problems. There is
little evidence about the extent to which
CCSs engage with self-management and the
specific strategies they use. This study
aimed to identify and explore the strategies
that CCSs use to manage the consequences
of cancer.
METHODS
Twenty-four CCSs were recruited via followup clinics. Participants completed a semistructured interview which was audiorecorded and transcribed. Directed content
analysis was used to identify self-reported
self-management strategies and categorise
them into main self-management types.
RESULTS
CCSs reported 118 specific self-management
strategies which fell under 20 main selfmanagement strategy types. All CCSs
reported using several main selfmanagement strategy types and specific
self-management strategies. Main strategy
types used by all CCSs were “adopting a
healthy lifestyle”, “self-motivating”, “using
support”, “reasoned decision-making” and
“creating a healthy environment”.

The most common specific self-management
trategies were “receiving family support” (n
= 20) and “attending follow-up and
screening appointments” (n = 20).
CONCLUSIONS
This is the first study which has enabled
CCSs to self-report the numerous strategies
they employ to look after their health and
well-being, contributing to a more
comprehensive picture of self-management
in CCSs.
IMPLICATIONS FOR CANCER SURVIVORS
These findings may increase healthcare
professionals’ awareness of the many ways
in which CCSs manage their health and is a
valuable first step in the development of a
supported self-management intervention for
CCSs in follow-up care.
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OTOTOXICITY-INDUCED HEARING LOSS AND
QUALITY OF LIFE IN SURVIVORS OF
PAEDIATRIC CANCER

Kaukab Rajput, Lindsey Edwards Penelope Brock, Anne Abiodun, Phillippa Simpkin, Ghada Al-Malky

J Adolesc Young Adult Oncol; doi: 10.1089/jayao.2020.0166

INTRODUCTION
Hearing loss is a permanent and debilitating
side-effect of a range of interventions
commonly used in the treatment of
childhood cancers, primarily ototoxic
medications such as cisplatin. The purpose
of this study was to examine the impact of
hearing loss, in a population already at risk
of reduced quality of life due to the cancer
and treatment-related factors.

RESULTS
Significant differences between those
children with hearing loss and those whose
hearing remained normal were found on all
four scales of the questionnaire. Children
affected by ototoxicity were rated as having
poorer quality of life in terms of their ability
to communicate with family and peers, their
independence, interactions with peers and
emotional well-being.

METHODS
This study used a questionnaire specifically
designed to tap issues relevant to children
with hearing loss, the Paediatric Audiology
Quality of Life questionnaire (PAQL). Parents
of 78 children treated for a wide range of
solid tumours and leukaemias completed the
PAQL, 41 of whom had sensorineural hearing
loss as a result of the cancer treatment.

CONCLUSION
These results highlight the impact of
acquired hearing loss and reinforce the
importance of assessing quality of life with a
measure capable of tapping the issues of
consequence to the population under
investigation. They also have implications
for the clinical management of children
during and following treatment for a wide
range of cancers: medically, audiologically,
psychologically and educationally.
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PAIN IN SURVIVORS OF EWING SARCOMA:
PREVALENCE, ASSOCIATED FACTORS AND
PREDICTION OF RECURRENCE
Melina Heinemann, Christiane Hoffmann, Jendrik Hardes, Wiebke Guder, Arne Streitbürger, Miriam
Götte, Theresa Luisa Welz, Heribert Jürgens, Andreas Ranft, Volker Vieth, Matthias Weckesser,
Michael Schäfers, Lars Stegger, Uta Dirksen

Pediatr Blood Cancer; doi: 10.1002/pbc.28801

INTRODUCTION
While the prognosis of patients with Ewing
sarcoma (EwS) is improving, little is known
about the frequency of pain and its risk
factors in survivors of EwS. This study aims
to analyse the prevalence and risk factors of
pain and its predictive value for recurrence.
PATIENTS AND METHODS
In patients with remission after treatment of
EwS, frequency and characteristics of pain
within the first 5 years of follow up were
assessed retrospectively.
RESULTS
Of 80 patients, 37 (46%) presented with at
least one episode of pain. Chronic pain (>3
months) was observed in 10 patients (13%).
Experience of at least one episode of pain
was associated with prior combined local
treatment (surgery and radiation compared
to surgery alone; odds ratio [OR] 5.83, 95%
confidence interval [CI] 1.43‐34.9, P = .007).
A total of 59 episodes of pain were observed,
including 47 acute and 12 chronic episodes.
Lower limb pain accounted for 46% (27/59)
of all episodes of pain, and was associated
with primary tumour of the pelvis or lower
extremity (OR 4.29, 95% CI 1.18‐18.21, P =
.025), which represented 64% (51/80) of all
EwS. The positive predictive value of pain
forrecurrence was only 12%.

CONCLUSION
Pain is a common problem in survivors of
EwS, which mostly affects the lower
extremity, and should be regularly assessed.
Interventions to reduce pain may be
particularly important in patients with
combined local treatment with surgery and
radiation, who seem to be at considerably
increased risk for pain. Patients presenting
with pain should be examined for
recurrence.

53 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

THE INTERGENERATIONAL TRANSMISSION OF
CHRONIC PAIN FROM PARENTS TO SURVIVORS
OF CHILDHOOD CANCER
Michaela Patton, Mehak Stokoe, Caitlin Forbes, Chidera Nwaroh, Melanie Noel, Kathleen Reynolds,
and Fiona Schulte

Children; doi: 10.3390/children7110246

BACKGROUND
Among youth with chronic non-cancer pain,
50% have parents with chronic pain. These
youth report significantly more pain
interference and posttraumatic stress
symptoms (PTSS), and worse health-related
quality of life (HRQL) than youth whose
parents do not have chronic pain.
Additionally, parent chronic pain is linked to
increased child anxiety and depressive
symptoms. Survivors of childhood cancer
(SCCs) are at risk of pain and negative
psychosocial outcomes and therefore may be
especially vulnerable if their parents have
chronic pain. Thus, the aims of the current
study were to (1) identify rates of chronic
pain among parents of SCCs, (2) test group
differences in psychological symptoms in
parents with chronic pain versus without,
and (3) test group differences in pain
interference, HRQL, anxiety, depression, and
PTSS in SCCs with parents with chronic pain
versus without.
METHODS
122 SCCs (Mean age = 15.8, SD = 4.8, 45.7%
male, Mean age at diagnosis = 5.9, SD = 4.7)
and their parents were recruited from
across Canada to complete online
questionnaires. Parents were asked if they
have had pain for at least three consecutive
months and completed the brief symptom
inventory (BSI) as a measure of

inventory (BSI) as a measure of
psychological symptomatology. Survivors
completed the pain questionnaire, patient
reported outcomes measurement
information system (PROMIS) – pain
interference, anxiety, and depression
measures, child posttraumatic stress scale,
posttraumatic stress disorder checklist for
the Diagnostic and Statistical Manual of
Mental Disorders, and the pediatric quality
of life inventory.
CONCLUSIONS
Findings suggest that survivors’ parents’ own
pain is prevalent and is related to survivors’
increased depressive symptoms and PTSS,
but not anxiety, pain interference, or HRQL.
Future research should explore whether
parents may benefit from psychological
intervention after their child has been
diagnosed with cancer and how this
could improve outcomes for their child.
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THE UNMET NEEDS OF CHILDHOOD CANCER
SURVIVORS IN LONG‐TERM FOLLOW‐UP CARE
A QUALITATIVE STUDY
Manya Jerina Hendriks, Erika Harju, Gisela Michel

Psycho Oncol; doi: 10.1002/pon.5593

OBJECTIVE
Evidence suggests benefits of long‐term
follow‐up care attendance for childhood
cancer survivors, but studies show poor
inclusion of survivorship issues and needs.
While information needs of childhood cancer
survivors have been addressed previously,
few studies specifically investigated the
supportive care needs of survivors beyond
the domain of information and
communication. Therefore, this qualitative
study aimed to assess the unmet needs of
childhood cancer survivors with regards to
their long‐term survivorship.
METHODS
Childhood Cancer Switzerland invited
survivors of childhood cancer to participate
in our study. We used semi‐structured
interviews to assess survivors’ experiences
regarding the impact of their disease and
the (un)met needs during their survivorship.
Data analysis followed the principles of
qualitative content analysis.

RESULTS
Interviews were conducted with 28
childhood cancer survivors (mean age 31
years, age at diagnosis 9 years, time since
end of treatment 19 years). Key themes in
relation to unmet needs of survivors were 1)
lacking psychosocial support, 2) lacking
collaboration and decentralization of care,
3) starting from zero, and 4) need for
centralized, specialized and individualized
services.
CONCLUSION
Our findings revealed a demand for
integrating psychosocial support in long‐
term follow‐up care and a strong need for
personalized, centralized and
interdisciplinary long‐term follow‐up care.
Current established interdisciplinary clinics
should be further extended to provide
centralized, personalized and evidence‐
based long‐term follow‐up care including
adequate psychosocial support for all
childhood cancer survivors.
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THE CONTRIBUTION OF STRESS AND DISTRESS
TO CARDIOVASCULAR HEALTH IN ADULT
SURVIVORS OF CHILDHOOD CANCER
Margaret M Lubas, Mingjuan Wang, John L Jefferies, Kirsten K. Ness, Matthew J. Ehrhardt, Kevin R.
Krull, Daniel A. Mulrooney, Deo Kumar Srivastava, Rebecca M. Howell, Leslie L. Robison, Melissa M.
Hudson, Gregory T. Armstrong, and Tara M. Brinkman

Cancer Epid Biom & Prev; doi: 10.1158/1055-9965.EPI-20-1183

BACKGROUND
Childhood cancer survivors are at risk for
cardiovascular morbidity and mortality that
is not fully explained by cancer-directed
therapies. We examined the contribution of
emotional stress and distress to cardiac
health in adult survivors of childhood
cancer.
METHODS
Participants included 3,267 adult survivors
enrolled in the St. Jude Lifetime Cohort
Study (median[range] 29.9 [18.1-64.5] years
of age; 7.7 [0-24.8] years at diagnosis; 48.4%
female). Survivors completed comprehensive
medical assessments and standardized
measures of depression, anxiety, posttraumatic stress symptoms (PTSS), and
perceived stress. Cardiovascular-related
conditions included hypertension, diabetes,
dyslipidemia, cardiomyopathy, dysrhythmia,
myocardial infarction (severity graded 0-4),
and metabolic syndrome (yes/no).
Multivariable modified Poisson models
examined associations between symptoms of
stress/distress and cardiovascular
outcomes. Longitudinal associations
between stress/distress and new onset
cardiovascular outcomes, defined as a
change from grade ≤1 at initial evaluation to
grade ≥2 at follow-up (median 3.9 years)
were examined in 1,748 participants.

RESULTS
In multivariable cross-sectional models,
stress/distress was associated with
hypertension (RR=1.24, 95% CI 1.07-1.43),
dyslipidemia (RR=1.29, 95% CI 1.03-1.61), and
metabolic syndrome (RR=1.35, 95% CI 1.171.54) independent of known cardiovascular
risk factors. In longitudinal models,
stress/distress was associated with new
onset dysrhythmia (RR=2.87, 95% CI 1.216.78), perceived stress with hypertension
(RR=1.42, 95% CI 1.04-1.95), and PTSS and
anxiety with dyslipidemia (RR=1.72, 95% CI
1.13-2.62; RR=1.54 95% CI 1.01-2.35,
respectively).
CONCLUSION
Stress/distress is independently associated
with adverse cardiovascular outcomes
among childhood cancer survivors. Impact:
Improving psychological health may serve as
a potential intervention target for
optimizing cardiac health among childhood
cancer survivors.
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LONG-TERM FOLLOW-UP OF CHILDREN WITH
NEUROBLASTOMA RECEIVING RADIOTHERAPY
TO METASTATIC LESIONS WITHIN THE
GERMAN NEUROBLASTOMA TRIALS NB97 AND
NB 2004
Danny Jazmati, Sarina Butzer, Barbara Hero, Jerome Doyen, Dalia Ahmad Khalil, Theresa
Steinmeier, Stefanie Schulze Schleithoff, Angelika Eggert, Thorsten Simon, Beate Timmermann

Strahlenther Onkol; doi: 10.1007/s00066-020-01718-5

PURPOSE
Neuroblastoma (NB) is the most common
extracranial solid malignancy during
childhood. Despite a multimodal treatment
approach, the prognosis of patients with
metastatic NB is not satisfactory. Although
radiotherapy (RT) has become an integral
part of treatment of the primary tumor, the
role of RT in osteomedullary lesions is not
well defined. A retrospective analysis was
conducted to evaluate the impact of RT for
metastatic sites in children with high-risk
NB.
METHODS
All patients with stage 4 NB from the
prospective, multicenter NB trials NB97 and
NB2004 who received RT to metastatic sites
during frontline treatment were included in
this retrospective analysis.

RESULTS
A total of 18 children were irradiated with a
median dose of 36 Gray (Gy; range 20-45 Gy)
to one or more (range 1-3) osteomedullary
metastases with or without concomitant RT
to the primary tumor site. The median
follow-up time was 149 months (range 55220) in survivors. At 5 years, local relapsefree survival (LRFS) at irradiated metastatic
sites and metastases-free survival (MFS) at
distant, non-irradiated site rates were 51.4
and 39.9%, respectively. The estimated
overall survival (OS) rate at 5 years was
49.4%. No high-grade acute or late toxicity
and no secondary malignancy was reported.
CONCLUSION
RT to metastases is feasible for patients with
stage 4 NB. However, an impact of RT to
residual metastatic sites on outcome was
not found. Studies with larger cohorts or
prospective trials would be desirable in
order to elucidate the role of RT for
metastases.
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ADIPOSITY IN SURVIVORS OF CANCER IN
CHILDHOOD: HOW IS IT MEASURED AND WHY
DOES IT MATTER?

Guolla, Louise MD, MSc; Morrison, Katherine M. MD; Barr, Ronald D. MBChB, MD

J Pediatr Hematol Oncol; doi: 10.1097/MPH.0000000000001988

ABSTRACT
Survival of cancer in childhood is
increasingly common with modern
therapeutic protocols but leads frequently
to adverse long-term impacts on health,
including metabolic and cardiovascular
disease. Changes in body composition,
especially an increase in fat mass and a
decrease in muscle mass, are found early in
patients with pediatric cancer, persist long
after treatment has been completed and
seem to contribute to the development of
chronic disease. This review details the
effects of such changes in body composition
and reviews the underlying pathophysiology
of the development of sarcopenic obesity
and its adverse metabolic impact. The
authors discuss the particular challenges in
identifying obesity accurately in survivors of
pediatric cancer using available
measurement techniques, given that
common measures, such as body mass index,
do not distinguish between muscle and
adipose tissue or assess their distribution.

The authors highlight the importance of a
harmonized approach to the assessment of
body composition in pediatric cancer
survivors and early identification of risk
using “gold-standard” measurements. This
will improve our understanding of the
significance of adiposity and sarcopenia in
this population, help identify thresholds
predictive of metabolic risk, and ultimately
prevent or ameliorate the long-term
metabolic and cardiovascular impacts on
health experienced by survivors of cancer in
childhood.
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PAIN AND FUNCTIONAL OUTCOMES IN ADULT
SURVIVORS OF CHILDHOOD CANCER: A
REPORT FROM THE ST. JUDE LIFETIME
COHORT STUDY
Ingrid Tonning Olsson, Nicole M Alberts, Chenghong Li, Matthew J Ehrhardt, Daniel A Mulrooney,
Wei Liu, Alberto S Pappo, Michael W Bishop, Doralina L Anghelescu, Deokumar Srivastava, Leslie L
Robison, Melissa M Hudson, Kirsten K Ness, Kevin R Krull, Tara M Brinkman

Cancer; doi: 10.1002/cncr.33303

BACKGROUND
Although survivors of childhood cancer are
at risk of chronic pain, the impact of pain on
daily functioning is not well understood.
METHODS
A total of 2836 survivors (mean age, 32.2
years [SD, 8.5 years]; mean time since
diagnosis, 23.7 years [SD, 8.2 years]) and 343
noncancer community controls (mean age,
35.5 years [SD, 10.2 years]) underwent
comprehensive medical, neurocognitive, and
physical performance assessments, and
completed measures of pain, health-related
quality of life (HRQOL), and social
functioning. Multinomial logistic regression
models, using odds ratios and 95%
confidence intervals (95% CIs), examined
associations between diagnosis, treatment
exposures, chronic health conditions, and
pain. Relative risks (RRs) between pain and
neurocognition, physical performance, social
functioning, and HRQOL were examined
using modified Poisson regression.

RESULTS
Approximately 18% of survivors (95% CI,
16.1%-18.9%) versus 8% of controls (95% CI,
5.0%-10.9%) reported moderate to very
severe pain with moderate to extreme daily
interference (P < .001). Severe and lifethreatening chronic health conditions were
associated with an increased likelihood of
pain with interference (odds ratio, 2.03; 95%
CI, 1.62-2.54). Pain with daily interference
was found to be associated with an
increased risk of impaired neurocognition
(attention: RR, 1.88 [95% CI, 1.46-2.41]; and
memory: RR, 1.65 [95% CI, 1.25-2.17]),
physical functioning (aerobic capacity: RR,
2.29 [95% CI, 1.84-2.84]; and mobility: RR,
1.71 [95% CI, 1.42-2.06]), social functioning
(inability to hold a job and/or attend school:
RR, 4.46 [95% CI, 3.45-5.76]; and assistance
with routine and/or personal care needs:
RR, 5.64 [95% CI, 3.92-8.10]), and HRQOL
(physical: RR, 6.34 [95% CI, 5.04-7.98]; and
emotional: RR, 2.83 [95% CI,
2.28-3.50]).
CONCLUSIONS
Survivors of childhood cancer are at risk of
pain and associated functional impairments.
Survivors should be screened routinely for
pain and interventions targeting pain
interference are needed.
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GENOME-WIDE ASSOCIATION STUDIES REVEAL
NOVEL LOCUS WITH SEX-/THERAPY-SPECIFIC
FRACTURE RISK EFFECTS IN CHILDHOOD
CANCER SURVIVORS
Cindy Im, Nan Li, Wonjong Moon, Qi Liu, Lindsay M Morton, Wendy M Leisenring, Rebecca M
Howell, Eric J Chow, Charles A Sklar, Carmen L Wilson, Zhaoming Wang, Yadav Sapkota, Wassim
Chemaitilly, Kirsten K Ness, Melissa M Hudson, Leslie L Robison, Smita Bhatia, Gregory T
Armstrong, Yutaka Yasui
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ABSTRACT
Childhood cancer survivors treated with
radiation therapy (RT) and osteotoxic
chemotherapies are at increased risk for
fractures. However, understanding of how
genetic and clinical susceptibility factors
jointly contribute to fracture risk among
survivors is limited. To address this gap, we
conducted genome-wide association studies
of fracture risk after cancer diagnosis in
2,453 participants of European ancestry
from the Childhood Cancer Survivor Study
(CCSS) with 930 incident fractures using Cox
regression models (i.e., time-to-event
analysis) and prioritized sex- and treatmentstratified genetic associations. We
performed replication analyses in 1,417
survivors of European ancestry with 652
incident fractures from the St. Jude Lifetime
Cohort Study (SJLIFE). In discovery, we
identified a genome-wide significant (P <
5x10-8) fracture risk locus, 16p13.3 (HAGHL),
among female CCSS survivors (N = 1,289)
with strong evidence of sex-specific effects
(Psex-heterogeneity < 7x10-6 ). Combining
discovery and replication data, rs1406815
showed the strongest association (HR = 1.43,
P = 8.2x10-9 ; N = 1,935 women) at this locus.

In treatment-stratified analyses in the
discovery cohort, the association between
rs1406815 and fracture risk among female
survivors with no RT exposures was weak
(HR = 1.22, 95% CI: 0.95-1.57, P = 0.11), but
increased substantially among those with
greater head/neck RT doses (any RT: HR =
1.88, 95% CI: 1.54-2.28, P = 2.4x10-10 ; >36
Gray only: HR = 3.79, 95% CI: 1.95-7.34, P =
8.2x10-5 ). These head/neck RT-specific
HAGHL SNP effects were replicated in
female SJLIFE survivors. In silico
bioinformatics analyses suggest these
fracture risk alleles regulate HAGHL gene
expression and related bone resorption
pathways. Genetic risk profiles integrating
this locus may help identify female survivors
who would benefit from targeted
interventions to reduce fracture risk.
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SURVEILLANCE FOR RADIATION-RELATED
LATE EFFECTS IN CHILDHOOD CANCER
SURVIVORS: THE IMPACT OF USING
VOLUMETRIC DOSIMETRY
Sally Cohen-Cutler, Arthur Olch, Kenneth Wong, Jemily Malvar, Richard Sposto, Pierre Kobierski,
Amit Sura, Louis S Constine, David R Freyer

Cancer Med; doi: 10.1002/cam4.3671

BACKGROUND
Radiation-related screening guidelines for
survivors of childhood cancer currently use
irradiated regions (IR) to determine risk for
late effects. However, contemporary
radiotherapy techniques utilize volumetric
dosimetry (VD) to determine organ-specific
exposures, which could inform need for late
effect surveillance.
METHODS
This cross-sectional cohort study involved
patients treated for cancer using
computerized tomography-planned
irradiation at Children's Hospital Los
Angeles from 2000-2016. Organs at risk were
identified using both VD and IR. Under each
method, Children's Oncology Group LongTerm Follow-Up Guidelines were applied to
determine radiation-related potential late
effects and their correlative recommended
screening practices. Patients served as their
own controls. Mean number of potential late
effects per patient and recommended
screening practices per patient per decade
of follow-up were compared using paired ttests; comparisons were adjusted for
diagnosis and gender using random effects,
repeated measure linear regression.

RESULTS
In this cohort (n = 132), median age at end of
treatment was 10.6 years (range, 1.4-20.4).
Brain tumor was the most common diagnosis
(45%) and head/brain the most common
irradiated region (61%). Under IR and VD, the
mean number of potential late effects
flagged was 24.4 and 21.7, respectively
(-11.3%, p < 0.001); concordance between the
two methods was 6.1%. Under VD, the
difference in mean number of recommended
screening practices per patient was -7.4% in
aggregate but as large as -37.0% for
diagnostic imaging and procedures (p <
0.001 for both).
CONCLUSION
Use of VD rather than IR is feasible and
enhances precision of guideline-based
screening for radiation-related late effects
in long-term childhood cancer survivors.
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LATE MORTALITY FROM OTHER DISEASES
FOLLOWING CHILDHOOD CANCER IN
AUSTRALIA AND THE IMPACT OF INTENSITY OF
TREATMENT
Danny R Youlden, Thomas S Walwyn, Richard J Cohn, Hazel E Harden, Jason D Pole, Joanne F
Aitken

Pediatr Blood Cancer; doi: 10.1002/pbc.28835

BACKGROUND
People who receive treatment for cancer
during childhood often experience
subsequent complications of therapy, known
as late effects, which can lead to an
increased risk of death.
PROCEDURE
Using deidentified population-based data
from the Australian Childhood Cancer
Registry for children aged 0-14 diagnosed
with cancer during the period 1983-2011 and
who survived for a minimum of 5 years, we
examined disease-related deaths (other than
cancer recurrence or second primary
cancers) that occurred up to 31 December
2016. Risk of death relative to the general
population was approximated using
standardised mortality ratios (SMRs).
Treatment received was stratified according
to the intensity of treatment rating, version
3 (ITR-3).

RESULTS
During the study period, 82 noncancer
disease-related deaths were recorded among
13 432 childhood cancer survivors, four
times higher than expected (SMR = 4.43, 95%
CI = 3.57-5.50). A clear link to treatment
intensity was observed, with the relative risk
of noncancer disease-related mortality
being twice as high for children who
underwent 'most intensive' treatment (SMR
= 5.94, 95% CI = 3.69-9.55) compared to the
'least intensive' treatment group (SMR =
2.98, 95% CI = 1.42-6.24; Ptrend = .01).
Thirty-year cumulative mortality from
noncancer disease-related deaths was
estimated at 1.4% (95% CI = 1.1-1.9) after
adjusting for competing causes of death
such as cancer, accidents, or injuries.
CONCLUSIONS
Although childhood cancer survivors are at
increased relative risk of death from
noncancer diseases, particularly those who
undergo more intensive treatment, the
cumulative mortality within 30 years of
diagnosis remains small. Knowledge of late
effects can guide surveillance of survivors
and treatment modification, without wanting
to compromise the high rates of survival.
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DESIGNING AN EXERCISE INTERVENTION FOR
ADULT SURVIVORS OF CHILDHOOD CANCERS

Denise Rokitka, Jennifer Heffler, Michael Zevon, Caleb Kitcho, Jennifer Schweitzer, Elisa M
Rodriguez , Martin C Mahoney

BMC Cancer; doi: 10.1186/s12885-020-07763-8

BACKGROUND
This study examined current physical
activity levels and preferences for exercise
settings and activities among adult survivors
of childhood cancers as a strategy to inform
the feasibility and design of such programs.
METHODS
A mixed-methods design was used to
investigate current activity levels as well as
barriers to and preferences for physical
activity among 20 adult survivors of
pediatric cancer.
RESULTS
One-half of participants reported engaging
in regular physical activity, although the
frequency, intensity, and duration varied.
Overall, 17 of the 20 participants (85%)
stated they would be interested in
participating in a structured exercise
intervention, and they expressed a strong
interest in walking (76%), bicycling (53%),
and weight training (53%). Common barriers
to participation in a potential structured
exercise program were insufficient time,
current health issues, and program
location/distance. Nearly all participants
agreed that information on nutrition and
diet should be included as part of an
exercise intervention.

CONCLUSIONS
These findings will help inform the design
and implementation of future exercise
programs to enhance physical activity
among this high-risk group of cancer
survivors.
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SCHOOL AND EDUCATIONAL SUPPORT
PROGRAMMES FOR PAEDIATRIC ONCOLOGY
PATIENTS AND SURVIVORS: A SYSTEMATIC
REVIEW OF EVIDENCE AND
RECOMMENDATIONS FOR FUTURE RESEARCH
AND PRACTICE
Mary A Burns, Joanna E Fardell, Claire E Wakefield, Richard J Cohn, Glenn M Marshall, Alistair Lum,
Sarah J Ellis, Barb Donnan, Thomas Walwyn, Amanda Carter, Belinda Barton, Suncica Lah

Psychooncology; doi: 10.1002/pon.5606

OBJECTIVES
The Psychosocial Standards of Care (PSSC)
in paediatric oncology prescribe the
minimum standards for education support. It
is unknown, however, if published education
support programmes for children with
cancer meet the PSSC standards for
education support. Successful
implementation of standards for education
support is challenging but may be achieved
with guidance. We aimed to (1) review
education support programmes for
childhood cancer patients and survivors
against the PSSC standards and (2) provide
practical recommendations for future
research and implementation of education
support programmes.
METHODS
We searched PsycINFO, PubMed, CINAHL,
EMBASE, and Educational Resources
Information and Center databases. We
reviewed the education support programmes
using five evaluation criteria derived from
the PSSC and summarised the structure of
identified programmes. We examined the
features and limitations of programmes that
met all evaluation criteria.

RESULTS
We identified 20 education support
programmes in paediatric oncology,
including peer programmes (n = 3), teacher
programmes (n = 5), and school re-entry
programmes (SRPs n = 12). We found that
three SRPs met all evaluation criteria and
that SRP components were timed according
to the child's position on the cancer
trajectory (e.g., diagnosis and treatment,
school re-entry, and follow up throughout
schooling). The supporting evidence of the
programmes, however, is unclear due to the
lack of adequately designed studies.
CONCLUSIONS
SRPs provide a promising structure for
future education support programmes. We
recommend strategies for developing and
evaluating education support that adheres to
the PSSC and adapts to international and
local contexts.
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PHYSICAL FITNESS AND MODIFIABLE
CARDIOVASCULAR DISEASE RISK FACTORS IN
SURVIVORS OF CHILDHOOD CANCER: A
REPORT FROM THE SURFIT STUDY
Christina Schindera, Simeon Joel Zürcher, Ruedi Jung, Sarah Boehringer, Jan Willem Balder, Corina
Silvia Rueegg, Susi Kriemler, Nicolas Xavier von der Weid

Cancer; doi: 10.1002/cncr.33351

BACKGROUND
Childhood cancer survivors are at risk for
cardiovascular disease (CVD) because of
intensive cancer therapies often
accompanied by an unhealthy lifestyle. This
study was aimed at 1) describing modifiable
CVD risk factors in survivors and 2)
investigating the association between
different aspects of physical fitness and CVD
risk factors.
METHODS
The authors analyzed cross-sectional data
from ≥5-year survivors who were 16 years
old or younger at their cancer diagnosis and
16 years old or older at the time of the study.
Single CVD risk factors (waist
circumference, blood pressure, fasting
glucose, inverse high-density lipoprotein,
and triglycerides), a composite CVD risk
score (combined z scores of all CVD risk
factors), and metabolic syndrome were
evaluated. Physical fitness measures
included cardiopulmonary exercise testing
(CPET), a handgrip test, and a 1-minute sitto-stand test (STS). Multivariable logistic
regression was used for the association
between fitness measures and CVD risk
factors, with adjustments made for
demographic factors and cancer therapy.

RESULTS
This study included 163 survivors with a
median age at diagnosis of 7 years and a
median age at the time of the study of 28
years. Among those survivors, 27% had a
high waist circumference, 32% had high
blood pressure, 19% had high triglycerides,
20% had an increased composite CVD risk
score, and 10% had metabolic syndrome. A
better performance during CPET, handgrip
testing, and STS was associated with a lower
probability of having a high waist
circumference, high triglycerides, and
metabolic syndrome.
CONCLUSIONS
Better aerobic fitness (CPET) and, to a lesser
extent, handgrip and STS were associated
with fewer CVD risk factors. Further
investigations are warranted to investigate
which fitness measures should preferably be
used to screen survivors to promote physical
activity in those with impaired test
performance.
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A SCOPING REVIEW TO MAP THE CONCEPT,
CONTENT, AND OUTCOME OF WILDERNESS
PROGRAMS FOR CHILDHOOD CANCER
SURVIVORS
Mats Jong, E Anne Lown, Winnie Schats, Michelle L Mills, Heather R Otto, Leiv E Gabrielsen, Miek
C Jong

PLoS One; doi: 10.1371/journal.pone.0243908

OBJECTIVES
Systematic mapping of the concept, content,
and outcome of wilderness programs for
childhood cancer survivors.
DESIGN
Scoping review.
SEARCH STRATEGY
Searches were performed in 13 databases
and the grey literature. Included studies
describe participation of childhood cancer
survivors in wilderness programs where the
role of nature had a contextual and
therapeutic premise. At least two authors
independently performed screening, data
extraction and analysis.
RESULTS
Database searches yielded 1848 articles, of
which 15 met the inclusion criteria. The
majority of programs (73%) employed
adventure therapy. Five activity categories
were identified as components of wilderness
programs: challenge/risk, free time/leisure,
experiential learning, physical activity and
psychotherapeutic activities. A majority of
the participating childhood cancer survivors
were female, white, aged 8-40 years, with a
wide range of cancer diagnoses. Reported
outcomes included increased social
involvement, self-esteem, self-confidence,
self-efficacy, social support, and physical
activity.

Key gaps identified included the absence of
randomized controlled trials (RCTs), lack of
studies on long-term effects, lack of
information on the multicultural aspects of
programs, and missing information on
engagement in nature activities after the
program ended.
CONCLUSIONS
This scoping review guides childhood cancer
survivors, their families, practitioners,
clinicians and researchers in the
development and optimization of wilderness
programs for childhood cancer survivors. In
addition, it informs the utilization of these
programs, and identifies gaps in the
evidence base of wilderness programs. It is
recommended that future study reporting on
wilderness programs include more detail and
explicitly address the role of nature in the
program. Performing RCTs on wilderness
programs is challenging, as they occur in
real-life contexts in which participants
cannot be blinded. Creative solutions in the
design of pragmatic trials and mixed method
studies are thus needed for further
investigation of the effectiveness and safety
of wilderness programs in childhood cancer
survivors.
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CANCER PREDISPOSITION SYNDROMES AS A
RISK FACTOR FOR EARLY SECOND PRIMARY
NEOPLASMS AFTER CHILDHOOD CANCER – A
NATIONAL COHORT STUDY
Nicolas Waespe, Fabiën N Belle, Shelagh Redmond, Christina Schindera, Ben D Spycher, Jochen
Rössler, Marc Ansari, Claudia E Kuehni, Swiss Paediatric Oncology Group (SPOG)

Eur J Cancer; doi: 10.1016/j.ejca.2020.11.042

BACKGROUND
Childhood cancer patients are at increased
risk of second primary neoplasms (SPNs). We
assessed incidence and risk factors for early
SPNs with a focus on cancer predisposition
syndromes (CPSs).
PATIENTS AND METHODS
This cohort study used data from the Swiss
Childhood Cancer Registry. We included
patients with first primary neoplasms (FPNs)
diagnosed before age 21 years from 1986 to
2015 and identified SPNs occurring before
age 21. We calculated standardised incidence
ratios (SIRs) and absolute excess risks (AERs)
using Swiss population cancer incidence
data, and cumulative incidence of SPNs. We
calculated hazard ratios (HRs) of risk factors
for SPNs using Fine and Gray competing risk
regression.

RESULTS
Among 8074 childhood cancer patients, 304
(4%) were diagnosed with a CPS and 94 (1%)
developed early SPNs. The incidence of SPNs
was more than 10-fold higher in childhood
cancer patients than the incidence of
neoplasms in the general population (SIR =
10.6, 95% confidence interval [CI]: 8.7-13.1)
and the AER was 179/100,000 person-years
(CI: 139-219). Cumulative incidence of SPNs
20 years after FPN diagnosis was 23% in
patients with CPSs (CI: 12-41%) and 2.7% in
those without (CI: 2.0-3.6%). Risk factors for
SPNs were CPSs (HR = 7.8, CI: 4.8-12.7),
chemotherapy (HR = 2.2, CI: 1.1-4.6),
radiotherapy (HR = 1.9, CI = 1.2-2.9),
haematopoietic stem cell transplantation
(HR = 1.8, CI: 1-3.3), and older age (15-20
years) at FPN diagnosis (HR = 1.9, CI: 1.1-3.2).
CONCLUSIONS
CPSs are associated with a high risk of SPNs
before age 21 years. Identification of CPSs is
important for appropriate cancer
surveillance and targeted screening.
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ACCEPTABILITY AND FEASIBILITY OF
SURVIVORSHIP CARE PLANS AND AN
ACCOMPANYING MOBILE HEALTH
INTERVENTION FOR ADOLESCENT AND YOUNG
ADULT SURVIVORS OF CHILDHOOD CANCER
Sara King-Dowling, Alexandra M Psihogios , Christine Hill-Kayser, Dava Szalda, Bridget O'Hagan,
Katie Darabos, Lauren C Daniel, Lamia P Barakat , Linda Fleisher, Laurie A Maurer, Blanca
Velázquez-Martin, Linda A Jacobs, Wendy Hobbie, Jill P Ginsberg , Carolyn C Vachani, James M
Metz, Lisa A Schwartz

Pediatr Blood Cancer; doi: 10.1002/pbc.28884
BACKGROUND
Self-management interventions for
adolescent and young adult (AYA) survivors
of childhood cancer are needed. The present
study reports on the acceptability and
feasibility of delivering survivorship care
plans (SCPs) and an accompanying app to
AYA.
PROCEDURE
AYA (n = 224) ages 15-29 who completed
treatment for cancer were randomized and
received a digital SCP only or an SCP plus a
mobile app intended to enhance selfmanagement. For 16 weeks, the app
delivered one to two daily messages
complementing information in their SCP and
tailored based on age, treatment, and health
goal. Data are presented on feasibility, selfreported acceptability (including
satisfaction and perceived benefits) and its
relationship to app engagement (for those in
app group), and feedback from qualitative
interviews conducted with 10 AYA.

RESULTS
The SCP and app proved feasible as
evidenced by high recruitment and
retention, access to technology, time
analysis, moderate app engagement, and
minimal technical issues. However, 12%
reported never reading the SCP and 8%
never used the app. The app and SCP were
acceptable to AYA, and SCP acceptability
ratings did not differ between groups. For
those with the app, acceptability was
positively related to message engagement.
AYA recommended enhanced
individualization and design features of the
SCP and app.
CONCLUSIONS
Results support the use of tailored SCPs and
mobile health interventions for most AYA, as
well as the need for further refinement and
research. Delivery of SCPs and digital
interventions are acceptable and feasible to
AYA survivors, and may help promote
health-related knowledge and survivorship
self-management.
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SOCIAL ISOLATION AND CONNECTION IN
ADOLESCENTS WITH CANCER AND SURVIVORS
OF CHILDHOOD CANCER: A SYSTEMATIC
REVIEW
Daniel A Pahl, Matthew S Wieder, Dara M Steinberg

J Adolesc; doi: 10.1016/j.adolescence.2020.12.010

BACKGROUND
Cancer may cause significant disruptions in
normal adolescent development particularly
in social domains. Both treatment and
survivorship pose challenges to fostering
social connections. To better understand
these challenges, we conducted a systematic
literature review of the experience of social
isolation and connectedness in adolescents
with cancer and adolescent survivors of
childhood cancer.
METHODS
A systematic review of the scientific
literature was conducted following PRISMA
Guidelines. Eligible articles included original
peer-reviewed research published in English
between January 2000 and April 2020 that
reported on social domains of patients and
survivors of cancer between the ages of 1021. Initial database search identified 4606
articles with 43 studies meeting inclusion
criteria.

RESULTS
Results were synthesized into four domains:
(1) the prevalence of connectedness/
isolation; (2) risk factors associated with
social isolation; (3) protective factors
against social isolation; (4) the impact of
social isolation on psychological health.
Overall, adolescent patients and survivors of
cancer have satisfactory social
connectedness. However, certain subgroups
including those with central nervous system
tumors are at higher risk of social isolation.
CONCLUSIONS
In general, adolescent cancer patients and
survivors report levels of social
connectedness consistent with healthy
adolescent population norms. The risk and
protective factors identified in this review
may help serve as important indicators for
psychosocial screening and interventions.
These findings are particularly relevant in
the COVID-19 era as all adolescents face
challenges to social connections and
psychosocial development.
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FEMALE REPRODUCTIVE FUNCTION AFTER
TREATMENT OF CHILDHOOD ACUTE
LYMPHOBLASTIC LEUKEMIA
Roxanne Roshandel, Marloes van Dijk, Annelies Overbeek, Gertjan Kaspers, Cornelis Lambalk,
Catharina Beerendonk, Dorine Bresters, Margriet van der Heiden-van der Loo, Marry van den
Heuvel-Eibrink, Leontien Kremer, Jacqueline Loonen, Helena van der Pal, Cecile Ronckers, Wim
Tissing, Birgitta Versluys, Flora van Leeuwen, Marleen van den Berg, Eline van Dulmen-den
Broeder, LATER-VEVO Study Group

Pediatr Blood Cancer; doi: 10.1002/pbc.28894

BACKGROUND
The aim was to evaluate self-reported
reproductive characteristics and markers of
ovarian function in a nationwide cohort of
female survivors of childhood acute
lymphoblastic leukemia (ALL), because prior
investigations have produced conflicting
data.
PROCEDURE
Self-reported reproductive characteristics
were assessed by questionnaire among 357
adult 5-year survivors, treated between 1964
and 2002, and 836 controls. Ovarian
function was assessed by serum levels of
anti-Müllerian hormone (AMH), folliclestimulating hormone (FSH), and inhibin B
and by antral follicle count (AFC).
Differences between controls and
(subgroups of) survivors (total group,
chemotherapy [CT]-only group, CT and
radiotherapy [RT] group) were analyzed.

RESULTS
Survivors treated with CT only do not differ
from controls regarding timing of menarche,
virginity status, desire for children, or
pregnancy rates. Compared to controls, the
CT+RT group was at significantly increased
risk of a younger age at menarche (P < .01),
virginity, an absent desire for children, and
lower pregnancy rates (odds ratio [OR] [95%
CI]: 0.3 [CI 0.1-0.6], 0.5 [0.3-0.9], and 0.4
[0.2-0.9], respectively). Survivors in the CTonly group were significantly younger at the
birth of their first child. Pregnancy
outcomes were not significantly different
between any (sub)groups. Survivors treated
with total body irradiation (TBI) or
hematopoietic stem cell transplantation
(HSCT) are at increased risk of abnormal
markers of ovarian function.
CONCLUSION
In general, adolescent cancer patients and
survivors report levels of social
connectedness consistent with healthy
adolescent population norms. The risk and
protective factors identified in this review
may help serve as important indicators for
psychosocial screening and interventions.
These findings are particularly relevant in
the COVID-19 era as all adolescents face
challenges to social connections and
psychosocial development.
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QUALITY OF LIFE AMONG FEMALE CHILDHOOD
CANCER SURVIVORS WITH AND WITHOUT
PREMATURE OVARIAN INSUFFICIENCY
Hjelmér Ida, Gustafsson Kylberg Alicia, Fridenborg Anna, Leijonhufvud Irene, Nyström Anna, Mörse
Helena, Elfving Maria, Henic Emir, Nenonen Hannah
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PURPOSE
Due to an increase in survival, a growing
population of childhood cancer survivors
(CCS) is present. However, female CCS are at
risk of developing premature ovarian
insufficiency (POI) after cancer treatment.
POI involves a decreased chance of
conceiving and the increased infertility state
has a large impact on affected individuals'
health and mental life. The objective of this
study was to investigate health state and
well-being among female CCS with and
without POI and healthy controls (HC).
METHODS
Female CCS treated in southern Sweden
between 1964 and 2008 were included. Each
patient was matched with a HC. The final
study population included 167 female CCS
and 164 HC that were examined between
October 2010 and January 2015 at the
Reproductive Medicine Centre at Skåne
University Hospital in Malmö, Sweden. All
participants, except for two HCs, answered
an EQ-5D-3L questionnaire for measuring
health state including a visual analogue scale
(VAS) for estimating well-being.

RESULTS
There were 22 CCS with POI, none of the HC
had POI. The mean health state differed
among groups (unadjusted: P = 0.002;
adjusted: P = 0.007). A difference in mean
experienced well-being among groups was
noted (unadjusted: P = 0.003; adjusted: P =
0.012). Lowest well-being was found in the
CCS group with POI (P = 0.024).
CONCLUSIONS
Female CCS have a significantly decreased
health state and well-being. Female CCS
with POI additionally have the lowest selfestimated well-being.
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THE IMPACT OF CANCER ON EARLY
CHILDHOOD DEVELOPMENT: A LINKED DATA
STUDY
Julia N Morris, David Roder, Deborah Turnbull, Hugh Hunkin

J Pediatr Psychol; doi: 10.1093/jpepsy/jsaa084

OBJECTIVE
This study used retrospective linked
population data to investigate the impact of
early childhood cancer on developmental
outcomes.
METHODS
Children aged <9 years with a recorded
malignant neoplasm were identified in the
South Australian Cancer Registry. They were
then linked to developmental data recorded
in the Australian Early Development Census
(AEDC) for the 2009, 2012, and 2015 data
collection periods; and assigned five
matched controls from the same AEDC year.

RESULTS
Between 2000 and 2015, 43 children had a
malignant cancer diagnosis and also
participated in the AEDC. Compared to
controls, childhood cancer survivors
exhibited greater developmental
vulnerability in their physical health and
wellbeing. Between survivors and controls,
no significant developmental differences
were observed in social, emotional, language
and cognitive, and communication and
general knowledge domains. Rural or remote
location had a significant positive effect on
developmental outcomes for childhood
cancer survivors relative to controls,
suggesting this was a protective factor in
terms of physical health and wellbeing,
social competence, communication, and
general knowledge. Among all children,
socioeconomic advantage was linked to
better developmental outcomes on all
domains except physical health and
wellbeing.
CONCLUSIONS
Following an early cancer diagnosis, children
may require targeted care to support their
physical health and wellbeing. Geographic
variation in developmental outcomes
indicates remoteness was a protective factor
and requires further investigation. This
study highlights the feasibility of using
administrative whole-population data to
investigate cancer outcomes.

72 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

DETERMINING TRANSITION READINESS IN
SWISS CHILDHOOD CANCER SURVIVORS - A
FEASIBILITY STUDY
Maria Otth, Patrick Wechsler, Sibylle Denzler, Henrik Koehler, Katrin Scheinemann

BMC Cancer; doi: 10.1186/s12885-021-07787-8

BACKGROUND
The successful transition of childhood
cancer survivors (CCSs) from pediatric to
adult long-term follow-up care is a critical
phase, and determining the right time point
can be challenging. We assessed the
feasibility of the use of existing transition
readiness tools in the context of the Swiss
health care system, assessed partly
transition readiness in Swiss CCSs, and
compared our findings with Canadian CCSs
for which these tools were originally
developed.

RESULTS
We randomly recruited 50 CCSs aged ≥18
years at participation. The CCSs had a
median CWS score of 62 (interquartile range
55-71), indicating a moderate level of
cancer-related worry. Despite high selfmanagement skills, some answers showed a
dependency of CCSs on their parents. Our
experience shows that the CWS and SMSS
are easy for Swiss CCSs to use, understand,
and complete. The interpretation of the
results must take differences in health care
systems between countries into account.

METHODS
We officially translated the Cancer Worry
Scale (CWS) and Self-Management Skill Scale
(SMSS) into German and integrated them
into this cross-sectional study. We included
CCSs attending the long-term follow-up
(LTFU) clinic in the Division of OncologyHematology, Department of Pediatrics,
Kantonsspital Aarau. We used descriptive
statistics to describe transition readiness.

CONCLUSIONS
The translated CWS and SMSS are
appropriate additional measures to assess
transition readiness in CCSs. These scales
can be used longitudinally to find the
individual time point for transition and the
completion by CCSs enables the health care
team to individualize the transition process
and to support the CCSs according to their
individual needs.
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PREDICTORS OF VERTEBRAL DEFORMITY IN
LONG-TERM SURVIVORS OF CHILDHOOD
ACUTE LYMPHOBLASTIC LEUKEMIA: THE
PETALE STUDY
Melissa Fiscaletti, Mariia Samoilenko, Josée Dubois, Marie-Claude Miron, Geneviève Lefebvre, Maja
Krajinovic, Caroline Laverdière, Daniel Sinnett, Nathalie Alos
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BACKGROUND
The prevalence of vertebral deformities in
long-term survivors of childhood acute
lymphoblastic leukemia (ALL) is unknown.
Our objectives were to identify the
prevalence of vertebral deformities and their
risk factors among long-term childhood ALL
survivors.
METHODS/RESULTS
We recruited 245 (49% male) long-term
childhood ALL survivors from the Preventing
Late Adverse Effects of Leukemia Cohort
(French-Canadian ALL survivors treated
between the years 1987 and 2010 with the
Dana Farber Cancer Institute clinical trials
protocols, who did not experience disease
relapse and/or receive hematopoietic stem
cell transplant). Median age at recruitment
was 21.7 years (range, 8.5-41) and median
time since diagnosis was 15.1 years (range,
5.4-28.2). All participants underwent spine
radiograph and dual-energy X-ray
absorptiometry scans. The prevalence of
vertebral deformity was 23% with 88%
classified as grade 1 according to the Genant
method.

The majority of vertebral deformities were
clinically silent. Regression analysis
confirmed male sex (risk ratio [RR] = 1.94;
95% confidence interval [CI], 1.16-3.24; P =
0.011), higher glucocorticoid cumulative dose
(RR = 1.05; 95% CI, 1.00-1.10; P = 0.032), and
back pain (RR = 2.44; 95% CI, 1.56-3.84; P <
0.001) as predictors of prevalent vertebral
deformity. Sex differences in vertebral
deformity predictors emerged.
CONCLUSIONS
We report a significant prevalence of
vertebral deformities in this young cohort.
Male sex, cumulative glucocorticoid dose,
and back pain were identified as predictors
of prevalent vertebral deformity. Back pain
emerging as a strong predictor of vertebral
deformity underscores the importance of
ongoing bone health surveillance in
survivors with persistent vertebral
deformities treated with these earlier
protocols.
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DISEASE-SPECIFIC HOSPITALIZATIONS
AMONG 5-YEAR SURVIVORS OF WILMS TUMOR:
A NORDIC POPULATION-BASED COHORT
STUDY
Stine Høgsholt, Peter Haubjerg Asdahl, Trine Gade Bonnesen, Anna Sällfors Holmqvist, Laura
Madanat-Harjuoja, Laufey Tryggvadottir, Andrea Bautz, Vanna Albieri, Daniel Green, Jeanette Falck
Winther, Henrik Hasle
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BACKGROUND
With modern therapy, over 90% of Wilms
tumor patients can expect to become longterm survivors, and focus on morbidity and
late effects become increasingly important.
We provide a novel evaluation and insight to
subsequent hospitalizations in 5-year
survivors of Wilms tumor.
METHODS
As part of the Adult Life after Childhood
Cancer in Scandinavia (ALiCCS) study, we
identified 5-year survivors of Wilms tumor.
Based on stratified random sampling, we
constructed a population comparison
cohort. Outcomes of interest were overall
hospitalizations; hospitalizations for specific
organ systems and disease-specific
categories. Standardized hospitalization rate
ratios (SHRR) and absolute excess risks (AER)
were calculated.

RESULTS
We included 913, 5-year survivors of Wilms
tumor and 152 231 population comparisons.
Survivors of Wilms tumor had an increased
overall risk of being hospitalized (SHRR 1.8;
95% confidence interval (CI) 1.7-2.0). The
hospitalization risk was increased within all
major organ systems: urinary and genital
organs (SHRR 2.5; 95% CI 2.1-3.0), endocrine
(SHRR 2.5; 95% CI 1.9-3.3), cardiovascular
(SHRR 2.2; 95% CI 1.7-2.9), and
gastrointestinal (SHRR 1.5; 95% CI 1.3-1.8).
Risks for specific diseases are reported in
the study.
CONCLUSIONS
Survivors of Wilms tumor had higher risks
than population comparisons for a wide
range of diseases, with the highest risks
seen for urinary, endocrine, and
cardiovascular disorders. Five to 20 years
after the Wilms tumor diagnosis, 43% of
survivors had been hospitalized at least once
versus 29% of population comparisons. The
overall AER was 2.3, which translates into
0.2 extra hospitalizations in 10 years for
every Wilms tumor survivor.
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RISK OF INDUCED ABORTIONS IN CHILDHOOD
CANCER SURVIVORS

Johanna M Melin, Viivi I Seppänen, Tiina M Ylöstalo, Nea K Malila, Janne M Pitkäniemi, Mika
Gissler, Laura-Maria S Madanat-Harjuoja

Cancer; doi: 10.1002/cncr.33384

BACKGROUND
The relative probability of pregnancy and
parenthood in cancer survivors is reduced.
Studies have shown that cancer survivors
are concerned about the health of their
offspring and the recurrence of their own
cancer. This could lead to an increased risk
of induced abortion. The aim of this study
was to examine whether pregnancies of
childhood cancer survivors (CCSs) who were
0 to 14 years old at diagnosis in 1971-2012
were more likely to result in induced
abortions in comparison with population
controls.
METHODS
Data from Finnish registries for cancer,
births, and induced abortions were merged
to identify 420 first pregnancies of CCSs and
2508 first pregnancies of age-matched
population controls in 1987-2013. Poisson
regression and logistic regression modeling
were used to estimate incidence rates and
relative risks (RRs) with 95% confidence
intervals (CIs) of first pregnancies and
induced abortions in CCSs in comparison
with population controls.

RESULTS
The risk of first pregnancy was reduced in
CCSs in comparison with population
controls (RR, 0.72; 95% CI, 0.64-0.80),
whereas the risk of a first pregnancy
resulting in an induced abortion was similar
in CCSs and population controls (RR, 1.01;
95% CI, 0.77-1.33). In subanalyses stratifying
by decade of diagnosis and cancer
treatment, the risk of induced abortion was
similar in CCSs and population controls.
CONCLUSIONS
Female CCSs do not have an overall
increased risk of induced abortions. The
reduced probability of pregnancy among
CCSs highlights the continued need for
interventions to preserve fertility at the
time of a cancer diagnosis.
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HEALTH-RELATED QUALITY OF LIFE IN
EUROPEAN CHILDHOOD CANCER SURVIVORS:
PROTOCOL FOR A STUDY WITHIN
PANCARELIFE
Gabriele Calaminus, Katja Baust, Claire Berger, Julianne Byrne, Harald Binder, Leonie Casagranda,
Desiree Grabow, Martha Grootenhuis, Peter Kaatsch, Melanie Kaiser, Tomas Kepak, Kateřina
Kepáková, Leontien C M Kremer, Jarmila Kruseova, Ales Luks, Claudia Spix, Marleen van den Berg,
Marry M M van den Heuvel-Eibrink, Eline van Dulmen-den Broeder, Rahel Kuonen, Grit Sommer,
Claudia Kuehni

JMIR Res Protoc; doi: 10.2196/21851

BACKGROUND
Survival after childhood cancer has
improved to more than 80% during the last
few years, leading to an increased number of
childhood cancer survivors. Cancer itself, or
its treatment, may cause chronic health
conditions, including somatic and mental
sequelae, which may affect survivors' healthrelated quality of life (HRQoL).
OBJECTIVE
The project PanCareLIFE aims to establish a
large database with comprehensive data on
childhood cancer survivors from different
European countries, including data on
HRQoL. Within PanCareLIFE, this study aims
to describe HRQoL in survivors, investigate
predictors of HRQoL, and describe the
association of HRQoL with hearing and
female fertility impairment. This paper
describes the design of the HRQoL study,
the origin of data, strategies for data
collection, and sampling characteristics of
survivors from each contributing country.

METHODS
A total of 6 institutions from 5 European
countries (the Czech Republic, France,
Germany, the Netherlands, and Switzerland)
provided data on HRQoL assessed with the
Short Form 36 and on relevant predictors.
The central PanCareLIFE data center
aggregated the data and harmonized the
variables between the institutions. Survivors
were eligible if they received a diagnosis of
cancer according to the 12 main groups of
the International Classification of Childhood
Cancer, 3rd edition, or Langerhans cell
histiocytosis; were aged ≤18 years at the
time of diagnosis; were residents of the
respective country at the time of diagnosis;
had survived ≥5 years after cancer diagnosis;
were aged ≥18 years at the time of the
questionnaire survey; and did not refuse to
registration in the national or local
childhood cancer cohort.
CONCLUSIONS
PanCareLIFE successfully assessed HRQoL
and its predictors in 9871 European survivors
of childhood cancer. This large population
will permit detailed investigations of HRQoL
after childhood cancer, particularly the
impact of hearing and female fertility
impairment on HRQoL.
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LATE OUTCOMES IN SURVIVORS OF
CHILDHOOD ACUTE MYELOID LEUKEMIA: A
REPORT FROM THE ST. JUDE LIFETIME
COHORT STUDY
Neel S Bhatt, Malek J Baassiri, Wei Liu, Nickhill Bhakta, Wassim Chemaitilly, Matthew J Ehrhardt,
Hiroto Inaba, Kevin Krull, Kirsten K Ness, Jeffrey E Rubnitz, Deokumar Srivastava, Leslie L Robison,
Melissa M Hudson, Daniel A Mulrooney

Leukemia; doi: 10.1038/s41375-021-01134-3

ABSTRACT
Cumulative burden of chronic health
conditions and neurocognitive and physical
function were examined among survivors of
childhood acute myeloid leukemia (AML)
treated with hematopoietic cell transplant
(HCT; n = 66) or conventional therapy (CT; n
= 67). Survivors and controls underwent a
comprehensive clinical assessment, and
health conditions were graded using a
modified version of the Common
Terminology Criteria for Adverse Events. By
age 40 years, HCT and CT survivors had an
average 17.4 (95% confidence interval [CI]
14.6-20.1) and 9.3 (7.7-11.1) grade 1-4
conditions versus 3.8 (3.3-4.2) in community
controls. Compared to controls, HCT
survivors had a higher prevalence of
hypertriglyceridemia (45.5% vs. 18.3%),
hypercholesterolemia (47.0% vs. 30.9%),
hypothyroidism (27.3% vs. 4.0%), and
primary hypogonadism (p < 0.001). CT
survivors had a higher prevalence of
cardiomyopathy (11.9% vs. 2.7%) and
hypertension (53.7% vs. 44.3%).

Neurocognitive impairment was elevated
across all domains compared to controls but
did not differ by treatment modality.
Compared to controls, a higher proportion
of HCT survivors had impairments in
strength and endurance; whereas flexibility
and mobility impairments were noted among
CT survivors. Despite successful advances in
childhood AML therapy, many therapeutic
exposures remain unchanged. These findings
support ongoing investigations of novel
therapies and strategies to ameliorate the
risk of late morbidities.
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METABOLIC SYNDROME PARAMETERS,
DETERMINANTS, AND BIOMARKERS IN ADULT
SURVIVORS OF CHILDHOOD CANCER:
PROTOCOL FOR THE DUTCH CHILDHOOD
CANCER SURVIVOR STUDY ON METABOLIC
SYNDROME (DUTCH LATER METS)
Vincent Pluimakers, Marta Fiocco, Jenneke van Atteveld, Monique Hobbelink, Dorine Bresters,
Eline Van Dulmen-den Broeder, Margriet Van der Heiden-van der Loo, Geert O Janssens, Leontien
Kremer, Jacqueline Loonen, Marloes Louwerens, Helena Van der Pal, Cécile Ronckers, Hanneke Van
Santen, Birgitta Versluys, Andrica De Vries, Marry Van den Heuvel-Eibrink, Sebastian Neggers

JMIR Res Protoc; doi: 10.2196/21256
BACKGROUND
Potential late effects of treatment for
childhood cancer include adiposity, insulin
resistance, dyslipidemia, and hypertension.
These risk factors cluster together as
metabolic syndrome and increase the risk
for development of diabetes mellitus and
cardio- and cerebrovascular disease.
Knowledge on risk factors, timely diagnosis,
and preventive strategies is of importance to
prevent cardio- and cerebrovascular
complications and improve quality of life.
Currently, no national cohort studies on the
prevalence and determinants of metabolic
syndrome in childhood cancer survivors,
including biomarkers and genetic
predisposition, are available.

METHODS
This is a cross-sectional study based on
recruitment of all survivors treated in the
Netherlands between 1963 and 2002.
Metabolic syndrome will be classified
according to the definitions of the third
Adult Treatment Panel Report of the
National Cholesterol Education Program as
well as the Joint Interim Statement and
compared to reference data. Dual-energy xray absorptiometry scans were performed to
assess body composition in more detail. The
effect of patient characteristics, previous
treatment, and genetic variation on the risk
of metabolic syndrome will be assessed. The
diagnostic and predictive value of novel
biomarkers will be tested.

OBJECTIVE
The objectives of the Dutch LATER METS
study are to assess 1) the prevalence and risk
factors of metabolic syndrome and its
separate components, and 2) the potential
diagnostic and predictive value of additional
biomarkers for surveillance of metabolic
syndrome in the national cohort of adult
long-term survivors of childhood cancer.

CONCLUSIONS
The Dutch LATER METS study will provide
knowledge on clinical and genetic
determinants of metabolic syndrome and the
diagnostic value of biomarkers in childhood
cancer survivors. The results of this study
will be used to optimize surveillance
guidelines for metabolic syndrome in
survivors based on enhanced risk
stratification and screening strategies. This
will improve diagnosis of metabolic
syndrome and prevent complications.

79 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

ADAPTIVE FUNCTIONING AND ACADEMIC
ACHIEVEMENT IN SURVIVORS OF CHILDHOOD
ACUTE LYMPHOBLASTIC LEUKEMIA: A REPORT
FROM THE CHILDREN'S ONCOLOGY GROUP
Lisa M Jacola, Julie Baran, Robert B Noll, Victoria W Willard, Kristina K Hardy, Leanne Embry,
Stephanie E Hullmann, Eric C Larsen, Naomi Winick, John A Kairalla

Pediatr Blood Cancer; doi: 10.1002/pbc.28913

PURPOSE
To characterize academic and adaptive skill
outcomes in survivors of high-risk B-lineage
acute lymphoblastic leukemia (HR B-ALL).
METHODS
Participants were 178 patients enrolled on a
nontherapeutic clinical trial that aimed to
characterize neurocognitive and functional
outcomes (ie, academic achievement and
adaptive skills) following treatment for
childhood HR B-ALL. Eligible patients were
treated on Children's Oncology Group
AALL0232 clinical trial that included two
treatment randomizations: methotrexate
delivery (high or escalating dose) and
corticosteroid (dexamethasone or
prednisone). Academic achievement and
adaptive skills were evaluated at one time
point, 8-24 months after completing
treatment.

RESULTS
Multivariable logistic regression showed no
significant association between treatment
variables and outcomes after accounting for
age at diagnosis, sex, and insurance status.
In multivariable analyses accounting for sex
and insurance status, survivors <10 years old
at diagnosis had significantly lower scores in
Math (P = .02). In multivariable analyses
accounting for sex and age at diagnosis,
scores for children with US public health
insurance were significantly lower than
those with US private or military insurance
across all academic and adaptive skills (all Pvalues ≤.04). Results from univariate
analyses showed that boys had significantly
lower scores than girls across all adaptive
skill domains (all P-values ≤.04).
CONCLUSION
Regardless of treatment randomization,
survivors of HR B-ALL <10 years at diagnosis
are at risk for deficits in Math and overall
adaptive functioning; overall adaptive skills
for boys were significantly poorer. Screening
and early intervention for patients at highest
risk, particularly young patients and lower
resourced families, should be prioritized.
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VIRTUAL VISITS AS LONG-TERM FOLLOW-UP
CARE FOR CHILDHOOD CANCER SURVIVORS:
PATIENT AND PROVIDER SATISFACTION
DURING THE COVID-19 PANDEMIC
Lisa B Kenney, Lynda M Vrooman, Eileen Duffey Lind, Jill Brace-O'Neill, Jean E Mulder, Larissa
Nekhlyudov, Christopher J Recklitis

Pediatr Blood Cancer; doi: 10.1002/pbc.28927

ABSTRACT
Telemedicine can potentially meet objectives
of long-term follow-up care (LTFU) for
childhood cancer survivors (CCS) while
reducing barriers. We surveyed providers at
our institution about their satisfaction with
video-conference virtual visits (VV) with 81
CCS during COVID-19 restrictions. The same
81 CCS (or parent proxies) were surveyed
about their experience, of which 47%
responded. Providers and CCS were highly
satisfied with VV (86% and 95%
"completely/very satisfied," respectively).
CCS rated VV "as/nearly as" helpful as inperson visits (66%) and 82% prefer VV
remain an option postpandemic. High levels
of survivor and provider satisfaction with VV
support ongoing investigation into
implementation for LTFU.
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WORRY ABOUT SOMATIC SYMPTOMS AS A SIGN
OF CANCER RECURRENCE: PREVALENCE AND
ASSOCIATIONS WITH FEAR OF RECURRENCE
AND QUALITY OF LIFE IN SURVIVORS OF
CHILDHOOD CANCER
Sarah J Cunningham, Michaela Patton, Fiona Schulte, Patricia A Richardson, Lauren C Heathcote

Psychooncology; doi: 10.1002/pon.5647

OBJECTIVE
Somatic symptoms (e.g., pain, fatigue) are
common after childhood cancer and are
associated with greater fear of cancer
recurrence and poorer health-related
quality of life (HRQoL). Qualitative studies
indicate that survivors of childhood cancer
(SCCs) worry about somatic symptoms as
indicating cancer recurrence, which could in
part explain associations between symptoms
and poorer psychosocial outcomes.
However, the prevalence, characteristics,
and impact of symptom worry has not been
quantitatively studied.
METHODS
SCCs (N = 111; 52% female; Mage at study =
17.67 years, range = 8 - 25 years; Mage at
diagnosis = 6.70 years) across a variety of
diagnoses were recruited from a pediatric
cancer center in Canada and completed selfreport measures of symptom worry,
symptom frequency, general anxiety, fear of
cancer recurrence, and HRQoL.

RESULTS
A majority (62%) of SCCs worried about at
least one symptom as a sign of recurrence.
Pain was the most worrisome symptom, but
SCCs also reported worrying about
symptoms that are rarely associated with
cancer recurrence such as hunger, dizziness,
and feeling cold. Symptom worry was more
strongly associated with fear of cancer
recurrence than the mere frequency of those
symptoms, and this relationship held while
controlling for treatment factors and
general anxiety. Symptom worry and
frequency each explained unique variance in
HRQoL.
CONCLUSION
Worry about somatic symptoms as a sign of
cancer recurrence is common and may be
impactful after childhood cancer. Excessive
worry about somatic symptoms could be an
important target to reduce fear of
recurrence and increase HRQoL in SCCs.

82 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

MOTOR ABILITY, PHYSICAL SELF-CONCEPT
AND HEALTH-RELATED QUALITY OF LIFE IN
PEDIATRIC CANCER SURVIVORS
Valentin Benzing, Valerie Siegwart, Janine Spitzhüttl, Jürg Schmid, Michael Grotzer, Claudia M
Roebers, Maja Steinlin, Kurt Leibundgut, Regula Everts, Mirko Schmidt

Cancer Med; doi: 10.1002/cam4.3750

BACKGROUND
Cancer survivorship is frequently associated
with severe late effects. However, research
into pediatric cancer survivors on late
effects in motor ability, physical selfconcept and their relationship to quality of
life is limited.
METHODS
Using multiple regression analyses, 78
pediatric cancer survivors and 56 typically
developing children were compared in motor
ability, physical self-concept and healthrelated quality of life. In addition,
mediational multi-group analyses between
motor ability (independent variable),
physical self-concept (mediator) and quality
of life (dependent variable) were calculated.

RESULTS
Pediatric cancer survivors had a lower motor
ability (gHedges = 0.863), a lower physical
self-concept with regard to several scales of
the PSDQ-S (gHedges = 0.318-0.764) and a
higher relative risk for a below average
quality of life than controls (RR = 1.44).
Children with a history of cancer involving
the central nervous system showed poorer
motor ability compared to those without
central nervous system involvement
(gHedges = 0.591). Furthermore, the physical
self-concept significantly mediated the
relationship between motor ability and
quality of life in pediatric cancer survivors
but not in typically developing children.
CONCLUSIONS
Results show the importance of monitoring
and supporting the development of motor
ability in the aftercare of pediatric cancer
survivors. Physical activity interventions
may be advisable to prevent physical
activity-related late effects and potentially
improve related psychosocial variables such
as quality of life.
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A VULNERABLE AGE GROUP: THE IMPACT OF
CANCER ON THE PSYCHOSOCIAL WELL-BEING
OF YOUNG ADULT CHILDHOOD CANCER
SURVIVORS
L M E van Erp, H Maurice-Stam, L C M Kremer, W J E Tissing, H J H van der Pal, A C H de Vries, M
M van den Heuvel-Eibrink, B A B Versluys, M van der Heiden-van der Loo, G A Huizinga, M A
Grootenhuis

Support Care Cancer; doi: 10.1007/s00520-021-06009-y

PURPOSE
This study aimed to increase our
understanding of the psychosocial wellbeing of young adult childhood cancer
survivors (YACCS) as well as the positive and
negative impacts of cancer.
METHODS
YACCS (aged 18-30, diagnosed ≤ 18, time
since diagnosis ≥ 5 years) cross-sectionally
filled out the "Pediatric Quality of Life
Inventory Young Adults" (PedsQL-YA),
"Hospital Anxiety and Depression Scale"
(HADS), and "Checklist Individual Strengths"
(CIS-20R) to measure fatigue and survivorspecific "Impact of Cancer - Childhood
Survivors" (IOC-CS), which measures the
long-term impact of childhood cancer in
several domains. Descriptive statistics (IOCCS), logistic regression (HADS, CIS-20R), and
ANOVA (PedsQL-YA, HADS, CIS-20R) were
performed. Associations between positive
and negative impacts of childhood cancer
and psychosocial outcomes were examined
with linear regression analyses.

RESULTS
YACCS (N = 151, 61.6% female, mean age 24.1
± 3.6, mean time since diagnosis 13.6 ± 3.8)
reported lower HRQOL (- .4 ≤ d ≤ - .5, p ≤
.001) and more anxiety (d = .4, p ≤ .001),
depression (d = .4, p ≤ .01), and fatigue (.3 ≤
d ≤ .5, p ≤ .001) than young adults from the
general Dutch population. They were at an
increased risk of experiencing (sub)clinical
anxiety (OR = 1.8, p = .017). YACCS reported
more impact on scales representing a
positive rather than negative impact of CC.
Various domains of impact of childhood
cancer were related to psychosocial
outcomes, especially "Life Challenges"
(HRQOL β = - .18, anxiety β = .36, depression
β = .29) and "Body & Health" (HRQOL β = .27,
anxiety β = - .25, depression β = - .26,
fatigue β = - .47).
CONCLUSION
YACCS are vulnerable to psychosocial
difficulties, but they also experience positive
long-term impacts of childhood cancer.
Positive and negative impacts of childhood
cancer were associated with psychosocial
outcomes in YACCS. Screening of
psychosocial outcomes and offering targeted
interventions are necessary to optimize
psychosocial long-term follow-up care for
YACCS.
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FERTILITY PRESERVATION FOR MALE
PATIENTS WITH CHILDHOOD, ADOLESCENT,
AND YOUNG ADULT CANCER:
RECOMMENDATIONS FROM THE PANCARELIFE
CONSORTIUM AND THE INTERNATIONAL LATE
EFFECTS OF CHILDHOOD CANCER GUIDELINE
HARMONIZATION GROUP
Renée L Mulder, Anna Font-Gonzalez, Daniel M Green, Erik A H Loeffen, Melissa M Hudson,
Jacqueline Loonen, Richard Yu, Prof Jill P Ginsberg, Prof Rod T Mitchell, Julianne Byrne, Roderick
Skinner, Antoinette Anazodo, Louis S Constine, Andrica de Vries, Kirsi Jahnukainen, Armando
Lorenzo, Andreas Meissner, Leena Nahata, Marij Dinkelman-Smit, Prof Herman Tournaye, Riccardo
Haupt, Prof Marry M van den Heuvel-Eibrink, Hanneke M van Santen, Prof Ans M M van Pelt, Prof
Uta Dirksen, Jaap den Hartogh, Eline van Dulmen-den Broeder, Prof W Hamish Wallace, Jennifer
Levine, Prof Wim J E Tissing, Prof Leontien C M Kremer, Lisa B Kenney, Marianne D van de
Wetering, on behalf of the PanCareLIFE Consortium

Lancet Oncology; doi: 10.1016/S1470-2045(20)30582-9

SUMMARY
Male patients with childhood, adolescent,
and young adult cancer are at an increased
risk for infertility if their treatment
adversely affects reproductive organ
function. Future fertility is a primary
concern of patients and their families.
Variations in clinical practice are barriers to
the timely implementation of interventions
that preserve fertility. As part of the
PanCareLIFE Consortium, in collaboration
with the International Late Effects of
Childhood Cancer Guideline Harmonization
Group, we reviewed the current literature
and developed a clinical practice guideline
for fertility preservation in male patients
who are diagnosed with childhood,
adolescent, and young adult cancer at age 25
years or younger, including guidance on risk
assessment and available methods for
fertility preservation.

The Grading of Recommendations
Assessment, Development and Evaluation
methodology was used to grade the available
evidence and to form the recommendations.
Recognising the need for global consensus,
this clinical practice guideline used existing
evidence and international expertise to
rigorously develop transparent
recommendations that are easy to use to
facilitate the care of male patients with
childhood, adolescent, and young adult
cancer who are at high risk of fertility
impairment and to enhance their quality of
life.
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COMMUNICATION AND ETHICAL
CONSIDERATIONS FOR FERTILITY
PRESERVATION FOR PATIENTS WITH
CHILDHOOD, ADOLESCENT, AND YOUNG
ADULT CANCER: RECOMMENDATIONS FROM
THE PANCARELIFE CONSORTIUM AND THE
INTERNATIONAL LATE EFFECTS OF
CHILDHOOD CANCER GUIDELINE
HARMONIZATION GROUP
Renée L Mulder, Anna Font-Gonzalez, Eline van Dulmen-den Broeder, Prof Gwendolyn P Quinn,
Prof Jill P Ginsberg, Erik A H Loeffen, Melissa M Hudson, Karen C Burns, Hanneke M van Santen,
Claire Berger, Tamara Diesch, Prof Uta Dirksen, Prof Aleksander Giwercman, Clarisa Gracia, Sarah
E Hunter, Joanne F Kelvin, Prof James L Klosky, Prof Joop S E Laven, Barbara A Lockart, Sebastian J
C M M Neggers, Michelle Peate, Bob Phillips, Damon R Reed, Eva Maria E Tinner, Julianne Byrne,
Margreet Veening, Marleen van de Berg, Chris M Verhaak, Antoinette Anazodo, Kenny RodriguezWallberg, Prof Marry M van den Heuvel-Eibrink, Ogechukwu A Asogwa, Alexandra Brownsdon, Prof
W Hamish Wallace, Daniel M Green, Roderick Skinner, Riccardo Haupt, Lisa B Kenney, Jennifer
Levine, Marianne D van de Wetering, Prof Wim J E Tissing, Prof Norbert W Paul, Prof Leontien C M
Kremer, Julia Inthorn, on behalf of the PanCareLIFE Consortium
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SUMMARY
Patients with childhood, adolescent, and
young adult cancer who will be treated with
gonadotoxic therapies are at increased risk
for infertility. Many patients and their
families desire biological children but
effective communication about treatmentrelated infertility risk and procedures for
fertility preservation does not always
happen. The PanCareLIFE Consortium and
the International Late Effects of Childhood
Cancer Guideline Harmonization Group
reviewed the literature and developed a
clinical practice guideline that provides
recommendations for ongoing
communication methods for fertility
preservation for patients who were
diagnosed with childhood, adolescent, and
young adult cancer at age 25 years or
younger and their families.

Moreover, the guideline panel formulated
considerations of the ethical implications
that are associated with these procedures.
Grading of Recommendations Assessment,
Development and Evaluation methodology
was used to grade the evidence and
recommendations. In this clinical practice
guideline, existing evidence and
international expertise are combined to
develop transparent recommendations that
are easy to use to facilitate ongoing
communication between health-care
providers and patients with childhood,
adolescent, and young adult cancer who
might be at high risk for fertility impairment
and their families.
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FERTILITY PRESERVATION FOR FEMALE
PATIENTS WITH CHILDHOOD, ADOLESCENT,
AND YOUNG ADULT CANCER:
RECOMMENDATIONS FROM THE PANCARELIFE
CONSORTIUM AND THE INTERNATIONAL LATE
EFFECTS OF CHILDHOOD CANCER GUIDELINE
HARMONIZATION GROUP
Renée L Mulder, Anna Font-Gonzalez, Eline van Dulmen-den Broeder, Prof Gwendolyn P Quinn,
Prof Jill P Ginsberg, Erik A H Loeffen, Melissa M Hudson, Karen C Burns, Hanneke M van Santen,
Claire Berger, Tamara Diesch, Prof Uta Dirksen, Prof Aleksander Giwercman, Clarisa Gracia, Sarah
E Hunter, Joanne F Kelvin, Prof James L Klosky, Prof Joop S E Laven, Barbara A Lockart, Sebastian J
C M M Neggers, Michelle Peate, Bob Phillips, Damon R Reed, Eva Maria E Tinner, Julianne Byrne,
Margreet Veening, Marleen van de Berg, Chris M Verhaak, Antoinette Anazodo, Kenny RodriguezWallberg, Prof Marry M van den Heuvel-Eibrink, Ogechukwu A Asogwa, Alexandra Brownsdon, Prof
W Hamish Wallace, Daniel M Green, Roderick Skinner, Riccardo Haupt, Lisa B Kenney, Jennifer
Levine, Marianne D van de Wetering, Prof Wim J E Tissing, Prof Norbert W Paul, Prof Leontien C M
Kremer, Julia Inthorn, on behalf of the PanCareLIFE Consortium

Lancet Oncology; doi: 10.1016/S1470-2045(20)30594-5
SUMMARY
Female patients with childhood, adolescent,
and young adult cancer are at increased risk
for fertility impairment when treatment
adversely affects the function of
reproductive organs. Patients and their
families desire biological children but
substantial variations in clinical practice
guidelines reduce consistent and timely
implementation of effective interventions
for fertility preservation across institutions.
As part of the PanCareLIFE Consortium, and
in collaboration with the International Late
Effects of Childhood Cancer Guideline
Harmonization Group, we reviewed the
current literature and developed a clinical
practice guideline for fertility preservation
in female patients who were diagnosed with
childhood, adolescent, and young adult
cancer at age 25 years or younger, including
guidance on risk assessment and available
methods for fertility preservation.

The Grading of Recommendations
Assessment, Development and Evaluation
methodology was used to grade the available
evidence and to form the recommendations.
This clinical practice guideline leverages
existing evidence and international expertise
to develop transparent recommendations
that are easy to use to facilitate the care of
female patients with childhood, adolescent,
and young adult cancer who are at high risk
for fertility impairment. A complete review
of the existing evidence, including a quality
assessment, transparent reporting of the
guideline panel's decisions, and achievement
of global interdisciplinary consensus, is an
important result of this intensive
collaboration.
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PERCEIVED HEALTH AMONG ADOLESCENT
AND YOUNG ADULT SURVIVORS OF
CHILDHOOD CANCER
Morgan Young-Speirs, Caitlin Forbes, Michaela Patton, K Brooke Russell, Mehak Stokoe, Kathleen
Reynolds, Fiona Schulte

Curr Oncol; doi: 10.3390/curroncol28010080

SUMMARY
Survivors of childhood cancer (SCCs) are at
increased risk of late effects, which are
cancer- and treatment-related side-effects
that are experienced months to years posttreatment and encapsulate a range of
physical, cognitive and emotional problems
including secondary malignancies. Perceived
health can serve as an indicator of overall
health. This study aims to (1) understand
how a patient reported outcome (PRO) of
perceived health of SCCs compares to
controls who have not had a cancer
diagnosis and (2) examine the relationships
between perceived health and demographic
and clinical variables, and health behavior. A
total of 209 SCCs (n = 113 (54.10%) males;
median age at diagnosis = 6.50 years; median
time off treatment = 11.10 years; mean age at
study = 19.00 years) were included. SCCs
completed annual assessments as part of
Long-Term Survivor Clinic appointments,
including a question on perceived health
answered on a five-point Likert scale.

Data were collected retrospectively from
medical charts. Perceived health of SCCs
was compared to a control group (n = 836)
using data from the 2014 Canadian
Community Health Survey. Most SCCs (67%)
reported excellent or very good health. The
mean perceived health of SCCs (2.15 ± 0.91)
was not statistically different from
population controls (2.10 ± 0.87). Pain (B =
0.35; p < 0.001), physical activity (B = -0.39;
p = 0.013) and concerns related to health
resources (B = 0.59; p = 0.002) were
significant predictors of perceived health.
Factors shown to influence SCCs' perceived
health may inform interventions. Exploration
into how SCCs develop their conception of
health may be warranted.
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CLINICAL UTILITY OF COMPLEX ASSESSMENT
WITH EVOKED POTENTIALS IN ACUTE
LYMPHOBLASTIC LEUKEMIA SURVIVORS:
COMPARISON OF VARIOUS TREATMENT
PROTOCOLS
Slawomir Kroczka, Konrad Stepien, Izabela Witek-Motyl, Kinga Kwiecinska, Eryk Kapusta,
Agnieszka Biedron, Pawel Skorek, Szymon Skoczen

BMC Cancer; doi: 10.1186/s12885-021-07873-x

BACKGROUND
One of the greatest success of pediatric
hematology is a prominent improvement of
survival in acute lymphoblastic leukemia
(ALL). Therefore, special attention needs to
be paid to long-term side effects of the
treatment such as neurotoxicity. One of the
few diagnostic methods that allow an
objective assessment of sensory systems are
evoked potentials (EP).
METHODS
The analyzed group consisted of 167 ALL
long-term survivors, aged 4.9-28.4 years,
without auditory, visual and sensory
deviations. Patients were treated with New
York (NY, n = 35), previous modified BerlinFrankfurt-Münster (pBFM, n = 47) and
BFM95 (n = 85) protocols. In order to assess
the impact of radiotherapy on recorded EP,
a joint analysis of NY and pBFM groups was
performed. The control group consisted of
35 patients, aged 6-17 years. The analyzed
patients underwent a complex assessment
with visual EP (VEP), somatosensory EP (SEP)
and brainstem auditory EP (BAEP) in
accordance with current standards.

RESULTS
ALL treatment contributed to the shortening
of wave I latency (1.59 vs 1.90, P = 0.003) and
prolongation of I-III (2.23 vs 2.04, P = 0.004)
and I-V (4.57 vs 4.24, P = 0.002) interwave
latencies of BAEP. A significant effect was
also noticed in P100 (106.32 vs 101.57, P <
0.001) and N135 (151.42 vs 138.22, P < 0.001)
latencies of VEP and N18 amplitude (3.24 vs
4.70, P = 0.007) and P25 latency (21.32 vs
23.39, P < 0.001) of SEP. The distribution of
abnormalities between protocols was similar
in BAEP (NY - 68.6%, pBFM - 61.7%, BFM9569.4%, P = 0.650), VEP (NY - 68.6%, pBFM 42.5%, BFM95-58.3%, P = 0.053) and
significantly different for SEP (NY - 62.9%,
pBFM - 36.2%, BFM95-53.0%, P = 0.045). The
harmful effect of radiotherapy was most
clearly marked in numerous disturbances of
SEP parameters.
CONCLUSIONS
The presented analysis indicates a high
frequency of subclinical abnormalities in EP
regardless of the analyzed protocol. To our
knowledge current study is the largest and
one of the most complex research examining
the role of EP in ALL patients. The obtained
results indicate the possibility of using a
single, objective and non-invasive
measurement of EP in ALL survivors in order
to stratify the risk of developing sensory
abnormalities in adulthood.
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COST OF SURVIVORSHIP CARE AND
ADHERENCE TO SCREENING-ALIGNING THE
PRIORITIES OF HEALTH CARE SYSTEMS AND
SURVIVORS
Catherine Benedict, Jason Wang, Marina Reppucci, Charles L Schleien, Jonathan D Fish

Transl Behav Med; doi: 10.1093/tbm/ibz182

ABSTRACT
Childhood cancer survivors (CCS) experience
significant morbidity due to treatmentrelated late effects and benefit from lateeffects surveillance. Adherence to screening
recommendations is suboptimal.
Survivorship care programs often struggle
with resource limitations and may benefit
from understanding institution-level
financial outcomes associated with patient
adherence to justify programmatic
development and growth. The purpose of
this study is to examine how CCS adherence
to screening recommendations relates to the
cost of care, insurance status, and
institution-level financial outcomes. A
retrospective chart review of 286 patients,
followed in a structured survivorship
program, assessed adherence to the
Children's Oncology Group follow-up
guidelines by comparing recommended
versus performed screening procedures for
each patient. Procedure cost estimates were
based on insurance status. Institutional
profit margins and profit opportunity loss
were calculated. Bivariate statistics tested
adherent versus nonadherent subgroup
differences on cost variables. A generalized
linear model predicted the likelihood of
adherence based on cost of recommended
procedures, controllingfor age, gender, race,
and insurance. Adherence to recommended
surveillance procedures was 50.2%.

Nonadherence was associated with higher
costs of recommended screening procedures
compared to the adherent group estimates
($2,469.84 vs. $1,211.44). Failure to perform
the recommended tests resulted in no
difference in reimbursement to the health
system between groups ($1,249.63 vs.
$1,211.08). For the nonadherent group, this
represented $1,055.13 in "lost profit
opportunity" per visit for patients, which
totaled $311,850 in lost profit opportunity
due to nonadherence in this subgroup. In
the final model, nonadherence was related
to higher cost of recommended procedures
(p < .0001), older age at visit (p = .04), Black
race (p = .02), and government-sponsored
insurance (p = .03). Understanding
institutional financial outcomes related to
patient adherence may help inform
survivorship care programs and resource
allocation. Potential financial burden to
patients associated with complex care
recommendations is also warranted.
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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 DCOGLATER 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.
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).
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PREVALENCE AND RISK FACTORS FOR
METABOLIC SYNDROME AMONG CHILDHOOD
ACUTE LYMPHOBLASTIC LEUKEMIA
SURVIVORS: EXPERIENCE FROM SOUTH INDIA
Garima Nirmal, Priyakumari Thankamony, Guruprasad Chellapam Sojamani, Manjusha Nair, Binitha
Rajeswari, Prasanth Varikkattu Rajendran, Jagathnath Krishna K M

J Pediatr Hematol Oncol; doi: 10.1097/MPH.0000000000001856

BACKGROUND AND OBJECTIVES
Improved survival of childhood acute
lymphoblastic leukemia (ALL) has diverted
attention to the long-term consequences of
the treatment; metabolic abnormalities
being one of the most important issues.
METHODS
Children diagnosed with ALL at age 14 years
and younger at Regional Cancer Centre in
South India who completed treatment and
who were on follow-up for >2 years were
enrolled in the study between April 1, 2018
and March 31, 2019. They were prospectively
evaluated for the presence of metabolic
syndrome (MS) and associated risk factors.
RESULTS AND DISCUSSION
A total of 277 survivors of pediatric ALL were
recruited during the study period. MS was
present in 8.3% (n=23) and 6% (n=13)
survivors by National Cholesterol Education
Programme Adult Treatment Panel III
(NCEPATP III) and International Diabetes
Federation (IDF) criteria, respectively. The
prevalence of overweight and obesity in the
survivors was 9% and 13%. The prevalence of
increased waist circumference, low highdensity lipoprotein cholesterol, elevated
triglycerides, elevated fasting glucose, and
increased blood pressure were 10.5%, 28.9%,
24.9%, 2.5%, and 9%, respectively.

Overweight/obese survivors were at an
increased risk for developing MS (odds
ratio=17.66; 95% confidence interval=6.250.16, P=0.001). Survivors who received
cranial radiotherapy were at an elevated risk
for having low high-density lipoprotein
cholesterol (P=0.001).
CONCLUSIONS
In our study, the prevalence of MS was
higher in childhood ALL survivors, as
compared with the general population. The
study points to the need for regular
screening of pediatric ALL survivors for
early detection of MS, along with lifestyle
modification in those with metabolic
abnormalities, to curb the growing incidence
of coronary artery disease.

92 | CHILDHOOD CANCER LATE EFFECTS PUBLICATIONS

LONG-TERM FOLLOW-UP OF CHILDREN,
ADOLESCENTS, AND YOUNG ADULT CANCER
SURVIVORS
Inken Hilgendorf, Corinna Bergelt, Carsten Bokemeyer, Peter Kaatsch, Ulf Seifart, Alexander Stein,
Thorsten Langer

Oncol Res Treat; doi: 10.1159/000514381
BACKGROUND AND SUMMARY
Thanks to increasing cure rates to currently
>80%, children, adolescents, and young
adults (CAYA) survive their cancer much
more frequently today than decades ago.
Due to their long life expectancy, CAYA
cancer survivors are at a particular risk of
long-term sequelae from the cancer itself or
the therapy applied; this requires specific
follow-up, and preventative or even
therapeutic interventions. Thus, compared
to the normal population, morbidity and
mortality may be significantly increased. In 2
of 3 survivors, the cancer and the respective
treatment can lead to late effects, even after
30 years, which require specific therapy; in
about one-third of these cases, these effects
are classed as severe.

Applying structured follow-up could identify
these late effects at an early stage and
initiate immediate treatment. In 2018, a
working group dealing with long-term
survival after cancer detected <40 years of
age was founded within the framework of
the National Cancer Plan of the German
Federal Ministry of Health.
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A SYSTEMATIC REVIEW OF THE EDUCATIONAL
EXPERIENCES AND NEEDS OF CHILDREN WITH
CANCER RETURNING TO SCHOOL
Alba-Elena Martinez-Santos, Josefa Del Carmen Fernandez-De-La-Iglesia, Greg Sheaf, Imelda
Coyne

J Adv Nurs; doi: 10.1111/jan.14784
DIMS
To critically review and synthesize empirical
studies on childhood cancer survivors'
experiences and needs on returning to
school after treatment.
DESIGN
A mixed-method systematic review.
DATA SOURCES
A search of CINAHL, PsycINFO, EMBASE,
MEDLINE, ERIC and Web of Science was
conducted for studies published in English,
Spanish and Portuguese languages between
January 2010 and May 2020.
REVIEW METHODS
Twenty-one studies were eligible for
inclusion (13 qualitative studies, 6
quantitative and 2 mixed-method studies).
The quality of the studies was assessed using
the Critical Appraisal Skills Programme and
the Mixed Methods Appraisal Tool. Findings
were synthesized using data-based
convergent synthesis design.
RESULTS
Findings were synthesized under four
themes: academic continuity and school reentry; physical and psychological well-being;
school life and participation and
stakeholders' responses to childhood cancer.
Findings indicated that prolonged/recurring
absences, physical and mental changes,
personal/health factors impacted children's
social participation, peer relationships and
school re-integration.

Factors which contributed to a more
positive experience included maintaining
contact with peers and teachers throughout
treatment, peer relationships, understanding
and support from school community.
Sharing information about cancer was an
ongoing challenging issue for children, that
needed to be handled sensitively.
CONCLUSION
It is evident that re-entry to school was very
challenging for most children due to
treatment side effects, prolonged absences,
disrupted peer relationships, lack of
preparation and lack of communication
between schools, families and healthcare
professionals.
IMPACT
Despite the growing number of childhood
cancer survivors worldwide, there is a
deficit of studies about children's re-entry
experiences and educational needs. This
review illustrates the considerable
challenges that children face on school reentry and the critical importance of better
care, support and collaboration from
healthcare professionals, parents and school
personnel. Nurses could help by raising
awareness and leading on preparation for
school re-entry.
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LOW‐GRADE CHRONIC INFLAMMATION AND
IMMUNE ALTERATIONS IN CHILDHOOD AND
ADOLESCENT CANCER SURVIVORS: A
CONTRIBUTION TO ACCELERATED AGING?
Joanna Sulicka-Grodzicka, Andrzej Surdacki, Michał Seweryn, Tomasz Mikołajczyk, Krzysztof
Rewiuk, Tomasz Guzik, Tomasz Grodzicki

Cancer Med; doi: 10.1002/cam4.3788

BACKGROUND
The long-term consequences of
chemotherapy and radiotherapy result in a
high prevalence and early onset of agerelated chronic diseases in survivors. We
aimed to examine whether childhood and
adolescent cancer survivors (CS)
demonstrate biomarkers of accelerated
aging.
METHODS
We evaluated 50 young adult CS at 11 [8-15]
years after cancer diagnosis, and 30 healthy,
age and sex-matched controls, who were
unexposed to cancer therapy. Using a
machine-learning approach, we assessed
factors discriminating CS from controls and
compared selected biomarkers and
lymphocyte subpopulations with data from
the Framingham Heart Study (FHS) cohort
and the Genotype Tissue Expression (GTEx)
project.
RESULTS
Survivors compared with controls had
higher levels of C-reactive protein and
fibrinogen. The surface expression of CD38
on T cells was increased, and there was an
increase in the percentage of memory T cells
in survivors, compared with the unexposed
group. The relationships between above cell
subpopulations and age were consistent in
CS, FHS, and GTEx cohorts, but not in
controls.

CONCLUSIONS
Young pediatric cancer survivors differ from
age-related controls in terms of activation
of the adaptive immune system and chronic,
low-grade inflammation. These changes
resemble aging phenotype observed in older
population. Further research in biomarkers
of aging in young, adult childhood cancer
survivors is warranted, as it may facilitate
screening and prevention of comorbidities in
this population.
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PROMOTION OF ARTERIAL STIFFNESS BY
CHILDHOOD CANCER AND ITS
CHARACTERISTICS IN ADULT LONG-TERM
SURVIVORS
Natalie Arnold, Hiltrud Merzenich, Arthur Wingerter, Andreas Schulz, Astrid Schneider, Jürgen H
Prochaska, Sebastian Göbel, Marie A Neu, Nicole Henninger, Marina Panova-Noeva, Susan Eckerle,
Claudia Spix, Irene Schmidtmann, Karl J Lackner, Manfred E Beutel, Norbert Pfeiffer, Thomas
Münzel, Jörg Faber, Philipp S Wild

J Am Heart Assoc; doi: 10.1161/JAHA.119.015609
BACKGROUND
Vascular alterations induced by
antineoplastic treatment might be
considered as a possible underlying
mechanism of increased cardiovascular
sequelae in childhood cancer survivors
(CCSs). We aimed to evaluate arterial
stiffness among long-term CCSs and to
compare the data against a population-based
sample.
METHODS AND RESULTS
Arterial stiffness was assessed by digital
photoplethysmography (stiffness index; m/s)
among 1002 participants of the CVSS
(Cardiac and Vascular Late Sequelae in
Long-Term Survivors of Childhood Cancer)
study, diagnosed with neoplasia (1980-1990)
before an age of 15 years. A populationbased sample from the GHS (Gutenberg
Health Study) (n=5252) was investigated for
comparison. All subjects underwent a
comprehensive, standardized clinical
examination in the same study center. CCSs
had higher stiffness index (β=0.66 m/s; 95%
CI, 0.51-0.80 m/s) in multivariable linear
regression analysis after adjustment for
cardiovascular risk factors compared with
the population sample of comparable age
range.

Stiffer vessels were found among CCSs also
in absence of arterial hypertension (β=0.66;
95% CI, 0.50-0.81) or history of
chemotherapy/radiotherapy (β=0.56; 95%
CI, 0.16-0.96) in fully adjusted models.
Moreover, stiffness index differed by tumor
entity, with highest values in bone and renal
tumors. Almost 5.2-fold higher prevalence of
stiffness index values exceeding agespecific, population-based reference limits
was observed among CCSs compared with
GHS participants.
CONCLUSIONS
This is the first study demonstrating
increased arterial stiffness among long-term
CCSs. The data suggest that vascular
compliance might differ in survivors of
childhood cancer from the established
development concept for arterial stiffness in
the population; cancer growth and
antineoplastic treatment might be relevant
determinants of the pathobiological
features.
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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

Journal of Clinical Oncology; 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 selfreport 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, extendedfield 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 risk-adapted
therapy for pediatric HL has resulted in a
significant reduction in serious long-term
outcomes.
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THE BERLIN CHILDHOOD ACUTE
LYMPHOBLASTIC LEUKEMIA THERAPY STUDY,
1970–1976

Riehm Hansjörg; Gadner, Helmut; Henze, Günter; Langermann, Hans-Joachim; Odenwald, Edelgard

American Journal of Pediatric Hematology/Oncology 1980: Winter; 299–306; online

SUMMARY
Between October 1970 and May 1976, 73
children and adolescents with acute
lymphoblastic leukemia or acute
undifferentiated leukemia were treated with
an intensive multidrug combination
induction protocol. The treatment protocol
consisted of vincristine, prednisone,
daunorubicin, L-asparaginase,
cyclophosphamide, cytarabin, 6mercaptopurine, intrathecal methotrexate,
and cranial or craniospinal irradiation.
Maintenance therapy was cyclic sequential
administration of intravenous methotrexate
and oral 6-mercaptopurine with 6-week
reinduction pulses of rednisone/vincristine.
All 73 children achieved complete remission
after 4 weeks of therapy; six patients died
during remission. Death was due to
septicemia in two patients, another three
died of interstitial pneumonitis, and one of
leukoencephalopathy. As of February 1980,
41/73 (56.2%) of patients are in complete
continuous remission for a median of 67
months (44–111 months).

All patients have been off therapy for at
least 21 months. Twenty-six children
relapsed; site of relapse was bone marrow in
13 and CNS in eight cases. Four boys
developed testicular involvement, and in one
patient bone marrow and CNS relapse were
concurrent. Still alive are 48/73 patients,
seven of them in second remissions. Despite
various adverse side effects, therapy proved
to be tolerable when adequate supportive
care was given.
COMMENTARY
This publication describes one of the most
important parts in the history of childhood
cancer. For the first time the results of the
Berlin childhood acute lymphoblastic
leukemia study, which was performed from
1970 until 1976, were published in an
international journal in English.
In October 1970 Hansjörg Riehm and his
team in West-Berlin started the protocol.
Thus more than half a century the 8-drug
induction therapy for childhood acute
lymphoblastic leukemia now exists. Actually,
it was the first BFM study as it was named in
the mid 70s ALL-BFM 70.
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TODAY'S TREATMENTS ARE CAUSING
TOMORROW'S LATE EFFECTS
Christian Müller

Childhood cancer is challenging.
Treatment is like a rollercoaster. Life
after cancer seems to be promising.

But it is important to care for those
who suffer from late effects.

It's time to strike a balance: Maintain
survival rates using less harsh
therapies to increase quality of life in
survivorship.
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NEW BOOK AVAILABLE
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, December 2020) ISBN: 978-3-030-49138-3
(ebook also available)
www.springer.com/gp/book/9783030491383
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