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UNDER THE SCOPE

             ur new issue "Study Scan" is

published a few weeks before the

end of the year. For a long time we

had to live with restrictions due to

the pandemic, but we will

remember the year 2022, when

finally large in-person conferences

were possible again.

With more than 100 pages, this issue

again shows the high activity of

global research on childhood cancer

survivorship. Collaboration is the key

to success.

For the next issue, we are pleased to

announce news about a very

important new project of the LESS

group. It will be exciting.

Now we wish you a lovely Christmas

time and all the best for the year

2023.
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          ome publications are available as open access.

Neither an institutional login nor a further payment is

required for reading the full text articles.

We mark the publications with this symbol. Just click

or tap on it and you will be redirected to the

magazine's website and be able to read the full text.
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            eningioma is the most common

subsequent neoplasm following cranial

irradiation among survivors of childhood

cancer, but there are still uncertainties

regarding the magnitude of the radiation

dose-response association, potential

modifiers of radiation risks, and the role of

chemotherapy. Withrow and colleagues

have published findings suggest that the

meninges are highly radiosensitive,

especially for children treated before age

10 years. 

M
MENINGIOMA RISK AFTER CANCER 

RESEARCH >

S T U D Y  S C A N

These results support the reduction in

whole-brain irradiation over recent

decades and the prioritization of

approaches that limit radiation exposure

in healthy tissue for children. The

persistence of elevated risks of

meningiomas for 30 years after cranial

radiotherapy could help inform

surveillance guidelines. Find out more on

page 44 or with this qr-code.

Christian Müller

Prof. Dr. med. Thorsten Langer



Survivorship often brings new physical
and emotional challenges for children
with cancer and their families.
Through research, we can understand
how to prevent and manage these
challenges to support survivors with
living full and meaningful lives.
P E R R I  T U T E L M A N  ( P O S T D O C T O R A L  F E L L O W ,  C A N C E R  C A R E  A L B E R T A  &
U N I V E R S I T Y  O F  C A L G A R Y )  
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OBSTETRIC AND PERINATAL OUTCOMES IN
FEMALE SURVIVORS OF CHILDHOOD OR
ADOLESCENT CANCER: PROTOCOL OF A
META-ANALYSIS OF POPULATION-BASED
COHORT STUDIES

INTRODUCTION
Approximately 80% of children, adolescents
and young adults (CAYA) cancer patients are
expected to fully recover and survive for five
years or more. The reproductive health is a
particular area of their concern. Evidence
demonstrates that previous therapeutic
treatments for cancer and comorbidities
may have harmful effects on female fertility
and delivery outcomes, which will
significantly affect patient quality of life.
However, these reports are heterogeneous.
Therefore, the purpose of this study is to
provide the up-to-date evidence on the risk
of adverse obstetric and perinatal outcomes
in female survivors of childhood or
adolescent cancer.

METHODS AND ANALYSIS
This meta-analysis will be carried out and
reported with adherence to the Meta-
Analysis of Observational Studies in
Epidemiology (MOOSE) guidelines and the
Cochrane Handbook. We will search online
databases including PubMed, Cochrane
Library, and Embase from inception to
August, 2022 to identify all relevant cohort
studies examining the relationship between
cancer and subsequent obstetric and
perinatal outcomes. 

Data extraction from eligible studies will be
conducted and crosschecked separately by
two investigators using pre-tested
standardized data extraction forms.
Discrepancies will be resolved via a third
investigator. Methodological quality
assessment for each study will be conducted
using the Newcastle-Ottawa scale (NOS)
tool. We will apply the DerSimonian-Laird
random-effects model to calculate the
pooled estimates. Further sources of
heterogeneity will be explored by
performing subgroup analysis based on
multiple study characteristics. Potential
publication bias will be assessed by
inspection of a funnel plot, Begg's and
Egger's regression tests of funnel plot
asymmetry.

ETHICS AND DISSEMINATION
Ethical approval will not be required as all
data used for this pooled analysis will be
obtained from published cohort studies. The
results of this study will be disseminated in
a peer-reviewed journal and conference
presentation.

Fang Deng, Xiuan Gao, Limian Xu, Weijie Li, Zubing Mei, Caijun Xie

PLoS One; doi: 10.1371/journal.pone.0273561

http://dx.doi.org/10.1371/journal.pone.0273561
http://dx.doi.org/10.1371/journal.pone.0273561
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ASSOCIATED FACTORS ON PHYSICAL
ACTIVITY AMONG CHILDHOOD CANCER
SURVIVORS IN MAINLAND CHINA: A
QUALITATIVE EXPLORATION APPLIED
HEALTH BELIEF MODEL

PURPOSE
Regular physical activity (PA) is essential for
childhood cancer survivors (CCS), yet most
CCS have difficulty participating in it. The
level of PA participation among CCS in China
is lower than those of western countries,
leading to a worse long-term survival of CCS
in China. Here, the study aims to explore the
associated factors on the PA performance
among CCS.

METHODS
From September to December 2020, the
study used purposive sampling to recruit 35
families (88.9%) as sampling units among
two hospitals in Hangzhou City, China. The
data collection conducted two designs on
semi-structured interviews with different
roles under family structure - children (n =
35) and parents (n = 35) - respectively. The
design of predetermined questions relied on
the health belief model (HBM) as a thematic
framework. The qualitative analysis applied
codebook thematic analysis and used the
deductive approach to finalize the main
findings.

RESULTS
The study only presented preliminary
conclusions from interviews with CCS,
which resulted in four themes (changes in
PA performance; perceptions on
participating PA; cognitions of PA; impacts
from others) with eight sub-themes. 

In particular, CCS replied diversity changes
in PA, but most of them mentioned the
inactive PA after diagnosis, especially the
decline of moderate-to-vigorous PA (MVPA).
As for the "perceptions of PA," almost all
CCS had substantial perceived benefits
about PA, specifically on their physical well-
being. All children also expressed perceived
barriers to PA, including the side effects of
disease and treatment, fatigue, academic
burden, changes in psychological status, and
lack of companions. On the cognitions of PA,
the CCS had limited realizations of regular
PA and low self-efficacy on MVPA.
Furthermore, CCS expressed their need for
support from their parents, school teachers,
and healthcare providers. But in reality, they
recieved less support on PA from these
important people.

CONCLUSION
The changes in PA after illness among CCS
are apparent and unavoidable because of the
interaction impacts from internal factors
(e.g., personal characters, cognization,
perceptions of PA) and external factors (e.g.,
disease effects, interpersonal supports). The
findings explained the main elements under
HBM but also provided explored views as the
evidence on developing theories and guiding
motivations and practices on PA among CCS.

Fengjiao Xu, Xiaoyuan Jin, Ying Chen, Zhonghai Guan, Rui Zhou, Xiaojun Xu, Junqing
Mao, Zhipeng Shen, Libin Jin, Yunxia Liu, Hao Chen, Renjun Gu, Jinhu Wang, Hongmei
Wang

Support Care Cancer; doi: 10.1007/s00520-022-07324-8

http://dx.doi.org/10.1007/s00520-022-07324-8
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ABSTRACT
Acute lymphoblastic leukemia is the
most frequent pediatric malignancy in
children, comprising 30% of all pediatric
malignancies; adult ALL comprises 5% of
all ALL cases, which have a 186.6 per 1
million incidence. In pediatric ALL
(pALL), on which this review focuses,
approximately 1 in 285 children are
diagnosed with cancer before the age of
20, and approximately 1 in 530 young
adults between the ages of 20 and 39
years old is a childhood cancer survivor.
The survival probability in pALL is now
very high, approximately 80-90%. Thus,
the most important is to improve
supportive care and treatment based on
relapse risk, optimally being based on
the genetic feature of malignant cells. 

Improvements made by now are mainly
the classifying of subgroups based on
genetic characteristics such as
aneuploidy or translocation and aligning
them with treatment response. Relevant
genetic changes in ALL pathogenesis are
transcription regulators of lymphoid
development (PAX5, IKZF1, EBF1, and
LEF1) and/or coactivators (TBL1XR1 and
ERG), lymphoid signaling (BTLA, and
CD200 TOX), and tumor suppressor
genes (CDKN2A, CDKN2B, RB1, and
TP53). This review aims to summarize
treatment strategies inhibiting tyrosine
kinases, influencing different signaling
pathways, BCL inhibitors, and anti-CD
therapy (anti-cluster differentiation
therapy) in pALL. CAR T-cell therapy
(chimeric antigen receptors T-cell
therapy) is under research and requires
further development.

Curr Pediatr Rev; doi: 10.2174/1573396318666220901165247

TARGETED TREATMENT AND
IMMUNOTHERAPY IN HIGH-RISK AND
RELAPSED/REFRACTORY PEDIATRIC ACUTE
LYMPHOBLASTIC LEUKEMIA

Violeta Graiqevci-Uka, Emir Behluli, Lidvana Spahiu, Thomas Liehr, Gazmend Temaj

http://dx.doi.org/10.2174/1573396318666220901165247
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ABSTRACT
The purpose of this study was to
investigate Karnofsky performance
status (KPS) scores and visual analogue
scale (VAS) scores to explain which
domains in the standardized self-
reported quality of life (QOL) are
instrumental for long-term
hematopoietic stem cell transplantation
(HSCT) survivors. We conducted a
nationwide cross-sectional
questionnaire study on 221 survivors
with allogeneic-HSCT in 28 pediatric
centers. Patient-reported QOL was
assessed at a single time point using the
36-item Short-Form Survey (SF-36), the
Functional Assessment of Cancer
Therapy-Bone Marrow Transplant
(FACT-BMT), and VAS scores. 

KPS scores were significantly correlated
with both physical and role component
summary scores of the SF-36, while the
VAS provided by the patient (VASpt) was
significantly correlated with the mental
component summary score of the SF-36
and many subscales of the FACT-BMT.
The VAS provided by the participants'
attending physician (VASdoc) was
correlated well with KPS scores. A VASpt
score more than 40% lower than KPS
scores suggested mental health
problems. In conclusion, KPS scores
might be considered as an indicator for
physical and role/social components
and VASpt score as an indicator for
mental components and HSCT-specific
QOL.

Int J Hematol; doi: 10.1007/s12185-022-03426-5

KARNOFSKY PERFORMANCE STATUS AND
VISUAL ANALOGUE SCALE SCORES ARE SIMPLE
INDICATORS FOR QUALITY OF LIFE IN LONG-
TERM AYA SURVIVORS WHO RECEIVED
ALLOGENEIC HEMATOPOIETIC STEM CELLS
TRANSPLANTATION IN CHILDHOOD

Yasushi Ishida, Kiyoko Kamibeppu, Atsushi Sato, Masami Inoue, Akira Hayakawa, Masaaki
Shiobara, Hiromasa Yabe, Kazutoshi Koike, Soichi Adachi, Takuya Yamashita, Yoshinobu
Kanda, Shinichiro Okamoto, Yoshiko Atsuta

http://dx.doi.org/10.1007/s12185-022-03426-5
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DEVELOPMENT AND VALIDATION OF A
POPULATION-BASED ANATOMICAL
COLORECTAL MODEL FOR RADIATION
DOSIMETRY IN LATE EFFECTS STUDIES OF
SURVIVORS OF CHILDHOOD CANCER

PURPOSE
The purposes of this study were to develop
and integrate a colorectal model that
incorporates anatomical variations of
pediatric patients into the age-scalable in-
house computational phantom, and validate
the model for pediatric radiation therapy
(RT) dose reconstructions.

METHODS
Colorectal contours were manually derived
from whole-body non-contrast computed
tomography (CT) scans of 114 pediatric
patients (age range: 2.1-21.6 years, 74 males,
40 females). One contour was used for an
anatomical template, 103 for training and 10
for testing. Training contours were used to
create a colorectal principal component
analysis (PCA)-based statistical shape model
(SSM) to extract the population's dominant
deformations. The SSM was integrated into
our in-house phantom. Geometric accuracy
was assessed between patient-specific and
SSM contours using several overlap metrics.
Two alternative colorectal shapes were
generated using the first 17 dominant modes
of the PCA-based SSM. Dosimetric accuracy
was assessed by comparing colorectal doses
from test patients' CT-based RT plans
(ground truth) with reconstructed doses for
the mean and two alternative models in age-
matched in-house phantoms.

RESULTS
When using all 103 PCA modes, the mean
(min-max) Dice similarity coefficient,
distance-to-agreement and Hausdorff
distance between the patient-specific and
reconstructed contours for the test patients
were 0.89 (0.85-0.91), 2.1mm (1.7-3.0), and
8.6mm (5.7-14.3), respectively. The average
percent difference between reconstructed
and ground truth mean and maximum
colorectal doses for the mean (alternative 1,
2) model were 6.3% (8.1%, 6.1%) and 4.4%
(4.3%, 4.7%), respectively.

CONCLUSIONS
We developed, validated and integrated a
colorectal PCA-based SSM into our in-house
phantom and demonstrated its dosimetric
performance for accurate pediatric RT dose
reconstruction.

Constance A Owens, Bastien Rigaud, Ethan B Ludmir, Aashish C Gupta, Suman
Shrestha, Arnold C Paulino, Susan A Smith, Christine B Peterson, Stephen F Kry,
Choonsik Lee, Tara O Henderson, Gregory T Armstrong, Kristy K Brock, Rebecca M
Howell

Support Care Cancer; doi: 10.1007/s00520-022-07324-8

http://dx.doi.org/10.1007/s00520-022-07324-8
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Mol Med; doi: 10.1186/s10020-022-00520-6

RADIATION-RESPONSE IN PRIMARY
FIBROBLASTS OF LONG-TERM SURVIVORS OF
CHILDHOOD CANCER WITH AND WITHOUT
SECOND PRIMARY NEOPLASMS: THE KIKME
STUDY
Caine Lucas Grandt, Lara Kim Brackmann, Alicia Poplawski, Heike Schwarz, Willempje
Hummel-Bartenschlager, Thomas Hankeln, Christiane Kraemer, Federico Marini,
Sebastian Zahnreich, Iris Schmitt, Philipp Drees, Johanna Mirsch, Desiree Grabow, Heinz
Schmidberger, Harald Binder, Moritz Hess, Danuta Galetzka, Manuela Marron

IMPORTANCE
The etiology and most risk factors for a
sporadic first primary neoplasm in childhood
or subsequent second primary neoplasms
are still unknown. One established causal
factor for therapy-associated second
primary neoplasms is the exposure to
ionizing radiation during radiation therapy
as a mainstay of cancer treatment. Second
primary neoplasms occur in 8% of all cancer
survivors within 30 years after the first
diagnosis in Germany, but the underlying
factors for intrinsic susceptibilities have not
yet been clarified. Thus, the purpose of this
nested case-control study was the
investigation and comparison of gene
expression and affected pathways in primary
fibroblasts of childhood cancer survivors
with a first primary neoplasm only or with at
least one subsequent second primary
neoplasm, and controls without neoplasms
after exposure to a low and a high dose of
ionizing radiation.

METHODS
Primary fibroblasts were obtained from skin
biopsies from 52 adult donors with a first
primary neoplasm in childhood (N1), 52 with
at least one additional primary neoplasm
(N2+), as well as 52 without cancer (N0) from
the KiKme study. Cultured fibroblasts were
exposed to a high [2 Gray (Gy)] and a low
dose (0.05 Gy) of X-rays. 

Messenger ribonucleic acid was extracted 4
h after exposure and Illumina-sequenced.
Differentially expressed genes (DEGs) were
computed using limma for R, selected at a
false discovery rate level of 0.05, and further
analyzed for pathway enrichment (right-
tailed Fisher's Exact Test) and (in-)
activation (z ≥|2|) using Ingenuity Pathway
Analysis.

RESULTS
After 0.05 Gy, least DEGs were found in N0
(n = 236), compared to N1 (n = 653) and N2+
(n = 694). The top DEGs with regard to the
adjusted p-value were upregulated in
fibroblasts across all donor groups (SESN1,
MDM2, CDKN1A, TIGAR, BTG2, BLOC1S2,
PPM1D, PHLDB3, FBXO22, AEN, TRIAP1, and
POLH). Here, we observed activation of p53
Signaling in N0 and to a lesser extent in N1,
but not in N2+. Only in N0, DNA (excision-)
repair (involved genes: CDKN1A, PPM1D, and
DDB2) was predicted to be a downstream
function, while molecular networks in N2+
were associated with cancer, as well as
injury and abnormalities (among others,
downregulation of MSH6, CCNE2, and
CHUK). 

TO BE CONTINUED ON NEXT PAGE

http://dx.doi.org/10.1186/s10020-022-00520-6
http://dx.doi.org/10.1186/s10020-022-00520-6
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After 2 Gy, the number of DEGs was similar
in fibroblasts of all donor groups and genes
with the highest absolute log2 fold-change
were upregulated throughout (CDKN1A,
TIGAR, HSPA4L, MDM2, BLOC1SD2, PPM1D,
SESN1, BTG2, FBXO22, PCNA, and TRIAP1).
Here, the p53 Signaling-Pathway was
activated in fibroblasts of all donor groups.
The Mitotic Roles of Polo Like Kinase-
Pathway was inactivated in N1 and N2+.
Molecular Mechanisms of Cancer were
affected in fibroblasts of all donor groups.
P53 was predicted to be an upstream
regulator in fibroblasts of all donor groups
and E2F1 in N1 and N2+. Results of the
downstream analysis were senescence in N0
and N2+, transformation of cells in N0, and
no significant effects in N1. Seven genes
were differentially expressed in reaction to 2
Gy dependent on the donor group
(LINC00601, COBLL1, SESN2, BIN3,
TNFRSF10A, EEF1AKNMT, and BTG2).

CONCLUSION
Our results show dose-dependent
differences in the radiation response
between N1/N2+ and N0. While mechanisms
against genotoxic stress were activated to
the same extent after a high dose in all
groups, the radiation response was impaired
after a low dose in N1/N2+, suggesting an
increased risk for adverse effects including
carcinogenesis, particularly in N2+.

CONTINUED FROM PREVIOUS PAGE
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MANAGEMENT OF CHILDHOOD CANCER
SURVIVORS AT RISK FOR THYROID FUNCTION
ABNORMALITIES: A DELPHI STUDY

BACKGROUND
Thyroid function abnormalities can occur
after treatment for childhood cancer.
Evidence for the management of thyroid
dysfunction among asymptomatic childhood
cancer survivors (CCS) is lacking. We used a
Delphi consensus methodology to expand
guidelines for screening asymptomatic CCS
at risk for thyroid dysfunction and explore
recommendations for the clinical
management of abnormal results.

PROCEDURE
A Delphi panel of 40 expert physicians
representing oncology, endocrinology, and
primary care participated in three rounds of
anonymous, iterative questionnaires
formatted as clinical scenarios. Consensus is
defined as ≥ 90% of panelists agree with
recommendation and disagreement as < 70%
agree.

RESULTS
Panelists reached consensus that CCS
treated with radiation including neck, total
body, whole brain, brain including the
hypothalamic-pituitary axis (HPA), and
therapeutic meta-iodobenzylguanidine
(MIBG) should have annual, lifelong
screening using serum thyroid-stimulating
hormone (TSH) and free T4 starting within
one year off-treatment (98%). 

Panelists disagreed on continuing to screen
CCS for thyroid dysfunction after
immunotherapy associated with acute
thyroid injury (31%-50%). There was also
disagreement on indications for brain
(17%-43%) or thyroid (50%-65%) imaging,
laboratory tests to assess the HPA
(29%-75%), and TSH threshold to initiate
treatment of subclinical hypothyroidism.
Lack of evidence was the most frequent
rationale panelists offered for not
recommending additional testing or
medications. Panelists' recommendations did
not vary by geography, specialty, or
survivorship clinical experience.

CONCLUSIONS
Consensus was reached on most
recommendations for screening and
management of cancer treatment-related
thyroid dysfunction. Screening after
completion of thyroid-toxic immunotherapy,
indications for imaging, and treatment of
subclinical hypothyroidism are areas of
disagreement for further investigation.

Jennifer J G Welch, Bethany Ames, Laurie E Cohen, Eva Gaufberg, Melissa M Hudson,
Paul C Nathan, Larissa Nekhlyudov, Torunn I Yock, Wassim Chemaitilly, Lisa B Kenney

Pediatr Blood Cancer; doi: 10.1002/pbc.29942

http://dx.doi.org/10.1002/pbc.29942
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ABSTRACT
The aim of this nationwide cross-
sectional cohort study was to determine
the prevalence of and risk factors for
tubular dysfunction in childhood cancer
survivors (CCS). In the DCCSS-LATER 2
Renal study, 1024 CCS (≥5 years after
diagnosis), aged ≥ 18 years at study,
treated between 1963 and 2001 with
potentially nephrotoxic therapy (i.e.,
nephrectomy, abdominal radiotherapy,
total body irradiation, cisplatin,
carboplatin, ifosfamide, high-dose
cyclophosphamide, or hematopoietic
stem cell transplantation) participated,
and 500 age- and sex-matched
participants from Lifelines acted as
controls. Tubular electrolyte loss was
defined as low serum levels (magnesium
< 0.7 mmol/L, phosphate < 0.7 mmol/L
and potassium < 3.6 mmol/L) with
increased renal excretion or
supplementation. A α1-
microglobulin:creatinine ratio > 1.7
mg/mmol was considered as low-
molecular weight proteinuria (LMWP).
Multivariable risk analyses were
performed. 

After median 25.5 years follow-up,
overall prevalence of electrolyte losses
in CCS (magnesium 5.6%, potassium
4.5%, phosphate 5.5%) was not higher
compared to controls. LMWP was more
prevalent (CCS 20.1% versus controls
0.4%). LMWP and magnesium loss were
associated with glomerular dysfunction.
Ifosfamide was associated with
potassium loss, phosphate loss (with
cumulative dose > 42 g/m²) and LMWP.
Cisplatin was associated with
magnesium loss and a cumulative dose >
500 mg/m² with potassium and
phosphate loss. Carboplatin cumulative
dose > 2800 mg/m² was associated with
potassium loss. In conclusion, long-term
tubular dysfunction is infrequent. Yet,
ifosfamide, cisplatin and carboplatin are
risk factors.

Cancers (Basel); doi: 10.3390/cancers14112754

LONG-TERM TUBULAR DYSFUNCTION IN
CHILDHOOD CANCER SURVIVORS; DCCSS-
LATER 2 RENAL STUDY

Esmee C M Kooijmans, Helena J H van der Pal, Saskia M F Pluijm, Margriet van der
Heiden-van der Loo, Leontien C M Kremer, Dorine Bresters, Eline van Dulmen-den
Broeder, Marry M van den Heuvel-Eibrink, Jacqueline J Loonen, Marloes Louwerens,
Sebastian J C Neggers, Cécile Ronckers, Wim J E Tissing, Andrica C H de Vries, Gertjan J L
Kaspers, Arend Bökenkamp, Margreet A Veening, On Behalf Of The Dutch Later Study
Group

http://dx.doi.org/10.3390/cancers14112754
http://dx.doi.org/10.3390/cancers14112754
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BODY IMAGE IN ADOLESCENT SURVIVORS OF
CHILDHOOD CANCER: THE ROLE OF
CHRONIC HEALTH CONDITIONS

BACKGROUND
Cancer and its treatment may impair the
body image of childhood cancer
survivors during adolescence. We
compared the body image between
adolescent cancer survivors and their
siblings, and determined whether
survivors' body image is associated with
socio-demographic characteristics,
clinical characteristics and chronic
health conditions.

PROCEDURE
As part of the nationwide Swiss
Childhood Cancer Survivor Study, we
sent questionnaires to adolescents (aged
16-19 years), who survived >5 years after
having been diagnosed with childhood
cancer between 1989 and 2010. Siblings
received the same questionnaire. We
assessed the level of agreement with
three body image statements referring
to body satisfaction and preferences for
changes. Chronic health conditions were
classified into cardiovascular,
pulmonary, endocrine, musculoskeletal,
renal/digestive, neurological and
hearing or vision impairment. We used
ordered logistic regression models to
identify determinants of a more negative
body image.

RESULTS
Our study included 504 survivors (48%
female) with a median age at study of
17.7 years (interquartile range: 16.8-18.6)
and 136 siblings. Survivors and siblings
reported overall comparable levels of
agreement with body image statements
(all p > .05). Female survivors (all odds
ratio [ORs] ≥1.7), survivors treated with
haematopoietic stem cell
transplantation (HSCT; all ORs ≥2.2), and
survivors with ≥2 chronic health
conditions (all ORs ≥1.4) reported a more
negative body image. This was
particularly pronounced for survivors
suffering from musculoskeletal or
endocrine conditions.

CONCLUSION
Female survivors, survivors treated with
HSCT or with chronic health conditions
are at risk of body image concerns
during adolescence. Increased
awareness among clinicians and
targeted psychosocial support could
mitigate such concerns.

Fabiën N Belle, Tomáš Sláma, Christina Schindera, Tamara Diesch-Furlanetto, Mutlu
Kartal-Kaess, Claudia E Kuehni, Luzius Mader

Pediatr Blood Cancer; doi: 10.1002/pbc.29958

http://dx.doi.org/10.1002/pbc.29958
http://dx.doi.org/10.1002/pbc.29958
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JAMA Oncol; doi: 10.1001/jamaoncol.2022.3744

CHANGES IN OPIOID PRESCRIPTIONS AND
POTENTIAL MISUSE AND SUBSTANCE USE
DISORDERS AMONG CHILDHOOD CANCER
SURVIVORS FOLLOWING THE 2016 OPIOID
PRESCRIBING GUIDELINE
Xin Hu, Katharine E Brock, Karen E Effinger, Bo Zhang, Ilana Graetz, Joseph Lipscomb, Xu
Ji

IMPORTANCE
The Centers for Disease Control and
Prevention (CDC) released an opioid-
prescribing guideline in March 2016. Little is
known about the guideline's potential
effects on childhood cancer survivors, a
population at high risk for pain.

OBJECTIVE
To examine changes in opioid prescriptions
and potential misuse/substance use
disorders (SUD) among childhood cancer
survivors and peers without cancer
following the guideline release.

DESIGN, SETTING, AND PARTICIPANTS
In this cohort study using the MarketScan
Commercial Claims and Encounters
Database, 8969 survivors who completed
treatment for hematologic, central nervous
system, bone, or gonadal cancers (aged ≤21
years at diagnosis) from 2009 to 2018 and 44
845 age-matched, sex-matched, and region-
matched individuals without cancer were
identified. With data aggregated based on
the quarter-year of survivors' treatment
completion, interrupted time series analyses
were conducted in this cohort study to
estimate the immediate (level) change and
change in time trend (trend change) for each
outcome after the guideline release,
accounting for autocorrelation. Data were
analyzed from September 2021 to April 2022.

RESULTS
This study included 8969 childhood cancer
survivors (mean [SD] age, 13.7 [6.2] years old;
3814 [42.5%] female patients) and 44 845
peers without cancer (mean [SD] age, 13.7
[6.2] years old; 19 070 [42.5%] female
patients). Before the guideline release, the
opioid prescription rate (21.1% vs 7.2%) and
rate of potential misuse/SUD (5.6% vs 1.9%)
were higher among survivors than peers
without cancer. After the guideline release,
the trend in opioid prescription rate
declined among survivors (trend change, -1.1
percentage points [ppt]; P < .001; 95% CI,
-1.5 to -0.7). Survivors also experienced an
immediate level decrease (-2.1 ppt; P = .04;
95% CI, -4.2 to -0.1) and a decreasing trend
(trend change, -0.4 ppt; P = .009; 95% CI,
-0.6 to -0.1) in rate of potential
misuse/SUD. Peers without cancer
experienced decreasing trends in opioid
prescription rate (trend change, -0.3 ppt; P <
.001; 95% CI, -0.5 to -0.1) and rate of
potential misuse/SUD (trend change, -0.1
ppt; P = .03; 95% CI, -0.1 to -0.01). By 2 years
after the guideline release, relative
reductions in opioid prescription rate and
rate of potential misuse/SUD among
survivors were 36.7% and 65.4%,
respectively, with peers without cancer
experiencing smaller reductions (15.9% and
29.9%). 

TO BE CONTINUED ON NEXT PAGE
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CONCLUSION AND RELEVANCE
In this cohort study, the opioid prescription
rate and rate of potential misuse/SUD
declined among both survivors and peers
without cancer following the CDC guideline
release, with survivors experiencing greater
reductions. More research is needed to
understand the guideline's potential effects
on access to opioids required for pain
control among childhood cancer survivors.

CONTINUED FROM PREVIOUS PAGE
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RISK FACTORS FOR HEART FAILURE AMONG
PAN-EUROPEAN CHILDHOOD CANCER
SURVIVORS: A PANCARESURFUP AND
PROCARDIO COHORT AND NESTED CASE-
CONTROL STUDY

PURPOSE
Heart failure (HF) is a potentially life-
threatening complication of treatment for
childhood cancer. We evaluated the risk and
risk factors for HF in a large European study
of long-term survivors. Little is known of the
effects of low doses of treatment, which is
needed to improve current treatment
protocols and surveillance guidelines.

METHODS
This study includes the PanCareSurFup and
ProCardio cohort of ≥ 5-year childhood
cancer survivors diagnosed between 1940
and 2009 in seven European countries (N =
42,361). We calculated the cumulative
incidence of HF and conducted a nested
case-control study to evaluate detailed
treatment-related risk factors.

RESULTS
The cumulative incidence of HF was 2% (95%
CI, 1.7 to 2.2) by age 50 years. The case-
control study (n = 1,000) showed that
survivors who received a mean heart
radiation therapy (RT) dose of 5 to < 15 Gy
have an increased risk of HF (odds ratio, 5.5;
95% CI, 2.5 to 12.3), when compared with no
heart RT.

The risk associated with doses 5 to < 15 Gy
increased with exposure of a larger heart
volume. In addition, the HF risk increased in
a linear fashion with higher mean heart RT
doses. Regarding total cumulative
anthracycline dose, survivors who received ≥
100 mg/m2 had a substantially increased
risk of HF and survivors treated with a lower
dose showed no significantly increased risk
of HF. The dose-response relationship
appeared quadratic with higher
anthracycline doses.

CONCLUSION
Survivors who received a mean heart RT
dose of ≥ 5 Gy have an increased risk of HF.
The risk associated with RT increases with
larger volumes exposed. Survivors treated
with < 100 mg/m2 total cumulative
anthracycline dose have no significantly
increased risk of HF. These new findings
might have consequences for new treatment
protocols for children with cancer and for
cardiomyopathy surveillance guidelines.

Esmée C de Baat, Elizabeth A M Feijen, Raoul C Reulen, Rodrigue S Allodji, Francesca
Bagnasco, Edit Bardi, Fabiën N Belle, Julianne Byrne, Elvira C van Dalen, Ghazi
Debiche, Ibrahima Diallo, Desiree Grabow, Lars Hjorth, Momcilo Jankovic, Claudia E
Kuehni, Gill Levitt, Damien Llanas, Jacqueline Loonen, Lorna Z Zaletel, Milena M
Maule, Lucia Miligi, Helena J H van der Pal, Cécile M Ronckers, Carlotta Sacerdote,
Roderick Skinner, Zsuzsanna Jakab, Cristina Veres, Nadia Haddy, David L Winter,
Florent de Vathaire, Michael M Hawkins, Leontien C M Kremer
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ABSTRACT
Childhood cancer survivors exposed to
chemotherapy show signs of accelerated
aging and are at risk of developing
secondary malignancies; however, the
mechanisms responsible for these long-
term adverse effects are not clear. In a
recent study, Bertrums et al. show that
exposure to chemotherapy results in an
increase in mutational age of normal
hematopoietic stem cells.

Trends Cancer; doi: 10.1016/j.trecan.2022.08.004

THE DEVELOPMENT OF THERAPY RELATED
MYELOID NEOPLASMS IN CHILDHOOD CANCER
SURVIVORS

Esther A Obeng, Tanja A Gruber
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CANCER-RELATED FATIGUE IN CHILDHOOD
CANCER SURVIVORS: A SYSTEMATIC SCOPING
REVIEW ON CONTRIBUTORS OF FATIGUE AND
HOW THEY ARE TARGETED BY NON-
PHARMACOLOGICAL INTERVENTIONS

OBJECTIVES
We aimed to identify contributors to
cancer-related fatigue (CRF), explore
non-pharmacological interventions
addressing CRF, and highlight which
contributors were targeted by these
interventions in childhood cancer
survivors.

METHODS
We performed a search in various
databases and used the PRISMA-ScR
checklist. Findings were synthesized in
various different tables and figures in
accordance with our objectives.

RESULTS
We included 49 articles in this
systematic scoping review. We identified
59 significant contributors. Depression
and physical activity level were some of
the most studied significant
contributors. Ten interventional studies
were identified (e.g., yoga, physical
activity intervention) that addressed 6
contributors (e.g., physical activity
level).

DISCUSSION
This review is the first to describe and
relate contributors and non-
pharmacological interventions targeting
CRF in childhood cancer survivors.
Important clinical implications could be
derived from the variety of factors
explaining CRF and how it is currently
addressed.

Ariane Levesque, Maxime Caru, Michel Duval, Caroline Laverdière, Stacey Marjerrison,
Serge Sultan

Crit Rev Oncol Hematol; doi: 10.1016/j.critrevonc.2022.103804
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PSYCHOSEXUAL DEVELOPMENT AND SEXUAL
FUNCTIONING IN YOUNG ADULT SURVIVORS
OF CHILDHOOD CANCER

BACKGROUND
Childhood cancer and its treatment can
impair survivors' development throughout
life, particularly psychosexual development,
which can be affected in complex ways and
is crucial for survivors' well-being. Yet,
research is scarce.

AIM
This study assessed psychosexual
development (milestone attainment, age at
attainment, perceived timing) in young adult
survivors of childhood cancer. It further
examined sexual satisfaction and sexual
functioning, and whether survivors'
perceived timing of sexual debut was related
to satisfaction or functioning.

METHODS
A registry-based nationwide survey was
completed by N = 492 German survivors of
childhood cancer (age 21-26 years, 6-26
years postdiagnosis). They completed
standardized measures of psychosexual
milestones (eg, first kiss, sexual debut),
sexual satisfaction, and sexual functioning.
Psychosexual development was compared to
normative data (N = 1,533).

OUTCOMES
Psychosexual development, sexual
satisfaction, and sexual functioning were the
primary outcome measures. Psychosexual
development was characterized in three
ways: milestone attainment (yes/no), age at
attainment, perceived timing ("right" time,
too early/late).

RESULTS
Milestone attainment was comparable to
normative data, except for sexual debut:
Survivors were less often experienced
(82.5% vs 88%; P = .002) and older at sexual
debut (17.4 vs 16.2 years; g = 0.55), but most
survivors (58.3%) perceived their timing as
"right." Survivors of brain tumors were least
likely to have had their sexual debut, but if
experienced age at sexual debut was similar
to other survivors. Female survivors were
somewhat more experienced than males (eg,
first kiss, first relationship; <10% difference),
but they were somewhat older when they
first kissed (g = 0.26). Age at diagnosis was
unrelated to milestone attainment.
Perceived early/late sexual debut was
related to lower satisfaction in female
survivors (P = .026), but unrelated to sexual
dysfunction. Instead, partnered men
reported particularly low dysfunction
whereas women reported similar levels of
sexual dysfunction irrespective of their
relationship status (P = .049). Overall, sexual
functioning was favorable (60.2%:
not/barely problematic).

CONCLUSION
Results showed normative psychosexual
development (except for sexual debut) in
most survivors. A self-determined attitude
toward sexuality (ie, engaging in sexual
activities at the "right" time) may generally
determine positive sexual experiences.

Vicky Lehmann, Cynthia A Gerhardt, Katja Baust, Peter Kaatsch, Mariët Hagedoorn,
Marrit A Tuinman

J Sex Med; doi: 10.1016/j.jsxm.2022.07.014
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HUMAN PAPILLOMAVIRUS VACCINATION
UPTAKE AMONG CHILDHOOD CANCER
SURVIVORS IN WESTERN NEW YORK

INTRODUCTION
The risk of human papillomavirus (HPV)-
associated cancers is significantly
higher among survivors of a childhood
cancer compared to the general
population. Despite this, their HPV
vaccine uptake rates are lower. We
examined factors related to HPV vaccine
uptake among childhood cancer
survivors from Western New York over
13 years following the introduction of
HPV vaccines.

METHODS
Retrospective review of patients
diagnosed with invasive or noninvasive
cancerous conditions at age 9 or
younger treated at Roswell Park Oishei
Children's Cancer and Blood Disorder
Program. We matched vaccine date
information for patients aged 9-26 years
between 2006 and 2020 from the New
York State Immunization Information
System. Demographic and cancer-
related information was abstracted from
electronic medical records. Cumulative
vaccine uptake was assessed by Kaplan-
Meier and Cox proportional hazards
regression models.

RESULTS
A total of 284 patients were included in
the analyses. Most were non-
Hispanic/White (80.3%) and resided in a
metropolitan area (81.7%). Approximately
half had leukemia or lymphoma (54.9%),
and most received chemotherapy.
Females were more likely to initiate the
HPV vaccine and did so sooner (median
= 5.5 years) than males (median = 5.7
years; log-rank p = .301). Patients who
were older at vaccine eligibility and
males who received blood product
transfusions were significantly less
likely to initiate the HPV vaccine.

CONCLUSION
While rates of HPV vaccine initiation
have been increasing with time among
childhood cancer survivors, they remain
low overall, with differences seen by
treatment and diagnosis. Our findings
support the need for further research to
optimize HPV vaccine delivery in cancer
care.

Melany Garcia, Cailey McGillicuddy, Elisa M Rodriguez, Kristopher Attwood, Jennifer
Schweitzer, Scott Coley, Denise Rokitka, Nicolas F Schlecht

Pediatr Blood Cancer; doi: 10.1002/pbc.29962
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IMPLEMENTATION OF A PROVIDER-FOCUSED
INTERVENTION FOR MAXIMIZING HUMAN
PAPILLOMAVIRUS (HPV) VACCINE UPTAKE IN
YOUNG CANCER SURVIVORS RECEIVING FOLLOW-
UP CARE IN PEDIATRIC ONCOLOGY PRACTICES:
PROTOCOL FOR A CLUSTER-RANDOMIZED TRIAL
OF THE HPV PROTECT INTERVENTION

BACKGROUND
Childhood cancer survivors are at high risk
for developing new cancers (such as cervical
and anal cancer) caused by persistent
infection with the human papillomavirus
(HPV). HPV vaccination is effective in
preventing the infections that lead to these
cancers, but HPV vaccine uptake is low
among young cancer survivors. Lack of a
healthcare provider recommendation is the
most common reason that cancer survivors
fail to initiate the HPV vaccine. Strategies
that are most successful in increasing HPV
vaccine uptake in the general population
focus on enhancing healthcare provider
skills to effectively recommend the vaccine,
and reducing barriers faced by the young
people and their parents in receiving the
vaccine. This study will evaluate the
effectiveness and implementation of an
evidence-based healthcare provider-focused
intervention (HPV PROTECT) adapted for use
in pediatric oncology clinics, to increase
HPV vaccine uptake among cancer survivors
9 to 17 years of age.

METHODS
This study uses a hybrid type 1
effectiveness-implementation approach. We
will test the effectiveness of the HPV
PROTECT intervention using a stepped-
wedge cluster-randomized trial across a
multi-state sample of pediatric oncology
clinics. We will evaluate implementation
(provider perspectives regarding
intervention feasibility, acceptability and
appropriateness in the pediatric oncology
setting, provider fidelity to intervention
components and change in provider HPV
vaccine-related knowledge and practices
[e.g., providing vaccine recommendations,
identifying and reducing barriers to
vaccination]) using a mixed methods
approach.

TO BE CONTINUED ON NEXT PAGE

Wendy Landier, Smita Bhatia, Joshua S Richman, Paula D Campos Gonzalez, Brooke
Cherven, Veronica Chollette, Jamie Aye, Sharon M Castellino, Maria M Gramatges,
Susan Lindemulder, Thomas B Russell, Lucie M Turcotte, Graham A Colditz, Melissa B
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DISCUSSION
This multisite trial will address important
gaps in knowledge relevant to the
prevention of HPV-related malignancies in
young cancer survivors by testing the
effectiveness of an evidence-based
provider-directed intervention, adapted for
the pediatric oncology setting, to increase
HPV vaccine initiation in young cancer
survivors receiving care in pediatric
oncology clinics, and by procuring
information regarding intervention delivery
to inform future implementation efforts. If
proven effective, HPV PROTECT will be
readily disseminable for testing in the larger
pediatric oncology community to increase
HPV vaccine uptake in cancer survivors,
facilitating protection against HPV-related
morbidities for this vulnerable population.

CONTINUED FROM PREVIOUS PAGE
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DEVELOPING A PROVINCIAL SURVEILLANCE
AND SUPPORT SYSTEM FOR CHILDHOOD
CANCER SURVIVORS: MULTIPHASE USER-
CENTERED DESIGN STUDY

BACKGROUND
Survivors of childhood cancer are at lifelong
risk of morbidity (such as new cancers or
heart failure) and premature mortality due
to their cancer treatment. These are termed
late effects. Therefore, they require lifelong,
risk-tailored surveillance. However, most
adult survivors of childhood cancer do not
complete recommended surveillance tests
such as mammograms or echocardiograms.

OBJECTIVE
In partnership with survivors, family
physicians, and health system partners, we
are designing a provincial support system
for high-priority tests informed by
principles of implementation science,
behavioral science, and design thinking.

METHODS
Our multiphase process was structured as
follows. Step 1 consisted of a qualitative
study to explore intervention components
essential to accessing surveillance tests.
Step 2 comprised a workshop with childhood
cancer survivors, family physicians, and
health system stakeholders that used the
Step 1 findings and "personas" (a series of
fictional but data-informed characters) to
develop and tailor the intervention for
different survivor groups. Step 3 consisted
of intervention prototype development, and
Step 4 involved iterative user testing.

RESULTS
The qualitative study of 30 survivors and 7
family physicians found a high desire for
information on surveillance for late effects.
Respondents indicated that the intervention
should help patients book appointments
when they are due in addition to providing
personalized information. Insights from the
workshop included the importance of
partnering with both family physicians and
survivorship clinics and providing emotional
support for survivors who may experience
distress upon learning of their risk for late
effects. In our user-testing process,
prototypes went through iterations that
incorporated feedback from users regarding
acceptability, usability, and functionality.
We sought to address the needs of survivors
and physicians while balancing the capacity
and infrastructure available for a lifelong
intervention via our health system partners.

CONCLUSIONS
In partnership with childhood cancer
survivors, family physicians, and health
system partners, we elucidated the barriers
and enablers to accessing guideline-
recommended surveillance tests and
designed a multifaceted solution that will
support survivors and their family
physicians. The next step is to evaluate the
intervention in a pragmatic randomized
controlled trial.

Jennifer Shuldiner, Nida Shah, Catherine Reis, Ian Chalmers, Noah Ivers, Paul Nathan
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PREVENTIVE STRATEGIES OF CANCER
THERAPEUTICS-RELATED CARDIOTOXICITY
IN CHILDHOOD CANCER SURVIVORS: A
PROTOCOL OF SYSTEMATIC REVIEW

INTRODUCTION
Five-year survival in childhood cancer
has been improved markedly in the past
decades. Childhood cancer survivors are
at high risk of cardiovascular diseases
due to anticancer therapy-induced
cardiotoxicity. The comprehensive
evidence for the prevention of
anticancer therapy-induced
cardiovascular disease is, however,
sparse. The systematic review described
in the protocol aims to summarise the
effect of current prevention for
anticancer therapy-induced
cardiotoxicity among childhood cancer
survivors.

METHODS AND ANALYSIS
This protocol is reported in accordance
with the Preferred Reporting Items for
Systematic Review and Meta-Analysis
Protocols checklist. We will search
PubMed (via Medline), Embase and the
Cochrane Library and include the
studies investigating the effect of
prevention against anticancer therapy-
induced cardiotoxicity of childhood
cancer. To assess the risk of bias, we will
use the Cochrane Collaboration's risk of
bias tool for randomised control trials
and the Newcastle-Ottawa Scale for
cohort studies and case-control studies.
Furthermore, we will conduct meta-
analyses if there is no substantial
clinical heterogeneity between included
studies. The Grading of
Recommendations, Assessment,
Development and Evaluation will be used
to evaluate the quality of evidence.

Xin-Yu Zhang, Quan Wang, Ke-Lu Yang, Dang Wei, Xiao-Nan Liu
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LONG-TERM CARE, CARE NEEDS AND
WELLBEING OF INDIVIDUALS AFTER CANCER
IN CHILDHOOD OR ADOLESCENCE (VERSKIK):
STUDY PROTOCOL OF A LARGE SCALE MULTI-
METHODS NON-INTERVENTIONAL STUDY

BACKGROUND
It has been shown previously that a relevant
proportion of childhood cancer survivors
suffers from late effects, which are often
directly related to the cancer itself or its
therapy, resulting in particular follow-up
needs, additionally burdening healthcare
systems. Being diagnosed with cancer at a
vulnerable stage of development, this group
of cancer survivors is at comparatively
higher risk of relapse or subsequent cancer.
Although national and international follow-
up guidelines based on treatment modalities
have been developed, their implementation
seems to leave room for improvement.
Additionally, they lack a sufficient
consideration of the survivors' psychosocial
needs, affecting their adherence to them.
The aim of the VersKiK study is to provide
representative information on late effects in
childhood and adolescence cancer survivors
in Germany. The main research objectives
are: (1) to describe the state of follow-up
care among survivors after a cancer
diagnosis in childhood or adolescence; (2) to
quantify the occurrence of late effects
among this group of survivors; (3) to
examine the adherence to selected
audiological and cardiological follow-up
guidelines and to identify factors affecting
it; (4) to explore actual follow-up needs of
paediatric cancer survivors; (5) to review
selected follow-up guidelines with the aim
to improve and expand them.

METHODS AND ANALYSIS
VersKiK is designed as a mixed-methods
non-interventional study. We will use claims
data from statutory health insurance
companies in combination with individually
linked population-based registry data from
the German Childhood Cancer Registry
(GCCR). This data base will permit us to
quantify diagnoses and procedures in
comparison to the general population as well
as the adherence to existing follow-up
guidelines. Additional information will be
obtained through interviews with childhood
and adolescence cancer survivors and their
informal caregivers, as well as in focus
groups with healthcare professionals.

DISCUSSION
The present study aims to research the
actual needs of individuals after cancer
diagnosis and treatment in childhood or
adolescence - physical, psychological and
organisational - in order to improve existing
follow-up guidelines. These improvements
might further positively affect not only
actual care provided to paediatric cancer
survivors, but also benefit healthcare
systems in general while decreasing
consequent medical visits in this group of
patients.

E Aleshchenko, E Swart, C Spix, M Voigt, P Trocchi, T Langer, G Calaminus, K Baust, J
Glogner, P Ihle, J Küpper-Nybelen, C Lüpkes, T Kloppe, D Horenkamp-Sonntag, I
Meier, U Marschall, P Dröge, M Klein, A Weiss, C Apfelbacher

BMC Health Serv Res; doi: 10.1186/s12913-022-08549-3

http://dx.doi.org/10.1186/s12913-022-08549-3
http://dx.doi.org/10.1186/s12913-022-08549-3


2 7  |  C H I L D H O O D  C A N C E R  L A T E  E F F E C T S  P U B L I C A T I O N S

CANCER KNOWLEDGE AND HEALTH-
CONSCIOUSNESS IN CHILDHOOD CANCER
SURVIVORS FOLLOWING TRANSITION INTO
ADULT CARE-RESULTS FROM THE ACCS
PROJECT

BACKGROUND
Knowledge on chronic medical conditions in
childhood cancer survivors (CCSs) is
constantly growing and underlines that
long-term follow-up (LTFU) care is often
mandatory, also in adulthood. However,
many CCSs discontinue follow-up care after
transition to adult care. One reason might
be that the current transition practices do
not meet the needs of adolescent and young
adult CCSs. We therefore aim to evaluate
different transition models for Swiss CCSs
by assessing their cancer knowledge, cancer
worries, self-management skills, and
expectations for LTFU care, following
transition in two different hospital-based
models.

METHODS
Within the Aftercare of Childhood Cancer
Survivors (ACCS) study, we performed a
questionnaire-based survey with a cross-
sectional and longitudinal part. We included
5-year CCSs aged >16 years at recruitment
who were transitioned to adult care in two
hospitals between 2014 and 2021. Here, we
report the results of the cross-sectional
part. We compared the survivors' cancer
knowledge with medical record data and
assessed cancer worries (6 questions), self-
management skills (15 questions), and
expectations (12 questions) by validated
scales. We used descriptive statistics, chi-
squared test, and t-tests to describe the
results.

RESULTS
We analyzed 57 CCSs (response rate 44%),
60% of those were female, had a median age
of 9 years at diagnosis and 23 years at the
questionnaire. Most CCSs recalled their
diagnosis (95%) and exposure to treatment
modalities (98%) correctly. CCSs worried the
most about potential late effects (47%) and
issues with having children in the future
(44%). At least 75% of CCSs agreed to 12 of
the 15 self-management questions,
indicating high self-management skills. The
top three expectations included that
physicians know the survivors' cancer
history, that visits start on time, and that
physicians can always be called in case of
questions.

CONCLUSION
CCSs receiving hospital-based LTFU care
have good cancer knowledge and high self-
management skills. The identified worries
and expectations will help to improve the
LTFU care of CCSs who transition to adult
care, to further inform and educate
survivors and healthcare professionals about
and might be relevant for other countries
with a similar healthcare system.

Maria Otth, Sibylle Denzler, Tamara Diesch-Furlanetto, Katrin Scheinemann
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THE IMPACT OF EXERCISE ON
CARDIOTOXICITY IN PEDIATRIC AND
ADOLESCENT CANCER SURVIVORS: A
SCOPING REVIEW

ABSTRACT
Childhood and adolescent cancer
survivors are disproportionately more
likely to develop cardiovascular diseases
from the late effects of cardiotoxic
therapies (e.g., anthracycline-based
chemotherapy and chest-directed
radiotherapy). Currently, dexrazoxane is
the only approved drug for preventing
cancer treatment-related cardiac
damage. While animal models highlight
the beneficial effects of exercise cancer
treatment-related cardiac dysfunction,
few clinical studies have been
conducted. Thus, the objective of this
scoping review was to explore the
designs and impact of exercise-based
interventions for managing cancer
treatment-related cardiac dysfunction
in childhood and adolescent cancer
survivors. Reviewers used Joanna Briggs
Institute's methodology to identify
relevant literature. 

Then, 4616 studies were screened, and
three reviewers extracted relevant data
from six reports. Reviewers found that
exercise interventions to prevent cancer
treatment-related cardiac dysfunction
in childhood and adolescent cancer
survivors vary regarding frequency,
intensity, time, and type of exercise
intervention. Further, the review
suggests that exercise promotes positive
effects on managing cancer treatment-
related cardiac dysfunction across
numerous indices of heart health.
However, the few clinical studies
employing exercise interventions for
childhood and adolescent cancer
survivors highlight the necessity for
more research in this area.

Stephanie J Kendall, Jodi E Langley, Mohsen Aghdam, Bruce N Crooks, Nicholas
Giacomantonio, Stefan Heinze-Milne, Will J Johnston, Melanie R Keats, Sharon L
Mulvagh, Scott A Grandy
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OSTEOPOROSIS IN CHILDHOOD CANCER
SURVIVORS: PHYSIOPATHOLOGY,
PREVENTION, THERAPY AND FUTURE
PERSPECTIVES

ABSTRACT
The improvement of chemotherapy,
radiotherapy, and surgical interventions,
together with hematopoietic stem cell
transplantation, increased childhood
cancer survival rate in the last decades,
reaching 80% in Europe. Nevertheless,
anti-cancer treatments are mainly
responsible for the onset of long-term
side effects in childhood cancer
survivors (CCS), including alterations of
the endocrine system function and
activity. In particular, the most frequent
dysfunction in CCS is a metabolic bone
disorder characterized by low bone
mineral density (BMD) with increased
skeletal fragility. 

BMD loss is also a consequence of a
sedentary lifestyle, malnutrition, and
cancer itself could affect BMD, thus
inducing osteopenia and osteoporosis.
In this paper, we provide an overview of
possible causes of bone impairment in
CCS in order to propose management
strategies for early identification and
treatment of skeletal fragility in this
population.

Francesca Rossi, Chiara Tortora, Marco Paoletta, Maria Maddalena Marrapodi, Maura
Argenziano, Alessandra Di Paola, Elvira Pota, Daniela Di Pinto, Martina Di Martino,
Giovanni Iolascon
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APOLIPOPROTEINS-NEW BIOMARKERS OF
OVERWEIGHT AND OBESITY AMONG
CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA SURVIVORS?

ABSTRACT
Patients suffering from childhood acute
lymphoblastic leukemia (ALL) are at risk
of late adverse treatment-related
effects. The examination of targeted
biomarkers could be used to improve the
diagnosis and prediction of life-
threatening ALL sequelae. The purpose
of this cross-sectional study was to
search for treatment-related alterations
in apolipoprotein (Apo) levels as
potential markers of the occurrence of
obesity in subjects treated for ALL, and
to assess the relationships between
weight, gender, anticancer treatment,
and Apo concentrations. Fifty-eight ALL
survivors were included in the study.
The mean time of follow-up after
treatment cessation was 5.41 ± 4.29
years. Serum levels of apolipoproteins
were measured using a multiplex assay
kit. 

Among ALL survivors, we observed a
significant correlation of Apo-C1, Apo-
C3, Apo-H, and Apo-J levels, depending
on body mass index (BMI). Marked
differences were observed in the area
under the curve of Apo-A1, Apo-A2, Apo-
C1, Apo-D. In our study, patients with a
history of childhood ALL developed
alterations in their Apo profile.
Furthermore, this is the first study
revealing that some apolipoproteins may
act as valuable biomarkers useful in the
prognosis of metabolic imbalance. We
believe that this paper, at least partially,
will highlight the importance of long-
term prognosis of metabolic
complications associated with the
anticancer chemotherapy used to treat
hematological malignancies in children.

Klaudia Sztolsztener, Hubert Żywno, Katarzyna Hodun, Katarzyna Konończuk,
Katarzyna Muszyńska-Rosłan, Eryk Latoch
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ENDOCRINE COMPLICATIONS AFTER
HEMATOPOIETIC STEM CELL
TRANSPLANTATION DURING CHILDHOOD -
RESULTS FROM A CLOSE FOLLOW-UP IN A
COHORT OF 152 PATIENTS

BACKGROUND
Hematopoietic stem cell transplantation
(HSCT) is a therapeutic option in
numerous hematologic diseases and
solid tumours. Increasing indications for
HSCT and reduction in associated
mortality have been raising the number
of paediatric HSCT survivors and their
long-term toxicities. Our aim was to
characterise the endocrine disorders
developed after HSCT.

METHODS
Retrospective analysis of patients
submitted to HSCT in paediatric age
with at least 24 months of follow-up at
our endocrine late-effects clinics.

RESULTS
We included 152 patients (55.9% men),
followed for 9.9 (IQR (interquartile
range) 12.2) years. The median age at
HSCT was 7.5 (IQR 9) years. At least one
endocrine complication was observed in
65.1% of the patients. Primary
hypogonadism was detected in 34.2%.
Female gender (p<0.001), HSCT > 10
years-old (p=0.01) and chemotherapy
before HSCT (p<0.001) were identified as
risk factors for developing gonadal
dysfunction. 

Growth hormone deficiency (GHD)
occurred in 23.0% with a mean stature
Z-score at diagnosis of -1.8±1.4. GHD
was associated with cranial (p<0.001)
and HSCT < 10 years-old (p=<0.001).
Patients who were exposed to total body
irradiation (TBI) were at higher risk for
primary hypothyroidism (22.3%)
(p=0.01), thyroid nodules (17.1%)
(p<0.001), thyroid carcinoma (5.3%)
(p<0.001), dyslipidaemia (19.1%) (p<0.001)
and disturbance of carbohydrate
metabolism (19.1%) (p<0.001).

CONCLUSION
At least one endocrine complication was
diagnosed in 65.1% of patients, with
gonadal dysfunction being the most
prevalent. Conditioning regimen with
TBI was a risk factor for the
development of several endocrine
disorders. This study is one of the
largest series evaluating the endocrine
disorders among survivors of paediatric
HSCT and intends to reinforce the
importance of routine follow-up of these
patients.

Ana Abrantes Figueiredo, Daniela Cavaco, Inês Damásio, Joana Maciel, Sara Pinheiro,
Sara Donato, Joana Simões-Pereira
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POSTTRAUMATIC STRESS AND GROWTH IN
ADOLESCENT CHILDHOOD CANCER
SURVIVORS: LINKS TO QUALITY OF LIFE

ABSTRACT
Pediatric cancer can be considered an event
potentially leading to posttraumatic stress
symptoms (PTSS) as well as posttraumatic
growth (PTG). While clinically significant
levels of PTSS are rare in childhood cancer
survivors, PTG is common in this population.
However, the relationship of PTG to overall
adaptation and quality of life (QOL) in
pediatric cancer patients is not clear.
Therefore, our study aims to analyse the
relationships of PTSS and PTG with QOL in
childhood cancer survivors. In this study, 172
childhood cancer survivors completed
measures of quality of life (Minneapolis-
Manchester Quality of Life Scale; child and
adolescent version), posttraumatic stress
(UCLA PTSD Reaction Index for DMS-IV) and
posttraumatic growth (Benefit Finding Scale
for Children). Correlation analyses were
carried out separately for the child (up to 13
years, N = 47) and adolescent (more than 13
years, N = 125) groups and each QOL
dimension. In the adolescent group, the
relationship of PTSS and PTG with QOL was
further verified by regression analyses while
controlling for age, gender, and time off
treatment. In children, negative
relationships between PTSS and QOL were
found, but the relationships between QOL
and PTG were not significant. 

In adolescents, significant relationships
were found for all dimensions of QOL and
PTSS and also for several dimensions of QOL
and PTG. The relationships between PTSS
and QOL dimensions were negative in both
groups, and the relationships between PTG
and QOL in the adolescent group were
weakly positive. In adolescents, regression
analyses controlling for age, gender and
time off treatment were performed and
confirmed a negative relationship of PTSS
with all QOL dimensions except for social
functioning. For PTG, regression analyses
revealed a significant positive relationship
with QOL dimensions of social functioning,
outlook on life and intimate relations. While
the relationship between PTSS and QOL is
negative for almost all QOL dimensions in
children and adolescents, the nature of the
relationship between PTG and QOL appears
to be more complex and changing over time.
PTG in children may reflect different
processes with different outcomes than PTG
in adolescents.

Veronika Koutná, Marek Blatný, Martin Jelínek
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HPV VACCINATION COVERAGE FOR
PEDIATRIC, ADOLESCENT AND YOUNG ADULT
PATIENTS RECEIVING CARE IN A CHILDHOOD
CANCER SURVIVOR PROGRAM

ABSTRACT
Pediatric, adolescent and young adult
patients undergoing cancer treatment
and/or hematopoietic stem cell
transplant are at increased risk for
developing a secondary human
papillomavirus (HPV)-associated
malignancy. The objective of this study
was to determine HPV vaccination
coverage among individuals
participating in a childhood cancer
survivor program (CCSP). A
retrospective cohort study was
conducted among CCSP patients age 11-
26 years attending a CCSP visit between
2014 and 2019. Survivors were age-,
sex-, and race-matched 1:2 with controls
without cancer. Data were abstracted
from the electronic health record and
state-based vaccination registry.
Analysis was limited to Minnesota
residents to minimize missing
vaccination data. Survivorship care plans
(SCPs) were reviewed for vaccine
recommendations. 592 patients were
included in the analyses (200 CCSP
patients; 392 controls). 

By study design, mean age (18.4 years),
race (72 % white), and sex (49 % female)
were similar in the two groups. Among
CCSP patients 22 % resided in a rural
area compared to 3.8 % of controls.
Vaccination coverage among CCSP
patients was not statistically
significantly different from controls
[60.0 % vs 66.3 %, OR = 0.82, 95 % CI:
(0.55, 1.23), p = 0.35]. Completion of 3
doses was not different between groups
even though 3 doses is recommended for
all CCSP patients regardless of age at
initiation (28.5 % vs 30.1 %, p = 0.09).
Only 8.0 % of SCPs recommended HPV
vaccination. Although patients
participating in a CCSP did not have
significantly different HPV vaccination
coverage compared to controls, HPV
vaccination initiation and 3-dose series
completion are still suboptimal in a
patient population at high-risk of a
secondary HPV-associated cancer.

Lauren Thomaier, Danielle A Aase, Rachel I Vogel, Helen M Parsons, Karim T Sadak,
Deanna Teoh
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"IT JUST NEVER ENDS": CHILDHOOD CANCER
SURVIVORS' PERCEIVED PSYCHOSOCIAL
IMPACTS OF RECURRENCE AND SECOND
CANCER

OBJECTIVES
Childhood cancer survivors are at risk of
developing primary recurrences and new
second cancers. Experiencing a
recurrence and/or second cancer can
be highly distressing for survivors and
families. We aimed to understand the
psychological impacts of experiencing a
recurrence or second cancer and how
this potentially influences survivors'
engagement with survivorship care.

METHODS
We invited childhood cancer survivors
or their parents if survivors were ≤16
years of age from 11 tertiary pediatric
oncology hospitals across Australia and
New Zealand to complete interviews. We
conducted a thematic analysis facilitated
by NVivo12.

RESULTS
We interviewed 21 participants of whom
16 had experienced a recurrence, 3 had a
second cancer, and 2 had both a
recurrence and second cancer.
Participants reported that a
recurrence/second cancer was a
stressful sudden disruption to life,
accompanied by strong feelings of
uncertainty. 

Participants tended to be less aware of
their second cancer risk than recurrence
risk. Some participants reported feelings
of anxiousness and despair, describing
varying responses such as gratitude or
avoidance. Participants shared that the
fear of cancer recurrence either
motivated them to adopt protective
health behaviors or to avoid information
and disengage from survivorship care.

SIGNIFICANCE OF RESULTS
Some survivors and their parents have a
poor understanding and expressed
reluctance to receive information about
their risk of second cancer and other
treatment-related late effects.
Improving the delivery of information
about late effects to families may
improve their engagement with
survivorship care and surveillance,
although care must be taken to balance
information provision and survivors'
anxieties about their future health.

Andrea E Lee, Jordana K McLoone, Lauren M Touyz, Claire E Wakefield, Richard J
Cohn, Christina Signorelli
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ASSOCIATIONS OF SYMPTOM CLUSTERS AND
HEALTH OUTCOMES IN ADULT SURVIVORS OF
CHILDHOOD CANCER: A REPORT FROM THE
ST JUDE LIFETIME COHORT STUDY

PURPOSE
To identify symptom clusters among adult
survivors of childhood cancers and test
associations with health-related quality of
life (HRQOL) and physical and
neurocognitive performance.

METHODS
This cross-sectional study included 3,085
survivors (mean age at evaluation 31.9 ± 8.3
years; mean years from diagnosis 28.1 ± 9.1)
participating in the St Jude Lifetime Cohort
Study. Survivors self-reported the presence
of 37 symptoms capturing 10 domains
(cardiac, pulmonary, sensory,
motor/movement, nausea, pain, fatigue,
memory, anxiety, and depression). The Short
Form-36's Physical/Mental Component
Summaries assessed HRQOL; the Physical
Performance Test evaluated physical
performance; and neurocognitive batteries
tested attention, processing/psychomotor
speed, memory, and executive function.
Latent class analysis identified subgroups of
survivors experiencing different patterns of
symptom burden (ie, symptom clusters).
Multivariable regression models identified
risk of cluster membership and tested
associations with health outcomes.

RESULTS
Four symptom clusters were identified
including cluster 1 (prevalence 52.4%; low
physical, somatization, and psychologic
domains), cluster 2 (16.1%; low physical,
moderate somatic, and high psychologic
domains), cluster 3 (17.6%; high physical,
moderate somatic, and low psychologic
domains), and cluster 4 (13.9%; high in all
three domains). Compared with cluster 1,
survivors in cluster 4 were more likely to
have less than high school education (odds
ratio [OR], 7.71; 95% CI, 4.46 to 13.31), no
insurance (OR, 1.49; 95% CI, 1.04 to 2.13), and
exposure to corticosteroids (OR, 1.76; 95%
CI, 1.02 to 3.03); survivors in cluster 3 were
more likely to have received platinum agents
(OR, 2.22; 95% CI, 1.34 to 3.68) and brain
radiation ≥ 30 Gy (OR, 3.99; 95% CI, 2.33 to
6.86). Survivors in cluster 4 reported the
poorest Physical Component
Summary/Mental Component Summary
scores (31.0/26.7) and physical and
neurocognitive performance versus
survivors in the other clusters (P < .001).

CONCLUSION
Nearly 50% of survivors had moderate to
high multisymptom burden, which was
associated with sociodemographic,
treatment factors, HRQOL, and functional
outcomes.

Hyewon Shin, William N Dudley, Nickhill Bhakta, Madeline R Horan, Zhaoming Wang,
T Robin Bartlett, Deokumar Srivastava, Yutaka Yasui, Justin N Baker, Leslie L Robison,
Kirsten K Ness, Krull R Kevin, Melissa M Hudson, I-Chan Huang
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PRIMARY CARDIOPROTECTION WITH
DEXRAZOXANE IN PATIENTS WITH
CHILDHOOD CANCER WHO ARE EXPECTED
TO RECEIVE ANTHRACYCLINES:
RECOMMENDATIONS FROM THE
INTERNATIONAL LATE EFFECTS OF
CHILDHOOD CANCER GUIDELINE
HARMONIZATION GROUP

ABSTRACT
Survivors of childhood cancer are at risk
of anthracycline-induced cardiotoxicity,
which might be prevented by
dexrazoxane. However, concerns exist
about the safety of dexrazoxane, and
little guidance is available on its use in
children. To facilitate global consensus,
a working group within the International
Late Effects of Childhood Cancer
Guideline Harmonization Group
reviewed the existing literature and
used evidence-based methodology to
develop a guideline for dexrazoxane
administration in children with cancer
who are expected to receive
anthracyclines. Recommendations were
made in consideration of evidence
supporting the balance of potential
benefits and harms, and clinical
judgement by the expert panel. 

Given the dose-dependent risk of
anthracycline-induced cardiotoxicity,
we concluded that the benefits of
dexrazoxane probably outweigh the risk
of subsequent neoplasms when the
cumulative doxorubicin or equivalent
dose is at least 250 mg/m² (moderate
recommendation). No recommendation
could be formulated for cumulative
doxorubicin or equivalent doses of lower
than 250 mg/m², due to insufficient
evidence to determine whether the risk
of cardiotoxicity outweighs the possible
risk of subsequent neoplasms. Further
research is encouraged to determine the
long-term efficacy and safety of
dexrazoxane in children with cancer.

Esmée C de Baat, Elvira C van Dalen, Renée L Mulder, Melissa M Hudson, Matthew J
Ehrhardt, Frederike K Engels, Elizabeth A M Feijen, Heynric B Grotenhuis, Jan M
Leerink, Livia Kapusta, Gertjan J L Kaspers, Remy Merkx, Luc Mertens, Roderick
Skinner, Wim J E Tissing, Florent de Vathaire, Paul C Nathan, Leontien C M Kremer,
Annelies M C Mavinkurve-Groothuis, Saro Armenian
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ANALYSIS OF LONG-TERM RENAL FUNCTION
IN PATIENTS WITH MALIGNANT SOLID
TUMORS: RETROSPECTIVE ANALYSIS USING
THE ESTIMATED GLOMERULAR FILTRATION
RATE

BACKGROUND
Childhood cancer survivors are at an
increased risk of impaired renal
function. The aim of the present study
was to assess the frequency of and risk
factors for long-term renal dysfunction
using the estimated glomerular filtration
rate (eGFR) in patients with solid
tumors.

METHODS
We retrospectively evaluated eGFR in 52
patients with solid tumors (25 females
and 27 males) who received
chemotherapy and were regularly
followed up in our institute. Decreased
eGFR was defined as <90 ml/min/1.73
m² . Cases under treatment and of death
were excluded.

RESULTS
Median age at the diagnosis of the
primary disease was 2.4 years old (range
0.0-23.9 years) and the median follow-
up period was 98.4 months (range 14.4-
231.6 months). The cumulative incidence
of decreased eGFR was 24.7 ± 2.2%. The
multivariate analysis showed that
decreased eGFR correlated with an older
age at diagnosis (2.3 years and older)
(hazard ratio 7.330, P=0.018).

CONCLUSION
Although previous studies indicated that
the risk of long-term nephrotoxicity was
higher in patients treated at a younger
age, the present study showed that
patients treated at an older age were at
an increased risk of decreased eGFR.

Hirozumi Sano, Ryoji Kobayashi, Satoru Matsushima, Daiki Hori, Masato Yanagi, Koya
Kodama, Daisuke Suzuki, Kunihiko Kobayashi
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FEASIBILITY OF FITBIT USE IN ADOLESCENT
SURVIVORS OF PEDIATRIC CANCER: WHO
CONSISTENTLY USES IT AND FOR HOW LONG?

PURPOSE
Wearable activity trackers with real-
time feedback and goal-setting features
are being incorporated into programs to
increase physical activity among
childhood cancer survivors. This analysis
describes the adoption and use of a
Fitbit® Flex™ among adolescent-aged
survivors of childhood cancer without
incentives, reminders, or interventions
to encourage use.

PROCEDURES
Cancer survivors aged 13-18 and ≥2 years
from therapy received a Fitbit Flex with
instructions to wear it daily.
Researchers downloaded participants'
daily total steps and active minutes for 1
year. Participants were classified as
consistent (≥5 days/week for >4 weeks
during the first 12 weeks) or inconsistent
users, and comparisons between user
types were made. Longitudinal use of
the Fitbit and participants' 1-year
acceptability evaluations are described.

RESULTS
Overall, 67.1% (47/70) of survivors
enrolled, and Fitbit data were available
for 36 participants. Initially, 30.6%
(11/36) were consistent users.
Consistent users had lower body mass
index z-scores at enrollment (0.4 ± 0.7
vs. 1.2 ± 0.9; p = 0.01), but were
otherwise comparable with inconsistent
users. Over time survivors' use declined;
at 12 months, only one participant was
using his or her Fitbit. Survivors who
completed a survey (n = 22) reported
their Fitbit helped them self-monitor
their exercise (72.7%, 16/22) and lead a
more active lifestyle (63.6%, 14/22), but
found it challenging to charge and not
lose, forget about, or break the device.

CONCLUSIONS
In the real-world setting, only a small
subset of adolescent-aged survivors will
initially consistently use a Fitbit and
their interest diminishes over time. To
maximize engagement, interventions
incorporating wearable activity trackers
likely need to include additional
behavior change strategies.

Rebecca Williamson Lewis, Kristen E Howell, Karen E Effinger, Lillian R Meacham,
Karen Wasilewski-Masker, Ann Mertens, Jordan Gilleland Marchak
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LONG-TERM DIAGNOSIS-SPECIFIC SICKNESS
ABSENCE, DISABILITY PENSION, AND
HEALTHCARE USE IN 1305 YOUNG ADULT
CHILDHOOD CANCER SURVIVORS AND IN
6430 REFERENCES; A SWEDISH TEN-YEAR
PROSPECTIVE COHORT STUDY

BACKGROUND
Childhood cancer survivors (CCS) are at high
risk of chronic health conditions. We aimed
to explore young adult CCS' and matched
references' future diagnoses-specific
healthcare use, sickness absence (SA), and
disability pension (DP).

METHODS
We performed a prospective cohort study
with microdata from seven nationwide
Swedish registers. We included 1305 young
adult CCS born 1983-1988 and living in
Sweden in 2008 and 6430 matched
references and followed them for ten years
(2009-2018) regarding mean annual
specialized outpatient visits, inpatient days,
and SA (spells >14 days) and/or DP (SADP)
days, overall and by eight diagnostic groups.
Risk factors for >90 SADP days in 2018 were
explored as odds ratios (OR) with 95%
confidence intervals (CI) by adjusted logistic
regression.

RESULTS
Approximately 80% of CCS and 90% of
references did not have SADP in the ten-
year follow-up. Mean SADP days/year was
higher among CCS (40-50 days/year),
particularly in CNS tumor survivors (76-83
days/year), compared to references (12-18
days/year). Most SADP days were DP days.

CCS had more mean outpatient visits (1.6-1.8
visits/year) and inpatient days (0.8-1.7
days/year) than references (0.8-1.2
visits/year and 0.6-0.75 days/year,
respectively). The main healthcare use and
SADP diagnoses were neoplasms and
psychiatric disorders among all CCS, along
with nervous system and endocrine
conditions among CNS tumor survivors. The
risk of SADP >90 days in 2018 was higher
among female compared to male CCS (OR =
2.34, 95% CI 1.67-3.32), those with
elementary schooling compared to high
school/university education (OR = 6.52, 95%
CI 4.49-9.49), and survivors of CNS tumors
compared to other malignancies (OR
hematological versus CNS = 2.88, 95% CI
1.95-4.28; OR hematological versus non-CNS
solid tumors = 0.71, 95% CI 0.45-1.09).

CONCLUSIONS
Most CCS did not have SADP as young
adults; nevertheless, their risk of SADP was
higher than among matched references. CNS
tumor survivors were at particularly high
risk of SADP.

Fredrik Baecklund, Kristina Alexanderson, Lingjing Chen
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FINANCIAL HARDSHIP IN ADULT SURVIVORS
OF CHILDHOOD CANCER IN THE ERA AFTER
IMPLEMENTATION OF THE AFFORDABLE
CARE ACT: A REPORT FROM THE CHILDHOOD
CANCER SURVIVOR STUDY

PURPOSE
To estimate the prevalence of financial
hardship among adult survivors of childhood
cancer compared with siblings and identify
sociodemographic, cancer diagnosis, and
treatment correlates of hardship among
survivors in the era after implementation of
the Affordable Care Act.

METHODS
A total of 3,555 long-term (≥ 5 years)
survivors of childhood cancer and 956
siblings who completed a survey
administered in 2017-2019 were identified
from the Childhood Cancer Survivor Study.
Financial hardship was measured by 21
survey items derived from US national
surveys that had been previously cognitively
tested and fielded. Principal component
analysis (PCA) identified domains of
hardship. Multiple linear regression
examined the association of standardized
domain scores (ie, scores divided by
standard deviation) with cancer and
treatment history and sociodemographic
characteristics among survivors.

RESULTS
Survivors were more likely than siblings to
report hardship in ≥ 1 item (63.4% v 53.7%, P
< .001). They were more likely to report
being sent to debt collection (29.9% v
22.3%), problems paying medical bills (20.7%
v 12.8%), foregoing needed medical care
(14.1% v 7.8%), and worry/stress about
paying their rent/mortgage (33.6% v 23.2%)
or having enough money to buy nutritious
meals (26.8% v 15.5%); all P < .001. Survivors
reported greater hardship than siblings in all
three domains identified by principal
component analysis: behavioral hardship
(mean standardized domain score 0.51 v
0.35), material hardship/financial sacrifices
(0.64 v 0.46), and psychological hardship
(0.69 v 0.44), all P < .001. Sociodemographic
(eg, <college education, without private
insurance) and treatment factors (eg,
received ≥ 250 mg/m² anthracycline
chemotherapy, or chest radiation) were
statistically significantly associated with
increased hardship.

CONCLUSION
Survivors of childhood cancer were more
likely to experience financial hardship than
siblings. Correlates of hardship can inform
survivorship care guidelines and
intervention strategies.

Paul C Nathan, I-Chan Huang, Yan Chen, Tara O Henderson, Elyse R Park, Anne C
Kirchhoff, Leslie L Robison, Kevin Krull, Wendy Leisenring, Gregory T Armstrong,
Rena M Conti, Yutaka Yasui, K Robin Yabroff
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CARDIO-ONCOLOGY IN CHILDHOOD: STATE
OF THE ART

PURPOSE OF REVIEW
Cardio-oncology is an increasingly
important field of cardiology that
focuses on the detection, monitoring,
and treatment of cardiovascular disease
(CVD) occurring during and after
oncological treatments. The survival
rate for childhood cancer patients has
dramatically increased thanks to new
treatment protocols and cardiovascular
(CV) sequelae represent the third most
frequent cause of mortality in surviving
patients. This study aims to provide a
complete and updated review of all the
main aspects of cardio-oncology in
childhood and to highlight the critical
issues.

RECENT FINDINGS
The problem of CV complications in
childhood cancer survivors raises the
need to make an early diagnosis of
cardiotoxicity by the new imaging and
laboratory techniques in order to
intervene promptly and to implement
pharmacological strategies and lifestyle
changes to reduce or even to prevent
cardiac injury. Furthermore, a
stratification of CV risk, also including
new predisposing factors such as the
presence of some genetic mutations, is
of paramount importance before
undertaking oncological treatments.
Besides, a systematic and personalized
planning of long-term follow-up is
fundamental to ensure a transition from
pediatric to adult hospital and to avoid
missed or late diagnosis of
cardiomyopathy. We reviewed the main
risk factors for cardiotoxicity in
children, both traditional and emerging
ones: the mechanisms of toxicity of both
old and new antineoplastic therapies,
the techniques for detecting cardiac
damage, and the current evidence
regarding pharmacological
cardioprotection. At the end, we focused
our attention on the existing guidelines
and strategies about the long-term
follow-up of childhood cancer survivors.

Elena Bennati, Francesca Girolami, Gaia Spaziani, Giovanni Battista Calabri, Claudio
Favre, Iris Parrini, Fabiana Lucà, Angela Tamburini, Silvia Favilli
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LATE MORTALITY REDUCTION AMONG
SURVIVORS OF GERM CELL TUMORS IN
CHILDHOOD AND ADOLESCENCE IN EUROPE:
A REPORT FROM THE PANCARESURFUP
COHORT

BACKGROUND
Data on late mortality from pediatric
germ cell tumors (GCTs) are limited to
small case series. Our population-based
study aimed to investigate excess risk of
death in survivors of GCT in childhood
and adolescence, whether long-term
mortality changed over time and by
period of diagnosis.

METHODS
The PanCare Childhood and Adolescent
Cancer Survivor Care and Follow-Up
Studies (PanCareSurFup) cohort includes
2773 five-year survivors diagnosed under
21 years of age with gonadal and
extragonadal GCT (from 1940 to 2008).
We calculated standardized mortality
ratios (SMRs) and absolute excess risks
(AERs). We fitted a Cox's model to assess
the impact of treatment period. We
estimated 10-year survival and
calculated average percentage changes
between periods of diagnosis (1970-1979,
1980-1989, 1990-1999) to assess whether
late mortality decreased.

RESULTS
GCT survivors had an almost four-fold
excess risk of dying compared to general
population. The risk of death for
patients treated after 1980 was nearly
halved compared to patients treated
before 1980. Survivors diagnosed in
1990-1999 had a 10-year survival rate of
99%, which was 2.4% and 1.1% higher
than for patients treated in 1970-1979
and 1980-1989, respectively.

CONCLUSIONS
This is the largest population-based
study in Europe and showed a decrease
in long-term mortality for survivors of
GCTs in childhood and adolescence over
the last decades. After the introduction
of platinum compound in 1980, which is
a paradigm of success compared to the
previous treatments, no major changes
in drug therapies have been made to
treat GCTs in the last 40 years.
However, GCT survivors maintain an
excessive risk of death that requires
long-term care.

Annalisa Trama, Alice Bernasconi, Laura Botta, Julianne Byrne, Desiree Grabow, Raoul
C Reulen, Gabriele Calaminus, Monica Terenziani

Pediatr Blood Cancer; doi: 10.1002/pbc.29991
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LATE MORTALITY REDUCTION AMONG
SURVIVORS OF GERM CELL TUMORS IN
CHILDHOOD AND ADOLESCENCE IN EUROPE:
A REPORT FROM THE PANCARESURFUP
COHORT

BACKGROUND
Existing educational programs typically
include limited information on
traditional, complementary, and
integrative medicine (TCIM) for
survivors of childhood cancer.

OBJECTIVES
This brief report presents the
preliminary results of an educational
program that aims to promote the safe
and effective use of Chinese medicine
(CM) among survivors in Hong Kong.

METHODS
Survivors of childhood cancer, their
caregivers, and oncology practitioners
were invited to participate in a program
that consists of two didactic seminars
and a written educational booklet that
disseminated information on the use of
CM. A structured questionnaire was
used to evaluate participants' receptivity
toward and perceived relevance of the
program. The Reach, Effectiveness,
Adoption, Implementation, and
Maintenance (RE-AIM) framework was
used to discuss the impact of the
intervention.

RESULTS
Reach: A total of 174 participants
attended the seminars, and the seminar
recording received over 380 views on
social media platforms since April 2021.
The hardcopy of the educational booklet
was distributed to 43 recipients. The
web-version of the booklet was sent to
67 participants and downloaded 143
times. Efficacy: The majority found that
the content of the seminar useful (mean
score = 5.04/6 points), especially the
CM exercise (mean score = 4.88/6
points) and dietary advice (mean score =
4.99/6 points). Intention to adopt: The
survivors (or their caregivers) reported
that they would adopt advice on food
therapies (83.3%) and traditional
Chinese health exercises (55.6%) during
survivorship.

CONCLUSION
The preliminary data on patient
preferences will be applied to further
develop educational materials and to
establish a TCIM referral network within
the cancer survivor community.

Chun Sing Lam, Kwok Yin Au, Hing Yu Hung, Ho Wing Chou, Alex Wing Kwan Leung,
Chi Kong Li, Ho Kee Koon and Yin Ting Cheung
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POOLED ANALYSIS OF MENINGIOMA RISK
FOLLOWING TREATMENT FOR CHILDHOOD
CANCER

IMPORTANCE
Meningioma is the most common
subsequent neoplasm following cranial
irradiation among survivors of childhood
cancer, but there are still uncertainties
regarding the magnitude of the radiation
dose-response association, potential
modifiers of radiation risks, and the role
of chemotherapy.

OBJECTIVE
To evaluate meningioma risk in survivors
of childhood cancer following
radiotherapy and chemotherapy and
identify possible modifying factors of
radiation-associated risk.

DESIGN, SETTING, AND PARTICIPANTS
This international case-control study
pooled data from 4 nested case-control
studies of survivors of childhood cancer
diagnosed between 1942 and 2000,
followed through 2016. Cases were
defined as participants diagnosed with a
subsequent meningioma. Controls were
matched to cases based on sex, age at
first cancer diagnosis, and duration of
follow-up. Data were analyzed from July
2019 to June 2022.

EXPOSURES
Radiation dose (Gy) to the meningioma
site and cumulative chemotherapy
doses, including intrathecal and
systemic methotrexate doses.

MAIN OUTCOMES AND MEASURES
The main outcome was subsequent
meningioma, assessed using odds ratios
(ORs) and excess odds ratios per gray
(EOR/Gy).

TO BE CONTINUED ON NEXT PAGE
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RESULTS
The analysis included 273 survivors of
childhood cancer who developed
meningioma (cases) and 738 survivors
who did not (controls), with a total of
1011 individuals (median [IQR] age at
first cancer diagnosis 5.0 [3.0-9.2] years;
599 [59.2%] female). Median (IQR) time
since first cancer was 21.5 (15.0-27.0)
years. Increasing radiation dose was
associated with increased risk of
meningioma (EOR/Gy, 1.44; 95% CI,
0.62-3.61), and there was no evidence of
departure from linearity (P = .90).
Compared with survivors who were not
exposed to radiation therapy, those who
received doses of 24 Gy or more had
more than 30-fold higher odds of
meningioma (OR, 33.66; 95% CI, 14.10-
80.31). The radiation dose-response
association was significantly lower
among patients treated at age 10 years
or older compared with those treated
before age 10 years (EOR/Gy, 0.57; 95%
CI, 0.18-1.91 vs 2.20; 95% CI, 0.87-6.31; P
for heterogeneity = .03). Risk associated
with radiation remained significantly
elevated 30 years after exposure
(EOR/Gy, 3.76; 95% CI, 0.77-29.15). We
found an increased risk of meningioma
among children who had received
methotrexate (OR, 3.43; 95% CI, 1.56-
7.57), but no evidence of a dose-
response association or interaction with
radiation dose.

CONCLUSIONS AND RELEVANCE
These findings suggest that the
meninges are highly radiosensitive,
especially for children treated before
age 10 years. These results support the
reduction in whole-brain irradiation
over recent decades and the
prioritization of approaches that limit
radiation exposure in healthy tissue for
children. The persistence of elevated
risks of meningiomas for 30 years after
cranial radiotherapy could help inform
surveillance guidelines.

CONTINUED FROM PREVIOUS PAGE



4 6  |  C H I L D H O O D  C A N C E R  L A T E  E F F E C T S  P U B L I C A T I O N S

PATIENT-REPORTED OUTCOMES IN
CHILDHOOD HEAD AND NECK
RHABDOMYOSARCOMA SURVIVORS AND
THEIR RELATION TO PHYSICIAN-GRADED
ADVERSE EVENTS-A MULTICENTER STUDY
USING THE FACE-Q CRANIOFACIAL MODULE

INTRODUCTION
Adverse events (AE) of treatment are
prevalent and diverse in head and neck
rhabdomyosarcoma (HNRMS) survivors.
These AEs are often reported by physicians;
however, patients' perceptions of specific AE
are not well known. In this study, we
explored patient-reported outcomes
measuring appearance, health-related
quality of life (HRQOL), and facial function
in HNRMS survivors. Second, we assess the
relationship between physician grading of
AE and patient reporting.

MATERIALS AND METHODS
Survivors of pediatric HNRMS, diagnosed
between 1993 and 2017, who were at least 2
years after completing treatment were
invited to an outpatient clinic as part of a
multicenter cross-sectional cohort study. At
the outpatient clinics, survivors aged ≥8
years filled out the FACE-Q Craniofacial
module; a patient-reported outcome
instrument measuring issues specific to
patients with facial differences. AE were
systematically assessed by a
multidisciplinary team based on the
Common Terminology Criteria of Adverse
Events system.

RESULTS
Seventy-seven survivors with a median age
of 16 years (range 8-43) and median follow-
up of 10 years (range 2-42) completed the
questionnaire and were screened for AEs.
Patient-reported outcomes varied widely
between survivors. Many survivors reported
negative consequences: 82% on appearance
items, 81% on HRQOL items, and 38% on
facial function items. There was a weak
correlation between physician-scored AEs
and the majority of patient-reported
outcomes specific for those AEs.

CONCLUSIONS
Physician-graded AEs are not sufficient to
provide tailored care for HNMRS survivors.
Findings from this study highlight the
importance of incorporating patient-
reported outcome measures in survivorship
follow-up.

Michèle Morfouace, Marinka L F Hol, Reineke A Schoot, Olga Slater, Daniel J
Indelicato, Frédéric Kolb, Ludwig E Smeele, Johannes H M Merks, Charlene Rae,
Heleen Maurice-Stam, Anne F Klassen, Martha A Grootenhuis
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ABDOMINAL TUMORS: WILMS,
NEUROBLASTOMA, RHABDOMYOSARCOMA,
AND HEPATOBLASTOMA

ABSTRACT
Pediatric cancer patients have improved
outcomes over the past several decades
leading to a greater number of survivors
living well into adulthood. Owing to
their increased longevity, adult care
providers are encountering childhood
cancer survivors with greater frequency
in their clinics and hospitals. Childhood
cancer treatments are associated with
varied and significant systemic
complications that either persist or
develop well into adulthood, including
secondary malignancies,
cardiomyopathies, and adhesive disease
that can complicate even the simplest
operation. This article reviews four of
the most common solid abdominal
tumors in the pediatric population and
the long-term sequelae of their
respective treatment regimens.

Jennifer T Castle, Brittany E Levy, David A Rodeberg
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DELPHI PANEL CONSENSUS
RECOMMENDATIONS FOR SCREENING AND
MANAGING CHILDHOOD CANCER SURVIVORS
AT RISK FOR CARDIOMYOPATHY

BACKGROUND
Cardiomyopathy is a leading cause of late
morbidity and mortality in childhood cancer
survivors (CCS). Evidence-based guidelines
recommend risk-stratified screening for
cardiomyopathy, but the management
approach for abnormalities detected when
screening asymptomatic young adult CCS is
poorly defined.

OBJECTIVES
The aims of this study were to build upon
existing guidelines by describing the expert
consensus-based cardiomyopathy screening
practices, management approach, and
clinical rationale for the management of
young adult CCS with screening-detected
abnormalities and to identify areas of
controversy in practice.

METHODS
A multispecialty Delphi panel of 40
physicians with expertise in cancer
survivorship completed 3 iterative rounds of
semi-open-ended questionnaires regarding
their approaches to the management of
asymptomatic young adult CCS at risk for
cardiomyopathy (screening practices,
referrals, cardiac testing, laboratory studies,
medications). Consensus was defined as
≥90% panelist agreement with
recommendation.

RESULTS
The response rate was 100% for all 3 rounds.
Panelists reached consensus on the timing
and frequency of echocardiographic
screening for anthracycline-associated
cardiomyopathy, monitoring during
pregnancy, laboratory testing for modifiable
cardiac risk factors, and referral to
cardiology for ejection fraction ≤50% or
preserved ejection fraction with diastolic
dysfunction. Controversial areas (<75%
agreement) included chest radiation dose
threshold to merit screening, indications for
advanced cardiac imaging and cardiac serum
biomarkers for follow-up of abnormal
echocardiographic findings, and medical
management of asymptomatic left
ventricular systolic dysfunction.

CONCLUSIONS
Expert practice is largely consistent with
existing risk-based screening guidelines.
Some recommendations for managing
abnormalities detected on screening
echocardiography remain controversial. The
rationale offered by experts for divergent
approaches may help guide clinical decisions
in the absence of guidelines specific to
young adult CCS.

Rahela Aziz-Bose, Renee Margossian, Bethany L Ames, Kerry Moss, Matthew J
Ehrhardt, Saro H Armenian, Torunn I Yock, Larissa Nekhlyudov, David Williams,
Melissa Hudson, Anju Nohria, Lisa B Kenney
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ATHEROSCLEROTIC CARDIOVASCULAR RISK
AS AN EMERGING PRIORITY IN PEDIATRICS

ABSTRACT
Over the last decades, childhood and
adolescence have emerged as an
important window of opportunity to
prevent atherosclerotic cardiovascular
disease (ASCVD) later in life. Here, we
discuss the underlying advances in the
field. First, atherosclerosis development
starts as early as childhood.
Atherogenesis initiates in the iliac
arteries and abdominal aorta and
subsequently develops in higher regions
of the arterial tree, as has been
demonstrated in nonhuman primate
studies and human autopsy studies.
Obesity, hypertension, hyperlipidemia,
and hyperglycemia at a young age can
accelerate atherogenesis. Children and
adolescents with obesity have a relative
risk of ∼ 2.5 for ASCVD mortality later in
life, compared to peers with a normal
weight. Conversely, early prevention
improves long-term cardiovascular
outcomes. 

Second, we review disease-associated
factors that add to the traditional risk
factors. Various pediatric disorders
carry similar or even higher risks of
ASCVD than obesity, including chronic
inflammatory disorders, organ
transplant recipients, familial
hypercholesterolemia, endocrine
disorders, childhood cancer survivors,
chronic kidney diseases, congenital
heart diseases, and premature birth,
especially after fetal growth restriction.
The involved disease-associated factors
that fuel atherogenesis are diverse and
include inflammation, vascular, and
endothelial factors. The diverse and
growing list of pediatric groups at risk
underscores that cardiovascular risk
management has solidly entered the
realm of general pediatrics. In a second
review in this series, we will, therefore,
focus on recent advances in
cardiovascular risk assessment and
management and their implications for
pediatric practice.

Henk S Schipper, Sarah de Ferranti
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PHYSICAL ACTIVITY IN 9-15 YEAR-OLD
PEDIATRIC CANCER SURVIVORS COMPARED
TO A NATIONWIDE SAMPLE

INTRODUCTION
Sufficient physical activity (PA) has the
potential to mitigate late effects of
cancer, but objective data of PA levels in
adolescents are scarce. The aim of this
study was to investigate differences in
PA behavior between childhood cancer
survivors (CCS) and healthy peers.

METHODS
PA levels of n = 74 CCS and n = 1304
healthy peers from the MoMo study aged
9-15 years were assessed with validated
objective accelerometry and group
means were compared. A binary multiple
logistic regression was performed to
investigate the potential predictors of
PA.

RESULTS
CCS spent significantly more time
sedentary (p < 0.001) and less time in
moderate-to-vigorous physical activity
(p = 0.002) compared to the healthy
cohort. Subgroup analysis revealed the
largest deviations of PA levels for CCS
aged 9-11 years who fulfilled
international PA recommendations on
significantly fewer days than MoMo (p <
0.01). Health conditions seem to be a
predictor concerning the fulfillment of
international PA recommendations by
the WHO (p = 0.015).

CONCLUSIONS
Our study identified vulnerable groups
which seem to require targeted exercise
and health behavior change programs to
increase physical activity and reduce
sedentary time. The presence of
treatment sequelae as a significant
predictor of insufficient physical activity
underlines the need of multidisciplinary
supportive care approaches.

Miriam Götte, Simon Basteck, Ronja Beller, Gabriele Gauß, Steffen Schmidt, Alexander
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FERTILITY DISCUSSIONS AND CONCERNS IN
CHILDHOOD CANCER SURVIVORS, A
SYSTEMATIC REVIEW FOR UPDATED
PRACTICE

PURPOSE
To provide ways to improve the clinical
practice of fertility preservation (FP) for
children, adolescents, and young adults
(AYA) with cancer.

METHODS
A systematic research of online
databases was undertaken in March
2020 following the PRISMA criteria,
including Medline and Web of Science.

RESULTS
Fifty-nine articles were included.
Surveys, interviews, and focus groups
were used to collect data from patients,
parents, and health care providers
(HCPs). Four themes worth exploring
emerged: (a) what do patients and
professionals think of and know about
FP? (b) what makes the fertility
discussion happen or not? (c) what,
retrospectively, led to FP being pursued
or not? and (d) how do patients and
HCPs feel about fertility issues?

RESULTS
A minority of AYAs preserve their
fertility (banking assay for 45% of boys
and 23% of girls). Yet fertility concerns
have a significant impact on the quality
of life of young cancer survivors.
Although recommendations and
guidelines regarding FP are available
internationally, there are no specific
guidelines as to how to conduct fertility
counseling for children and adolescents.
Some barriers are not removable, such
as a poor prognosis of an obvious severe
disease, time constraints for starting
treatment, and cultural and religious
beliefs. In response to aspects hindering
patients and families to be receptive to
any discussion at the time of diagnosis,
psychological support could reduce the
level of emotional distress and help
restore a degree of open-mindedness to
open a window for discussion. Moreover,
as the lack of knowledge of professionals
about fertility is frequently pointed out
as a limiting factor for fertility
discussion, reinforcing professional
training regarding FP could be proposed
to promote fertility discussion and
eventually referral for FP.

Karima El Alaoui-Lasmaili, Phi Linh Nguyen-Thi, Nadine Demogeot, Joëlle Lighezzolo-
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ASSOCIATION OF CHANGES IN CANCER
THERAPY OVER 3 DECADES WITH RISK OF
SUBSEQUENT BREAST CANCER AMONG
FEMALE CHILDHOOD CANCER SURVIVORS: A
REPORT FROM THE CHILDHOOD CANCER
SURVIVOR STUDY (CCSS)

IMPORTANCE
Breast cancer is the most common invasive
subsequent malignant disease in childhood
cancer survivors, though limited data exist
on changes in breast cancer rates as primary
cancer treatments have evolved.

OBJECTIVE
To quantify the association between
temporal changes in cancer treatment over 3
decades and subsequent breast cancer risk.

DESIGN, SETTING, AND PARTICIPANTS
Retrospective cohort study of 5-year cancer
survivors diagnosed when younger than 21
years between 1970 and 1999, with follow-up
through December 5, 2020.

EXPOSURES
Radiation and chemotherapy dose changes
over time.

MAIN OUTCOMES AND MEASURES
Breast cancer cumulative incidence rates
and age-specific standardized incidence
ratios (SIRs) compared across treatment
decades (1970-1999). Piecewise exponential
models estimated invasive breast cancer and
ductal carcinoma in situ (DCIS) risk and
associations with treatment exposures,
adjusted for age at childhood cancer
diagnosis and attained age.

RESULTS
Among 11 550 female survivors (median age,
34.2 years; range 5.6-66.8 years), 489
developed 583 breast cancers: 427 invasive,
156 DCIS. Cumulative incidence was 8.1%
(95% CI, 7.3%-9.0%) by age 45 years. An
increased breast cancer risk (SIR, 6.6; 95%
CI, 6.1-7.2) was observed for survivors
compared with the age-sex-calendar-year-
matched general population. Changes in
therapy by decade included reduced rates of
chest (34% in the 1970s, 22% in the 1980s,
and 17% in the 1990s) and pelvic
radiotherapy (26%, 17%, and 13%
respectively) and increased rates of
anthracycline chemotherapy exposures
(30%, 51%, and 64%, respectively). Adjusting
for age and age at diagnosis, the invasive
breast cancer rate decreased 18% every 5
years of primary cancer diagnosis era (rate
ratio [RR], 0.82; 95% CI, 0.74-0.90). When
accounting for chest radiotherapy exposure,
the decline attenuated to an 11% decrease
every 5 years (RR, 0.89; 95% CI, 0.81-0.99).
When additionally adjusted for anthracycline
dose and pelvic radiotherapy, the decline
every 5 years increased to 14% (RR, 0.86;
95% CI, 0.77-0.96). Although SIRs of DCIS
generally increased over time, there were no
statistically significant changes in incidence.

TO BE CONTINUED ON NEXT PAGE
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CONCLUSIONS AND RELEVANCE
Invasive breast cancer rates in
childhood cancer survivors have
declined with time, especially in those
younger than 40 years. This appears
largely associated with the reduced use
of chest radiation therapy, but was
tempered by concurrent changes in
other therapies.

CONTINUED FROM PREVIOUS PAGE



5 4  |  C H I L D H O O D  C A N C E R  L A T E  E F F E C T S  P U B L I C A T I O N S

DESIGN AND METHODS OF A RANDOMIZED
WEB-BASED PHYSICAL ACTIVITY
INTERVENTION AMONG CHILDREN WITH
CANCER: A REPORT FROM THE CHILDREN'S
ONCOLOGY GROUP

BACKGROUND
Promoting physical activity soon after
treatment for childhood cancer may
benefit health because sedentary
lifestyle during curative therapy may
perpetuate physical and emotional
complications. The primary goals of this
study are to evaluate the effects of a 6-
month web-based, rewards-based
physical activity intervention on fitness,
biomarkers of cardiometabolic health,
inflammation, adipokine status, quality
of life and school attendance, and
determine if effect of intervention on
markers of cardiometabolic health is
mediated by changes in fitness. The
primary outcome of interest is fitness
(physiological cost index, six-minute
walk test) measured at end of
intervention.

METHODS
This ongoing study is a two-arm,
prospective, randomized design with accrual
goals of 192 children for intervention and
control groups. Children ≥8 years and < 16
years of age, not meeting recommended
levels of physical activity, who completed
therapy within the past 12 months are
eligible. Both groups receive: 1) educational
materials encouraging physical activity, 2)
activity monitor, 3) access to web-based
interface designed to motivate physical
activity, 4) rewards based on physical
activity levels, and 5) access to their activity
data on the web-interface. Those
randomized to intervention: 1) can view
others' activity and interact with other
participants, and 2) receive rewards based
on physical activity levels throughout the
intervention (vs. at the end of the
intervention for control group).

CONCLUSION
Unique, scalable, and portable physical
activity interventions that motivate young
survivors are needed. This study will inform
future web-based physical activity
interventions for children with cancer by
demonstrating effects of rewards and social
interaction.

Megan E Ware, Nina S Kadan-Lottick, Meenakshi Devidas, Sarah Terrell, Eric J Chow,
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EMPLOYMENT AMONG CHILDHOOD CANCER
SURVIVORS: A SYSTEMATIC REVIEW AND
META-ANALYSIS

ABSTRACT
To date, there are heterogeneous
studies related to childhood cancer
survivors' (CCS) employment rates.
Given the importance of this topic, we
aimed to perform a systematic review
and meta-analysis to investigate the
prevalence of employment among CCS
and to examine its association with
socio-demographic and clinical factors.
We followed the PRISMA guidelines to
search for pertinent articles in relevant
electronic databases. Eighty-nine
articles comprising 93 cohorts were
included. The overall prevalence of
employment was 66% (CI: 95% 0.63-
0.69). Subgroup meta-analyses showed
that lower rates were found for central
nervous system tumor survivors (51%,
CI: 95% 0.43-0.59), and for CCS treated
with cranial-radiotherapy (53%, CI: 95%
0.42-0.64) or haematopoietic stem-cell
transplantation (56%, CI: 95% 0.46-
0.65). 

The studies conducted in Asia
highlighted employment rates of 47%
(CI: 95%, 0.34-0.60). Univariate meta-
regressions identified the following
socio-demographic factors associated
with higher rates of employment: a
female gender (p = 0.046), a higher mean
age at the time of investigation (p =
0.00), a longer time since diagnosis (p =
0.00), a higher educational level (p =
0.03), and a married status (p = 0.00). In
conclusion, this systematic review and
meta-analysis provides evidence that
two-thirds of CCS are employed
worldwide. Identifying vulnerable
groups of CCS may allow for the design
of multidisciplinary support strategies
and interventions to promote
employment in this population.

Alessandro Godono, Francesco Felicetti, Alessio Conti, Marco Clari, Margherita
Dionisi-Vici, Filippo Gatti, Catalina Ciocan, Tommaso Pinto, Emanuela Arvat, Enrico
Brignardello, Franca Fagioli, Enrico Pira

Cancers (Basel); doi: 10.3390/cancers14194586
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LARGE IMPROVEMENTS IN HEALTH-RELATED
QUALITY OF LIFE AND PHYSICAL FITNESS
DURING MULTIDISCIPLINARY INPATIENT
REHABILITATION FOR PEDIATRIC CANCER
SURVIVORS

ABSTRACT
Rehabilitation is a key element in
improving health-related quality of life
(HRQOL) for pediatric cancer survivors.
The aim of this study was to present
data from a multidisciplinary inpatient
rehabilitation treatment. Children took
part in a four-week multidisciplinary
family-oriented inpatient rehabilitation.
A total of 236 children (>5–21 years) and
478 parents routinely completed
electronic patient-reported outcomes
(ePROs), performance-based
assessments, and clinician-rated
assessments before (T1) and at the end
(T2) of rehabilitation. HRQOL was
assessed with the PedsQL generic core
and PedsQL cancer module. Data were
analyzed using repeated measures
analysis of variance (ANOVA).

 Statistically significant improvements
with medium to large effect sizes were
observed for most HRQOL scales (η2 =
0.09–0.31), as well as performance-
based and clinician-rated assessments
for physical activity and functional
status (η² > 0.28). Agreement between
children’s PROs and parents’ proxy
ratings was lower before (rICC = 0.72)
than after (rICC = 0.86) rehabilitation.
While the concordance between
children and parents’ assessment of
changes during rehab was low to
moderate (r = 0.19–0.59), the use of the
performance score led to substantially
increased scores (r = 0.29–0.68). The
results of this naturalistic observational
study thus highlight the benefits of
multidisciplinary pediatric inpatient
rehabilitation for childhood cancer
survivors. The use of the performance
score is recommended in this field.

David Riedl, Thomas Licht, Alain Nickels, Maria Rothmund, Gerhard Rumpold,
Bernhard Holzner, Vincent Grote, Michael J Fischer, Gustav Fischmeister

Cancers (Basel); doi: 10.3390/cancers14194855
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THE EFFECT OF SURVEILLANCE FOR
DIFFERENTIATED THYROID CARCINOMA IN
CHILDHOOD CANCER SURVIVORS ON
SURVIVAL RATES: A DECISION-TREE-BASED
ANALYSIS

PURPOSE
Childhood cancer survivors (CCS) who
received radiation therapy exposing the
thyroid gland are at increased risk of
developing differentiated thyroid cancer
(DTC). Therefore, the International
Guideline Harmonization Group (IGHG)
on late effects of childhood cancer
therefore recommends surveillance. It is
unclear whether surveillance reduces
mortality.

AIM
To compare four strategies for DTC
surveillance in CCS with the aim of
reducing mortality: Strategy-1: no
surveillance; Strategy-2: ultrasound
alone; Strategy-3: ultrasound followed
by fine needle biopsy (FNB); Strategy-4:
palpation followed by ultrasound and
FNB.

MATERIALS AND METHODS
A decision tree was formulated with 10-
year survival as the endpoint, based on
data extracted from literature.

RESULTS
It was calculated that 12.6% of CCS will
develop DTC. Using Strategy-1, all CCS
with DTC would erroneously not be
operated upon, but no CCS would have
unnecessary surgery. With Strategy-2,
all CCS with and 55.6% of CCS without
DTC would be operated. Using Strategy-
3, 11.1% of CCS with DTC would be
correctly operated upon, 11.2% without
DTC would be operated upon, while 1.5%
with DTC would not be operated upon.
With Strategy-4, these percentages
would be 6.8%, 3.9% and 5.8%,
respectively. Median 10-year survival
rates would be equal across strategies
(0.997).

CONCLUSION
Different surveillance strategies for DTC
in CCS all result in the same high DTC
survival. Therefore, the indication for
surveillance may lie in a reduction of
surgery-related morbidity rather than
DTC-related mortality. In accord with
the IGHG guidelines, the precise
strategy should be decided upon in a
process of shared decision making.

Alexander Heinzel, Dirk Müller, Hanneke M van Santen, Sarah C Clement, Arthur B
Schneider, Frederik A Verburg
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CHILDHOOD CANCER CONFERS INCREASED
RISK OF MIGRAINE – A DANISH NATIONWIDE
REGISTER STUDY

BACKGROUND
Investigations of migraine among
childhood cancer survivors have
predominantly relied on self-reported
information and hospital discharge
diagnoses. Alone, both approaches are
liable to bias. We used Danish
nationwide registers to obtain data on
both prescriptions of acute migraine
medications (antimigraines) and hospital
discharge diagnoses of migraine to
assess the relative risk of migraine
across a wider spectrum of migraine
presentations than previously studied.

METHODS
We followed a Danish population-based
cohort of 7771 individuals with childhood
cancer diagnosed in the period from Jan
1st, 1978 to Dec 31st, 2017, for risk of
prescription antimigraine initiation and
for risk of hospitalization due to
migraine. Rates of hospitalization were
assessed for the entire follow-up period
whereas rates of antimigraine initiations
were assessed in the period from Jan 1st,
1997, to Dec 31st, 2017. Relative to the
general population without childhood
cancer, standardized incidence ratios
(SIRs) were calculated for each outcome.

RESULTS
Individuals exposed to childhood cancer
were at increased risk of antimigraine
initiation (SIR of 1.24, 95% CI: 1.11-1.38)
and of migraine hospitalization (SIR of
2.44, 95% CI: 1.87-3.12) from the day of
their cancer diagnosis and up to 40
years after.

CONCLUSIONS
Individuals diagnosed with childhood
cancer have a higher risk of migraine of
varying presentations, in addition to
migraine resulting in hospitalization as
previously reported. This potentially
preventable problem warrants clinical
attention.

Olafur B Davidsson, Klaus Rostgaard, Lisa Lyngsie Hjalgrim, Mona A Chalmer, Isa A
Olofsson, Signe Holst Søegaard, Jeanette F Winther, Line Kenborg, Thomas F Hansen,
Henrik Hjalgrim
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GROWTH HORMONE DEFICIENCY IN
CHILDHOOD INTRACRANIAL GERM CELL
TUMOR SURVIVORS

BACKGROUND AND AIMS
Intracranial germ cell tumor (iGCT)
survivors have multiple risk factors for
growth hormone (GH) deficiency, a
commonly reported late effect in
childhood cancer survivors. The
objective of this study is to examine the
prevalence of GH deficiency among
childhood iGCT survivors.

METHODS
Participants were previously enrolled in
the Germ Cell Tumor Epidemiology
Study (GaMETES), a case parent triad
study conducted using the Children's
Oncology Group registry protocols,
including 216 cases with iGCTs. Data on
late effects and outcomes are available
for 129 iGCT cases who consented for a
follow-up study including a self-
administered questionnaire and medical
record retrieval. GH deficiency was
identified via self-report and validated
through medical record review. Chi-
squared and Fisher's exact tests were
used to examine cases with GH
deficiency predating iGCT detection.
Logistic regression was used to identify
predictors of GH deficiency as a late
effect.

RESULTS
Of 129 iGCT cases who participated in
the late effects study, 45% had GH
deficiency; 18% had GH deficiency
predating the iGCT and 27% developed
GH deficiency within a median of 19
months after diagnosis. Younger age at
diagnosis, suprasellar location, and
higher radiation doses were associated
with GH deficiency as a late effect.

CONCLUSIONS
GH deficiency is highly prevalent as an
early clinical sign for iGCT and
frequently arises as an early late effect
after treatment. Additional investigation
is needed to address earlier detection
and treatment for this highly prevalent
late effect in iGCT survivors.

Diana W Lone, Karim T Sadak, Bradley S Miller, Jeannette M Sample, Aubrey K
Hubbard, Caryn Wolter, Michelle Roesler, Michelle Nuno, Jenny N Poynter
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PERCEIVED BARRIERS AND FACILITATORS TO
PHYSICAL ACTIVITY IN CHILDHOOD CANCER
SURVIVORS AND THEIR PARENTS: A LARGE-
SCALE INTERVIEW STUDY FROM THE
INTERNATIONAL PACCS STUDY

BACKGROUND
Physical activity (PA) may reduce risks of
late effects in childhood cancer survivors,
yet many have low activity levels. Using the
WHO's International Classification of
Functioning, Disability, and Health for
Children and Youths (ICF-CY) as a
conceptual framework, we aimed to identify
perceived barriers and facilitators to PA in
young survivors and their parents.

DESIGN/METHODS
We conducted individual, semi-structured
interviews with 63 survivors, aged 9-18
years, ≥1-year off treatment, and 68 parents,
recruited from three pediatric oncology
departments in Norway and Denmark.
Interviews were analyzed inductively using
thematic analysis to identify barriers and
facilitators to PA, which were mapped onto
the ICF-CY model components; body
function/structures, activities,
participation, and environmental and
personal factors.

RESULTS
Two-thirds of the survivors described how
treatment-related impairments of bodily
functions (e.g., fatigue, physical weakness,
reduced lung capacity) caused physical
limitations, reducing opportunities to
participate in PA, especially team sports and
school physical education. This resulted in a
perceived ability gap between survivors and
peers, reducing motivation for PA. These PA
barriers were moderated by environmental
factors that facilitated or further hindered
PA participation (family, peer, and school
support). Similarily, personal factors also
facilitated (acceptance, motivation, goal
setting) or hindered (anxiety, low
motivation, and lack of trust) PA
participation.

CONCLUSIONS
Treatment-related long-term or late effects
represented significant barriers to PA as
their functional consequences reduced
survivors' capacities and capabilities to be
active. Environmental and personal factors
acting as facilitators or further barriers to
PA were identified. Applying the ICF-CY
framework in clinical practice could help to
enable PA participation.

Elna Hamilton Larsen, Anneli Viktoria Mellblom, Marie Hamilton Larsen, Ellen Ruud,
Lene Thorsen, Natasha Nybro Petersen, Hanne Baekgaard Larsen, Martin Kaj Fridh,
Hanne Cathrine Lie
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CRANIAL IRRADIATION FOR CHILDHOOD
CANCERS AND ADULT RISK OF MENINGIOMA

ABSTRACT
Following cranial irradiation, there is an
increased risk of developing secondary
neoplasms, especially meningiomas.
Despite childhood cancer survivors who
have undergone cranial irradiation
having an increased risk of acquiring
radiation-induced meningioma (RIM),
there is no widely used, standard
guideline for meningioma screening. At a
single institution, we reviewed three
adult survivors of childhood cancer who
were treated for RIM between 2010 and
2020. We recorded age at diagnosis for
the primary lesion, the radiation dose,
age at RIM diagnosis, and tumor
characteristics, including treatment,
pathology, and outcome. Two had had T-
cell acute lymphocytic leukemia and one
a rhabdomyosarcoma. The age of
diagnosis of the RIM ranged from 20 to
40 years, with latencies ranging from 18
to 33 years. All lesions were classified as
WHO grade I meningiomas and only one
patient had a subsequent recurrence. 

A literature search identified articles
that address RIM: a total of 684 cases
were identified in 36 publications. Mean
radiation doses ranged from 1.4 Gray to
70 Gray. Mean age of diagnosis for
secondary meningioma ranged from 8 to
53.4 years old, with latency periods
ranging from 2.8 to 44 years. Given
variability in the way that investigators
have published their results, it is
difficult to make a single
recommendation for RIM screening.
Using our experience and the literature,
we devised two different screening
protocols and calculated their expense.
We recommend that data be
standardized in a registry to provide
greater insight into the clinical and
resource allocation questions, especially
as long-term survival of children with
pediatric cancer into full adulthood
becomes more commonplace worldwide.

Catherine M Garcia, Arjun Ganga, Robert J Weil, Steven A Toms

Pediatr Neurosurg; doi: 10.1159/000527565

http://dx.doi.org/10.1159/000527565


6 2  |  C H I L D H O O D  C A N C E R  L A T E  E F F E C T S  P U B L I C A T I O N S

SUPPORTIVE INTERVENTIONS FOR
CHILDHOOD CANCER: AN UMBRELLA REVIEW
OF RANDOMIZED EVIDENCE

ABSTRACT
Therapeutic advancements have
improved pediatric cancer prognosis,
shifting the interest towards the
management of psychosocial burden and
treatment-related morbidity. To
critically appraise the available
evidence, we conducted an umbrella
review of meta-analyses of randomized
controlled trials on supportive
interventions for childhood cancer.
Thirty-four publications (92 meta-
analyses, 1 network, 14,521 participants)
were included. The most concrete data
showed a reduction in procedure-
related pain and distress through
hypnosis. Moreover, exercise improved
the functional mobility of the patients. 

Regarding pharmacological
interventions, most of the meta-analyses
regarded the treatment of
nausea/vomiting (ondansetron was
effective) and infections/febrile
neutropenia [granulocyte-(macrophage)
colony-stimulating factors showed
benefits]. Substantial heterogeneity was
detected in 31 associations.
Conclusively, supportive interventions
for pediatric cancer are being
thoroughly evaluated. However, most of
the studies are small and of moderate
quality, highlighting the need for more
randomized evidence in order to
increase precision in improving the
quality of life of patients, survivors and
their families.

Georgios Lavasidis, Georgios Markozannes, Kirsten Voorhies, Nikolaos A Trikalinos,
Eleni Th Petridou, Orestis A Panagiotou, Evangelia E Ntzani
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HEALTH BENEFITS AND COST-
EFFECTIVENESS OF CHILDREN'S ONCOLOGY
GROUP BREAST CANCER SCREENING
GUIDELINES FOR CHEST-IRRADIATED
HODGKIN LYMPHOMA SURVIVORS

PURPOSE
To evaluate the outcomes and cost-
effectiveness of the Children's Oncology
Group Guideline recommendation for breast
cancer (BC) screening using mammography
(MAM) and breast magnetic resonance
imaging (MRI) in female chest-irradiated
childhood Hodgkin lymphoma (HL) survivors.
Digital breast tomosynthesis (DBT),
increasingly replacing MAM in practice, was
also examined.

METHODS
Life years (LYs), quality-adjusted LYs
(QALYs), BC mortality, health care costs, and
false-positive screen frequencies of
undergoing annual MAM, DBT, MRI, MAM +
MRI, and DBT + MRI from age 25 to 74 years
were estimated by microsimulation. BC risks
and non-BC mortality were estimated from
female 5-year survivors of HL in the
Childhood Cancer Survivor Study and the US
population. Test performance of MAM and
MRI was synthesized from HL studies, and
that of DBT from the general population.
Costs (2017 US dollars [USD]) and utility
weights were obtained from the medical
literature. Incremental cost-effectiveness
ratios (ICERs) were calculated.

RESULTS
With 100% screening adherence, annual BC
screening extended LYs by 0.34-0.46 years
over no screening. If the willingness-to-pay
threshold to gain a quality-adjusted LY was
ICER < $100,000 USD, annual MAM at age
25-74 years was the only cost-effective
strategy. When nonadherence was taken into
consideration, only annual MAM at age 30-74
years (ICER = $56,972 USD) was cost-
effective. Supplementing annual MAM with
MRI costing $545 USD was not cost-effective
under either adherence condition. If MRI
costs were reduced to $300 USD, adding MRI
to annual MAM at age 30-74 years could
become more cost-effective, particularly in
the reduced adherence condition (ICER =
$133,682 USD).

CONCLUSION
Annual BC screening using MAM at age 30-
74 years is effective and cost-effective in
female chest-irradiated HL survivors.
Although annual adjunct MRI is not cost-
effective at $545 USD cost, it could become
cost-effective as MRI cost is reduced, a
plausible scenario with the emergent use of
abbreviated MRI.

F Lennie Wong, Janie M Lee, Wendy M Leisenring, Joseph P Neglia, Rebecca M Howell,
Susan A Smith, Kevin C Oeffinger, Chaya S Moskowitz, Tara O Henderson, Ann
Mertens, Paul C Nathan, Yutaka Yasui, Wendy Landier, Gregory T Armstrong, Leslie L
Robison, Smita Bhatia
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PARENTAL PREFERENCES SURROUNDING
TIMING AND CONTENT OF CONSENT
CONVERSATIONS FOR CLINICAL GERMLINE
GENETIC TESTING FOLLOWING A CHILD'S
NEW CANCER DIAGNOSIS

PURPOSE
Clinical genomic testing is increasingly
being used to direct pediatric cancer
care. Many centers are interested in
offering testing of tumors and paired
germline tissues at or near the time of
cancer diagnosis. We conducted this
study to better understand parent
preferences surrounding timing and
content of consent conversations for
clinical germline genetic testing of their
children with cancer as a part of real-
time cancer care.

PATIENTS AND METHODS
A seven-question survey developed by
the Division of Cancer Predisposition
and collaborators at St Jude Children's
Research Hospital (St Jude) was
distributed to members of the St Jude
Patient Family Advisory Council, which
included parents of childhood cancer
survivors and bereaved parents whose
children with cancer had died. Parents
were asked to provide free text
comments after each question.
Qualitative methods were used to derive
codes from parent comments, and
survey results were depicted using
descriptive statistics.

RESULTS
The survey was completed by 172
parents. Ninety-three (54%) endorsed an
approach for consent conversations ≥ 1
month after cancer diagnosis, whereas
58 (34%) endorsed an approach at 1-2
weeks and 21 (12%) at 1-2 days. Needing
time to adjust to a new or relapsed
cancer diagnosis and feeling
overwhelmed were frequent themes;
however, parents acknowledged the
urgency and importance of testing.
Parents desired testing of as many
cancer-related genes as possible, with
clinical utility the most important factor
for proceeding with testing. Most
parents (75%) desired germline results
to be disclosed in person, preferably by
a genetic counselor.

CONCLUSION
Parents described urgency and benefits
associated with germline testing, but
desired flexibility in timing to allow for
initial adjustment after their child's
cancer diagnosis.

Belinda N Mandrell, Liza Marie Johnson, Mary Caples, Jami Gattuso, Jamie L
Maciaszek, Roya Mostafavi, Katianne M Howard Sharp, Kim E Nichols

JCO Precis Oncol; doi: 10.1200/PO.22.00323
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BROTHERS AND SISTERS OF CHILDHOOD
ACUTE LEUKEMIA SURVIVORS: THEIR LONG-
TERM QUALITY OF LIFE AND ITS
DETERMINANTS

BACKGROUND
Childhood cancer confront the whole
family with a traumatic event. Because
brothers and sisters may encounter
emotional problems that can remain for
a long time and that only few studies
have assessed their long-term outcome,
our present objectives were to describe
the long-term quality of life (QoL) of
childhood leukemia survivors' siblings
and to explore its determinant.

METHODS
Brothers and sisters (from 8-year-old) of
survivors included in the French LEA
Cohort completed a QoL questionnaire
(according to their age). Scores were
compared with those reported by age-
and gender-matched French general
population and by survivors. Using a
clustering method, siblings were
categorized into 3 groups depending on
their level of QoL's scores and factors
likely to be linked with these clusters
were explored with multivariate
analyses.

RESULTS
We included 689 brothers and sisters
(313 minors, 376 adults) and the mean
time from diagnosis was 13.2 ± 6.6 years.
Minor siblings reported higher QoL
scores than general population (p <
0.001), but a lower score for relationship
with family than survivors (p < 0.001). In
adult siblings, Mental Component
Summary score was lower than general
population (p < 0.001). Level of siblings'
QoL was linked with female gender, but
no association was found with cancer-
related factors.

CONCLUSION
Brothers and sisters expressed a
divergent perception of their long-term
QoL depending on their age. To
minimize the impact from childhood to
adulthood, long-term attention should
also be paid to siblings, often referred as
"forgotten children".

Cindy Faust, Pascal Auquier, Zeinab Hamidou, Yves Bertrand, Marie-Dominique
Tabone, Sophie Ansoborlo, André Baruchel, Virginie Gandemer, Jean-Hugues Dalle,
Pascal Chastagner, Justyna Kanold, Maryline Poirée, Nicolas Sirvent, Geneviève Plat,
Isabelle Pellier, Gérard Michel, Julie Berbis
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CHILDHOOD CANCER SURVIVORSHIP CARE: A
QUALITATIVE STUDY OF HEALTHCARE
PROVIDERS' PROFESSIONAL PREFERENCES

PURPOSE
Childhood cancer survivorship care is a
complex specialty, though it is increasingly
being integrated into the general
practitioner's (GP) remit. Establishing the
essential components of tertiary- and
primary-led care, to maximize the benefits
and overcome the challenges inherent to
each, is essential to inform the development
of survivor-centered, sustainable care
models.

METHODS
We used the qualitative principles of semi-
structured interviewing, verbatim
transcription, coding (supported by NVivo12)
and thematic analysis, to collect and
evaluate the views and preferences of
pediatric oncologists, survivorship nurse
coordinators, and GPs currently caring for
childhood cancer survivors.

RESULTS
Seventy healthcare providers (19 oncology
staff and 51 GPs) from 11 tertiary hospitals
and 51 primary practices across Australia
and New Zealand participated. Participants
reported specialist expertise and holistic
family-centered care as the key benefits of
tertiary and primary care respectively.
Participants reported that tertiary-led
survivorship care was significantly
challenged by a lack of dedicated funding
and costs/travel burden incurred by the
survivor, whereas primary-led survivorship
care was challenged by insufficient GP
training and GPs' reliance on oncologist-
developed action plans to deliver guideline-
based care. GPs also reported a need for
ongoing access to survivorship
expertise/consultants to support care
decisions at critical times. The discharge of
survivors into primary care limited late-
effects data collection and the rapid
implementation of novel research findings.

CONCLUSIONS
Healthcare professionals report that while a
risk-stratified, collaborative model of
survivor-centered care is optimal, to be
implemented successfully, greater
provisions for the ongoing engagement of
GPs and further access to GP
education/training are needed.

Jordana K McLoone, Weihan Chen, Claire E Wakefield, Karen Johnston, Rachael Bell,
Elysia Thornton-Benko, Richard J Cohn, Christina Signorelli

Front Oncol; doi: 10.3389/fonc.2022.945911
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LATE EFFECTS AND TREATMENT RELATED
MORBIDITY ASSOCIATED WITH TREATMENT
OF NEUROBLASTOMA PATIENTS IN A
TERTIARY PAEDIATRIC CENTRE

BACKGROUND
Survival of neuroblastoma patients has
improved over recent decades, but
chronic health issues and treatment
related late effects cause significant
morbidity in survivors.

AIMS
We aimed to describe late effects and
long-term toxicity in neuroblastoma
patients treated at a tertiary, paediatric
institution in Australia.

METHODS AND RESULTS
Patients with neuroblastoma treated
primarily at The Children's hospital at
Westmead were eligible for inclusion.
Retrospective analysis of 65 (45 with
high-risk and 20 with non-high-risk
disease) neuroblastoma patients were
performed via medical record review.
Approximately 60% of patients were >5
years from diagnosis and termed the
"full effects cohort" who had a range of
medical and psychosocial late effects
analysed through descriptive means. The
remaining 26 patients who had not yet
reached 5 years post treatment had
audiometry analysis only. Of the 65
patients, 72% were alive at last follow-
up. 

The median length of follow-up was 7
years from diagnosis amongst survivors.
Therapy was according to contemporary
protocols for neuroblastoma and ranged
from standard cytotoxic therapies to
intensive multimodal regimens and/or
experimental therapy depending on risk
group/relapse status. Of the 39 full
effects cohort, 85% suffered from at
least one late effect. Late effects were
common in the endocrine, dental and
audiometry domains with 38%, 49% and
72% of patients affected in these areas,
respectively. Neuro-cognitive domains
were also notably affected with 46% of
patients suffering a deficit. Two thirds
of survivors were disease free at last
follow-up.

CONCLUSION
Survivors of high-risk neuroblastoma
suffer from a range of chronic illnesses,
which lead to morbidity and affect
quality of life of survivors.

Veronica Yeung, Melissa Gabriel, Bhavna D Padhye
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THE LATE EFFECTS OF CRANIAL
IRRADIATION IN CHILDHOOD ON THE
HYPOTHALAMIC-PITUITARY AXIS: A
RADIOTHERAPIST'S PERSPECTIVE

ABSTRACT
Brain tumours make up nearly one third
of paediatric malignancies. Over time,
advancements in oncological treatments
like radiotherapy have helped reduce
normal-tissue toxicity when treating
cancers in the brain. However, clinicians
are still faced with a trade-off between
treatment efficacy and potential side
effects. The aim of this review is to
address the late effects of cranial
irradiation on the neuroendocrine
system, and to identify factors that make
patients more vulnerable to radiation-
induced endocrine sequelae. Radiation
damage to the hypothalamic-pituitary
axis, which orchestrates hormone
release, can lead to endocrinopathy; up
to 48.8% of children who have
undergone cranial irradiation develop a
hormone deficiency. This may lead to
further health complications that can
appear up to decades after the last
treatment, lowering the patients' quality
of life and increasing long-term costs as
lifelong hormone replacement therapy
may be required. 

Growth hormone deficiency is the
generally the most common sequelae,
followed by either thyroid or
gonadotropic hormone deficiency.
Adrenocorticotropic hormone deficiency
tends to be the least common. Identified
factors that increase the risk of late
endocrine deficiency include total
radiation dose, age at treatment, and
time since last treatment. However, as
there are various other factors that may
potentiate the damage, a universal
solution proven to be most effective in
sparing the endocrine tissues is yet to
be identified. Until then, accounting for
the identified risk factors during
treatment planning may in some cases
help reduce the development of
endocrine sequelae in childhood cancer
survivors.

Izabelle Lövgren, Azadeh Abravan, Abigail Bryce-Atkinson, Marcel van Herk
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THE MATERNAL EMPLOYMENT STATUS
AFTER THE COMPLETION OF THEIR CHILD'S
CANCER TREATMENT: A CROSS-SECTIONAL
EXPLORATORY STUDY

AIM
To clarify the details of mothers'
employment status after the completion
of their child's cancer treatment.

DESIGN
A cross-sectional exploratory study.

METHODS
Data are collected from 62 mothers of
childhood cancer survivors using self-
report questionnaires. Fisher's exact
test was used to determine the
statistical significance of factors
between the mothers who worked and
those who did not work after their
child's cancer treatment had been
completed.

RESULTS
Thirty-two mothers worked after the
completion of their child's cancer
treatment. There were significant
differences in age, education level,
employment status at the diagnosis and
time elapsed since the diagnosis
between the working mothers and non-
working mothers. Twenty-two non-
working mothers reported that they had
some motivation to work, but the most
common reason for not working was "To
nurse or care for the child with cancer".
Some mothers also stated that they did
not work due to anxiety about cancer
recurrence.

Hiromi Okada, Mitsue Maru, Rumi Maeda, Fuminori Iwasaki, Masayuki Nagasawa,
Miyako Takahashi

Nurs Open; doi: 10.1002/nop2.1428
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SIGNIFICANCE OF ACTIVE SCREENING FOR
DETECTION OF HEALTH PROBLEMS IN
CHILDHOOD CANCER SURVIVORS

BACKGROUND
Childhood cancer survivors (CCSs) have a
lifelong increased risk of chronic health
problems, most of which are associated with
the curative therapies. Recent studies have
suggested that prospective active screening
using comprehensive assessments for CCSs
is superior in identifying undiagnosed
chronic health problems.

METHODS
To assess the significance of active
screening using comprehensive medical
examinations for detecting chronic health
problems in multiple organ systems in CCSs,
we retrospectively compared the frequency
and severity of health problems between two
different cohorts of CCSs in a single
institution: 110 CCSs who visited the
outpatient clinic for regular follow-ups
between December 2010 and December 2015
(regular follow-up group) vs. 58 CCSs who
underwent comprehensive medical
examinations between February 2016 and
September 2019 (active screening group).
CCSs were defined as patients aged ≥ 18
years who had been diagnosed as having
childhood cancer ≥ 10 years before and had
survived without cancer for ≥ 5 years.

RESULTS
Patient characteristics were similar between
the two groups except for primary diagnosis
(more brain tumors and embryonal tumors in
the active screening group) and treatment
history (more alkylating agents used and
surgical interventions performed in the
active screening group). The prevalence and
the median number of health problems were
significantly higher in the active screening
group than in the regular follow-up group:
93% vs. 67% and 1.0 [0.0-8.0] vs. 2.0 [0.0-
7.0] respectively. In term of organ-specific
health problems, pulmonary dysfunction,
neurocognitive impairment, ocular
abnormalities, and dental abnormalities
were identified more in the active screening
group, partly because these problems had
not been assessed in the regular follow-up
group. Nevertheless, the prevalence of grade
3-5 health problems was similar between the
two groups, except for pulmonary
dysfunction.

CONCLUSION
Active screening using comprehensive
medical examinations was effective for
identifying health problems in CCSs.
Although the prevalence of severe problems
identified by both approaches was similar,
comprehensive medical examinations could
detect overlooked problems such as severe
pulmonary dysfunction, dental
maldevelopment, and borderline intellectual
functioning, which might have an impact on
quality of life in CCSs.

Yuri Yoshimoto-Suzuki, Daisuke Hasegawa, Yosuke Hosoya, Go Saito, Kyoko Nagase,
Michiyo Gunji, Kyoko Kobayashi, Yasushi Ishida, Atsushi Manabe, Miwa Ozawa
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SOCIO-ECONOMIC OUTCOMES AMONG
LONG-TERM CHILDHOOD ACUTE
LYMPHOBLASTIC LEUKAEMIA SURVIVORS
ENROLLED BETWEEN 1971 AND 1998 IN EORTC
CLG STUDIES: RESULTS OF THE 58LAE STUDY

OBJECTIVE
The objective of this study is to evaluate
the socio-economic outcomes of
survivors of childhood acute
lymphoblastic leukaemia (ALL).

METHODS
Childhood ALL adult survivors, enrolled
in EORTC trials between 1971 and 1998 in
France and Belgium, were invited to fill
out a questionnaire with information
about their socio-economic situation
(living with a partner, having a
university degree, having a job, working
part time and history of having a paid
job). The outcomes were compared with
two matched control populations.

RESULTS
Among 1418 eligible patients, 507 (35.8%)
participated, including 39 (8%) and 61
(12%) patients who received a
haematopoietic stem cell
transplantation (HSCT) and a cranial
radiotherapy (CRT), respectively. 

The median time to follow-up was 20
years, and median age was 25 years.
Survivors showed a socio-economic
level at least as good as controls. HCST
and CRT were associated with a higher
probability of not obtaining a bachelor
degree (respectively OR = 3.49, 95% CI:
1.46-8.35 and OR = 2.31, 95% CI: 1.04-
5.15), HSCT was associated with
unemployment (OR = 2.89, 95% CI: 1.09-
7.65) and having a relapse was
associated with a higher probability of
not having a partner (OR = 1.88, 95% CI:
1.01-3.51) adjusting for confounders.

CONCLUSION
Childhood ALL survivors showed a high
level of socio-economic participation.
HCST and CRT were associated with
poorer functioning.

Melissa Barbati, Michal Kicinski, Stefan Suciu, Françoise Mazingue, Els Vandecruys,
Geneviève Plat, Anne Uyttebroeck, Catherine Paillard, Marie-Françoise Dresse,
Pauline Simon, Claire Pluchart, Odile Minckes, Alina Ferster, Claire Freycon, Frederic
Millot, Jutte Van Der Werff Ten Bosch, Christophe Chantrain, Robert Paulus, Gaetan
de Schaetzen, Giovanna Rossi, Pierre Rohrlich, Yves Benoit, Caroline Piette, European
Organisation for Research and Treatment of Cancer (EORTC) Children's Leukemia
Group (CLG)
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A REVIEW OF PATIENT-REPORTED OUTCOME
MEASURES IN CHILDHOOD CANCER

ABSTRACT
Patient-reported outcomes (PROs) are
used in clinical work and research to
capture the subjective experiences of
childhood cancer patients and survivors.
PROs encompass content domains
relevant and important to this
population, including health-related
quality-of-life (HRQOL), symptoms, and
functional status. To inform future
efforts in the application of PRO
measures, this review describes the
existing generic and cancer-specific
PRO measures for pediatric cancer
populations and summarizes their
characteristics, available language
translations, content coverage, and
measurement properties into tables for
clinicians and researchers to reference
before choosing a PRO measure that
suits their purpose. 

We have identified often unreported
measurement properties that could
provide evidence about the clinical
utility of the PRO measures. Routine
PRO assessment in pediatric cancer care
offers opportunities to facilitate clinical
decision-making and improve quality of
care for these patients. However, we
suggest that before implementing PRO
measures into research or clinical care,
the psychometric properties and
content coverage of the PRO measures
must be considered to ensure that PRO
measures are appropriately assessing
the intended construct in childhood
cancer patients.

Madeline R Horan, Jin-Ah Sim, Kevin R Krull, Justin N Baker, I-Chan Huang

Children (Basel); doi: 10.3390/children9101497

http://dx.doi.org/10.3390/children9101497
http://dx.doi.org/10.3390/children9101497


7 3  |  C H I L D H O O D  C A N C E R  L A T E  E F F E C T S  P U B L I C A T I O N S

CLINICAL ASSESSMENT OF LATE HEALTH
OUTCOMES IN SURVIVORS OF WILMS TUMOR

OBJECTIVES
We aimed to clinically characterize the
health, neurocognitive, and physical
function outcomes of curative treatment
of Wilms tumor.

METHODS
Survivors of Wilms tumor (n = 280)
participating in the St. Jude Lifetime
Cohort, a retrospective study with
prospective follow-up of individuals
treated for childhood cancer at St. Jude
Children's Research Hospital, were
clinically evaluated and compared to age
and sex-matched controls (n = 625).
Health conditions were graded per a
modified version of the National Cancer
Institute's Common Terminology
Criteria for Adverse Events.
Standardized neurocognitive testing was
graded by using age-adjusted z-scores.
Impaired physical function was defined
by age- and sex-matched z-scores >1.5
SD below controls. Modified Poisson
regression was used to compare the
prevalence of conditions and
multivariable logistic regression to
examine treatment associations.

RESULTS
Median age at evaluation was similar
between survivors and controls (30.5
years [9.0-58.0] and 31.0 [12.0-70.0]).
Therapies included nephrectomy (100%),
vincristine (99.3%), dactinomycin
(97.9%), doxorubicin (66.8%), and
abdominal (59.3%) and/or chest
radiation (25.0%). By age 40 years,
survivors averaged 12.7 (95% confidence
interval [CI] 11.7-13.8) grade 1-4 and 7.5
(CI: 6.7-8.2) grade 2 to 4 health
conditions, compared to 4.2 (CI: 3.9-4.6)
and 2.3 (CI: 2.1-2.5), respectively, among
controls. Grade 2 to 4 endocrine (53.9%),
cardiovascular (26.4%), pulmonary
(18.2%), neurologic (8.6%), neoplastic
(7.9%), and kidney (7.2%) conditions
were most prevalent. Survivors exhibited
neurocognitive and physical
performance impairments.

CONCLUSIONS
Wilms tumor survivors experience a
threefold higher burden of chronic
health conditions compared to controls
and late neurocognitive and physical
function deficits. Individualized clinical
management, counseling, and
surveillance may improve long-term
health maintenance.

Kayla L Foster, Sedigheh Mirzaei Salehabadi, Daniel M Green, Mengqi Xing, Kirsten K
Ness, Kevin R Krull, Tara M Brinkman, Matthew J Ehrhardt, Wassim Chemaitilly,
Stephanie B Dixon, Nickhill Bhakta, Rachel C Brennan, Matthew J Krasin, Andrew M
Davidoff, Leslie L Robison, Melissa M Hudson, Daniel A Mulrooney
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LONG-TERM HOSPITALISATIONS IN
SURVIVORS OF PAEDIATRIC SOLID TUMOURS
IN FRANCE

ABSTRACT
The late effects of treatments for
childhood cancers may lead to severe
and multiple health conditions requiring
hospitalisation. We aimed to estimate
the hospitalisation rate among
childhood cancer survivors (CCS) in
France, to compare them with the
general population and to investigate
the associated factors. We matched total
of 5439 5-year solid CCS diagnosed
before the age of 21 between 1945 and
2000 by sex, birth year and region of
residence to 386,073 individuals of the
French general population. After linkage
with the national hospital discharge
database, we estimated the relative
hospitalisation rate (RHR), the absolute
excess risks (AERs) and the relative bed-
day ratio (RBDR) during 2006-2018. We
used generalised linear models to
estimate associations between
hospitalisation and survivor
characteristics. 

Overall, the RHR was 2.49 (95%
confidence interval [CI] 2.46-2.52) and
the RBDR was 3.49 (95% CI 3.46-3.51).
We found that neoplasm-related
hospitalisations had the highest AER
(105.8 per 1000 person-years), followed
by genitourinary system diseases (34.4
per 1000 person-years) and
cardiovascular diseases (19.2 per 1000
person-years). In adjusted analysis, CCS
treated with chemotherapy (risk ratio
[RR] 1.62, 95% CI 1.53-1.70), radiotherapy
(RR 2.11, 95% CI 1.99-2.24) or both (RR
2.59, 95% CI 2.46-2.73) had a higher risk
of hospitalisation than the ones who had
not received any of these treatments.
CCS treated during the past decades by
chemotherapy and/or radiotherapy now
had a higher hospitalisation risk for all
main categories of diagnosis than the
general population. Prevention
strategies and medical surveillance
programmes may promote a long-term
decrease in the hospitalisation rate
among CSS.

Daniel Bejarano-Quisoboni, Nathalie Pelletier-Fleury, Rodrigue S Allodji, Brice
Fresneau, Majorie Boussac, Hélène Pacquement, François Doz, Delphine Berchery,
Claire Pluchart, Piere-Yves Bondiau, Julie Nys, Angela Jackson, Charlotte Demoor-
Goldschmidt, Agnes Dumas, Cécile Thomas-Teinturier, Boris Schwartz, Neige Journy,
Carole Rubino, Giao Vu-Bezin, Dominique Valteau-Couanet, Chiraz El-Fayech,
Christelle Dufour, Nadia Haddy, Florent de Vathaire

Sci Rep; doi: 10.1038/s41598-022-22689-w
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COMPLETE MEIOSIS IN RAT PREPUBERTAL
TESTICULAR TISSUE UNDER IN VITRO
SEQUENTIAL CULTURE CONDITIONS

BACKGROUND
Testicular tissue cryopreservation
before gonadotoxic treatments allows
fertility preservation in children
suffering from cancer. Fertility
restoration strategies, in particular in
vitro maturation of prepubertal
testicular tissue, are being developed
mainly in animal models. The rat, widely
used in biomedical research, including
in reproductive biology, is a relevant
model.

OBJECTIVES
To determine whether sequential two-
step culture protocols can improve the
efficiency of rat in vitro
spermatogenesis.

MATERIALS AND METHODS
Rat prepubertal testicular tissues were
cultured on agarose gels with either a
one-step or two-step protocol with or
without PDMS ceiling chips. The
progression of spermatogenesis,
germ/Sertoli cell ratio, cell
proliferation, seminiferous tubule area
and intratubular cell density were
assessed by histological and
immunohistochemical analyses. TUNEL
assays and PNA lectin labeling were
performed to analyze the DNA integrity
and differentiation step of in vitro-
produced spermatids.

RESULTS
Sequential two-step protocols allowed
the production of spermatids with a
higher efficiency compared with the
one-step culture protocol. However, the
efficiency was low, as less than 1.5% of
tubules contained spermatids. Most of
the in vitro-produced spermatids
contained unfragmented DNA and were
at an early step of differentiation. Rare
elongating spermatids could be detected
in the cultured explants. Although
complete in vitro spermatogenesis could
not be obtained with PDMS ceiling
chips, entry into meiosis was promoted
in one-step organotypic cultures.

DISCUSSION AND CONCLUSION
Complete in vitro meiosis and the
beginning of the elongation phase of
spermiogenesis were obtained in a rat
model using sequential culture methods.
Because of their low efficiency, further
work will be necessary to identify the
culture conditions allowing the
completion of spermiogenesis. These
optimizations could pave the way for
future applications, including the
development of an in vitro fertility
restoration procedure for childhood
cancer survivors, which is still far from
being clinically available.

Justine Saulnier, Mathilde Soirey, Nasreddine Kébir, Marion Delessard, Aurélie Rives-
Feraille, Laura Moutard, Ludovic Dumont, Nathalie Rives, Christine Rondanino
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ORAL AND DENTAL LATE EFFECTS IN LONG-
TERM SURVIVORS OF CHILDHOOD
EMBRYONAL BRAIN TUMORS

PURPOSE
To investigate oral and dental late
effects in survivors of childhood brain
tumors medulloblastoma (MB) and
central nervous system supratentorial
primitive neuroectodermal tumor (CNS-
PNET).

METHODS
This cross-sectional study assessed oral
and dental late effects in MB/CNS-PNET
survivors treated before 20 years of age,
and with a minimum of 2 years since
treatment. Participants went through an
oral and radiographic examination. We
assessed oral status using the decayed-
missing-filled index (DMFT), oral
dryness, maximum mouth opening
(MMO), fungal infection, and
registration of dental developmental
disturbances (DDD) in the form of
hypodontia, microdontia, and enamel
hypoplasia.

RESULTS
The 46 participants' mean age at
enrolment was 27 ± 12.8 years and at
treatment 8.5 ± 5.2 years, and the mean
time since treatment was 18.9 ± 12 years.
Over a third (35%) of survivors had
reduced mouth opening (mean 29.3 ± 5.6
mm (range 16-35)). A significantly lower
MMO was found in individuals treated ≤
5 years compared to survivors treated >
5 years (p = 0.021). One or more DDD
were registered in 30.4% of the
survivors, with a significantly higher
prevalence in individuals treated ≤ 5
years (p < 0.001). Hypodontia was the
most prevalent type of DDD. There was
no difference in DMFT score in relation
to age at treatment. Oral dryness was
not frequently reported or observed in
these survivors.

CONCLUSION
Survivors of childhood MB/CNS-PNET
are at risk of oral and dental late effects
including reduced mouth opening and
DDD. The risk is highest in survivors
treated before the age of 5.

Kristine Eidal Tanem, Einar Stensvold, Petter Wilberg, Anne B Skaare, Petter Brandal,
Bente Brokstad Herlofson

Support Care Cancer; doi: 10.1007/s00520-022-07405-8

http://dx.doi.org/10.1007/s00520-022-07405-8
http://dx.doi.org/10.1007/s00520-022-07405-8


7 7  |  C H I L D H O O D  C A N C E R  L A T E  E F F E C T S  P U B L I C A T I O N S

QUALITY OF LIFE OF LONG-TERM
CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA SURVIVORS: COMPARISON WITH
HEALTHY CONTROLS

OBJECTIVE
Improved treatment landscape has led to
better outcomes for paediatric Acute
Lymphoblastic Leukemia (ALL) survivors. As
the number of survivors increase, we need
to elucidate the long-term quality of life and
domains of complaints in these patients.
Furthermore, the main priorities of these
patients need to be clarified. We assessed
long-term QoL outcomes of survivors of
childhood ALL compared to matched
population controls.

METHODS
QoL data were collected from survivors
recruited in France and Belgium between
2012-2017, including the Short Form Health
Survey (SF-12) and the Quality of Life
Systemic Inventory (QLSI). The Wilcoxon
test was used to compare SF-12 scale scores
between survivors and matched population
controls. For the QLSI, comparisons were
mainly descriptive.

RESULTS
186 survivors (mean age: 27.6 years; range:
18.1-52.8) at follow-up completed QoL
measures, amongst whom 180 were matched
to controls. Overall, survivors had higher
QoL on all SF12 scale scores, indicating that
they had better functioning compared to
controls. Statistically significant differences
on the SF12 were observed for Vitality, Social
Functioning, Role Limitations due to
Emotional Problems and Mental Health
scales. QLSI outcomes suggested that
survivors were happier than controls with
Couple and Social Relations. Controls were
unhappiest compared to survivors with
Money, Love life, Self-esteem, Nutrition and
Paid Work.

CONCLUSIONS
Our findings suggest that survivors of
childhood ALL have better QoL outcomes on
some domains compared to the general
population, specifically around social and
emotional functioning, and that they tend to
prioritize their relationships more.
Interventions for improving QoL outcomes,
might build on existing positive experiences
with family, friends and partners.

Sofia Chantziara, Jammbe Musoro, Alison C Rowsell, Charlotte Sleurs, Corneel Coens,
Madeline Pe, Stefan Suciu, Michal Kicinski, Pierre Missotten, Els Vandecruys, Anne
Uyttebroeck, Marie-Françoise Dresse, Claire Pluchart, Alina Ferster, Claire Freycon,
Jutte Van Der Werff Ten Bosch, Pierre Rohrlich, Yves Benoit, Anne-Sophie Darlington,
Caroline Piette, And On Behalf Of The European Organisation For Research,
Treatment Of Cancer Eortc Quality Of Life Qlg And Children's Leukemia Group Clg
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THE PEDIATRIC ONCOLOGY EXERCISE FIELD
SPEEDS UP TO ADDRESS IMPORTANT ISSUES
REGARDING CHEMOTHERAPY-RELATED
CARDIOTOXICITY

ABSTRACT
No abstract available

Maxime Caru, Daniel Curnier
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RISK OF SUBSEQUENT PRIMARY ORAL
CANCER IN A COHORT OF 69,460 5-YEAR
SURVIVORS OF CHILDHOOD AND
ADOLESCENT CANCER IN EUROPE: THE
PANCARESURFUP STUDY

OBJECTIVE
Survivors of childhood cancer are at risk of
subsequent primary malignant neoplasms
(SPNs), but the risk for rarer types of SPNs,
such as oral cancer, is uncertain. Previous
studies included few oral SPNs, hence large-
scale cohorts are required to identify groups
at risks.

METHODS
The PanCareSurFup cohort includes 69,460
5-year survivors of childhood cancer across
Europe. Risks of oral SPNs were defined by
standardised incidence ratios (SIRs),
absolute excess risks and cumulative
incidence.

RESULTS
One hundred and forty-five oral SPNs (64
salivary gland, 38 tongue, 20 pharynx, 2 lip,
and 21 other) were ascertained among 143
survivors. Survivors were at 5-fold risk of an
oral SPN (95% CI: 4.4-5.6). Survivors of
leukaemia were at greatest risk (SIR = 19.2;
95% CI: 14.6-25.2) followed by bone sarcoma
(SIR = 6.4, 95% CI: 3.7-11.0), 

Hodgkin lymphoma (SIR = 6.2, 95% CI: 3.9-
9.9) and soft-tissue sarcoma (SIR = 5.0, 95%
CI: 3.0-8.5). Survivors treated with
radiotherapy were at 33-fold risk of salivary
gland SPNs (95% CI: 25.3-44.5), particularly
Hodgkin lymphoma (SIR = 66.2, 95% CI: 43.6-
100.5) and leukaemia (SIR = 50.5, 95% CI:
36.1-70.7) survivors. Survivors treated with
chemotherapy had a substantially increased
risk of a tongue SPN (SIR = 15.9, 95% CI:
10.6-23.7).

CONCLUSIONS
Previous radiotherapy increases the risk of
salivary gland SPNs considerably, while
chemotherapy increases the risk of tongue
SPNs substantially. Awareness of these risks
among both health-care professionals and
survivors could play a crucial role in
detecting oral SPNs early.

Ceren Sunguc, Michael M Hawkins, David L Winter, Isabelle M Dudley, Emma J
Heymer, Jop C Teepen, Rodrigue S Allodji, Fabiën N Belle, Francesca Bagnasco,
Julianne Byrne, Edit Bárdi, Cécile M Ronckers, Nadia Haddy, Thorgerdur
Gudmundsdottir, Stanislaw Garwicz, Momcilo Jankovic, Helena J H van der Pal, Maja
Česen Mazić, Christina Schindera, Desiree Grabow, Milena M Maule, Peter Kaatsch,
Melanie Kaiser, Brice Fresneau, Gisela Michel, Roderick Skinner, Thomas Wiebe,
Carlotta Sacerdote, Zsuzsanna Jakab, Maria Winther Gunnes, Monica Terenziani,
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THE IMPACT OF INTENSIFIED CNS-DIRECTED
THERAPY ON NEUROCOGNITIVE OUTCOMES
IN SURVIVORS OF CHILDHOOD ACUTE
LYMPHOBLASTIC LEUKEMIA TREATED
WITHOUT CRANIAL IRRADIATION

PURPOSE
Findings from St Jude Total Therapy Study
16 (Total 16) showed early intensification of
triple intrathecal therapy (ITT) improved
CNS disease control for children with newly
diagnosed acute lymphoblastic leukemia
(ALL) at the greatest risk of CNS relapse. We
examined the impact of this treatment on
end-of-therapy neurocognitive outcomes.

METHODS
Between 2007 and 2017, 400 (83.5%) of 479
eligible patients treated with Total 16 risk-
directed chemotherapy completed protocol-
directed neurocognitive testing at the end of
therapy. Intensified ITT was defined as ≥ 21
cumulative doses for patients with low-risk
ALL (n = 70/194) and ≥ 27 doses for those
with standard-to-high risk ALL (n = 81/206).

RESULTS
Compared with age-normative expectations,
the overall group had significantly lower
estimated intelligence quotient (P < .0001),
attention (P = .0051), working memory (P =
.0001), processing speed (P = .0002), fine
motor speed (P = .0001), and math (P =
.0087). Caregiver ratings of patient
functioning showed elevated risk for
problems in attention (P = .0173), executive
function (P = .0001), and adaptive skills (P =
.0001).

Among the low-risk treatment group, there
were no significant differences between
patients treated with or without intensified
ITT (all P's >.10). Among patients with
standard-to-high risk ALL, those treated
with intensified ITT had poorer working
memory (P = .0328) and fine motor speed (P
= .0403), and elevated ratings of inattention
(P = .0189) and executive dysfunction (P =
.0245). In the standard-to-high risk group,
females treated with intensified ITT had
lower working memory scores. Public
insurance status was associated with worse
neurocognitive outcomes in both treatment
groups.

CONCLUSION
Standard-to-high risk patients treated with
intensified ITT are at moderately increased
risk for neurocognitive problems. The
findings suggest a threshold effect for ITT
exposure, which can inform the design of
future clinical trials and approaches to
neurocognitive monitoring and intervention.

Lisa M Jacola, Heather M Conklin, Kevin R Krull, Deqing Pei, Cheng Cheng, Wilburn E
Reddick, Ching-Hon Pui, Sima Jeha
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LATE HEALTH EFFECTS AND CHANGES IN
LIFESTYLE FACTORS AFTER CANCER IN
CHILDHOOD WITH AND WITHOUT
SUBSEQUENT SECOND PRIMARY CANCERS –
THE KIKME CASE-CONTROL STUDY

BACKGROUND
Improved treatments for childhood cancer
result in a growing number of long-term
childhood cancer survivors (CCS). The
diagnosis and the prevalence of
comorbidities may, however, influence their
lifestyle later in life. Nonetheless, little is
known about differences in late effects
between CCS of a first primary neoplasm
(FPN) in childhood and subsequent second
primary neoplasms (SPN) and their impact
on lifestyle. Therefore, we aim to investigate
associations between the occurrence of FPN
or SPN and various diseases and lifestyle in
the later life of CCS.

METHODS
CCS of SPN (n=101) or FPN (n=340) and
cancer-free controls (n=150) were matched
by age and sex, and CCS additionally by year
and entity of FPN. All participants completed
a self-administered questionnaire on
anthropometric and socio-economic factors,
medical history, health status, and lifestyle.
Mean time between FPN diagnosis and
interview was 27.3 years for SPN and 26.2
years for FPN CCS. To confirm results from
others and to generate new hypotheses on
late effects of childhood cancer as well as
CCS´ lifestyles, generalized linear mixed
models were applied.

RESULTS
CCS were found to suffer more likely from
diseases compared to cancer-free controls.
In detail, associations with cancer status
were observed for hypercholesterinemia and
thyroid diseases. Moreover, CCS were more
likely to take regular medication compared
to controls. A similar association was
observed for CCS of SPN compared to CCS
of FPN. In contrast to controls, CCS rarely
exercise more than 5 hours per week,
consumed fewer soft and alcoholic drinks,
and were less likely to be current, former, or
passive smokers. Additionally, they were less
likely overweight or obese. All other
exploratory analyses performed on
cardiovascular, chronic lung, inflammatory
bone, allergic, and infectious diseases, as
well as on a calculated health-score revealed
no association with tumor status.

CONCLUSION
CCS were more affected by pathologic
conditions and may consequently take more
medication, particularly among CCS of SPN.
The observed higher disease burden is likely
related to the received cancer therapy. To
reduce the burden of long-term adverse
health effects in CCS, improving cancer
therapies should therefore be in focus of
research in this area.

Lara Kim Brackmann, Ronja Foraita, Heike Schwarz, Danuta Galetzka, Sebastian
Zahnreich, Thomas Hankeln, Markus Löbrich, Alicia Poplawski, Desiree Grabow, Maria
Blettner, Heinz Schmidberger, Manuela Marron
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CLINICIAN PERCEPTIONS OF PASSPORT FOR
CARE, A WEB-BASED CLINICAL DECISION
SUPPORT TOOL FOR SURVIVORSHIP CARE
PLAN DELIVERY

PURPOSE
The Children's Oncology Group Long-
Term Follow-Up Guidelines provide
exposure-based risks and
recommendations for late effects
screening of survivors of childhood
cancer. Passport for Care (PFC) is a web-
based clinical decision support tool for
generating a personalized survivorship
care plan (SCP) derived from the
Guidelines and user-entered exposures.
We assessed PFC clinician user practices
and perceptions of PFC impact on clinic
workflow, guidelines application, and
survivor shared decision-making.

PROCEDURE
A 35-item REDCap survey was emailed to
all PFC users (n = 936) in 146 current and
former PFC user clinics. Anonymous
responses were permitted. Results were
summarized and compared with a 2012
survey.

RESULTS
Data were available from 148
respondents representing 64 out of 146
PFC user clinics (minimum clinic
response rate 44%, excluding 49
anonymous responses). Generation of a
personalized SCP was the most common
application of PFC, followed by
determination of surveillance
recommendations and use as a survivor
database. Twenty-five respondents (17%)
felt data entry was a significant or
insurmountable barrier to PFC
application. Sixty-nine percent of
respondents attributed PFC with a very
high/high impact on guidelines
adherence in their clinical practice,
compared with 40% who attributed PFC
with having a significant impact on
adherence in 2012 (p < .001).

CONCLUSION
The survey results provide valuable
insights on patterns of SCP delivery and
Survivor Clinic workflow. User-
perceived benefits to PFC included
facilitating clinician ability to follow
guidelines recommendations in clinical
practice. Importantly, some barriers to
resource utilization were also identified,
suggesting a need for user-informed
adaptations to further improve uptake.

Jason E King, Michael C O'Connor, Ellen Shohet, Susan M Krause, Michael E Scheurer,
Marc E Horowitz, David G Poplack, C Michael Fordis, Maria M Gramatges
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STRATEGIES TO IMPROVE COMMUNICATION
ABOUT NEUROCOGNITIVE IMPACTS IN
PEDIATRIC ONCOLOGY: QUALITY
IMPROVEMENT FINDINGS

BACKGROUND
Neurocognitive deficits are common among
children who receive central nervous system
(CNS)-directed therapy for childhood
cancer. Parents report that they lack
information from and communication with
oncology providers about neurocognitive
impacts of therapy. Furthermore, oncology
providers report they lack training and
institutional support to appropriately
address the neurocognitive needs of these
patients/families.

METHODS
A parent/provider stakeholder informed,
quality improvement (QI) project was
conducted to educate providers about
neurocognitive impacts, increase
parent/provider communication, and
improve adherence to supportive care
guidelines for neuropsychological
assessment for children receiving CNS-
directed therapy. A 1-h Continuing Medical
Education (CME) course was developed to
educate providers about neurocognitive
impacts and their relation to schooling. A
provider-focused electronic medical record
(EMR) strategy was used to deliver parent
stakeholder-informed return-to-school
"roadmaps," with prompts to scaffold
parent/provider communication and
enhance documentation of findings.

RESULTS
Hospital-based CME sessions were attended
by 76% (41 out of 54) of providers from our
institution. Among the 34 who completed
both pretest and posttest, the mean
knowledge score improved from 56% at
pretest to 74% at posttest. Compliance with
the EMR strategy was 80% and there was a
42% increase in neuropsychological
assessment referrals.

CONCLUSIONS
We conclude that this QI project is an
example of a successful parent/provider
stakeholder collaboration that achieved
demonstrable positive change in the areas of
provider knowledge, patient/provider
communication, and alignment of
neuropsychological assessment referrals
with existing guidelines. Our results confirm
that improving knowledge, communication,
and compliance with neuropsychological
standards of care is possible with this
evidence-based approach.

Kathy Ruble, Juliana Paré-Blagoev, Lisa B Carey, Kimberly Milla, Clifton P Thornton,
Sydney Henegan, Lisa A Jacobson
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CLINICAL RESPONSE TO LIFESTYLE
COUNSELING FOR DYSLIPIDEMIA AND
ELEVATED BLOOD PRESSURE IN CHILDHOOD
CANCER SURVIVORS

BACKGROUND
Childhood cancer survivors (CCS) have
increased risk of premature
cardiovascular disease. Whether they
respond similarly to lifestyle changes for
elevated blood pressure (BP), body mass
index (BMI), and dyslipidemia to those
without history of childhood cancer is
unknown.

METHODS
This retrospective cohort study included
CCS and 3:1 age- and sex-matched
controls treated at Boston Children's
Hospital Preventive Cardiology (2010-
2019) using lifestyle management based
on National Heart, Lung, and Blood
Institute (NHLBI) guidelines. Change in
BMI, BP, and lipids were analyzed.

RESULTS
We included 52 CCS and 162 controls
with a median age of approximately 16
years. More CCS (84.3%) had elevated
baseline fasting triglycerides (TG) than
controls (49.4%) (p < .001). More CCS
(62.5%) also had abnormal baseline high-
density lipoprotein cholesterol (HDL-C)
compared to controls (35.2%) (p = .001).
Baseline BMI, BP, total cholesterol (TC),
and low-density lipoprotein cholesterol
(LDL-C) were similar between groups. 

Over 15 weeks [IQR: 10.5-26], CCS had
greater decrease in TG than controls
(72.5 vs. 17 mg/dl decrease, p = .095). BP
improved in 5% of CCS versus 38% of
controls (p = .008). For both, BMI, TC,
LDL-C, and HDL-C remained stable. CCS
with stem cell transplantation (SCT) had
a TC increase of 5% (6 mg/dl) compared
to a decrease of 9% (19 mg/dl) among
CCS without SCT (p = .02).

CONCLUSIONS
CCS demonstrated similar improvement
in lipids, but impaired BP lowering in
response to lifestyle management
compared to controls. Further
prospective studies are needed to
determine if earlier pharmaceutical
treatment is warranted in this higher
risk population and for the long-term
risk reductions of these approaches.

Karina Javalkar, Yisong Huang, Shannon M Lyon, Hannah Palfrey, Jacob Hartz, Ming
Hui Chen, Sarah de Ferranti
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PROCESSING EFFICIENCY IN PEDIATRIC
CANCER SURVIVORS: A REVIEW AND
OPERATIONALIZATION FOR OUTCOMES
RESEARCH AND CLINICAL UTILITY

BACKGROUND
Childhood cancer and cancer-related
treatments disrupt brain development
and maturation, placing survivors at risk
for cognitive late effects. Given that
assessment tools vary widely across
researchers and clinicians, it has been
daunting to identify distinct patterns in
outcomes across diverse cancer types
and to implement systematic
neurocognitive screening tools. This
review aims to operationalize processing
efficiency skill impairment-or inefficient
neural processing as measured by
working memory and processing speed
abilities-as a worthwhile avenue for
continued study within the context of
childhood cancer.

METHODS
A comprehensive literature review was
conducted to examine the existing
research on cognitive late effects and
biopsychosocial risk factors in order to
conceptualize processing efficiency skill
trends in childhood cancer survivors.

RESULTS
While a frequently reported pattern of
neurobiological (white matter) and
cognitive (working memory and
processing speed) disruption is
consistent with processing efficiency
skill impairment, these weaknesses have
not yet been fully operationalized in this
population. We offer a theoretical model
that highlights the impacts of a host of
biological and environmental factors on
the underlying neurobiological
substrates of cancer survivors that
precede and may even predict long-term
cognitive outcomes and functional
abilities following treatment.

CONCLUSION
The unified construct of processing
efficiency may be useful in assessing and
communicating neurocognitive skills in
both outcomes research and clinical
practice. Deficits in processing
efficiency may serve as a possible
indicator of cognitive late effects and
functional outcomes due to the unique
relationship between processing
efficiency skills and neurobiological
disruption following cancer treatment.
Continued research along these lines is
crucial for advancing childhood cancer
outcomes research and improving
quality of life for survivors.

Julie A Trapani, Donna L Murdaugh
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EFFICACY OF INTERDISCIPLINARY
REHABILITATION IN CHILD CANCER
SURVIVORS: IMPACT ON PHYSICAL FITNESS,
FATIGUE AND BODY COMPOSITION AFTER 1-
YEAR FOLLOW-UP

OBJECTIVE
Childhood cancer survivors experience
reduced physical activity level,
participation as well as health-related
quality of life. This prospective,
pre-/post-intervention and follow-up
cohort study aims to determine the
efficacy of an interdisciplinary
rehabilitation on improving physical
fitness, fatigue and body composition.

METHODS
A total of 24 childhood cancer survivors
(mean age: 12.15 years ± 3.2; 14 females;
10 males) were recruited 6 months after
medical treatment and received a 4-
month interdisciplinary intervention.
Cardiorespiratory fitness
(PredVO2_peak and PredLoad_max ),
body composition (dry lean weight) and
quality of life (general fatigue) were
assessed at baseline, post-intervention
and 1-year follow-up. Linear mixed
models were used to analyse data.

RESULTS
Linear mixed modelling revealed a
significant main effect of time on
predicted maximal load (F = 13.189, df =
36.179, p < 0.001), dry lean weight (F =
64.813, df = 37.019, p < 0.001) but also
significant improvement of general
fatigue score (-9.039 ± 4.300, 95% CI
-17.741 to -0.336, p = 0.042), indicating a
decline in general fatigue.

CONCLUSION
With emerging evidence that physical
activity is safe and feasible, together
with increasing numbers of childhood
cancer survivors at risk for long-term
chronic co-morbidities, this study
advocates for better access to
interdisciplinary rehabilitation
programmes in order to improve their
physical condition and their body
composition and reduce fatigue.

Ruth Van der Looven, Elise De Vos, Kristof Vandekerckhove, Ilse Coomans, Geneviève
Laureys, Catharina Dhooge

Eur J Cancer Care (Engl.); doi: 10.1111/ecc.13761
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CHILDHOOD LYMPHOMA TREATMENT
IMPACTS EDUCATIONAL OUTCOMES: A
REGISTRY STUDY FROM SWEDEN

PURPOSE
This study aimed to explore educational
outcomes in individuals diagnosed with
lymphoma in childhood concerning school
grade year 9 and attendance in high school
and post-compulsory education. Whether
sex or age at diagnosis affected the assessed
variables was also explored.

METHODS
Data from 174 children born 1988-1996 and
diagnosed with lymphoma before age 15
were matched with approximately five
controls per patient. The mean time since
diagnosis to receiving school year 9 grades
was 4.88 years for Hodgkin lymphoma (HL)
cases (mean age at diagnosis 10.62, 11.76, and
10.05 years for all, girls, and boys,
respectively) and 7.79 years for non-Hodgkin
lymphoma (NHL) cases (mean age at
diagnosis 7.85, 7.87, and 7.84 years for all,
girls, and boys, respectively).

RESULTS
We observed statistically significant
differences between cases and controls in
physical education, both for failing (p =
0.041) and the highest grade (p = 0.015).
Compared with controls, HL cases were
three times more likely to fail mathematics,
and significantly fewer individuals in the
whole lymphoma (p = 0.011) and NHL (p =
0.035) groups attended the third year of
high school.

CONCLUSIONS
Educational outcomes are impacted for
children treated for lymphoma, especially in
physical education. Since patients with HL
are treated without central nervous system-
directed therapy, other factors, such as
absence from school, may affect school
results. Physical late complications in
lymphoma survivors warrant special
attention.

IMPLICATIONS FOR CANCER SURVIVORS
The problems childhood lymphoma survivors
face should be known by schools and
parents, to enable their management.
Children treated for lymphoma should be
closely monitored and included in follow-up
programs when needed, for example, to
support physical activity.

Malin Lönnerblad, Reina Suominen, Arja Harila-Saari
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LONG-TERM OUTCOMES IN SURVIVORS OF
CHILDHOOD CANCER: A 30-YEAR
EXPERIENCE FROM INDIA

PURPOSE
Despite an increasing number of
survivors of childhood cancer (CCS) in
low- and middle-income countries,
survivorship care is in its nascent
stages. We describe the spectrum of late
effects seen, challenges faced, and
lessons learnt over three decades of a
late effects program in India.

METHODS
We describe the demographics and
profile of late effects of all CCS
survivors enrolled in our After
Completion of Treatment Clinic from
February 5, 1991 (inception) to February
4, 2021. We analyzed the trends by the
decade of diagnosis.

RESULTS
There were 3,067 CCS survivors, the
median age was 18 years (range, 3-57
years), and the median follow-up was 11
years (range, 2-46 years). Two thirds
(62.4%) had either no or mild late
effects, 480 (15.6%), 497 (16.2%), and 162
(5.3%) had grades 2, 3, and 4 late effects,
with 67 deaths reported. Notable late
effects were chronic viral hepatitis
(7.8%), thyroid dysfunction (7.5%), other
endocrine issues (13.6%), psychosocial
issues (57%), neurocognitive impairment
(4.1%), and metabolic syndrome (4%).
The cumulative incidence and severity
of late effects showed a consistent
decline by the decade of diagnosis.
Twenty-two percent of survivors are
lost to follow-up.

CONCLUSION
Survivors of childhood cancer treated on
contemporary treatment protocols have
a significantly lower side-effect profile.
Attrition to long-term follow-up and
psychosocial issues are significant
concerns. Understanding the unique
spectrum of late effects and establishing
a holistic support system go a long way
in ensuring the long-term physical and
mental health and psychosocial
concerns of childhood cancer survivors
in low- and middle-income countries.

Maya Prasad, Savita Goswami, Girish Chinnaswamy, Shripad D Banavali, Purna A
Kurkure
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THE CHILDREN'S BRAIN TUMOR NETWORK
(CBTN) – ACCELERATING RESEARCH IN
PEDIATRIC CENTRAL NERVOUS SYSTEM
TUMORS THROUGH COLLABORATION AND
OPEN SCIENCE

ABSTRACT
Due to technical reasons abstract
cannot be provided here.
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Stefankiewiz, David Higgins, Gerri Trooskin, Carina A Larouci, Kamnaa Arya, Elizabeth
Appert, Allison P Heath, Yuankun Zhu, Miguel A Brown, Bo Zhang, Bailey K Farrow,
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COMPARISON OF PSYCHOSOCIAL
ADAPTATIONS AMONG CHILDHOOD CANCER
SURVIVORS, THEIR SIBLINGS AND PEERS IN
TAIWAN

PURPOSE
This study aimed to understand the
difference in psychosocial adaptation
among childhood cancer survivors, their
healthy siblings and peers, and the
factors affecting the psychosocial
adaptation of these cancer survivors.

DESIGN AND METHODS
A total of 222 children (ages 8-17)
including childhood cancer survivors,
their siblings, and healthy peers
participated in this cross-sectional
study. All the children completed the
anxiety and quality of life scales for
their age groups.

RESULTS
Anxiety levels and quality of life were
similar among the childhood cancer
survivors, their siblings, and their peers.
The anxiety of elementary school-age
survivors of acute leukemia was higher
than that of those with solid tumors.
Elementary school-age survivors who
completed three or more years of
treatment had lower anxiety than those
who completed treatment within the
three years. For adolescent survivors,
the higher their body mass index, the
higher their anxiety, which was
associated with low quality of life. Those
diagnosed with anxiety and at an older
age had lower quality of life.

CONCLUSIONS
Although there were no differences in
survivors' psychosocial adaptation
compared to their siblings and healthy
peers, more than half of these
adolescents had moderate to severe
anxiety. Future study may need to
explore the causes of their anxiety.

PRACTICE IMPLICATIONS
During the follow-ups of the childhood
cancer survivors, age-specific adaptive
strategies can be discussed to reduce
their anxiety and improve their quality
of life.

Hsiu-Mei Huang, Ting-Chi Yeh, Tzu-Ying Lee

J Pediatr Nurs; doi: 10.1016/j.pedn.2022.10.012
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COHORT PROFILE: RISK AND RISK FACTORS
FOR FEMALE BREAST CANCER AFTER
TREATMENT FOR CHILDHOOD AND
ADOLESCENT CANCER: AN INTERNATIONALLY
POOLED COHORT

PURPOSE
The International Consortium for Pooled
Studies on Subsequent Malignancies
after Childhood and Adolescent Cancer
was established in 2018 to address gaps
in knowledge of risk and risk factors for
breast cancer subsequent to
childhood/adolescent cancer by pooling
individual patient data from seven
cohorts. Initially, the pooled cohort will
focus on three clinically relevant
questions regarding treatment-related
subsequent breast cancer risk in female
survivors, which are the risk related to
low-dose radiotherapy exposure to the
chest, specific chemotherapy agents and
attained age.

PARTICIPANTS
The consortium database includes
pooled data on 21 892 female survivors
from seven cohorts in North America
and Europe with a primary cancer
diagnosis at <21 years of age, and
survival ≥5 years from diagnosis.

FINDINGS TO DATE
This is a newly established pooled study.
The cohort profile summarised the data
collected from each included cohort,
including childhood cancer diagnosis
information and treatment details (ie,
radiotherapy fields and cumulative
doses, and chemotherapy agents and
cumulative doses for each agent).
Included cohorts' follow-up started
1951-1981 and ended 2013-2021,
respectively, for a median follow-up
duration of 24.3 (IQR 18.0-32.8) years
since primary cancer diagnosis. The
median age at primary cancer diagnosis
was 5.4 (IQR 2.5-11.9) years. And the
median attained age at last follow-up
was 32.2 (IQR 24.0-40.4) years. In all,
4240 (19.4%) survivors were treated with
radiotherapy to the chest and 9308
(42.5%) with anthracyclines.

TO BE CONTINUED ON NEXT PAGE
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At the end of the follow-up, 835 females
developed a first subsequent breast
cancer, including 635 invasive breast
cancer only, 184 carcinomas in situ only
(172 ductal carcinomas in situ and 12
lobular carcinomas in situ), and 16 with
both an invasive and in situ diagnosis at
the same moment. The cumulative
incidences of subsequent breast cancer
(both invasive and in situ) 25 and 35
years after primary cancer diagnosis
were 2.2% and 6.2%, respectively.

FUTURE PLANS
The consortium is intended to serve as a
model and robust source of
childhood/adolescent cancer survivor
data for elucidating other knowledge
gaps on subsequent breast cancer risk,
and risk of other subsequent
malignancies (including data on males)
in the future.

CONTINUED FROM PREVIOUS PAGE
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INCIDENCE OF SECOND PRIMARY CANCERS
AMONG SURVIVORS OF CHILDHOOD CANCER:
A POPULATION-BASED STUDY, OSAKA, JAPAN,
1975-2015

ABSTRACT
Second primary cancer (SPC) is one of
the most life-threatening late effects of
childhood cancers. We investigated the
incidence and survival outcomes of SPC
in childhood cancer patients in Japan.
Data were obtained from the
population-based Osaka Cancer
Registry. Individuals diagnosed with
cancer at age 0-14 years during 1975-
2014 and survived ≥2 months were
followed through December 2015. The
risk of developing SPC was assessed
with standardized incidence ratio (SIR),
excess absolute risk (EAR, per 100,000
person-years), and cumulative
incidence. Multivariable Poisson
regression analysis was performed to
assess relative risks of SPC by treatment
modality. Survival analysis was
conducted using the Kaplan-Meier
method. Of 7,229 childhood cancer
survivors, 101 (1.4%) developed SPC after
a median of 11.6 years. 

Overall SIR was 5.0 which corresponded
with 84.3 EAR. The cumulative incidence
was 0.9%, 2.1%, and 3.4% at 10, 20, and
30 years, respectively. Among all SPCs,
the type that contributed most to the
overall burden was cancers in the
central nervous system (EAR=28.0)
followed by digestive system (EAR=15.1),
thyroid (EAR=8.3), and bones and joints
(EAR= 7.8); median latency ranged from
2.0 years (lymphomas) to 26.6 years
(skin cancers). Patients treated with
radiotherapy alone were at a 2.58-fold
increased risk of developing SPC
compared to those who received neither
chemotherapy nor radiotherapy. Among
patients who developed SPCs, 5-year
and 10-year survival probabilities after
SPC diagnosis were 61.7% and 52.0%,
respectively. Risk-based long-term
follow-up planning is essential to inform
survivorship care and help reduce the
burden of SPCs in childhood cancer
survivors.

Satomi Odani, Kayo Nakata, Masami Inoue, Mizuki Kato, Mari Kajiwara Saito,
Toshitaka Morishima, Yoshiko Hashii, Junich Hara, Keisei Kawa, Isao Miyashiro
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HORMONE REPLACEMENT IN SURVIVORS OF
CHILDHOOD CANCER AND BRAIN TUMORS:
SAFETY AND CONTROVERSIES

ABSTRACT
Childhood cancer survivors are at risk
for developing endocrine disorders,
including deficits in growth hormone,
thyroid hormone and sex hormones. The
influence these hormones have on cell
growth and metabolism has raised
concerns regarding the safety of their
use as treatments in survivors of
childhood cancer and brain tumors. This
manuscript offers a summary of current
knowledge, controversies and areas for
future research pertaining to this area.

Ichelle M A A van Roessel, Boudewijn Bakker, Hanneke M van Santen, Wassim
Chemaitilly
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MATERNAL CARDIOVASCULAR OUTCOMES OF
PREGNANCY IN CHILDHOOD, ADOLESCENT,
AND YOUNG ADULT CANCER SURVIVORS

ABSTRACT
This review focuses on the maternal
cardiovascular risk and outcomes of
pregnancy in childhood, adolescent, and
young adult cancer survivors who are
achieving survival to their prime
reproductive years. Childhood,
adolescent, and young adult cancer
survivors are a growing population and
have increasing needs for reproductive
care over decades of life. Female cancer
survivors have an overall higher risk of
maternal cardiovascular events
compared to those without a history of
cancer. In female cancer survivors with
normal cardiac function before
pregnancy, the incidence of new heart
failure during pregnancy is low. 

In survivors with cardiotoxicity prior to
pregnancy, the risk of heart failure
during and immediately after pregnancy
is much higher. We recommend
cardiomyopathy surveillance with
echocardiography before pregnancy for
all female survivors treated with
anthracyclines and chest radiation.
Survivors with cardiotoxicity prior to
pregnancy should be cared for by an
expert multidisciplinary team, including
obstetrics, cardiology, anesthesia, and
specialized nursing, among others.

Neha Bansal, Carol Fernandez Hazim, Sergio Badillo, Sharvari Shyam, Diana Wolfe,
Anna E Bortnick, Mario J Garcia, Carols J Rodriguez, Lili Zhang
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CHANGES IN BODY SIZE AND BODY
COMPOSITION IN SURVIVORS OF
CHILDHOOD CANCER: SEVEN YEARS
FOLLOW-UP OF A PROSPECTIVE COHORT
STUDY

BACKGROUND AND AIMS
Cancer treatment is known to have impact
on nutritional status, and both underweight
and overweight have been reported in
several studies in survivors. A limitation of
most studies is that they relied on
retrospective data or were limited to a
subgroup of patients. The current study
aims to describe changes in body size and
body composition prospectively seven years
after diagnosis in a heterogeneous sample of
childhood cancer survivors and to evaluate
associated factors.

METHODS
The study population consisted of children
diagnosed with hematological, solid and
brain malignancies aged 0-18 years at
diagnosis. Data of body size, body
composition, and associated factors were
collected at diagnosis, one year and seven
years after diagnosis.

RESULTS
In the total cohort mean BMI z-score
increased during treatment. In children with
hematological and brain malignancies BMI z-
score continued to increase after end of
treatment leading to quadrupling of the
prevalence of obesity seven years after
diagnosis. BMI at diagnosis (β = -0.34, P =
0.007) and maternal BMI (β = 0.25, P = 0.046)
were associated with the increase in BMI z-
score. 

Mean fat mass (FM) z-score, already high at
diagnosis, increased during treatment in
children with hematological and brain
malignancies and evened out during follow-
up. Changes in FM z-score were predicted
by type of malignancy (hematologic
malignancy versus solid tumor β = 0.48, P =
0.008; brain tumor versus solid tumor β =
0.45, P = 0.012). Mean fat free mass (FFM) z-
scores started low at diagnosis, particularly
in patients with brain tumors, increased
during treatment in patients with solid and
brain malignancies, though decreased in
children with hematological malignancies. At
7 years follow-up a clear increase to normal
was seen. Age at diagnosis (β = 0.43, P =
0.004) and initial FFM (β = -0.49, P = 0.001)
were found to be significant predictors for
changes in FFM z-scores.

CONCLUSIONS
The finding that the once obtained extra
weight and FM during treatment persisted
after termination of treatment in children
with hematological and brain malignancies,
stresses the importance to create awareness
about the risk of developing overweight in
children during cancer treatment.

Aeltsje Brinksma, Esther Sulkers, Dorus Kouwenberg, Otto T H M Lelieveld,
Annemieke M Boot, Johannes G M Burgerhof, Wim J E Tissing

Clin Nutr; doi: 10.1016/j.clnu.2022.10.021
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ONCOFERTILITY IN PEDIATRIC PATIENTS:
CURRENT PERSPECTIVES

ABSTRACT
Cancer treatments may affect fertility in
different ways. Oncofertility, i.e. the
study of interactions between cancer,
anti-cancer therapy, fertility, and
reproductive health, is an emerging field
that addresses cancer patients' concerns
regarding their future reproductive
ability. As the number of cancer
survivors increases, fertility
preservation is becoming an important
quality of life issue for many survivors of
childhood cancer. There is a wide array
of fertility preservation options
according to gender and pubertal status,
and shared decisions must take place at
the time of diagnosis. 

Even though there might be several
barriers that can negatively affect this
process, the presence of a dedicated
fertility preservation team may help
overcome them. In this article, the
authors aim to characterize what
oncofertility is, the effects of cancer and
its treatments on the fertility potential
of pediatric patients and also on their
mental health. Another goal is to expose
the dif- ferent fertility preservation
therapeutic options and potential
barriers.

Rafael Marques, Maria João Oura, Rita Dionísio, Catarina Rodrigues, Joana Lorenzo
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PROVISION OF A PERSONALIZED
SURVIVORSHIP CARE PLAN AND ITS IMPACT
ON CANCER-RELATED HEALTH LITERACY
AMONG CHILDHOOD CANCER SURVIVORS IN
HONG KONG

PURPOSE
To evaluate the short-term effectiveness of
a personalized survivorship care plan (SCP)
in improving cancer-related literacy among
childhood cancer survivors, and to identify
characteristics of survivors who
demonstrated minimal gain from the
intervention.

METHODS
We recruited survivors diagnosed with
cancer at ≤18 years old and were >2 years
post treatment. The intervention included a
personalized SCP and 30-minute health risk
counseling. The participants' knowledge of
their cancer diagnosis and potential
treatment-related late effects (LEs) was
assessed at baseline, immediately post
intervention, and 1-3 months post
intervention. Generalized estimating
equation was used to test for changes in the
awareness scores, with interacting terms
(time*factor) added to identify differences in
the score trajectory across clinically
relevant subgroups.

RESULTS
In total, 248 survivors completed the
intervention (mean age: 19.4 [SD = 6.7] years;
54.1% male; 66.1% hematological
malignancies), of whom 162 completed all
assessments. There was significant increase
in survivors' awareness of their cancer
diagnoses (mean adjusted score: baseline
66.9, post intervention 86.3; p < .001) and
potential LEs (baseline 30.9, post
intervention 66.3; p < .001). The proportion
of survivors who demonstrated awareness of
their potential LEs increased from 9.7% to
54.3%. The interaction analysis showed that
there was significantly less improvement in
awareness among survivors of non-central
nervous system (non-CNS) solid tumors (p =
.032), lower socioeconomic status (p = .014),
and parents of pediatric survivors (vs. adult
survivors; p = .013).

CONCLUSIONS
The provision of a personalized SCP showed
preliminary effectiveness in improving
survivors' understanding of their treatment-
related LEs. Health counseling with SCP
should be reinforced in vulnerable
subgroups. Future work includes evaluating
its long-term impact on lifestyle and health
outcomes.

Chung-Tin Ma, Ho Wing Chou, Teddy Tai-Ning Lam, Yan Tung Tung, Yat Wing Lai,
Lai-Ka Lee, Vivian Wing-Yan Lee, Nelson Chun-Yiu Yeung, Alex Wing-Kwan Leung,
Smita Bhatia, Chi Kong Li, Yin Ting Cheung
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ENERGY COST OF WALKING IN OBESE
SURVIVORS OF ACUTE LYMPHOBLASTIC
LEUKEMIA: A REPORT FROM THE ST. JUDE
LIFETIME COHORT

PURPOSE
Adult survivors of childhood acute
lymphoblastic leukemia (ALL) have impaired
adaptive physical function and poor health-
related quality of life (HRQoL). Obesity may
contribute to these impairments by
increasing the physiological cost of walking.
Due to treatment exposures during ALL
therapy, survivors' cost of walking may be
more impacted by obesity than the general
population. Therefore, we examined
associations between obesity, persistent
motor neuropathy, and energy cost of
walking; and examined associations between
energy cost of walking, adaptive physical
function, and HRQoL, in adult survivors of
childhood ALL vs. community controls.

PROCEDURE
Obesity was measured via body mass index
(BMI) and body fat percentage. The
physiological cost index (PCI) was calculated
from the six-minute walk test. Adaptive
physical functioning was measured using
two tests: the timed up and go (TUG) test
and the physical performance test.
Persistent motor neuropathy was measured
using the modified total neuropathy score;
HRQoL was measured using the Short-Form-
36 questionnaire. 

The associations between obesity and PCI
were evaluated using multivariable linear
regressions in adult survivors of childhood
ALL (n = 1,166) and community controls (n =
491). Then, the associations between PCI,
adaptive physical functioning and peripheral
neuropathy were examined using
multivariable linear regressions. Finally, to
determine the association between obesity,
and neuropathy on PCI, while accounting for
potential lifestyle and treatment
confounders, a three model, sequential
linear regression was used.

RESULTS
Obese individuals (BMI > 40 kg/m2 and
excess body fat percentage [males: >25%;
females: >33%]) had higher PCI compared to
those with normal BMI and body fat
percentage (0.56 ± 0.01 vs. 0.49 ± 0.009
beats/meter p < .01; and 0.51 ± 0.007 vs. 0.48
± .0006 beats/meter p < .01, respectively).
Treatment exposures did not attenuate this
association. Increased PCI was associated
with longer TUG time in survivors, but not
community controls (6.14 ± 0.02 s vs. 5.19 ±
0.03 s, p < .01). Survivors with PCI
impairment >95th percentile of community
controls had lower HRQoL compared to un-
impaired ALL survivors: 46.9 ± 0.56 vs. 50.4 ±
1.08, respectively (p < .01).

TO BE CONTINUED ON NEXT PAGE

Matthew D Wogksch, Emily R Finch, Vikki G Nolan, Matthew P Smeltzer, Fawaz
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Sue C Kaste, Tara M Brinkman, Jennifer Q Lanctot, Deo Kumar Srivastava, John L
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CONCLUSION
Obesity was associated with increased
PCI. Survivors with high PCI had
disproportionately worse adaptive
physical function and HRQoL compared
to controls. Survivors with increased
energy costs of walking may benefit
from weight loss interventions.

CONTINUED FROM PREVIOUS PAGE
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BARRIERS AND FACILITATORS OF
HISPANIC/LATINO PARENTS CAREGIVING FOR
A CHILDHOOD CANCER SURVIVOR: A
QUALITATIVE STUDY

PURPOSE
This qualitative study aimed to explore
Hispanic parents of childhood cancer
survivors (CCS) perceptions of facilitators
and barriers to their caregiving experience.

METHODS
We conducted semi-structured phone
interviews with 15 Hispanic/Latino parents
(English and Spanish). Parents were
recruited using a purposive sampling
method in a safety-net hospital in Los
Angeles County from July-September 2020.
Interviews were audio-recorded,
professionally transcribed, and analyzed in
the language they were conducted. Two
coders independently coded interviews
following reflexive thematic analysis and
elements of grounded theory methodology.

RESULTS
Most caregivers were mothers caring for
leukemia CCS who had finished treatment
more than 2 years prior. Caregivers
expressed gratitude to social workers for
introducing and aiding with the application
process for safety-net programs that
enabled caregivers to focus on their child's
care and well-being. Caregivers revealed the
importance of supportive communication
with the medical team, particularly after
their child's treatment was considered
complete. All caregivers found caring for a
child with cancer overwhelming, and many
described deteriorations in their health and
well-being. Financial instability,
transportation difficulties, and work
disruptions were identified as barriers,
resulting in caregiver distress. Caregivers
also shared the challenges they experienced
navigating the healthcare system, seeking
care despite lack of legal residency, and
staying afloat despite limited employment
opportunities.

CONCLUSION
Improving navigation to resources and
improving relationships with the medical
team may reduce the perceived caregiving
burden among Hispanic/Latino caregivers
throughout their family's cancer journey.

Carol Y Ochoa, Randall Y Chan, Lissette Cervantes, Lourdes Baezconde-Garbanati,
Albert J Farias, Joel E Milam, Junhan Cho, Kimberly A Miller
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EVALUATING THE FEASIBILITY,
EFFECTIVENESS AND COSTS OF
IMPLEMENTING PERSON-CENTRED FOLLOW-
UP CARE FOR CHILDHOOD CANCER
SURVIVORS IN FOUR EUROPEAN COUNTRIES:
THE PANCAREFOLLOWUP CARE
PROSPECTIVE COHORT STUDY PROTOCOL

INTRODUCTION
Long-term survival after childhood cancer
often comes at the expense of late, adverse
health conditions. However, survivorship
care is frequently not available for adult
survivors in Europe. The PanCareFollowUp
Consortium therefore developed the
PanCareFollowUp Care Intervention, an
innovative person-centred survivorship care
model based on experiences in the
Netherlands. This paper describes the
protocol of the prospective cohort study
(Care Study) to evaluate the feasibility and
the health economic, clinical and patient-
reported outcomes of implementing
PanCareFollowUp Care as usual care in four
European countries.

METHODS AND ANALYSIS
In this prospective, longitudinal cohort
study with at least 6 months of follow-up,
800 childhood cancer survivors will receive
the PanCareFollowUp Care Intervention
across four study sites in Belgium, Czech
Republic, Italy and Sweden, representing
different healthcare systems. The
PanCareFollowUp Care Intervention will be
evaluated according to the Reach,
Effectiveness, Adoption, Implementation and
Maintenance framework. Clinical and
research data are collected through
questionnaires, a clinic visit for multiple
medical assessments and a follow-up call.
The primary outcome is empowerment,
assessed with the Health Education Impact
Questionnaire. A central data centre will
perform quality checks, data cleaning and
data validation, and provide support in data
analysis. Multilevel models will be used for
repeated outcome measures, with subgroup
analysis, for example, by study site, attained
age, sex or diagnosis.

Rebecca J van Kalsbeek, Joke C Korevaar, Mieke Rijken, Riccardo Haupt, Monica
Muraca, Tomáš Kepák, Katerina Kepakova, Anne Blondeel, Stefan Boes, Line E
Frederiksen, Samira Essiaf, Jeanette F Winther, Rosella P M G Hermens, Anita
Kienesberger, Jacqueline J Loonen, Gisela Michel, Renée L Mulder, Kylie B O'Brien,
Helena J H van der Pal, Saskia M F Pluijm, Katharina Roser, Roderick Skinner, Marleen
Renard, Anne Uyttebroeck, Cecilia Follin, Lars Hjorth, Leontien C M Kremer
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PARENT CAREGIVERS' PREFERENCES AND
SATISFACTION WITH CURRENTLY PROVIDED
CHILDHOOD CANCER SURVIVORSHIP CARE

PURPOSE
The aim of this study was to investigate the
level of satisfaction of parent caregivers of
childhood cancer survivors (CCSs) with
currently provided survivorship care and
their preferences for survivorship care
provider.

METHODS
Study subjects were parent caregivers
recruited at three hospitals in Korea. Study
data were collected from self-administered
questionnaires and medical records. We
assessed parent caregivers' levels of
satisfaction with specific survivorship care
contents and preferred types of survivorship
care provider among oncologists, primary
care physicians (PCPs), and institutional
general physicians (IGPs). Factors associated
with parent caregivers' preferences for
survivorship care provider were evaluated by
multiple logistic regression analysis.

RESULTS
680 parent caregivers (mother 62.1% and
father 37.9%) of 487 CCSs (mean age at
diagnosis: 6.9 ± 5.1 years; mean time since
treatment completion 5.4 ± 4.4 years) were
included. Parent caregivers' dissatisfaction
was the highest with screening for second
primary cancer, followed by psychosocial
problem management. 

Higher educational level of parent caregiver,
parent caregiver's higher level of
dissatisfaction with currently provided care,
higher age of CCSs at cancer diagnosis,
history of receiving hematopoietic stem cell
transplant, and longer time lapse after
cancer treatment were significantly
associated with parent caregivers' higher
preference for PCPs or IGPs than
oncologists. Parent caregiver's multiple
comorbidities and higher fear of cancer
recurrence were associated with parent
caregivers' higher preference for oncologists
than PCPs or IGPs. Around 80% of parent
caregivers recognized that a shared care
system was helpful for promoting the health
of CCSs.

CONCLUSION
Parent caregivers were substantially
dissatisfied with currently provided care,
especially regarding the health issues not
directly associated with the primary cancer.
Parent caregivers' preferences for
survivorship care provider is influenced by
multiple factors, including age and survival
time of CCSs, characteristics of parent
caregivers, satisfaction level with care, and
specific survivorship care contents.

Keun Hye Jeon, Dong Wook Shin, Ji Won Lee, Hee Jo Baek, Nack-Gyun Chung, Ki
Woong Sung, Yun-Mi Song
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PLATINUM-INDUCED OTOTOXICITY IN
PEDIATRIC CANCER SURVIVORS: GSTP1
C.313A>G VARIANT ASSOCIATION

ABSTRACT
Hearing damage is one of the main toxic
effects of platinum compounds, it
derives from the irreversible
degeneration of hair cells of the ear.
Genetic association studies have
suggested an association between GSTP1
c.313A>G variant and platinum-induced
ototoxicity in childhood cancer
survivors. We aimed to detect the
frequency of ototoxicity and associated
risk factors in survivors of childhood
cancer receiving platinum-based
chemotherapy and to detect the relation
between GSTP1 c.313A>G (rs1695)
polymorphisms and ototoxicity. We
conducted a cross-sectional study on 64
cancer survivors who received platinum
agents (cisplatin and/or carboplatin) at
least 2 years after the end of
chemotherapy. The patients underwent
comprehensive audiological evaluations
and genotyping to detect the presence
of the GSTP1 c.313A>G polymorphisms. 

Hearing loss (HL) was identified in 16/64
patients (25%), including 62.5% treated
with cisplatin and 37.5% treated with
carboplatin. The greater incidence of
ototoxicity was found in children
treated for osteosarcoma (28.1%)
followed by patients with germ cell
tumors (25%) and neuroblastoma (21.9%).
The AA, AG, and GG types of GSTP1
c.313A>G variant were detected in
84.4%, 9.4%, and 6.3%, respectively, of
patients with HL with a significant
association between mutant genotype of
GSTP1 rs1695 and platinum-induced
ototoxicity (P = .035). HL was not
significantly associated with the total
cumulative dose of cisplatin and
carboplatin. GSTP1 c.313A>G variant may
increase the risk of HL in pediatric
oncology patients treated with cisplatin
or carboplatin chemotherapy.

Laila M Sherief, Elhamy Rifky, Mohamed Attia, Reda Ahmed, Naglaa M Kamal,
Mohammed A M Oshi, Diana Hanna
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HEALTHCARE PROFESSIONALS' PERCEIVED
BARRIERS AND FACILITATORS OF HEALTH
BEHAVIOR SUPPORT PROVISION: A
QUALITATIVE STUDY

BACKGROUND
Childhood cancer survivors (CCSs) have
an increased risk of developing chronic
health conditions. Evidence suggests
that poor health behaviors further
increase health risks. Healthcare
professionals (HCPs) involved in
survivorship care have a key role in
providing health behavior support (HBS)
but can feel limited in their ability to do
so. This study aims to explore European
HCPs perceived facilitators and barriers
to providing HBS to CCSs.

METHODS
Five focus groups with 30 HCPs from
survivorship care clinics across Europe
were conducted. Topic guides were
informed by the Theoretical Domains
Framework (TDF) to capture domains
that may influence provision of HBS.
Focus groups were analyzed with
thematic analysis. Transcripts were
inductively coded, after which axial
coding was applied to organize codes
into categories. Finally, categories were
mapped onto the TDF domains.

RESULTS
Nine TDF domains were identified in the
data. The most commonly reported TDF
domains were "Knowledge", "Skills", and
"Environmental context and resources".
HCPs indicated that their lack of
knowledge of the association between
late effects and health behaviors,
besides time restrictions, were barriers
to HBS. Facilitators for HBS included
possession of skills needed to pass on
health behavior information, good clinic
organization, and an established
network of HCPs.

CONCLUSIONS
This study identified education and
training of HCPs as key opportunities to
improve HBS. Survivorship care clinics
should work towards establishing well-
integrated structured care with internal
and external networks including HBS
being part of routine care. Proper
understanding of facilitators and
barriers should lead to better
survivorship care for CCSs.

Eline Bouwman, Saskia M F Pluijm, Iridi Stollman, Vera Araujo-Soares, Nicole M A
Blijlevens, Cecilia Follin, Jeanette Falck Winther, Lars Hjorth, Tomas Kepak, Katerina
Kepakova, Leontien C M Kremer, Monica Muraca, Helena J H van der Pal, Carina
Schneider, Anne Uyttebroeck, Gertrui Vercruysse, Roderick Skinner, Morven C Brown,
Rosella P M G Hermens, Jacqueline J Loonen, PanCareFollowUp Consortium
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SECONDARY OSTEOSARCOMA: A CHALLENGE
INDEED

BACKGROUND
The risk of survivors developing a
secondary bone sarcoma after being
treated for pediatric cancers is well
established. The aim of this study was to
examine the clinical characteristics and
outcomes of patients with secondary
osteosarcoma (SOS).

METHODS
The study concerns survivors of
childhood and adolescence primary
neoplasms (PN) treated with
chemotherapy, with or without
radiotherapy and surgery, subsequently
diagnosed with SOS.

RESULTS
We identified 26 patients (13 females, 13
males) who developed SOS a median 7.3
years after being diagnosed with a PN
(5/7 of these patients tested for Li-
Fraumeni and found positive for the
syndrome). The sample's median age was
8.0 and 15.0 years when their PN and
SOS were diagnosed, respectively. 

To treat their PN, 24 out of 26 patients
had been given radiotherapy, and 19 had
received chemotherapy including
doxorubicin. A considerable number of
SOS occurred at unfavorable sites (nine
hip bone, six skull). All but one patient
received chemotherapy with tailored
schedules, omitting doxorubicin in 19
cases. Eighteen of the 26 patients
underwent surgery. The 5- and 10-year
overall survival and probabilities after
the diagnosis of SOS (95% confidence
interval) were 50% (32.7-76.5%) and
38.9% (22.4-67.4%); 5- and 10-year
progression-free survival was 47% (29.9-
73.7%) and 35.2% (19.3-64.4%),
respectively.

CONCLUSIONS
The survival rates after SOS are lower
than in patients with primary
osteosarcoma, but not negligible. It is
therefore mandatory to discuss the best
choice of treatment for such patients at
a referral center, in terms of their
chances of cure and quality of life.

Cristina Meazza, Sironi Giovanna, Olga Nigro, Giovanna Gattuso, Barretta Francesco,
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BACK TO SCHOOL - THE TEACHERS' WORRIES
AND NEEDS HAVING A CHILDHOOD CANCER
PATIENT OR SURVIVOR IN THEIR CLASS

BACKGROUND
A cancer diagnosis during childhood or
adolescence causes nursery and school
absences to various degrees. Attending
school and meeting classmates gives many
children and adolescents some normality
back. Nevertheless, it can cause fears and
concerns among the teachers. We are
currently lacking information about the
fears and needs of teachers having a child or
adolescent diagnosed with cancer or with a
cancer history in their classes. With this
study, we aim to close this knowledge gap
and assess the teachers' fears, worries and
information needs having a child or
adolescent diagnosed with cancer in the
class to develop a suitable information tool
(flyer).

METHODS
We performed an online survey including
teachers covering all grades from nursery to
vocational school within the catchment area
of our hospital. The survey included
separate questions for experience with
students still receiving active treatment and
those in follow-up care. Answer options
included tick boxes and open-ended
questions, which we grouped thematically.
We used descriptive analysis to describe the
survey findings, resulting in a newly
developed flyer.

RESULTS
In total 358 teachers participated in the
survey, 80% were female, 63% worked in
nursery or primary school. One quarter
(26%) had experience with a student
diagnosed with cancer. Most teachers with
(81%) and without (85%) experience reported
at least one concern. The top three concerns
reported were: (1) how to inform the class,
(2) the resilience of the student and (3) how
to deal with the student and his or her
family. The teachers preferred oral
information by physicians or parents and
written information equally. Information on
resilience, guidelines with an emergency
situation, and the need for cancer-specific
information were considered important by
about 75-94% of the teachers.

CONCLUSION
Most teachers reported concerns, which we
cover in a newly developed information
flyer. However, such a flyer cannot replace
individual communication between health
care professionals and teachers. The
identified concerns are likely to be
transferable to other school systems and
countries.

Maria Otth, Katrin Scheinemann

Front Oncol; doi: 10.3389/fonc.2022.992584
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IDENTIFYING THE IMPORTANT SOCIAL
OUTCOMES FOR CHILDHOOD CANCER
SURVIVORS: AN E-DELPHI STUDY PROTOCOL

INTRODUCTION
Optimising the health of childhood cancer
survivors is important given the high long-
term survival rate coupled with a significant
late effects burden. Included within the
WHO's definition of 'Health' are social
outcomes. These are of interest given their
impact on adult functioning within society,
complex interactions with physical and
mental health outcomes and potential for
cross generational effects. Categories
included within the definition of social
outcomes are ill defined leading to potential
gaps in research and service provision which
could affect the ability of survivors to
achieve their maximal potential. An e-Delphi
study will be used to achieve expert
consensus on the most important social
outcomes for childhood cancer survivors to
inform future research and ultimately,
service provision.

METHODS AND ANALYSIS
A heterogeneous sample of at least 48 panel
members will be recruited across four
groups chosen to provide different
perspectives on the childhood cancer
journey: childhood cancer survivors, health
professionals, social workers and teachers.
Purposive sampling from a UK, regional
long-term follow-up clinic will be used to
recruit a representative sample of survivors.
Other panel members will be recruited
through local channels and national
professional working groups. Opinions
regarding breakdown and relevance of
categories of social outcome will be
collected through 3-5 rounds of
questionnaires using an e-Delphi technique.
Open ended, 7-point Likert scale and
ranking questions will be used. Each round
will be analysed collectively and per group
to assess inter-rater agreement. Agreement
and strength of agreement will be indicated
by a median score of 6 or 7 and mean
absolute deviation from the median,
respectively.

Sarah Milner, Richard G Feltbower, Kate Absolom, Adam Glaser

BMJ Open; doi: 10.1136/bmjopen-2022-063172
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AN INVESTIGATION OF CULTURAL
INFLUENCES IN SURVIVORS OF PAEDIATRIC
CANCER: A SYSTEMATIC REVIEW PROTOCOL

INTRODUCTION
Paediatric cancer affects children and
families from diverse backgrounds. However,
there is a limited understanding of how
diversity/cultural factors play a role,
especially in survivorship. This protocol
outlines a systematic review on the cultural
influences in survivors of childhood cancer.

METHODS AND ANALYSIS
This protocol is reported based on the
Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols
(PRISMA) guidelines checklist and is
registered with PROSPERO. EMBASE,
MEDLINE and PsycINFO are searched.
Eligibility criteria include original research
studies published in English, and an
assessment of culture on survivors of
childhood cancer. Search terms are
developed with a medical librarian. Primary
objective will be to describe culture (ethnic
and population groups, migration status,
acculturation, cultural characteristics) in
survivors of paediatric cancer and study
characteristics and methods. Secondary
objective will be to identify the role of
culture in outcomes of survivors of
paediatric cancer. Data extraction will
include participant characteristics such as
the number of participants and/or controls,
sex, age at diagnosis. Extraction will also
include analytical approaches, type of
cultural variables (predictor, moderator,
mediator, outcome) and effect measures.

Sharon H J Hou, Fiona S M Schulte
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OCCUPATIONAL OUTCOMES AFTER HIGH-
GRADE OR LOW-GRADE BRAIN TUMORS IN
CHILDHOOD: A SWEDISH, NATIONWIDE,
REGISTRY-BASED STUDY

BACKGROUND
Survivors of pediatric brain tumors are
at high risk of late complications that
may affect their daily life in both short-
and long-term perspectives.

METHODS
In this nationwide registry-based study
we explored the occupational outcomes,
including employment, sickness or
activity compensation and parental
leave, in 452 individuals in Sweden, born
1988-1996, and diagnosed with a brain
tumor before their 15th birthday. Their
results were compared with 2188
matched controls.

RESULTS
There were significant differences
between cases and controls for all
assessed variables. The cases had
benefitted from sickness or activity
compensation 11 times more often than
controls (CI 7.90-15.83; p < 0.001)
between 2005 and 2016. Controls were
almost three times more likely to have
an employment (OR 0.36; CI 0.28-0.47; p
< 0.001) and nearly twice as likely to
have been on parental leave (OR 0.56; CI
0.39-0.80; p = 0.002). Although cases
treated for high-grade tumors typically
fared worse than those treated for low-
grade tumors, significant differences for
all assessed variables were also observed
for cases treated for a low-grade tumor
compared with controls.

CONCLUSION
Our findings emphasize the need for
follow-up programs for all brain tumor
diagnoses, not only those known to be at
most risk. This is evident, for example,
from the high number of cases who
received sickness or activity
compensation.

Malin Lönnerblad, Eva Berglund, Maria Åberg, Klas Blomgren

Cancer Med; doi: 10.1002/cam4.5464
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ASSOCIATIONS BETWEEN EXERCISE
CAPACITY, P16ᴵᴺᴷ⁴ᵃ EXPRESSION AND
INFLAMMATION AMONG ADULT SURVIVORS
OF CHILDHOOD CANCER

BACKGROUND
Over 50% of childhood cancer survivors are
exercise intolerant, with maximal aerobic
capacities comparable to individuals decades
older, suggesting early physiologic ageing. In
addition, 36% of survivors are obese.
Optimal exercise capacity provides a
foundation to support daily function and
healthy body habitus and is associated with
benefits to cognition, cardiovascular health,
and longevity. Cellular senescence and
inflammation are key mechanisms that drive
age-related disease, quantifiable as
biomarkers in peripheral blood.

AIMS
This study aimed to evaluate associations
between p16ᴵᴺᴷ⁴ᵃ, a biomarker of cellular
senescence, and inflammation and exercise
capacity among adult survivors of childhood
cancer.

MATERIALS AND METHODS
Eligible survivors were recruited from the
St. Jude Lifetime (SJLIFE) Cohort Study.
Exercise capacity was assessed by maximal
oxygen uptake (VO₂, ml/kg/min) obtained
via cardiopulmonary exercise testing using a
modified Bruce protocol. Body fat (%) was
determined from dual energy x-ray
absorptiometry (DEXA). Peripheral blood
samples were used to evaluate log₂ p16ᴵᴺᴷ⁴ᵃ
mRNA expression, a biomarker of cellular
senescence, and inflammation with high
sensitivity C-reactive protein (hs-CRP)
levels. 

Multivariable regression evaluated
associations between p16ᴵᴺᴷ⁴ᵃ, hs-CRP, body
fat, and exercise capacity.

RESULTS
Participants included 185 five-year
childhood cancer survivors (mean age 36.6
[range 20.1 - 55.7] years, 44% male, 77% non-
Hispanic white, 53% leukemia/lymphoma).
Compared to males, females had lower peak
VO₂ (mean ± SD, 22.5 ± 8.2 vs. 28.8 ± 7.7
ml/kg/min, p<0.01), higher p16ᴵᴺᴷ⁴ᵃ
expression (9.6 ± 1.2 vs. 9.2 ± 1.2 fold,
p=0.02), and hs-CRP concentration (5.9 ± 8.4
vs. 3.3 ± 3.9 mg/L, p=0.01). Among females
(n=103), hs-CRP concentration (β -0.2, 95%
CI -0.34 to -0.05, p=0.01) and p16ᴵᴺᴷ⁴ᵃ
expression (β-5.32, 95% CI 10.42 to -0.22,
p=0.04) were inversely associated and
statistically significant with peak exercise
capacity, with a significant interaction
between p16ᴵᴺᴷ⁴ᵃ expression and body fat (β
0.15, 95% CI 0.02 to 0.28, p=0.03). Among
males (n=82), p16ᴵᴺᴷ⁴ᵃ expression (β -1.01,
95% CI -2.14 to 0.12, p=0.08), and body fat (β
-0.54, 95% CI -0.70 to -0.38, p<0.01) were
inversely associated with peak exercise
capacity.

TO BE CONTINUED ON NEXT PAGE

Chelsea G Goodenough, Matthew D Wogksch, Mondira Kundu, Matthew Lear, Paul G
Thomas, Deo Kumar Srivastava, Zhaoming Wang, Gregory T Armstrong, Melissa M
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CONCLUSION
Inflammation and p16ᴵᴺᴷ⁴ᵃ expression, a
biomarker of cellular senescence, are
associated with lower exercise capacity
in childhood cancer survivors,
suggesting potential targets or outcome
measures for interventions designed to
prevent or remediate accelerated
physiologic ageing in this population.

CONTINUED FROM PREVIOUS PAGE
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PSYCHOSOCIAL FUNCTIONING OF PARENTS
OF DUTCH LONG-TERM SURVIVORS OF
CHILDHOOD CANCER

OBJECTIVE
To describe HRQoL, post-traumatic stress
and post-traumatic growth of parents of
long-term survivors of childhood cancer and
study associated factors.

METHODS
Parents of survivors of the Dutch Childhood
Cancer Survivor Study LATER cohort below
30 years and diagnosed 1986-2001 were
invited to complete the TNO-AZL
Questionnaire for Adult's HRQoL (e.g. sleep
and aggressive emotions), Self-Rating Scale
for Post-traumatic Stress Disorder, Post-
traumatic Growth Inventory, and Illness
Cognition Questionnaire. HRQoL domain
scores were compared to references using
Mann-Whitney U tests. Correlations
between post-traumatic stress, growth and
HRQoL were evaluated. Medical
characteristics of their child and illness
cognitions were studied as associated
factors of HRQOL, post-traumatic stress and
growth. P<.05 was considered statistically
significant.

RESULTS
Parents (n=661 of n=448 survivors, 56%
female, mean time since child's diagnosis:
21.3[SD: 3.3] years) reported better HRQoL
in social functioning and aggressive
emotions than references (r=.08-.17).
Mothers additionally reported better HRQoL
in pain, daily activities, sexuality, vitality,
positive and depressive emotions (r=.07-.14).
Post-traumatic stress was symptomatic in
3%, and associated with worse HRQoL
(r=-.27-.48). Post-traumatic growth was
positively associated to post-traumatic
stress and better HRQoL (r=.09-.12). Cancer
recurrence was associated to better HRQoL
(β=.37-.46). Acceptance illness cognitions
were associated to better (β=.12-.25), and
helplessness to worse outcomes (β=.14-.38).

CONCLUSIONS
HRQoL of parents of young adult survivors
of childhood cancer is comparable to
references or slightly better. Only a small
proportion reports symptomatic post-
traumatic stress. Improving acceptance and
reducing feelings of helplessness may
provide treatment targets for parents with
psychosocial problems.

Marloes van Gorp, Mala Mh Joosten, Anne Maas, Babet L Drenth, Alied van der Aa-van
Delden, Leontien C M Kremer, Eline van Dulmen-den Broeder, Wim J E Tissing,
Jacqueline J Loonen, Helena J H van der Pal, Andrica C H de Vries, Marry M van den
Heuvel-Eibrink, Cécile Ronckers, Dorine Bresters, Marloes Louwerens, Sebastian J C C
M Neggers, Margriet van der Heiden-van der Loo, Heleen Maurice-Stam, Martha A
Grootenhuis, Dutch LATER study group
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SEXUALLY TRANSMITTED DISEASES IN
CANCER PATIENTS DIAGNOSED UNDER THE
AGE OF 20 YEARS – A NATIONAL REGISTRY-
BASED COHORT STUDY FROM FINLAND

BACKGROUND
Adolescents with chronic diseases are
shown to be vulnerable for risky sexual
behavior. Childhood cancer patients
seem to engage in risky health behaviors
as frequently as general population, but
little is known about sexual issues in this
group of patients.

MATERIAL AND METHODS
We characterized the risk for sexually
transmitted diseases (STD) in a Finnish
population-based cohort of over 6,000
childhood cancer patients diagnosed
with cancer under the age of 20 years
between 1971 and 2009, compared with
over 30,000 age- and sex -matched
population comparisons. The data were
constructed through linkage between
national cancer, population, infectious
diseases, and hospital discharge
registries. We estimated hazard ratios
(HRs) with 95% confidence intervals
(CIs) using Cox regression modeling with
attained age as the underlying time
scale.

RESULTS
Childhood cancer patients had a
decreased risk for having an infection
with chlamydia, the most common STD
in our cohort, when comparing with
population comparisons (HR 0.77, 95% CI
0.69-0.86). The risk was lowest among
male patients (HR 0.64, 95% CI 0.53-
0.79) and patients with central nervous
system (CNS) tumors (HR 0.46, 95% CI
0.33-0.63). The overall risk for cervical
dysplasia was slightly increased among
female cancer patients when compared
with their population comparisons (HR
1.28, 95% CI 1.02-1.60). Greatest risk
elevation was found among patients
diagnosed with cancer in ages 10-14
years (HR 2.31, 95% CI 1.46-3.65) and
patients with lymphoma (HR 1.95, 95% CI
1.20-3.16). The risk for all explored
outcomes seemed to be decreased
among patients with CNS tumors.

CONCLUSIONS
Our findings highlight the importance of
integrating sexual issues as a part of
psychosocial support and having a
systematic transition program in the
follow-up care of childhood cancer
patients.

Liisa Korhonen, Laura Madanat-Harjuoja, Elli Hirvonen, Janne Pitkäniemi, Nea Malila,
Mervi Taskinen
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PSYCHOLOGICAL DISTRESS OF ADOLESCENT
AND YOUNG ADULT CHILDHOOD CANCER
SURVIVORS IN A SOUTH AFRICAN COHORT

BACKGROUND
We investigated psychological distress
in a South African childhood cancer
survivor (CCS) cohort.

METHODS
Adult CCSs treated at Tygerberg
Hospital, Cape Town, completed the
Brief Symptom Inventory-18. Internal
consistency was acceptable: Cronbach's
alpha values were 0.91 (Global Severity
Index (GSI)), 0.85 (depression), 0.83
(somatization), and 0.75 (anxiety). We
compared results utilizing different case
rules (GSI T scores of ≥50, ≥57, and ≥63)
for the identification of psychological
distress.

RESULTS
Forty CCSs (median age 24 years; median
follow-up period 16 years) participated.
Most (58%; 23 out of 40) completed
school or tertiary education, were
unmarried (90%; 36 out of 40), and
unemployed (59.5%; 22 out of 37). The
diagnoses included hematological
malignancies (65%; 26 out of 40) and
solid tumors (35%; 14 out of 40). 

The GSI T scores of ≥63, ≥57, and ≥50
identified 10% (four out of 40), 32.5% (13
out of 40), and 45% (18 out of 40) of
survivors with psychological distress,
respectively. Radiotherapy (odds ratio
(OR) 4.6; p = .035), presence of ≥six late
effects (OR 7.5; p = .026), and severe late
effects (OR 6.6; p = .024) were
significant risk factors (GSI T score ≥57).
Follow-up period of 11-20 years (OR 7.3;
p = .034) was significant for a GSI T
score ≥50.

CONCLUSION
This South African CCS cohort had
higher levels of psychological distress
utilizing the GSI T score ≥50 and ≥57
case rules than reported in the
literature. Most were unmarried or
unemployed. Significant contributing
factors were radiotherapy, number and
severity of late effects, and follow-up
period. CCSs must be screened for
psychological distress.

Anel Van Zyl, Mariana Kruger, Sandile Ndlovu, Sue-Ann Meehan, Paul C Rogers

Pediatr Blood Cancer; doi: 10.1002/pbc.30088

http://dx.doi.org/10.1002/pbc.30088
http://dx.doi.org/10.1002/pbc.30088


1 1 6  |  C H I L D H O O D  C A N C E R  L A T E  E F F E C T S  P U B L I C A T I O N S

RISK OF SUBSEQUENT PRIMARY LYMPHOMA
IN A COHORT OF 69,460 FIVE-YEAR
SURVIVORS OF CHILDHOOD AND
ADOLESCENT CANCER IN EUROPE: THE
PANCARESURFUP STUDY

BACKGROUND
Survivors of Hodgkin lymphoma (HL) are at
risk of developing non-Hodgkin lymphoma
(NHL) after treatment; however, the risks of
developing subsequent primary lymphomas
(SPLs), including HL and NHL, after different
types of childhood cancer are unknown. The
authors quantified the risk of SPLs using the
largest cohort of childhood cancer survivors
worldwide.

METHODS
The Pan-European Network for Care of
Survivors After Childhood and Adolescent
Cancer (PanCare) Survivor Care and Follow-
Up Studies (PanCareSurFup) cohort includes
69,460 five-year survivors of childhood
cancer, diagnosed during 1940 through 2008,
from 12 European countries. Risks of SPLs
were quantified by standardized incidence
ratios (SIRs) and relative risks (RRs) using
multivariable Poisson regression.

RESULTS
Overall, 140 SPLs, including 104 NHLs and 36
HLs, were identified. Survivors were at 60%
increased risk of an SPL compared with the
general population (SIR, 1.6; 95% confidence
interval [CI], 1.4-1.9). Survivors were twice as
likely to develop NHL (SIR, 2.3; 95% CI, 1.9-
2.8), with the greatest risks among survivors
of HL (SIR, 7.1; 95% CI, 5.1-10.0), Wilms
tumor (SIR, 3.1; 95% CI, 1.7-5.7), leukemia
(SIR, 2.8; 95% CI, 1.8-4.4), and bone sarcoma
(SIR, 2.7; 95% CI, 1.4-5.4). Treatment with
chemotherapy for any cancer doubled the RR
of NHL (RR, 2.1; 95% CI, 1.2-3.9), but
treatment with radiotherapy did not (RR, 1.2;
95% CI, 0.7-2.0). Survivors were at similar
risk of developing a subsequent HL as the
general population (SIR, 1.1; 95% CI, 0.8-1.5).

CONCLUSIONS
In addition to HL, the authors show here for
the first time that survivors of Wilms tumor,
leukemia, and bone sarcoma are at risk of
NHL. Survivors and health care professionals
should be aware of the risk of NHL in these
survivors and in any survivors treated with
chemotherapy.

Isabelle M Dudley, Ceren Sunguc, Emma J Heymer, David L Winter, Jop C Teepen,
Fabiën N Belle, Edit Bárdi, Francesca Bagnasco, Thorgerdur Gudmundsdottir, Roderick
Skinner, Gisela Michel, Julianne Byrne, Hilde Øfstaas, Momcilo Jankovic, Maja Česen
Mazić, Luzius Mader, Jaqueline Loonen, Stanislaw Garwicz, Thomas Wiebe, Daniela
Alessi, Rodrigue S Allodji, Nadia Haddy, Desiree Grabow, Peter Kaatsch, Melanie
Kaiser, Milena M Maule, Zsuzsanna Jakab, Maria Winther Gunnes, Monica Terenziani,
Lorna Zadravec Zaletel, Claudia E Kuehni, Riccardo Haupt, Florent de Vathaire,
Leontien C Kremer, Päivi M Lähteenmäki, Jeanette F Winther, Lars Hjorth, Michael M
Hawkins, Raoul C Reulen
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THE NUTRITIONAL TRAJECTORY OF
CHILDREN WITH ACUTE LYMPHOBLASTIC
LEUKEMIA: A 10-YEAR FOLLOW UP STUDY
FROM A REFERRAL CENTER IN SOUTH INDIA

OBJECTIVE
Survivors of childhood acute
lymphoblastic leukemia (ALL) are
vulnerable to late adverse events such as
obesity and an associated metabolic
syndrome.

METHODS
Children treated for ALL from 2002 to
2012 were included. BMI was calculated
at diagnosis, end of treatment, and 5, 8,
and 10-years from diagnosis. BMI-
centiles were used to categorize the
patients: underweight (<5th-percentile),
normal (5th-85th percentile), overweight
(85th-95th percentile), and obese (≥95th
centile).

RESULTS
The study included 179 children with
ALL (median age: 59-months). The
proportions of patients who were
underweight, normal, overweight/obese,
were 37%, 56% and 7%, respectively, at
diagnosis; and 15%, 51% and 34%,
respectively, at 5-years from diagnosis.
The median (IQR) BMI Z-score at
diagnosis was -1.12(-2.40, -0.26). The
median (IQR) BMI z-score of the cohort
was higher after 5 [0.22(-0.83,1.24), P <
0.001] and 10-years of diagnosis
[0.30(-0.69,0.99), P < 0.001],
respectively. The proportion of
overweight/obese individuals was
higher after 5 (34%, P < 0.001) and 10
(26%, P = 0.001) years. There was a
significant correlation between the
baseline BMI Z-score and that observed
after 5-years (ρ = 0.49, P < 0.001), and
10-years (ρ = 0.55, P < 0.001).

CONCLUSION
At 10-years of follow-up, >25% of
children with ALL were
overweight/obese. The BMI Z-score at
the time of diagnosis continued to
correlate with the Z-score after 10-
years.

Leenu Lizbeth Joseph, Hema Nalapullu Srinivasan, Magdalenal Robert, Deepthi Boddu,
Rikki John, Leni Grace Mathew, Sidharth Totadri
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ABSTRACT
Several studies have reported a decline in
intelligence and cognitive functions in
survivors of childhood acute lymphoblastic
leukemia (ALL). Other investigators,
however, have found no intellectual
impairment in these children. Fifty-one
long-term survivors of ALL, having been
treated according to the protocols of the
BFM Study Group from 1970 to 1979, were
assessed retrospectively using neurophysical
methods. The results were compared with
those obtained from 30 patients with other
malignancies, who had received neither
radiation therapy to the central nervous
system (CRT) nor any methotrexate during
chemotherapy. Additionally, neurological
examinations and cranial computed
tomography (CCT) were performed.
neuropsychological examinations included
verbal functions, intelligence (performance),
psychomotor speed, motor skills and sensory
integration. 

The results of verbal tests and the IQs,
tested by nonspeed-related measures, were
within normal limits in both groups. About
one-third of all patients showed mild
disturbances of psychomotor speed and
motor skills. Children with leukemia had
lower scores than those with solid tumors
for nearly all tasks, but only tests for
sensory integration revealed significant
differences between former ALL patients
and tumor patients. Furthermore, the
following results were obtained related to
different therapeutic modalities: The higher
total radiation doses had been during CRT
(maximum 24 GY), the more
neuropsychological functions were impaired,
particularly motor accuracy and sensory
integration. These disturbances improved
with the length of survival. Widening of
subarachnoidal space was found in 33% of
the CCT obtained. There was no correlation
between the intellectual functions of the
survivors and the CCT abnormalities.
Neurological findings mainly consisted of
slight fine motor disturbances.

1 1 8  |  H I S T O R Y  O F  M E D I C I N E

Eur J Pediatr 1984; doi: 10.1007/BF00442447

SLIGHT IMPAIRMENT OF PSYCHOMOTOR
SKILLS IN CHILDREN AFTER TREATMENT OF
ACUTE LYMPHOBLASTIC LEUKEMIA

G Harten, U Stephani, G Henze, H J Langermann, H Riehm, F Hanefeld
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SOMETHING HIDDEN HERE...

In our next issue of STUDY SCAN we will have some exciting news.
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