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ABSTRACT

Introduction Childhood cancer and its treatment may
lead to various health complications. Related impairment
in quality of life, excess in deaths and accumulated
healthcare costs are relevant. Genetic variations are
suggested to contribute to the wide inter-individual
variability of complications but have been used only rarely
to risk-stratify treatment and follow-up care. This study
aims to identify germline genetic variants associated with
acute and late complications of childhood cancer.
Methods and analysis The Genetic Risks for Childhood Cancer
Complications Switzerland (GECCOS) study is a nationwide cohort
study. Eligible are patients and survivors who were diagnosed
with childhood cancers or Langerhans cell histiocytosis before age
21 years, were registered in the Swiss Childhood Cancer Registry
(SCCR) since 1976 and have consented to the Paediatric Biobank
for Research in Haematology and Oncology, Geneva, host of the
national Germline DNA Biobank Switzerland for Childhood Cancer
and Blood Disorders (BISKIDS).

GECCOS uses demographic and clinical data from the SCCR
and the associated Swiss Childhood Cancer Survivor Study.
Clinical outcome data consists of organ function testing,

health conditions diagnosed by physicians, second primary
neoplasms and self-reported information from participants.
Germline genetic samples and sequencing data are collected in
BISKIDS. We will perform association analyses using primarily
whole-exome or whole-genome sequencing to identify genetic
variants associated with specified health conditions. We will
use clustering and machine-learning techniques and assess
multiple health conditions in different models.

Discussion GECCOS will improve knowledge of germline
genetic variants associated with childhood cancer-associated
health conditions and help to further individualise cancer
treatment and follow-up care, potentially resulting in improved
efficacy and reduced side effects.

Strengths and limitations of this study

» The strength of the Genetic Risks for Childhood
Cancer Complications Switzerland study is the
recruitment of childhood cancer patients and sur-
vivors from the national population-based Swiss
Childhood Cancer Registry (SCCR) with data from
8163 participants.

» The SCCR contains an extensive dataset including
demographic, treatment, outcome, follow-up and
survival information which is then used for geno-
type—phenotype association analyses.

» The germline DNA collection within the Germline
DNA Biobank Switzerland for Childhood Cancer and
Blood Disorders allows storage of samples and se-
quencing data creating an increasing collection of
genetic material and data for future use.

» While the cohort for patient recruitment is large, the
population with a specific outcome of interest might
be small for specific populations. This limitation will
be counteracted by actively seeking international
collaborations with pooling of available data.

» We will explore novel association models to account
for the complex interactions of treatment exposure,
genetic predisposition and environmental factors.

Ethics and dissemination The Geneva Cantonal
Commission for Research Ethics has approved the
GECCOS study.

Research findings will be disseminated through national
and international conferences, publications in peer-
reviewed journals and in lay language online.

Trial registration number NCT04702321.
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INTRODUCTION

Childhood cancers have become curable in >85% of
patients in developed countries.! Current treatment
protocols are multimodal with varying combinations of
surgery, chemotherapy, radiation, haematopoietic stem
cell transplantation (HSCT) and immunotherapies. The
price of increased survival is a wide range of acute and
chronic health conditions. Cancer treatments are asso-
ciated with acute complications such as transient nausea
and vomiting, mucositis and fatigue but also pneumonitis,
cardiomyopathy, encephalitis and life-threatening infec-
tions.” While many of these conditions are potentially
reversible, some are not and become chronic or develop
over time like cardiac, pulmonary, auditory, endocrine,
reproductive and neurocognitive health conditions, and
second primary neoplasms (SPNs).” A recent publication
found a cumulative incidence of severe chronic health
conditions of 96% in childhood cancer survivors aged 50
years. The number of severe chronic health conditions
was two times higher in survivors compared with matched
community controls.” In more recent decades, chronic
health conditions were reduced following treatment
adaptations to reduce adverse events.” Mortality is signifi-
cantly increased in survivors compared with the general
population6 and varies depending on the treatment expo-
sure over time.” Recurrence and SPNs are the leading
causes of death in the first two decades after cancer diag-
nosis followed by diseases of the cardiovascular and respi-
ratory systems thereafter.” ® Because of their young age
at diagnosis, survivors have decades of life time ahead.
The burden of chronic conditions, related impairment in
quality of life, excess in deaths and accumulated health-
care costs is therefore of great relevance for them.’

Only few genetic variants modifying the risk of acute and
chronic toxicities in children with cancer have so far led
to personalised treatment protocols or follow-up care. An
example is 6-mercaptopurine, where dosing is routinely
adapted in contemporary treatment protocols for patients
with thiopurine methyltransferase variants which increase
the risk of acute haematological toxicity in the treatment
of childhood acute lymphoblastic leukaemia (ALL)."
Other genetic markers have been associated with various
outcomes but so far not implemented in treatment proto-
cols, such as nudix hydrolase 15 with haematological
toxicity after purine analogue treatment,'" '* dihydrofo-
late reductase with overall survival in some subtypes of
ALL"” " and glutathione S transferase genes with various
outcomes after HSCT." Also, the effect of genetic variation
on late toxicities, chronic health conditions arising after
the end of childhood cancer treatment, has been inves-
tigated.16 ' Different clinical outcomes such as hearing
loss,'*?! cardiomyopathy,? ** metabolic syndrome®** and
gonadal impairment have been studied.” ?” Exome-wide
(EWAS) and genome-wide association studies (GWAS)
have led to the identification of genetic variants associ-
ated with drug toxicities (eg, osteonecrosis in children
with ALL (BMP7 and PROXI-ASI), asparaginase hyper-
sensitivity (GRIAI), or vincristine-associated peripheral

neuropathy in children with ALL (CEP72)),**”' meta-
bolic syndrome,** sinusoidal obstruction syndrome after
HSCT™ and hearing loss.'"® Acylphosphatase 2 (ACYP2)
was associated with hearing loss after platinum treatment
exposure in several independent datasets but failed to be
replicated in a recent large candidate gene analysis while
avariant in solute carrier family 22, member 2 (SLC22A2)
was found to be associated with mild hearing loss.*’ *
Genetic modifiers have been implicated for the develop-
ment of SPNs including breast cancer,” CNS tumours™
and leukaemia.”® Replication of findings is necessary
before allowing translation of these findings into clinical
practise.”” For many SPNs (such as thyroid cancer), no
data is available.”® To address the contribution of genetic
risk variants in the development of late toxicities, large
cancer survivor studies such as the Childhood Cancer
Survivor Study® and SJLIFE cohort™ in the US and the
French Childhood Cancer Survivor Study for Leukaemia
(LEA Cohort)* are collecting DNA systematically to
conduct genotype—phenotype analyses.

Most studies on genetic risk variants used a candidate-
gene approach, had a small sample size of less than 200
participants, heterogenous cohorts with various treat-
ment exposures and inconsistent outcome assessments.'”
Many health conditions have not been investigated, like
renal insufficiency, pulmonary and ocular complications.
It is likely that several distinct pathways and their corre-
sponding gene variants are involved in the development
of complex phenotypes like pulmonary dysfunction.
Therefore, many candidate gene variants and treatment
exposures need to be considered. This is possible with
hypothesis-free EWAS or GWAS. For specific outcomes,
case—control designs using samples from different
cohorts have also been successfully used.* New analytical
approaches which combine clinical, pharmacological and
genetic data into integrative models have been developed
and are showing promising results.* ** Network analyses,
machine learning and clustering methods might help to
understand the impact of genetic variations on complex
phenotypes with biological pathways and their corre-
sponding genes. The Genetic Risks for Childhood Cancer
Complications Switzerland (GECCOS) study will enable
large genotype—phenotype association studies in child-
hood cancer patients and survivors in Switzerland and
international collaborations. Selected organ dysfunctions
and SPNs will be studied in subprojects, and in silico and
in vitro methods will be used to further explore mecha-
nisms associated with genetic variation and outcomes.

STUDY OBJECTIVES

The main objectives of the GECCOS study are

1. To identify genetic variants associated with health con-
ditions after childhood cancer and its treatment using
genotype—phenotype association methods.

2. To evaluate the biological function of genetic variants
associated with health conditions through in silico and
in vitro methods.
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3. To identify genetic variants associated with multiple
health conditions after childhood cancer using models
integrating multiple outcomes.

The secondary objectives are

1. To create a common framework for sub-studies using
genotype—phenotype associations with germline genet-
ic material and data of childhood cancer patients and
survivors.

2. To feed germline genetic data generated in substudies
into a biobank database for future research and create
a growing repository of genetic sequencing data.

3. To facilitate research using a common structure that
can be used for collaborations.

METHODS

Study design

The GECCOS study is a nationwide cohort study in
collaboration of the Paediatric Biobank for Research in
Haematology and Oncology (BaHOP), Geneva Univer-
sity Hospital, Switzerland, and the Institute for Social
and Preventive Medicine at the University of Bern. The
Geneva Cantonal Commission for Research Ethics has
approved the GECCOS study (approval 2020-01723), and
the BaHOP biobank (approval PB_2017-00533). Recruit-
ment of patients into the biobank started in September
2019 and inclusion in the GECCOS study in December
2020. The GECCOS study is serving as backbone for
several subprojects on various outcomes with the end
date of the study set to December 2037. Within subproj-
ects assessing specific outcomes (such as hearing loss
or pulmonary complications), we will sample patients
and survivors according to risk exposure (for a cohort
design), or according to the outcome of interest (for a
case—control or case—cohort design).

Data sources

The GECCOS study uses genetic data and material from
BaHOP. Clinical information is collected from (1) the
Swiss Childhood Cancer Registry (SCCR) and (2) the
Swiss Childhood Cancer Survivor Study (SCCSS; figure 1,
online supplemental table 1). The nationwide Germline
DNA Biobank Switzerland for Childhood Cancer and
Blood Disorders (BISKIDS) was established in May 2019
within the BaHOP with support of all nine paediatric
oncology centres caring for childhood cancer patients
in Switzerland. Return of results and relevant incidental
outcomes to the patient is defined in the BaHOP regula-
tions with oversight of a genetic advisory board. BISKIDS
collects germline DNA samples, extracts and stores
genomic DNA and genetic data of childhood cancer
patients as well as survivors in Switzerland.

The SCCR collects information on childhood cancer
patients diagnosed in Switzerland.** Children and adoles-
cents aged <21 years with a primary cancer diagnosis
according to the International Classification of Child-
hood Cancer, third edition (ICCC-3), and Langerhans
cell histiocytosis (LCH) were registered since 1976 in the

Hid

Childhood Cancer Research Group: Biobank for Hematology and Oncology in
«  Swiss Childhood Cancer Registry (SCCR) Pediatrics (BaHOP) :
Swiss Childhood Cancer Survivor Study «  Germline DNA biobank for childhood
(sccss) cancer and blood disorders (BISKIDS)

Identification of eligible participants
Invitation of survivors for germline DNA
sampling

Collection and curation of clinical data
Preparation of clinical data for research
projects

Storage of germline DNA samples
Extraction of germline DNA
Coordination of germline DNA
sequencing

Collection and curation of germline
genetic data (sequencing data) after
completion of sub-projects

" SWISSRDL

‘ Medical Registries and Data Linkage SwissRDL

Linkage information of patients who
consented to participation in BISKIDS
Coding information for patients included
in sub-studies

I GECCOS sub-study Research Team

Definition of research question
Outcomes of interest

Associated exposures

Power calculation: needed participants

Figure 1 Responsible teams in the Genetic Risks for
Childhood Cancer Complications Switzerland (GECCOS)
study for germline genetic associations with health conditions
in childhood cancer patients and survivors.

SCCR. The dataset is managed by the Childhood Cancer
Research Group at the Institute of Social and Preven-
tive Medicine, University of Bern. It has a completeness
of coverage of childhood cancer patients in Switzerland
aged up to 15 years of >85% since 1985 and >95% since
1995." Mandated by a national cancer registration law
in Switzerland enacted on 1 January 2020, registration
of new patients with cancer is performed by the federal
government from that date onwards.*® The Institute of
Social and Preventive Medicine of the University of Bern
was commissioned to perform patient registrations and
data collection, and the Childhood Cancer Research
Group will continue research activities on these datasets.
The GECCOS project will seek to include patients diag-
nosed with neoplasms during childhood after 1 January
2020 and continue collaboration with the Childhood
Cancer Research Group at the University of Bern. The
SCCSS (clinicaltrials.gov: NCT03297034) is a population-
based, long-term cohort study of all childhood cancer
patients who were registered in the SCCR, resident in
Switzerland at diagnosis, and survived >5 years after initial
cancer diagnosis.47 The SCCSS collects questionnaire-
based information from survivors on self-reported health
outcomes, sociodemographic information, and environ-
mental exposures (such as smoking). Clinical data on
chronic health conditions after childhood cancer from
survivorship clinics and hospital records (eg, audiograms
and lung function tests) will be extracted for GECCOS.
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The datasets used for the association analyses will contain
collected follow-up information from medical records,
self-reported outcomes and functional outcome data
from specific projects on long-term complications.

Study population

Eligible for the participation in the GECCOS study are

persons who:

1. Are registered in the SCCR.

2. Were diagnosed with a neoplasm according to the IC-
CGC-3, or LCH before age 21 years.

3. Have consented themselves or through their legal rep-
resentative to the BAHOP (host biobank for BISKIDS).
Inclusion criteria for subprojects focusing on specific

health conditions will be defined (online supplemental

tables 2 and 3 for established subprojects). We will iden-

tify eligible participants from the SCCR and SCCSS. LCH

has been included in the SCCR due to its clonal prolif-

eration of immature cells with somatic activating gene

mutations and the need for antineoplastic treatment in

an important subset of patients.*®

Selection of participants

We will identify participants eligible for specific sub-studies
with defined in- and exclusion criteria. As of December
2019, 13029 patients were registered in the SCCR, of
which 9306 (69%) were still alive and 8163 (63%) were
Swiss residents and potentially eligible for participation
in GECCOS. We will use information in the SCCR and
SCCSS and assess availability of corresponding germ-
line DNA samples or sequencing data from previously
sequenced participants in BISKIDS (figure 2). If clinical
data is available for a sufficient number of participants but
further genetic samples are needed, we will invite poten-
tial participants to contribute germline DNA samples to
BISKIDS for research. For collection of biological mate-
rial within BISKIDS, we will use two pathways: (1) invita-
tions to participate are sent out by the Childhood Cancer
Research group at the University of Bern, consisting of
germline DNA collection Kkits (predominantly using
saliva samples or buccal swabs) with information on
the biobanking project and associated research, and
informed consents to the participant’s home; (2) partici-
pants are invited by healthcare staff in hospitals caring for
childhood cancer patients and survivors. These potential
participants and their legal representatives are informed
of the project and written consent and germline DNA are
collected during a medical visit already planned for their
treatment or follow-up. All participants consent to have
their germline DNA stored in the BISKIDS section of the
BaHOP biobank and their health-related data to be used
for genotype-phenotype association studies. All specific
GECCOS substudies will be reviewed and approved by
a national scientific committee and submitted to the
responsible ethics committee as amendment to the main
GECCOS protocol, insofar as the applicable law requires
authorisation.

GECCOS sub-study research
team

Definition of research question
and inclusion criteria

Check availability of patients
with germline genetic samples
and data by direct request to

BaHOP

Check availability of patients
with clinical data by direct
request to ISPM

Number of patients fulfilling
inclusion criteria transmitted to
researcher

Childhood Cancer
Research Group, ISPM,
University of Bern

BISKIDS, BaHOP biobank,
Geneva University
Hospital

pid

Figure 2 Flow diagram of identification of eligible
participants for a specific subproject: (1) the eligibility criteria,
as defined by the researchers, will be transmitted to the
childhood cancer research group at the Institute of Social
and Preventive Medicine (ISPM), University of Bern, and the
Germline DNA Biobank Switzerland for Childhood Cancer
and Blood Disorders (BISKIDS) at the Geneva University
Hospital; (2) the number of eligible participants is compiled
by secured data exchange from the BISKIDS project and the
childhood cancer research group; (3) the number of eligible
participants will be transmitted to the researcher to assess
feasibility of a subproject. BaHOP, Paediatric Biobank for
Research in Haematology and Oncology; GECCOS, Genetic
Risks for Childhood Cancer Complications Switzerland.

Outcomes: health conditions and SPNs

We will assess health conditions in childhood cancer
patients and survivors by collecting data on organ func-
tion such as pulmonary functions tests for lung condi-
tions, or audiograms for hearing loss. For outcomes that
cannot be adequately measured (eg, tinnitus), we will
use information from self-assessment questionnaires.
We will use the International Agency for Research on
Cancer (IARC) criteria for coding SPNs.* In brief, we will
include neoplasms according to the ICCC-3 classification
which originated in different tissues or had a different
morphology than the first primary neoplasm. We will
not classify progression, transformation, metastasis and
relapse of first primary neoplasm as SPN.

Waespe N, et al. BMJ Open 2022;12:¢052131. doi:10.1136/bmjopen-2021-052131


https://dx.doi.org/10.1136/bmjopen-2021-052131
https://dx.doi.org/10.1136/bmjopen-2021-052131

Covariates

For specific substudies and analyses, we will extract data
on relevant covariates that might influence the outcomes
of interest from the SCCR and SCCSS. We will extract
demographic, socioeconomic, first primary neoplasm,
treatment and follow-up information. For treatment
information, we will estimate cumulative doses of chemo-
therapies using individual treatment protocols, or calcu-

late effective treatment doses from medical records, if

available. We will estimate exposure to radiotherapy using
radiotherapy field d<3scripti0ns,50_52 or calculate organ-
specific exposure from effective administered radio-
therapy documentation (table 1).

Data linkage

Coded unique identifiers allow linkage of genotype
data from the BISKIDS collection to phenotype data
from the SCCR and SCCSS. The identifiers are securely
stored in a separate trust centre database managed by a
third party (Swiss Medical Registries and Data Linkage,
Institute of Social and Preventive Medicine, University
of Bern). This procedure allows to separate identifying
information from clinical and genetic information. We
use a web-based secured and personalised access point
(currently REDCap V.10.6, Vanderbilt University, Nash-
ville, Tennessee, USA). The key located at the trust centre
is used to merge the clinical dataset with the germline
genetic information without releasing identifying infor-
mation to the GECCOS research team or to the BaHOP
biobank. The research dataset will only contain a unique
study-specific patientidentifier, without any identifying
information. Study-specific identifiers will be securely
stored in the trust centre database to assure traceability
of datasets (figure 3).

Data and sample handling

Clinical data will be transferred in standard data formats.
Analysis datasets will not include identifying informa-
tion. Management of germline DNA samples (eg, saliva
or buccal swabs), DNA extraction, aliquoting and storage
procedures are clearly defined in the BaHOP biobank
regulation. In a first recruitment effort, 928 childhood
cancer survivors from the SCCR were asked to participate
in germline DNA collection by home saliva collection and
463 (50%) participated.” For germline DNA sequencing
in the GECCOS study, one of the DNA aliquots will be
sent to Campus Biotech, Geneva, a sequencing facility.
For genotype—phenotype analyses, we will collaborate
with the Swiss Institute of Bioinformatics, Switzerland.
Sequencing data and relevant clinical outcome data will
be shared in a secured and encrypted way between the
sequencing facility, the Swiss Institute of Bioinformatics
for analysis, and the research platform for paediatric
oncology and haematology in Geneva. Data will be stored
and made available through a harmonised nationwide
network to support computational biomedical research
and clinical bioinformatics.”*

Table 1 Summary information on main covariates and
exposures of interest used in the genotype—phenotype
association analyses

Covariate type Covariates Unit

Demographic Sex Male/female/other

information Birthdate Month/year
Country of origin Country name

Socioeconomic Highest education patient 10-unit scale
status and parents

Income patient and/or Monthly net income

parents (Swiss francs)
First primary Age at diagnosis Years
peoplasm Date of diagnosis Month/year
information
Type of diagnosis ICCC3 code;
ICDO3 morphology,
topography,
behaviour code
Laterality Left/right/ bilateral/
medial/ not
applicable
Relapse date Month/year
Relapse type Local/distant/
systemic/other
Relapse location Organ and
morphology
Treatment Treatment protocol Name of protocol,
information arm, randomisation
group
Chemotherapy Separately per mg/m?, or
antineoplastic agent: appropriate metric;
Cumulative dose cycles (n); dose per
estimated using cycle (mg/m?)
treatment protocols or
if available calculated
using extracted data from
medical records
Start date Month/year
Radiotherapy Radiation type Photon, proton,
brachytherapy,
stereotactic

radiation, other

Radiation field Description of
radiation field (eg,
mantle field, whole
lung irradiation, total

body irradiation)

Laterality Left/ right/ bilateral/
medial/ not
applicable

Start date Month/year

Separately per radiation
field: Cumulative

dose estimated on an
intention to treat basis
using radiotherapy field
descriptions or calculated
from radiotherapy
protocols

Concomitant
chemotherapy

Antineoplastic agent
and dose (mg/m?)

Continued
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Table 1 Continued

Covariate type

Covariates Unit

Surgery Location Organ, site and
description of

intervention

Left/right/ bilateral/
medial/ not
applicable

Laterality

Date Month/year

Haematopoietic =~ Type
stem cell
transplantation

Allogeneic,
autologous, other

Matched

sibling, matched
other relative,
haploidentical
relative, matched
unrelated,
mismatched
unrelated, other

Donor type

Donor graft source Bone marrow,
peripheral stem cells
(apheresis), umbilical

cord blood, other

No of HLA loci
matched of total
assessed HLA loci

Matching degree

Name and treatment
details

Conditioning regimen
Total body irradiation

Yes (including dose
in Gy), no

Date of stem cell transfer Month/ year

Sinusoidal
obstruction
syndrome, infection,
acute GvHD (with
grading), others

Chronic GvHD (with
grading), others

Acute complications

Chronic complications

Follow-up
information

Last vital status Alive, dead, unknown

Date of last vital status Month/year

Last follow-up
information from clinical
site

Month/year

Extracted data from
medical records
and self-reported
information from
questionnaires

Acute and chronic
health complications,
environmental and
lifestyle exposures

GvHD, graft-versus-host disease; HLA, human leucocyte antigen;
ICCCS3, International Classification of Childhood Cancer, third edition;
ICDO3, International Classification of Diseases for Oncology, third
edition.

Sequencing analyses

We will use genetic information (table 2) from different
genomic sequencing methods: (1) gene panel sequencing
adapted to specific research questions (using TruSeq DNA
PCR free library preparation Kkit, Illumina, San Diego,
USA); (2) whole-exome sequencing (using Illumina
HiSeq4000 or NovaSeq 6000 platform with a mean read

depth of atleast 70x) and (IIT) whole-genome sequencing
(with a mean read depth of at least 30x), depending on
the research question. We will use workflows for geno-
typing implemented in the Genome Analysis Toolkit™
and adapted to the aim of the study for (1) sequence
generation; (2) sequence alignment; (3) variant calling;
(4) variant filtering and (5) variant annotation.’® We will
also include data on read quality control. We will perform
analyses with any of the following: (1) a candidate gene
approach with filtered variants in preselected genes based
on scientific hypotheses, (2) hypothesis-free exome-wide
or (3) genome-wide association analysis and (4) multivar-
iate approaches such as clustering methods or machine
learning to identify associations of genetic variants with
outcomes of interest. We will perform meta-analyses using
combined cohorts of discovery and replication datasets
and previous studies reporting on the same genetic vari-
ants, where possible.

We will mainly use the software packages Stata
version 17 (StataCorp), R (R Foundation for Statistical
Computing, Vienna, Austria) and PLINK®’ for analyses.
Depending on the substudy and data availability, we will
use different pipelines for quality control, filtering and
annotation.” Statistical significance tests will be two-
sided and appropriate significance levels will be applied,
adjusting for multiple testing where appropriate taking
into account clinical covariates, where possible (Bonfer-
roni method, False Discovery Rate by Benjamini and
Hochberg, or similar). Statistical uncertainty of estimates
will be expressed as 95% Cls.

Power calculation

For each substudy, we will calculate the power of the
planned association analysis using appropriate tools, for
example, the Genetic Association Study Power Calcu-
lator (https://csg.sph.umich.edu/abecasis/gas_power_
calculator).”® We will perform power calculations that
are appropriate for the intended analyses such as GWAS,
EWAS or candidate—gene association studies. We will use
for the different approaches the expected number of vari-
ants after filtering and define the adjusted cut-off p value
appropriate for multiple testing. We will estimate the
sample size taking into account the outcome of interest
incidence, the expected relative risk for possible risk
variants and minor allele frequency cut-off values using
different models (dominant, additive, recessive, where
appropriate). For the subproject on hearing loss, we have
collected germline DNA from 426 survivors. Data collec-
tion and cleaning for the outcome measure (audiograms)
is ongoing. We calculated sufficient power to detect a
variant with a relative risk of 2.5 in an exome-wide associ-
ation analysis using a dominant model.

In silico and in vitro analyses

We will use computational (in silico) tools to estimate
the effect of specific gene variants on gene regulation,
splicing and expression of proteins (eg, PolyPhen, SIFT,
Human Splicing Finder, Matinspector).®”* We will
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GECCOS sub-study research
team

Specific project with sufficient
patients for analysis

Submission of project to
After conclusion of project: Feed responsible ethics committee
generated data (sequencing
analysis) back to BISKIDS L
biobanking project for further Ethics committee approval
use

Transmission of clinical and
genetic information separately
using study-specific patient ID

BISKIDS, BaHOP biobank, Childhood Cancer
Geneva University Research Group, ISPM,
Hospital University of Bern

Transmission of patient Submission to BaHOP Scientific
identifiers of eligible patients Committee

Approval: Request to release
= B information on eligible patients

Trust Center, Medical
Registries and Data
Linkage SwissRDL,
University of Bern

SWISSRDL

Figure 3 Flow diagram of release of information from the different resources. (1) Submission of subproject to the responsible
ethics committee, either as amendment to the main protocol of Genetic Risks for Childhood Cancer Complications Switzerland
(GECCOS) or as a separate project; (2) submission of subproject to the scientific committee of the Biobank for Research in
Haematology and Oncology (BaHOP), host biobank for the Germline DNA Biobank Switzerland for Childhood Cancer and Blood
Disorders (BISKIDS) section at the Geneva University Hospital; (3) release of linking information from Swiss Medical Registries
and Data Linkage (SwissRDL); (4) transmission of BISKIDS and Swiss Childhood Cancer Registry (SCCR) identifiers for included
patients with a newly generated study-specific patient-identifier to BISKIDS and the Institute of Social and Preventive Medicine
(ISPM) respectively, to release variables used for the study; (5) transfer of data for included participants with a data transfer
agreement to the researcher with study-specific identifier; (6) after conclusion of the project: storage of acquired germline
genetic data in the BISKIDS biobanking database at the Geneva University Hospital for future research projects.
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Table 2 Summary information on the genetic information used in the genotype—-phenotype association analyses

Information Data Format
Germline genetic sequencing  Raw sequencing data FASTQ or BAM files
data Identified genetic variants VCF files

Documentation of sequencing procedure and analyses

CSV or TXT files to allow long-term readability

performed to allow trackability of downstream analyses

Quality measures

Underlying genetic condition  Heritable underlying condition

Gene name of affected gene
Identified causal variant

Read depth, score to evaluate correct variant
calling, etc.

Description of underlying condition
HGVS name

HGVS notation: genomic location, coding DNA and
expected effect on protein; rs number if available

BAM, compressed binary file used to represent aligned sequences; CSV, comma separated values; DNA, deoxyribonucleic acid; FASTQ, text file
containing the sequence data from the clusters that pass filter on a flow cell; HGVS, Human Genome Variation Society; rs, reference single nucleotide
polymorphism identifier; TXT, standard unformatted text document; VCF, variant call format.

choose in silico methods to identify genetic variants asso-
ciated with complex disease mechanisms. Examples of
such models are clustering methods including similarity
network fusion” and PEGASUS® and deep learning
methods to explore interactions between genes and
outcomes of interest.” We will use multiple outcomes in
combination with multiple treatment exposures in suit-
able models to test their association with genetic variant
data and identify genetic variants associated with multiple
complications.*®®

We will perform in vitro analyses using cell culture
models relevant to the outcomes of interest. We will treat
cell lines with antineoplastic agents or irradiate them and
then perform transcriptomic analyses to identify genes
that are differentially expressed after exposure to specific
treatment modalities. We will use adapted approaches
depending on the outcomes of interest to prioritise
genes for further use in genotype—phenotype association
studies. Through differential analysis of change in gene
expression after treatment exposure, we will seek to iden-
tify candidate genes for further use in association studies.
In hypothesis-free analysis methods (WGS or WES) we
will perform in vitro studies to clarify the biological func-
tion of identified genes and genetic variants.*’ !

Validation and replication

We will seek to validate variants identified by next-
generation sequencing that were associated with the
respective outcome of interest using a different method
(eg, Sanger sequencing or real-time PCR). After
successful validation, we will seek to proceed to replica-
tion of identified variants. We will reach out to indepen-
dent cohorts of childhood cancer patients and survivors
containing similar outcome information as analysed in
the primary dataset such as the SJLIFE cohort or the
French LEA cohort.™ * We will assess the power to iden-
tify an association in the replication cohort (using minor
allele frequency of the identified variant in the respective
population, the suspected effect size and sample size of

the cohort). If patient numbers are deemed insufficient,
we will consider pooling of data from multiple cohorts.

DISCUSSION

The GECCOS study will enable genotype—phenotype
association studies focusing on various health conditions
in childhood cancer patients and survivors. The large
interindividual variability in response to antineoplastic
treatments and occurrence of early and late complica-
tions is currently addressed mainly in a trial-and-error
approach, that is, by delaying and adjusting treatment
after occurrence of complications. Follow-up care is
stratified by treatment exposure but not by genetic
predictors.”® The advantage of germline genetic risk
variants is that this knowledge can be assessed when the
workup of the neoplasm is made and then used early in
the course of the treatment as they do not change over
time. Such knowledge would allow to personalise treat-
ment and follow-up care for individual patients before
clinical signs of complications are present. Knowledge of
genetic variants associated with treatment response will
help maximising treatment effect while reducing the risk
for complications and finding the balance of treatment
intensity in the light of increasing survival in childhood
cancers. Genetic predictors will improve individual coun-
selling of patients and their families and help developing
individualised follow-up guidelines.

Assessing multiple outcomes taking into account
multiple covariates including treatment exposures will
help identify particularly vulnerable patients. As iden-
tified in previous research, many patients suffer from
several complications after childhood cancer treatment.*
Finding genetic variants associated with increased risk
for multiple health conditions will help identifying gene
variants that contribute to several organ system compli-
cations. This approach might help identifying patients
which could most benefit from treatment adaptation and
preventive measures to reduce complications.
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GECCOS provides a legal and organisational plat-
form on how to use sensitive genetic data with clinical
information in association studies. It establishes struc-
tures that can be used by researchers for national and
international collaborative studies. Germline genetic
sequencing data generated in the GECCOS substudies
will be stored after completion in BISKIDS hosted within
the BaHOP biobank, Geneva University Hospital. Clinical
data will remain in the described databases and only be
temporarily linked for research studies increasing data
safety. The populations of interest will overlap between
substudies and sequenced datasets generated from partic-
ipants included in completed sub-studies will contribute
with their germline genetic data to subsequent studies.
This growing resource will reduce costs for future studies,
where only DNA of a fraction of the participants will
have to be sequenced. We will favour whole genome
and whole exome sequencing to create datasets that are
not restricted to a specific research question but can be
used for further research. We will then be able to address
different questions with the same datasets. A further
strength of GECCOS is the availability of a large clinical
dataset collected since 1976, with curated and regularly
updated follow-up information and survival data.

GECCOS will be limited due to the fact that Switzerland
is a small country with a limited number of possible partic-
ipants, which we can recruit for our research despite the
nationwide and population-based sampling. This will be
counteracted by international collaborations. Collection
of germline DNA in survivors was done in a first subset
of participants. The collection is subject to survivor bias
and omission of patients who died before they could
be invited to germline DNA collection. This would lead
to selection of patients with less severe phenotypes. We
included a second stream of collection of samples from
newly diagnosed patients through participating hospitals
to include all childhood cancer patients early after diag-
nosis. Another issue with research on childhood cancer
complications is that these health conditions are complex
diseases with likely many mechanisms leading to a specific
outcome. This makes identification of specific gene vari-
ants difficult. Many findings from studies were not repli-
cated in independent datasets. Candidate-gene studies
have particularly suffered from this. We will also explore
novel methods to cluster and associate gene variants with
clinical outcomes.

To overcome the issue of many previous studies using
small sample sizes, the GECCOS study recruits partici-
pants from the nationwide SCCR with more than 8000
childhood cancer patients and survivors. This large base
cohort will allow selection of specific treatment expo-
sures to create homogenous samples for specific geno-
type—phenotype associations. Several studies are planned
or ongoing to assess long-term complications in a stan-
dardised way in Switzerland (eg, cardiac outcomes)®
which will improve quality of outcome assessments
that can be used for the GECCOS study. Outcomes for
health conditions that have been less investigated, like

pulmonary complications, are also being collected and
will be used in the GECCOS study.”

Our workflow combining a large dataset of clinical infor-
mation with germline genetic data will enable genetic
research on patient populations within Switzerland and
facilitate collaborations with other research groups. As
all childhood cancers are rare diseases by definition of
the WHO with less than 1 in 2000 people being affected,
patient numbers are generally small. Research on rare
childhood cancer subtypes or specific rare outcomes is
only possible through international collaborations. We
will provide a platform for these collaborations with the
GECCOS study.

PATIENT AND PUBLIC INVOLVEMENT

We did not formally involve patients and members of the
public in the design of the study. We are collecting indi-
vidual feedback through the available telephone hotline,
and the dedicated study email address at various stages
of the study, including the recruitment to the BISKIDS
germline DNA sampling, presentations of the project at
national meetings with patients, survivors and patient
advocate groups, and presentations of results.

ETHICS AND DISSEMINATION
The Geneva Cantonal Commission for Research Ethics
has approved the GECCOS study (approval 2020-01723),
and the BaHOP biobank (approval PB_2017-00533).
Research findings will be disseminated via national
and international conferences and publication in peer-
reviewed journals. For the lay audience, patients and
survivors, we will translate research findings into lay
language and publish them on freely available websites of
the research groups involved in the research, websites of
patients advocacy groups and social media.

PROTOCOL AND DATA AVAILABILITY

The protocol, as approved by the ethics committee
(currently V.1.0, 28 May 2020), is available on request to
the corresponding author of this manuscript. We plan to
publish results in open access journals. Data will be avail-
able on request to the principal investigator due to the
rarity of certain diagnoses and information that could
compromise the privacy of research participants.
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