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y University Hospital Brno, Brno, Czech Republic
z International Clinical Research Center (FNUSA-ICRC), Brno, Czech Republic
aa Institute of Public Health, University of Copenhagen, Copenhagen, Denmark
ab Medical University of Bialystok, Bialystok, Poland
ac Motol Teaching Hospital, Prague, Czech Republic
ad Swiss Childhood Cancer Registry, Institute of Social and Preventive Medicine, University of Bern, Bern, Switzerland
ae Department of Paediatric Oncology, Haematology and Immunology, Medical Faculty, Heinrich-Heine-University of

Düsseldorf, Düsseldorf, Germany
af Department of Paediatrics and Adolescent Medicine, Medical University of Graz, Graz, Austria
ag Great Ormond Street Children’s Hospital, London, UK
ah Department of Pediatric Oncology/Hematology, University of Groningen, Beatrix Children’s Hospital, University Medical

Center Groningen, Groningen, the Netherlands
ai Edmond and Lily Safra Children’s Hospital, Chaim Sheba Medical Center, Tel Hashomer, Israel
aj The Sakler Faculty of Medicine, Tel-Aviv University, Tel-Aviv, Israel
ak Institute for the History, Philosophy, and Ethics of Medicine, Johannes Gutenberg University Center Mainz, Mainz,

Germany
al Klinika Pediatrii, Hematologii I Onkologii, Medical University, Gdansk, Poland
am Helios Kliniken Berlin-Buch, Klinik Für Kinder-und Jungendmedizin, Berlin, Germany
an Netherlands Cancer Institute, Antoni van Leeuwenhoek Hospital, Amsterdam, The Netherlands
ao Institute of Pharmacology of Natural Products and Clinical Pharmacology, University Hospital Ulm, Ulm, Germany
Received 23 May 2018; received in revised form 2 August 2018; accepted 2 August 2018
KEYWORDS

Childhood cancer

survivors;

Late effects;

Gonadal impairment;

Ototoxicity;

Quality of life;

Guidelines
Abstract Aims: Survival after cancer diagnosed during childhood or adolescence continues

to improve with new treatments and supportive therapies. Optimal long-term care requires

that risks to vulnerable organs are clearly defined and translated into guidelines that are im-

plemented into practice. PanCareLIFE is a pan-European consortium that addresses survivor-

ship issues comprising fertility, hearing impairment and quality of life. This article describes

the scientific basis of PanCareLIFE’s studies.

Methods: PanCareLIFE involves 17 partner institutions from eight European countries, with

additional 11 data providers from five other countries. Study designs and methods include mo-

lecular genetic, cohort and case-control studies, a longitudinal study and an intervention
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study. Ethics and data protection issues have been taken into account from the beginning.

Results: PanCareLIFE will investigate the way that treatment impairs female fertility, by eval-

uating anti-Müllerian hormone levels and the underlying genetic susceptibility to loss of

fertility. For our fertility studies, more than 6000 survivors have completed questionnaires,

more than 1500 provided serum samples and more than 400 case-control triads have been

identified. Fertility preservation guidelines for boys and girls will be developed. More than

2000 survivors have contributed audiograms for the ototoxicity study. Almost 1000 samples

were sent for genetic analysis related to ototoxicity and gonadal reserve. The SF-36 question-

naire will measure quality of life in more than 10,000 survivors.

Conclusions: The large number of subjects enrolled in PanCareLIFE and the detailed informa-

tion accumulated will allow in-depth evaluation of important outcomes. Fertility preservation

guidelines will help patients and their families make informed decisions and contribute to their

long-term well-being.

ª 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Most children who are diagnosed with cancer during

childhood or adolescence (hereinafter called ‘child-

hood’) now survive. Consequently, the percentage of
survivors in the population is increasing steadily. In

Europe, nearly 80% of children survive at least 5 years

on average, with survival after some types of cancer

reaching even higher levels [1]. However, the price for

this impressive achievement is the persistence and

gravity of late complications of treatment, which are

frequent and can be life threatening. As an example,

medical assessment of survivors in the Netherlands
showed that almost 75% had one or more adverse event

at a median attained age of 24.4 years by the end of

follow-up [2].

Despite decades of investigation, many late compli-

cations remain poorly defined. For instance, children

receiving platinum-based agents acquire hearing loss,

but we know little of the magnitude of the risk, or of the

risk factors; we have little information on the pathways
by which quality of life can be negatively impacted by

cancer treatments; effects of treatments on fertility in

adult female survivors are poorly described, and we

have only just begun to evaluate the effectiveness of

fertility preservation strategies.

While the late effects of treatment can impact many

survivors, not all survivors actually experience serious

late effects. This has two consequences: one is an
increased emphasis on understanding the genetic

constitution of survivors and combining this informa-

tion with other risk factors to determine who is more at

risk; the second is the need for risk-stratified counselling

and guidelines to assist groups of survivors and their

caregivers make the best choices to safeguard their

health, both immediately and in the long term.

Large numbers of research subjects are needed to
carry out these investigations. But cancer in childhood is

rare: between 130 and 160 of every million children will
develop cancer each year [3]. Hence, assembling a cohort

to adequately study even one late effect is difficult.

Achieving reliable scientific results that can be translated

into care, therefore, requires collaboration among many

institutions and many countries. The large number of

European experts assembled into the PanCareLIFE

consortium will pool data from their patients to achieve
significant impact, not only on the lives of survivors and

their families but also on the scientific arena.

PanCareLIFE (www.pancarelife.eu) was established as

the second consortium emerging from PanCare (www.

pancare.eu), the pan-European network for survivors of

childhood cancer; the first was PanCareSurFup (www.

pancaresurfup.eu) [4]. The PanCareLIFE consortium

includes eight work packages (WPs; Table 1). Its
scientific projects deal with estimation of risk factors

for female fertility issues, the efficacy of educational

brochures to reduce anxiety and to improve rates of

sperm cryopreservation; other projects involve hearing

impairment (ototoxicity) and assessments of quality of

life of survivors. In addition, two genetic laboratories

seek evidence for an underlying genetic susceptibility to

both gonadal impairment and ototoxicity. Guidelines
that are intended to increase fertility preservation are

incorporated. Dissemination of the results to the general

public and to survivors and parents will directly impact

their lives with new and useful information. This report

provides an overview of the scientific basis for the

PanCareLIFE project, its objectives, methods and

anticipated results.

2. Methods

2.1. Introduction

The five scientific WPs (Table 1) of PanCareLIFE,

covering guidelines, fertility, ototoxicity, molecular ge-

netics investigations and quality of life, are the focus of

this article. The fertility studies encompass investigations

http://www.pancarelife.eu
http://www.pancare.eu
http://www.pancare.eu
mailto:www.pancaresurfup.eu
mailto:www.pancaresurfup.eu


Table 1
List of work packages in PanCareLIFE.

Work package number Title

1 Data centre and biostatistical support

2 Fertility preservation guidelines

3 Female fertility impairment

4 Genetics of gonadal impairment and

hearing

5 Ototoxicity

6 Health-related Quality of Life

7 Dissemination and exploitation

8 Project management
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into the clinical and molecular genetic aspects of loss of

gonadal function in women (WPs 3 and 4a), as well as an

intervention study to increase knowledge and use of

fertility preservation methods (WP2b). The ototoxicity

studies aim to describe the occurrence of damage to the
inner ear and investigate the molecular susceptibility to

hearing loss (WPs 5 and 4b, respectively). The health-

related quality of life (HRQoL; WP6) studies investi-

gate the impact of cancer on the quality of life in children

and adults who survived cancer during childhood and the

further impact of hearing loss and fertility impairment on

HRQoL. WP2a prepares guidelines for fertility preser-

vation of both boys and girls, including ethical aspects.
The structure of PanCareLIFE includes a central data

centre and biostatistical support unit (WP1), and other

WPs that provide for dissemination of project methods

and results (WP7), and management, including ethics

(WP8). This article describes the scientific questions of

PanCareLIFE.

2.2. PanCareLIFE studies concerned with fertility

Fertility is one of the most important concerns of long-

term survivors of childhood cancer. PanCareLIFE
conducts the following investigations: guideline devel-

opment for both male and female fertility preservation

(WP2a); an intervention study to increase knowledge

and use of fertility preservation methods in boys and

girls before treatment begins (WP2b); a comprehensive

evaluation of female fertility by questionnaire and clin-

ical tests (WP3) and candidate as well as genome-wide

association studies (GWAS) approaches to detect poly-
morphisms associated with female gonadal impairment

due to cancer treatment (WP4). The expected numbers

of subjects are set out in Table 2. They were recruited

from a number of sources, including both retrospective

and prospective hospital series, clinical trials, newly

diagnosed patients and cancer registries. In addition,

data for some PCL studies were gathered from ques-

tionnaires administered to survivors.

2.2.1. Guidelines

Across Europe, there is little uniformity of approach or

uptake to fertility preservation [5], and few European
guidelines of sufficient quality to help healthcare pro-

viders and their patients make the best choices to preserve

their fertility. Even sperm banking, a simple and tested

procedure, is not widely used [6]. PanCareLIFE will

develop guidelines for male and female fertility preser-

vation for children and young adults treated for cancer,

including related ethical issues, and will harmonise these

efforts among Europe, Canada, Australia, New Zealand
and the USA in collaboration with the International

Guideline Harmonisation Group. An article describing

the identification of existing guidelines and evaluation of

their quality and differences in recommendations has

been published [7]. The outcome is expected to be two

guidelines, one each for men and women.

2.2.2. Intervention study

Although fertility impairment after cancer therapy is

frequent, many families are surprised when, later in the
treatment course, they learn that fertility may be

impaired [8]. Their lack of understanding may be due to

their shocked state at the time of diagnosis and/or the

lack of discussion by the treating physicians. Timely

education about possible fertility impairment and pre-

vention options is important because there are viable

options for fertility preservation [9]. Development of a

sensitively worded brochure has shown to be effective in
discussing cancer issues [10]. The planned intervention

study will test the efficacy of flyers and brochures on

patient education about risks for fertility and fertility-

preserving measures. The primary outcome will be an

increased awareness about risk factors for fertility

impairment in male and female survivors.

2.2.3. Cohort, case-control and genetic studies on female

fertility

PanCareLIFE will investigate the way that treatment
impairs female fertility by evaluating anti-Müllerian

hormone (AMH) levels and the underlying genetic sus-

ceptibility to loss of gonadal function. More than 6000

survivors have completed questionnaires, more than

1500 provided serum samples and more than 1200 case-

control triads (400 cases and 800 controls) have been

identified.

The occurrence of fertility impairmentdreduced
pregnancy rates and increased risk of early meno-

pausedafter radiation and alkylating agent treatment

for cancer during childhood has been known for at least

25 years [11e13]. But because the degree of fertility

impairment differs significantly in similarly treated pa-

tients, a role is postulated for genetic variation in sus-

ceptibility to gonadal damage [14].

Treatment may deplete or accelerate the decline of
the non-renewable pool of primordial follicles in the

ovary leading to primary ovarian insufficiency with

subsequent infertility [15,16]. This results not only in a

reduced fertile lifespan and associated risk for involun-

tary childlessness which can, in turn, negatively impact



Table 2
Name of the scientific work package, objectives and numbers expected to be enrolled into each project of PanCareLIFE.

Work package

and project number

Title Numbers of research

subjects expected

WP2a Fertility preservation guidelines

Specific objectives:

1. To develop guidelines for fertility preservation for girls and young females

treated for cancer including ethical issues

2. To develop guidelines for fertility preservation for boys and young males treated

for cancer including ethical issues

3. To develop guidelines for interventions intended to preserve fertility that have

been shown to be effective in informing children and parents

NA

WP2b Intervention study to preserve fertility

Specific objectives:

1. The primary hypothesis is that an intervention consisting of a flyer and a

brochure embedded in counselling about fertility can significantly increase

knowledge of fertility among cancer patients (patient empowerment).

2. The secondary hypothesis is that the intervention will significantly increase the

use of fertility-preserving measures (e.g. cryopreservation) among the study

subjects.

3. The third hypothesis is that there will be a significant decrease in dysfunctional

cognition and fertility-related fears (e.g. I will not be able to have children) and

other worries

128 cases

128 controls

WP3a Female fertility impairment cohort study

Specific objectives:

1. To assess the overall absolute risk of fertility impairment in a pan-European

cohort of 5-year female survivors of childhood, adolescent and young adult

cancer based on clinical and self-reported data.

2. To assess the absolute risk and risk factors of fertility impairment for subgroups

of female survivors based on the type of cancer, type of treatment (CT yes/no,

RT yes/no, surgery yes/no), age group at time of treatment, calendar period at

time of treatment

6339 questionnaires;

1916 serum samples

WP3b Nested case-control study to evaluate effects of treatment on fertility impairment

Specific objectives:

1. To identify specific treatment-related and other risk factors most strongly

associated with an increased risk of fertility impairment;

2. To investigate the nature of the dose-response relationship among the

cumulative dose of radiation from radiotherapy, cumulative dose of specific

anticancer drugs and the risk of fertility impairment.

400 cases

800 controls

WP4a Genetics of female gonadal impairment

Specific objectives:

1. To validate previously identified genetic polymorphisms associated with gonadal

impairment in female childhood cancer survivors, using a candidate gene

approach.

2. To identify novel SNPs that are independently associated with gonadal

impairment in female childhood cancer survivors, using GWAS.

1450

WP4b Genetic risk factors for platinum-related ototoxicity

Specific objectives:

1. To confirm previously reported candidate genes to be associated with an

increased risk of cisplatin-related hearing impairment in children with cancer

2. To identify new susceptibility loci for cisplatin-related hearing impairment

through a genome-wide screening approach (GWAS) in an international

cohort of children with cancer

1100

WP5 Ototoxicity

Specific objectives:

1. Study on phenotypes of platinum-based ototoxicity and non-genetic risk factors

(WP5)

a) To identify discrete phenotypes of hearing deterioration with respect to

severity and time course (early versus late onset) and to describe the fre-

quency of occurrence of different phenotypes.

b) To compare the frequencies of hearing loss in platinum-treated patients with

the frequencies of hearing loss in a general age-matched population.

1600

(continued on next page)
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Table 2 (continued )

Work package

and project number

Title Numbers of research

subjects expected

c) To identify non-genetic risk factors for ototoxicity in cancer survivors and to

estimate their predictive value.

2. Study on health-related quality of life (in collaboration with WP6)

a) To collect data on health-related quality of life (HRQoL) from childhood

cancer survivors with hearing impairment

b) To compare HRQoL in survivors with population norms.

c) To determine the main predictors of HRQoL, particularly the association

with sociodemographic, cancer and treatment-related factors and late

morbidity, with a focus on hearing impairment.

d) To assess intraindividual changes in HRQoL over time and to determine

factors associated with change.

e) To develop a model for the implementation of regular HRQoL assessment

during treatment and in long-term follow-up.
WP6 Health-related quality of life

Specific objectives:

1. To compare HRQoL among participating countries compared with relevant

population norms.

a. To compare HRQoL between the pooled European data and already pub-

lished North American data on HRQoL

b. To determine the main predictors of HRQoL, including particularly the as-

sociation with sociodemographic, cancer and treatment-related factors and

late morbidity. A specific focus will be on effects of fertility and hearing

impairment on HRQoL and on differences between countries.

2. To develop a model for the implementation of regular HRQoL assessment

during treatment and in long-term follow-up, linking knowledge on risk groups,

clinical trial expertise and follow-up care.

3. To assess changes in HRQoL over time within long-term survivors of osteo-

sarcoma and Ewing sarcoma in Europe and to determine factors associated with

change, focussing on effects of fertility and hearing impairment and include

particularly the association with sociodemographic, cancer and treatment-

related factors and late morbidity.

10,000

SNP, single nucleotide polymorphism; GWAS, genome-wide association studies; CT, computed tomography; RT, radiotherapy.
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the quality of life [17,18] but also accelerates the risk of

developing menopause-associated conditions, such as

osteoporosis and ischaemic heart disease [19].

Despite growing knowledge, studies establishing

precise estimates of the treatment-related risk, contri-

bution of genetic factors and effects of recently intro-

duced therapeutic agents are still lacking. Nowadays,

women often postpone childbearing, so survivors need
more precise fertility risk assessments. Therefore, large

cohort studies with extended follow-up including rela-

tively new markers of risk, such as AMH, should pro-

vide more precise estimates of the risk of future

(premature) loss of gonadal reserve [20e22]. PanCar-

eLIFE uses both cohort and case-control methods to

investigate risk factors for fertility loss, using clinical

outcomes and genetic predictors in female survivors. In
addition to validating previously determined relevant

single nucleotide polymorphisms, PanCareLIFE uses

advanced state-of-the-art studies by using GWAS and

meta-analyses in large numbers of samples. PanCar-

eLIFE’s genetic studies aim to identify new susceptibil-

ity loci for treatment-related gonadal toxicity in female

childhood cancer survivors.
2.3. PanCareLIFE’s studies into ototoxicity

Platinum derivatives are the basis of a family of
chemotherapeutic agents successfully used to treat a

variety of malignancies in adulthood and childhood;

however, their antitumour efficacy brings potentially

severe side-effects. One of the commonest, particularly

of cisplatin, is ototoxicity, which can include permanent

hearing loss and tinnitus secondary to sensorineural

degradation [23]. Recently, sodium thiosulfate has been

shown to protect against hearing loss in some children
being treated with cisplatin [24].

The degree of hearing loss is highly variable among

children treated for cancer with cisplatin [25]. The

currently known non-genetic risk factors, such as plat-

inum dose and compound, short-time infusion, renal

dysfunction, age, concomitant use of other ototoxic

drugs, cranial irradiation and pretherapeutic hearing

loss, only partially explain the interindividual variability
[26,27]. This led to the hypothesis that genetic factorsmay

render certain individuals more susceptible to the adverse

effects of platinum compounds. Accordingly, in recent

years, much effort has been spent on identification of
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genetic factors predisposing to cisplatin-related ototox-

icity [23].

Children, especially, suffer from severe and irrevers-

ible ototoxicity after cisplatin administration, in a dose-

dependent manner [28,29]. High frequency hearing loss

can lead to disturbed speech discrimination in back-

ground noise and neurocognitive development,

including social and educational development that can
impair the quality of life [30,31].

Based on data from pan-European participants,

PanCareLIFE will carry out a cohort study, with two

sub studiesda pharmacogenetics study and a quality of

life study. The genetics study obtained data from co-

horts of patients who have been treated in the past for

cancer; these patients/survivors were recontacted to

update their information and to obtain biospecimens.
To obtain standardised and high-quality results, the

audiological tests (audiograms) were reviewed and

scored by the PanCareLIFE partners at the Audiolog-

ical Reference Centre in Münster, Germany. Audio-

grams for more than 2000 survivors were analysed, and

almost 1000 samples were sent for genetic analysis

related to ototoxicity and fertility.

The objectives are to identify non-genetic, therapy-
related risk factors for ototoxicity in cancer survivors, to

identify different kinetic phenotypes of hearing deteri-

oration by expert evaluation and to set up the first in-

ternational GWAS of cisplatin-induced direct

ototoxicity in childhood cancer patients to identify novel

allelic variants. Finally, these approaches will be com-

bined into an overall assessment of risks relating to

ototoxicity in childhood cancer survivors.

2.4. PanCareLIFE studies concerned with HRQoL

As the number of childhood cancer survivors in the Eu-
ropean population increases, their HRQoL has become

more important [32]. While overall survivors’ HRQOL

may be little different from siblings/norms [33], differ-

ences emerged within tumour entities, when comorbid-

ities are present [34] and when different control groups

were used. Furthermore, women seemed more likely to

report reduced HRQoL compared with men [35], and

HRQoL may decrease with increasing time from diag-
nosis [36]. Also, there may be differences among Euro-

pean countries [33]. PanCareLIFE will combine a

number of different European cohorts for a total of more

than 10,000 survivors, some of whom have already had

HRQoL assessments using the SF-36 questionnaire.

PanCareLIFE capitalises on the opportunity to

conduct a repeated HRQoL assessment in sarcoma

survivors [37], who are expected to be at high risk of
both fertility impairment and of hearing loss after can-

cer therapy [38] Levels of HRQoL may deteriorate over

time after the end of therapy [39]. Because there is no

corresponding information for European childhood
cancer survivors, PanCareLIFE includes a longitudinal

study of HRQoL, using data from European trials that

already have serial HRQoL measures and adding a final

measurement.

PanCareLIFE will determine the main predictors of

HRQoL, including the loss of fertility and hearing

impairment, will assess changes in HRQoL over time

within survivors, will determine factors associated with
change and will develop a model for the implementation

of regular HRQoL assessment during treatment and in

long-term follow-up, linking knowledge on risk groups,

clinical trial expertise and follow-up care.
3. Results

At the time of writing, PanCareLIFE partners are pre-

paring the overall results from the assembled PCL data

set for publication. Some articles have been published

that are part funded by PanCareLIFE. They concern
methods, literature review and results from national or

hospital-based data providers and are described briefly

here. Thus, for the guidelines WP, Font-Gonzalez [7]

noted that only about one-third of existing clinical

practice guidelines were of sufficient quality, and these

varied substantially. A single-centre longitudinal study

[40] showed that the median decline in AMH levels in

long-term female survivors is not accelerated and is
similar to that observed in controls. A systematic review

of the literature on the influence of genetic variation on

late toxicity [41] identified 27 articles including 26

candidate gene studies and one GWAS. From

Switzerland [42], a report on audiological monitoring

showed that monitoring is inadequate, especially before

treatment. Another Swiss study [43] of the validity of

questionnaire-reported hearing loss showed good
agreement with medical records when hearing loss was

defined as > grade 1 on the SIOP Boston Ototoxicity

Scale. A study of survivors treated with platinum-based

chemotherapy evaluated the Distress Thermometer

[44] and the Hospital Anxiety and Depression Scale to

determine if the challenges facing survivors resulted in

more distress and/or anxiety; no differences were found

among survivors who were hearing impaired and those
who had normal hearing, possibly due to small numbers

of subjects. However, a longitudinal study in a small

number of survivors from the Netherlands found that

hearing loss after cisplatin is irreversible [45]. From the

Swiss Childhood Cancer Survivor Study came a report

of a significantly decreased prevalence of hearing loss

after cisplatin for children treated more recently, sug-

gesting that new treatment regimens with lower doses
are benefitting survivors [46]. Seven paediatric oncology

centres in the Netherlands reported that higher cumu-

lative doses of cisplatin, young age and furosemide

chemotherapy are independently associated with
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hearing loss [27]. These results will all be taken into

account in analyses of the pan-European PanCareLIFE

data set.
4. Discussion

PanCareLIFE offers a comprehensive and integrated

approach to improve the quality of life for childhood

cancer survivors because the new scientific informa-

tion on risk factors will be translated into guidelines

to be disseminated to survivors and healthcare
professionals.

Guidelines can bridge the gap between research and

clinical practice, improve the quality of care, reduce

variability in daily practice and reduce costs, especially as

cancer treatments continue to develop and become more

complex. The guidelines will be promoted globally to the

cancer treatment community and will provide caregivers

with specific information to use when discussing fertility
preservation with their patients. Survivors will also

benefit as the guidelines are intended for their use,

enabling them towork cooperatively with their caregivers

to achieve fertility preservation, whenever possible.

PanCareLIFE will advance the state of the art in

our understanding of fertility impairment resulting

from childhood, adolescent and young adult cancer

treatment by developing risk assessment models. The
overall objectives are to change the clinical practice to

reduce the risk of impaired fertility in female survivors

and to provide reliable and unbiased evidence for

early referral for testing of ovarian reserve in high-risk

patients and for counselling, educating and empow-

ering survivors. Our intervention study to determine if

written material can increase uptake of fertility pres-

ervation measures will help understand how to reach
and motivate young patients and their families at

diagnosis.

Given the complexity and debilitating short- and

long-term side-effects associated with platinum-based

therapies, a sustained ototoxicity evaluation must be an

essential component of care. Based on the results from

PanCareLIFE’s association studies, a scoring scheme

for risk assessment and guidance of preventive strategies
will be developed. Recommendations for standardised

hearing tests before, during and after therapy will be

compiled. In the future, risk stratification based on

epidemiological factors and molecular genetic-based

data together with an improved understanding of the

pathogenesis of platinum ototoxicity will inform

appropriate treatment modifications.

PanCareLIFE’s results will help the treatment com-
munity, survivors and their families to make informed

choices based on their individual risk profile. Thus, our

results will form part of the growing impetus towards

personalised medicine. For example, children who are
genetically predisposed to platinum-related hearing

impairment could be treated with regimens that reduce

cisplatin or replace it with carboplatin and may benefit

from newly developed and validated otoprotection.

The ultimate objective of the HRQoL studies is to

develop evidence-based interventions to improve quality

of life after cancer and to inform caregivers about pa-

tients at risk for decreased HRQoL and lower psycho-
social adjustment.

Access to long-term follow-up expertise is essential to

ensure that survivors receive appropriate care. Health

system barriers may hinder the access to long-term

follow-up care, such as minimal resourcing of long-

term survivorship programmes and a lack of continuity

of care, as survivors transition from paediatric to adult

health systems [38]. Care for survivors of childhood
cancer involves a range of healthcare providers, who

may be unaware of the long-term side-effects of cancer

therapies [39]. Government policies directly determine

the level of treatment provided by public health systems

and can influence the level of treatment covered by

health insurance companies. PanCareLIFE will enable

the prediction of long-term side-effects so that policy

makers can ensure the provision of and access to
appropriate long-term follow-up care.

PanCareLIFE’s ultimate goal is to improve the health

and quality of life of survivors. Because there are few

late effects clinics across Europe, we will work with

PanCare and the umbrella organisation of survivors

and parents, Childhood Cancer International (www.

childhoodcancerinternational.org), to reach national

organisations of survivors and professionals. The
results from PanCareLIFE will be disseminated to

numerous audiences across Europe and the United

States, including survivors, parents, healthcare

providers, researchers and policy makers. Results from

our fertility studies will help survivors make informed

decisions about their fertility and will assist families

and newly diagnosed patients decide about fertility

preservation. Guidelines for fertility preservation will
be widely available through various media.

PanCareLIFE’s studies of hearing impairment will

provide recommendations for standardised hearing

tests, before, during and after treatment. Overall

results from the PanCareLIFE consortium will be part

of an effort to persuade national and regional

governments to put long-term clinics in place.

In describing the PanCareLIFE project, this article
has laid out the scientific questions and hypotheses, as

well as the specific objectives, design and methodolog-

ical approaches that the consortium has developed to

meet its ambitious goals. It is clear that cure of their

original cancer is not the end of the story for many, if

not most, survivors. These projects will produce a rich

and varied body of knowledge intended to improve the

lives of childhood cancer survivors.

http://www.childhoodcancerinternational.org
http://www.childhoodcancerinternational.org
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