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Abstr act

Objective: Long term issues following diagnosis and treatment of a childboaid tumour often
become apparent as the survivor enters adolescence and yaithgal Their caregivers may
additionally face long term impacts on their emotional @sythological functioning. This review
synthesised evidence on the issues and supportive care needssfeada@ead young adult (AYA)
survivors of a brain tumour diagnosed in childhood and theigsears.

Methods: Electronic databases were searched up until September 20%udiis reporting on
issues or needs of childhood brain tumour survivors (aged 14-3#)@indaregivers were included.
Narrative synthesis methods were used to summarise, integichteterpret findings.

Results: 56 articles (49 studies) met the inclusion criteria. Sosglés (i.e. isolation, impaired daily
functioning) were most commonly reported by survivors, followgddgnitive (i.e. impaired
memory and attention) and physical issues (i.e. endocrsfartions and fatigue). Survivors
experienced poorer social functioning, sexual functioning, ame Vess likely to be employed or
have children, when compared to other AYA cancer survivaeedivers experienced reduced
support as the survivor moved into young adulthood. Caregivers edportertainty, increased
responsibilities and problems maintaining their own self Wweilvg and family relationships. Few
studies reported on supportive care needs. Survivors expressetifarrtester educational support
and age-specific psychosocial services.

Conclusions: Surviving a childhood brain tumour can be particularly challenfgindYA survivors
and their caregivers. Robust structured research is needbahtifyi specific support needs of both

survivors and their caregivers and how these can be optiatdhgssed.

Keywords: cancer, oncology, adolescent; brain tumours; caregivers; swepcatie; survivors;
systematic review; young adult



Introduction

In children and young adults under 19 years of age, primary émdigentral nervous system tumours
are the most common solid tumour, with an annual age-adjinsiieénce rate of 5.57 per 100,000.
With improved duration of survivaf * more attention is required to address the potentiakfigets

on quality of survival.

Adolescence and early adulthood is a unique and complex develappigate characterised not only
by significant physical and cognitive changes but also critical psgcied challenges, relating to
self-identity, relationships, individualisation, developing autonomand intimacy/sexualit§.
Disruptions associated with brain cancers treatment cay deleomplicate the achievement of age-
appropriate ‘life events’. Adolescent and young adult (AYA) survivors may therefore be particularly

vulnerable to experiencing late effects or other issues.

A brain tumour affects not only the survivor but also those ardwerd.tResponsibility for caring and
supporting childhood survivors in the longer term is often met by theimediate family
Neurocognitive symptoms and personality changes of the survivor importantly mark the caregivers’
experience. Many caregivers feel inadequately prepared aret $udffn symptoms of depression,

anxiety and distress®

The 2006 National Institute for Health and Clinical Excelée(dICE) guidelines promote that
continuous aftercare should meet the needs of brain tumour ggralNmving for age, gender and

cultural differences. The guidelines state:

“Younger patients with continuing care needs should also be carefully considprededures
should be in place to ensure the continuing care needs of younger patien®N&i tumours are

appropriately mét’

However, there is little information in the guidelines on howofelup care should address and meet

young survivors and caregivers supportive care needs.



Previous systematic reviews have focused on the experiencesfolsiYivors or caregivers with
mixed cancer diagnosés? Other reviews have concentrated on the experiences of chifdfén
adults® or caregivers of adult brain tumour survivétsTo date, no systematic review has collated
evidence on the experiences of AYA childhood brain tumour susiad/or their caregivers. Given
the complex developmental stages and increased occurrence ofelifis €luring adolescence and
young adulthood, it is expected that the experience and impaathildhood brain tumour on AYA

survivors will be different from those still in childhood or oltbeain tumour survivors.

We aimed to systematically identify and narratively syriieegvidence on the issues thatA
childhood brain tumour survivors and their caregivers facetsid supportive care needd/e hope
that the results will help identify gaps in service provisionp ledihical staff understand their role

throughout the survivorship period and guide policy and sedégelopment.

Methods

PRISMA guidelines* for systematic reviews were utilized as a templatetfiermethodology. The
following electronic databased were searched: Medline (Q&dbase (Ovid), Psycinfo (Ovid),
Pubmed, CINAHL (Ebsco), and the Cochrane library (Wiley). Teg Giterature were searched using
Web of Science and the NHS Evidence. The end date of #inehes was September 2017. The
searches were developed for the concepts: brain tumours, ehilddesurvivorship. Guided by an
Information Specialist (RRL), the searches were developeibining subject headings and free text

terms for each concept. See Supplementary Material 1 feulttsearch strategy.

Selection criteria

Original, peer-reviewed articles were included accorttirtipe following criteria:

1. Human participants with a primary diagnosis of a brainowmand/or a primary caregiver of
a survivor. If the study had a mixed cancer participant grbrain tumour data had to be

reported separately.



2. Survivors of a paediatric brain tumour, currently aged 14-3& Garegivers of survivors
within this age range. The study sample could extend beyond theparageeters provided

the results for the target age range were clearly reghort

3. Articles reporting data that focused on any issues, needsiroet needs of brain tumour

survivors and/or their caregivers.

There are contradictions across the oncology literaturedieganow the AYA age group should be
defined™ *® Definitions differ greatly amongst organizations, countsied AYA literature. For this

review, we set the AYA age range as 14-39.

Exclusion criteria were: articles not in English, reviews, rgpam incidence of brain tumours or
treatment trials / intervention programmes not covering AYAeptibr caregiver issues and needs.
There was no restriction on publication date or study typelégkinvestigator (EN) determined
whether the articles were eligible for inclusion, with ad@m sample (20%) independently screened

by a second reviewer (FB).

Data extraction and Quality Assessment

Data extraction was performed using a standardized template were extracted for the study
objective, design, sample-size, clinical characteristithesurvivors, measures and outcomdk. A
included studies were assessed using the Mixed Methods Apprais@MMaT), ” which has been
validated for the critical appraisal of studies with dieadgsigns. See Supplementary Material 2 for
MMAT scores. No studies were removed because of their apma®al but lower quality study

findings should be interpreted with greater caution andmsideration of their limitations.

Narrative Synthesis

Narrative synthesis methods were used to summarise, integrdtinterpret the findings articles
included within the review. A narrative synthesis was appatrigiven that there was little
uniformity amongst the methods, findings, or outcomes measures uged. Bhows the processes

undertaken in the narrative synthesis, guided by Popay'®taatl the Cochrane Consumers and



Communication review group handboBkThe City of Hope qualityf-life conceptual modé& was
adapted to map the survivors issues. The original model propagelity of life model for long term
cancer survivors: physical wellbeing and symptoms, psychologidebeiag, social well-being and

spiritual well-being. We added cognitive symptoms to betterYi\drain tumour survivor issues.

Figure 1- Narrative Synthesis Process
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Results

Search Results

In total, 6642 article citations were found. 239 additiona@lorés were identified through hand
searching journals and reference lists. Once duplicates weneved a total of 3770 articles
remained. We excluded 3125 after reading the abstract becausdidhegt meet the inclusion
criteria. Of those remaining, 645 were retrieved in fett we excluded 589 because they did not
meet the inclusion criteria. In total 56 articles (49 studiesjained for inclusion within the narrative

synthesis. The process of searching and sifting is shown in.Fig. 2

Figure 2- Flow chart showing selection of studies

[
c
._g Records identified through Additional records identified
_g database searching through other sources
'-;"E (n = 5442) (n=239)
7]
=
¥ ¥
Records after duplicates removed
(n=3770)
w
£
£
g ¥
- Records screened Records excluded
(n=3770) 7 (n=3125)
e
¥
Full-text articles assessed Full-text articles excluded, with
= for eligibility reisons
= (n = 645) (n=583)
= Reasons:
w Mot primary data (n=262)
A¥A not focus (n=201)
Study did not focus on brain
tumours (n=60)
- Cannot access full text (n=19)
Brain tumour data not broken
down by age (n=10)
E ¥ Mot issues/needs (n=20)
—3 Studies included in I:*.Iot Englls.h [nzg_)
c . - Mot childhood diagnosis (n=6)
— narrative synthesis Dublicate (n=2
(n = 56) uplicate (n=2})
IR

Abbreviations: AYA = Adolescent and Young Adult



Study characteristics

Over half of the studies had been published after 2013 (57%), andb8dies originated within
the United States. The majority of studies (76%) reported tif@tive data; five (10%) were
gualitative; and seven (14%) utilised a mixed methods appréaehmajority collected data from the
survivors only (86%), in three studies (6%) data was solely fraragivers and in four (8%) there
was data from both survivors and caregivers. In over a thistldies (35%) there was a comparison

or control group.

Over half the studies (55%) reported data from mixed braimdursamples. A further eight studies
(16%) reported one specific brain tumour group. Fourteen stuzBés) (had recruited patients with
varied cancer types, but reported brain tumour data separ&ee Supplementary material 2 for

further description of studies.

Section 1: Survivor issues

Survivor issues were derived from the main themes found inrtloes and categories used in the
City of Hope qualityef-life model?® The model depicts four domains: physical, psychological,
social, and spiritual as priorities for assessment to emsmerehensive quality care. The model has
been adapted to illustrate the potential issues AYA braimotir survivors may encounter which

could impact on their quality of life (see Fig. 3.). Thain adaptation is the addition of the cognitive

wellbeing category



Figure 3— Adapted Quality of life Cancer survivorship model

-

-

General cognitive well-

Cognitive

being
Intelligence
Attention
Memaory
Psychomotor skills
Executive functioning
Processing skills

Language

.

~N

/

.

Social

Social functioning
Isolation
Daily activities
Independence
Romantic relationships
Sexual functioning
Family
Work and education

\

J

AYA Survivors of

Childhoaod Brain
Tumaours

.

reoccurrence

Psychological
Mental illness
Uncertainty and fear of

\_

-

Physical
Overall physical health
Appearance
Endocrine functioning
Fatigue
Fitness
Fertility
Health and vision

J

) 4

J .

Spiritual

Meaning of illness
Inner strength

J

Adapted from: Quiality of Life Conceptual Model Applied to CanSurvivors, City of Hope Beckman Research Insti2ite



Figure 4- Frequency of articles that reported survivor issues by thedrizacaework theme
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Social well-being
Social well-being was the most commonly referred to thesse (Fig. 4) Thirty-four articles
investigated the impact a childhood brain tumour may have oalstminains of an adolescent or

young adult.

Articles reported AYA survivors having impaired social fuocing, expressed as e.g., avoiding
social situations® or social isolatiorf?® Poorer social functioning was reported among brain tumour
survivors compared to other cancer grotip€ Specifically, multiple studies reped a link between
poorer social functioning and anti-cancer treatment aagndsis> 2* 2 3° During treatment,
survivors spend a long time in social isolation after which spowng people found it difficult to
engage with others agaihPhysical issues, e.g., headaches or impaired fitness, laaswagnitive

g 31, 32
)

deficits were linked to social functionird and impacted on survivors’ abilities to join in sports

or hobbies*

Six articles reported impaired daily functioning and/orcfional living skills?? 3% 3%¢ survivor

restrictions ranged widely in severity3*with only a small minority reporting no limitation initla
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activities®® Qualitative work linked these restrictions to impaired cogmitfunctioning through
difficulties with reading or handling finances, or managimegications? AYA survivors rarely lived
independently/ > 3" 3¥which was linked to feelings of frustratiéh.®" ** That said, survivors
generally report close relationships with their family?* 3*Poorer survivor cognitive functionifiy

and lower incomé® *¥*was associated with worse family functioning.

In romantic relationships, AYA survivors see themselves as lesmbhle mates to a prospective
partner’® Survivors were likely to sexually inactivé.?" 3> **3 Reduced sexual activity was found
when compared to other cancer graids “*and the general populatidhSurvivors of a childhood
brain tumour were also less likely to have children compsregeneral population controfé and

other cancer survivors: 46

Many AYA survivors need assistance to perform well in schodt: “°Education experiences were
often described as problematic: including missing school, degnidifficulties - feeling
misunderstood, facing bullying and social isolaibr®> ** Survivors were more likely to be
unemployed later in life when compared to age and gender matonéw|$®*® and other cancer
survivors?” “with reported unemployment rates varying from 8-709%: 3>3% 46 |ssues in attaining
or keeping a job included fatigue, poor concentration, physssales (e.g., epilepsy), cognitive
difficulties, and poor social skil: 3 % Some survivors had sheltered work, a setting in which
people with disabilities receive services and training to dpwsbork-related skills and behaviou¥s.
3. 47 AYA survivors were found to have significantly lower levelsvotational identity and career
readiness (i.e. ability to perform work tasks, social skild}en compared to AYA non-cancer
survivors® Vocational identity is an integral part of human develept, especially for adolescents.
This process includes the formation of career: objectiveds,gaapirations and plans. Financial

difficulties were also common in AYA brain tumour survivérs>® * AYA survivors were more

likely than other cancer groups to be receiving disabikyefits>*
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Cognitive well-being

Different aspects of cognitive deficits were reported in 2i8last Overall, in these articles, cognitive
functioning was found to be impaired. AYA brain tumour survivors eften at higher risk of
cognitive issues than other cancer survivoré? ** *Impaired memory seemed to be the most
common cognitive issugk?® 35 39.47.48.589 O a|itative findings™2* 3% 4" *®established that impaired
memory was a daily issue. Memoryuss were innate in how survivors’ and their caregivers assessed

their ability to self-care and meet developmental milestosech as living independentf/making
friendships?® and educational achievementdzor some memory loss was described as an invisible
effect?* Unlike physical effects, invisible effects may go undetected mean the appropriate

additional support may not be offered.

Attentional deficits were particularly challenging because tairt consequent impact on the
development of other cognitive abilities, social functioning aratlemic achievement. 3 48 5759

Evidence suggested that AYA survivors scored lower in Intellig€eetient (IQ) scores and had
limited mathematical skill§ 33 34 47-49. 55, 58 6hyAs scored lower in 1Q testing than population

controls.3* ¢

Many survivors presented with poor processing sp&eds?’ 39 48 59 ¢feading to poorer physical
and/or mental healtt,social functioning" **and health-related quality of lifé.** Similarly language
and vocabulary issues were challengiffg®> *> %°Compared to matched healthy controls, brain

tumour survivors scored significantly lower in verbal assessmefts? 6

Some survivors suffered from impaired motor sitis 35 37 6. 4qotor deficits contributed to social
isolation and vocational limitation by restricting the typesdaivities open to survivors (i.e. playing

sports or writing)* *®

Executive functions are a diverse set of cognitive processes baadlgptualised according to four
primary domains: decision making, planning (e.g. organisatfmmrposive action (e.g. set shifting-
the ability to move back and forth between tasks), andteféeperformance (e.g., preservation, goal

maintenance). Survivors experienced poor executive funetancluding: planning/organising, “2

12



preservatior; set shifting?* 3> *®and flexibility.*® Survivors self-reported less executive dysfunction
in comparison to when their mothers reported symptoms (by proxyg. may be problematic as
survivors who perceive fewer executive functioning difficultieyy mat pursue help or support, such
as neuro-rehabilitation programmes, which may have a megeffiect on other long term functional

outcomes?

Physical well-being
Survivors had impaired general physical he&litif/ 28 30 3L 46 S3igre specifically symptoms
included: poor mobility?* 3% 3 “6poor physical functioning? **reduced bone mineral densify,*

hearing and/or vision issu&s?® %31 38.46.63nd poor fitness levefs.*

At a time when physical appearance becomes increasingly satiemt, AYA survivors reported

having issues with their appearafdte® 2" 31 32 sible effects after the tumour and treatment
included-small stature, hair loss, weight issues and s@afs>! *Parents of survivors described that
issues with body image contributed to starting/maintainingr pelationships because survivors

worried they looked different from their peéfs®®

AYA survivors’ commonly had endocrine dysfunctions.?t 2 31 37. 38,49, 38, & \gre specifically,
growth hormone deficiency was reported in 22-97% of survivior&. 4% ¢ 67 6Qther frequently
reported endocrine disorders included hypothyroidisiY: % hypogonadisit ** ¢ and cortisol
deficiency® Issues with endocrine functioning during adolescence could ingragrowth and

development, weight gain, reproductive processes, and mood.

Many survivors experienced increased levels of fatigue assagols and young adulfs: 2% 26 27 3%

32,53,67.70. "\n comparison to other cancer survivors, brain tumour survivers more likely to report
difficulty with tiredness and fatigu@: 5 Whilst fatigue is reported as a physical issue following the
cancer survivorship model, it is also a common symptom of many cogaitigdepsychological

problems. Survivors expressed how fatigue had stopped them doirigdisports and socialising.
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Regarding fertility, childhood brain tumour survivors fell pragn significantly less often than
healthy peer! That said, brain tumour survivors’ desire to have children was significantly lower than
healthy peers of the same dferor some fertility was not currently an issue, espacitdr

adolescents, but it was something they were anxious about fadimg future’

Psychological well-being

Survivor mental health did not differ from general populationtIs® “° However, one article
found that AYA brain tumour survivors reported significamifyorer mental health than other cancer
survivors?® Another reported that AYA brain tumour survivor had poorercipsipgical functioning
than other cancer survivofs.The most frequent psychological problems for survivors were
internalising problems and withdrawdl.Psychotic symptoms (i.e. mood dysfunction, delusional
thinking and hallucinations) were diagnosed in a small numebesurvivors, with antipsychotic

medication having little effs.”?

Despite improvements in recurrence-free survival rates fodrehildiagnosed with brain tumours,
AYA survivors still worry about recurrence. In two qualitatsteidies participants expressed that the
anxiety of whether the tumour was going to return, was btieeaealities of living as a survivér.*

In some cases the uncertainty of recurrence negatively affected survivors’ abilitiy to plan for the
future or feel engaged in lif&.°® Both studies highlight that the fear or recurrence may beeome
issue as survivors enter young adulthood; especially if théyifedle to plan a future, they may not

reach the same developmental milestones.

Spiritual well-being

Compared to other AYA cancer survivors, brain tumour survikiadssignificantly poorer optimism,
self-esteem and vitalit? However, survivors were not less resiliéhT.he way survivors viewed the
meaning of their illness differed vast > *Some focused on the negative effects of iliness, seeing
themselves as ‘losers’ for their deficits. Some survivors said they were treated differently because of
their cancer history, and felt that others pitied tiénvet in the same study half of survivors

described at least one positive consequence of surviving atbragur on their world view! Some

14



survivors positively viewed their experience of survivangrain tumour, feeling it had made them

more mature and were trying to move beyond the illfess.

Section 2: Caregiver |ssues

Eight articlesreported caregivers’ issues, 2 2% 24 30.32.36. 73. % focused specifically on studying the
role of the family caregivel’ 3¢ 7> " Caregiver participants consisted of parents (mothers and
fathers),?> 3% ™ mothers only®® 3¢ 73 "“and mixed family members (including grandparefits).
Caregiver issues had five themes (see Fig. 5): Survivor begly; Uncertainty; Increased

responsibilities; Self-well-being and Family relationships.

Figure 5- Frequency of articles that reported caregiver issues by theme
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Survivor well-being

Parents we concerned about the survivor’s well-being. Caregivers worried that survivors had limited
social life and that they weren’t accepted into social groups.?* 32 3¢ ®They acknowledged that
survivors’ lives were fundamentally different to others their age because obthm tumour and

worried if they would ever recover their previously existingialacetwork® Parents were not only
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worried about survivors’ current issues but about potential issues in the future.*® In particular their
ability to find a romantic partn&r**and have childreff. Others feared that their potentially forever-

dependent children might outlive théfn.

Uncertainty

Uncertainty was a common theme, especially regarding thessts® future healt?% *? Like seen in
survivor reports, the threat of relapse was a pressing issgeme cases this threat stopped parents
from planning future activities, and instead they lived waogh in the presenrit. *2 Another source of
uncertainty came from whether their child would ever reiadependenc&: * In one study the
majority of parents believed their child would never be ietelent’* Some worried about leaving

them alone in the house or their ability to be financialtlependent?

Increased responsibilities

Caregivers had increased responsibilities, tasks that usualthyhdarAs handle independently.
Qualitative findings described parents assisting survivors in: d@agryasks (i.e. cooking meals,
managing finances and promoting hygiene); managing medications,tieducaranging social
contacts; and support with hobbies and leisure activti€s’3In some cases parents decided to home

school the survivor because they felt they needed extra assistarsugpod>* 3

Self-Well-being

Five studies reported diminished caregiver well-béing: 3> % “pParents revealed that because of
their caregiving demands, they had less time and energydioatie to maintaining self. Parents
described feeling fatigued, "> having problems maintaining their own social relationsfip$,”® and

not being able to pursue their own car€éiBheir social lives declined because caring became their
main priority, meaning they had less time to engage iialsand leisure activities, thereby limiting
their social world® ° Caregiver health plays a major role in family life, onedgthighlighted the

direct association between caregiver well-being andrifattaly functioning®

16



Family relationships

The pressure of keeping healthy family relationships, whilshgdor a young brain tumour survivor,
could prove to be challenging for caregivers. Families dfligm who have survived a brain tumour
may face issues that make family management more difffeat some caregivers their marriage had
suffered— causing separation. *° Strain was noted because of the added pressure of carirfgefor t
survivor and also because of discrepancies between partners abooest to care for their chifd.
For others the diagnosis, treatment, and late-effectsbhaught them closer togeth&rParents
worried about their relationships with survivors’ siblings, anxious they felt alone or as if they “got the

short end of the sti¢k?!

Section 3: Supportive care needs

Survivor Needs

Only three studies aimed to specifically identify survivor sé&d® ® AYA needs differed from
those of paediatric and older adult survivors, including the fer age-specific social resources.
AYA brain tumour survivors were more likely to value sociativities and support groups, compared
to other cancer groupg8.Social activities and support groups were favoured above informitiona
mailing, weekend retreats, informational workshops or indalidcounselling® Social resource
recommendations included creating several arenas for peer stipparents highlighted that their
child needed more opportunities to merely “hang out” with peers.”> When an AYA social support
programme was evaluated survivors relayed positive experi&hPesticipation in the programme
provided survivors with “something to look forward 19 a regular social activity, important in
addressing some of the social isolation issues. Furtherinoheding the use of social media as a part
of the programme was recognised as a manageable and satisfyitm degrease isolation within the

survivors.

Some survivors felt the current health care delivery did net mk their needs. Many were unsure
how to discuss issues with physicians, and others felt the irfonmtaey received was inadequate

because the medical staff communicated solely with their tsa¥er? Providing survivors with age-
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specific resources about late effects and psychosocial mpedieat each follow-up appointment may

be helpful >

Several studies stressed the need for comprehensive follow-up séovick#idhood survivors? 3"
38,50, 89. "0The importance of follow-up in a survivorship clinic to oféerordinated, multidisciplinary
care that can address the multiple issues/needs of suna¥dosain tumours while addressing
caregiver needs and family functioning was highlighted. One stuelyssul that health professionals
should be mindful that many survivors may define themselves dtyhead will not necessarily
identify late-effects caused by their illness/treatmitfindings specifically identified careful follow

up of endocrine functiof?, liver function/® and health related quality of lifé.>°

The stress of keeping up with their classmates in an environhawas not equipped to handle their
needs proved difficult for many young survivétsRegarding educational support, survivors
described needing: extra time to complete assignments/exame, aneron-one help, and extra
encouragemerit: 3 Some survivors said that by appearing more “normal” meant that they were not
always recognised as needing additional support with their acadesrkc® Throughout survivor
narratives, the paradox of wanting special considerationsrwiitiei classroom yet not wanting to be
different or singled out among their peers was strongly evidembther study concluded that
academic/vocational goals and expectations must be observediroggras learning needs may

change?

Caregiver needs

Parents consistently reported that there was not enough suppdabkefor themselves or the
survivor during adolescence and young adulthood. Parents felvtiest their child was undergoing
treatment they had support, but that support declined as they rfiustrest away from the treatment.
3032 Regarding useful support services, parents expressed thatquamgott groups and survivorship
education classes would be most helpful. Other servicesomedtwere parental health and self-care

classes and practical support such as financial assstan
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Two articles highlighted that different caregivers andiliamdeal with survivorship differently and
will have different need¥: “*One study found that clinicians find it challenging to taihberventions
to family and caregiver needs, as tools to assess familyidoimg and caregiver coping are not
available®® Nuanced communication is needed, not only during treatmengldminto survivorship
with specific approaches to meet caregiver needs and providegcskills to manage stressful

situations®® "

Discussion

This systematic review revealed that AYA brain tumour surgivtan encounter various social,
cognitive, physical, psychological and spiritual issues which Havedtential to significantly impact
upon their wellbeing. Social, cognitive and physical issues terenost frequently reported - with
poor social functioning being the most pressing. A childhood diagnosi®afin tumour appeared to
inhibit or change how AYAs interact with family, friends aechployers as well as how they cope
with unexpected and unwanted changes in areas ranging from ereplogtability to romantic
relationships. Survivors miss out or struggle with achievinglikeyevents including: independence,

educational achievements and becoming parents.

Cognitive deficits meaningfully contribute to these poor sooiaicomes. Survivors experience
neurocognitive late effects across multiple domains that oftedehitheir independence - and are
associated with poorer social functioning. This is compoundedrbwing concerns about their

physical issues as they move into adolescence and young adulthood.

Identified problems were frequently more prevalent, ararintense, than in other cancer groups,
making it more likely that brain tumour survivors will haweorer overall well-being: Similar to the
findings of the present review, a recent review reported paopraity of life outcomes in paediatric
brain tumour patients than those diagnosed with other caficersphasising that brain tumour

supportive care should be disease-specific and tailored todudl needs.
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The majority of identified studiefocused on only survivor’s experiences rather than their caregivers’.

Yet our findings highlight that caregivers may experience nmboos stress related to the pressures
associated with their caring responsibilities. These presscan take their toll on well-being,
especially when support is not available. Caregivers indictiad support had declined as they

moved further away from the survivor’s treatment into long term survivorship.

There was little data reported that specifically focusedhe supportive care needs and/or unmet
needs of AYA childhood brain tumour survivors. Equally none of theedudiluded in our review
assessed the needs of the AX#Avivor’s caregiver. In a sample of mixed cancer survivors (not just
those living beyond a diagnosis of a brain tumdtigyer 50% of AYA survivors indicated that they
had unmet needs in relation to information and services. dBas¢he current review, it would be
reasonable to expect that this percentage would be highbrdim tumour survivors because of the
higher prevalence and complexity of late morbidities. Howevés still unclear what these specific

needs are and whether they are currently being met.

Limitations

There are several limitations to the research repantdus review. First, the quality of the evidence
varied per study, as reflected in the MMAT scores (see SupptargeTable), and thus, findings
should be interpreted with caution. Second, the majorityhefstudies involve a cross-sectional
design. This is problematic as adolescence is a period ofdap@lopment and change - behavioural
patterns are established, cognitive functions mature, physiealgel occur, and complex social
relationships develop. Future research should focus on colldotiggudinal data that will allow us
to examine if and when survivors and caregivers issues/needs clkahgg progress into adulthood.
Third, in the majority of studies with caregiver particiganthe views of the mothers dominated the
sample, with very little representation from fathers. Fquntihree studies survivors had been treated
up to four decades ago, these results may not be relevantvieosuwho have been treated more
recently? 4° 8¢Q|der treatment periods may present varying treatnistte and therefore issues and
needs, whilst different levels of supportive care may have beslalle. Finally, this is a relatively
new area of study, and the majority of the studies includéusmreview have been conducted in the
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United States. Therefore, additional studies are needeth@n countries to identify specific issues
and needs that might be culturally tied or dependent uponetdiffes across health and social care

systems.

There are limitations specific to our systematic revi€ist, due to the inclusion criteria, some
studies with important findings were excluded from this reviésv.example, the set age criteria (14-
39) meant that studies with participants outside this parameter excluded, even if the majority of
the participants were aged 14-89%° Second, we appreciate that some potentially relevaotesrti
may have been missed for the following reasons: only 20%eofalistracts were reviewed by a
second reviewer, and we were not able to access all ftdl-i&/e also appreciate that new evidence is
constantly emerging and the review does not include anyesriitiblished after the last search date
(September 2017). Third, in some studies brain tumour survivoesomey a small percentage of the
study population. Although some data were reported separatiwing us to include the study
within the review, this data was not always very detaif@nally, only studies published in English

were used due to resource limitations and time consraint

Clinical implications

Currently, there is insufficient knowledge of what AYA braimour survivors specifically need from

supportive carédnly a small number of studies in the review addréssimet supportive care needs.
Despite the numerous studies reporting survivor issues, it is kti@awthe presence of issues is not

always related to the need for, or uptake of supportivevieméons.

Our systematic review shows that AYA survivors often experiemzgy unique long term issuesas
consequence of the diagnosis and treatment of a childhood tmainit These issues are different to
older survivors and those still in childhood. Their prioritied anique life events mean that the late
effects of treatment impact their lives differently tdant age groups. Adolescence is a period of
trying to gain independence, but the review highlights thatiwamss can find this difficult—
emotionally and practicallyFor example, impaired daily functioning and cognitive issuesewe

integral to their ability to self-care and gain independerdnlike children, AYAs have to make
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important decisions about their education and future car@¥is also start to plan for the future,

with romantic relationships considered a critical develapial task marking one's entry into
adulthood, alongside starting a family. Therefore, it isartgnt that this group is provided with age-
specific information, support and resources that guide themghradolescent life events, such as
further education, learning to drive, paid work and relatips. Supportive services should be
mindful that adolescence and young adulthood is a period ofactrdtange and that the need for
information and support may change rapidly, meaning regulamrevigy be necessary. Information,
support and resources should be brain-tumour specific, as experigrarain tumour survivors differ

significantly to those with other cancers.

Furthermore, we recommend thairegivers’ unique needs are considered by long-term follow up
teams and support services. They too face unique challenges andl Isdneilaccess to information,

support and resources for caring for an adolescent childhagdtbmour survivor.

Future research

Significant gaps exist in our understanding of the unique neeadobéscent and young adult brain
tumour survivors and their caregiveiithe extent to which unmet needs are related to tumour and
treatment characteristics requires further research. ¥éith research constantly emerging, regular
updates of this literature review will be necessary. Rtmensystematic review, three areas of future
research are identified. First, studies are needed to loesbe needs and more importantly unmet
needs of both AYA childhood brain tumour survivors and their oa#exy Increasing our
understanding of the unmet needs will help to develop more targateeffantive supportive care
models. Second, descriptive studies are needed to fully investigatevosuand caregiver
expectations for supportive care and how these expectations coitipthevcurrent use of long term
follow-up care and supportive services. Third, existing reseseems to be omitting the perspectives
of the healthcare professionals. Their input would be Wdum regard to the development and
evaluation of effective interventions to support AYA survivord #reir caregivers. Subsequent to the
results from descriptive studies, evidence based programmes anéseeéc to be modified and/or

developed to address both AYA survivor and caregiver unmetiesiced supportive care needs.
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Conclusions

Surviving a childhood brain tumour can be particularly challepdor AYA survivors (aged 14-39)
and their caregivers. Many of their issues are unique whepareoh to other cancer diagnosis and
age groups. Survivors and caregivers continue to report lomgigsues and unmet needs throughout
follow-up. More research is needed on the specific unmet supportz@eeads of both survivors and
their caregivers and how support services can best meet these dederstanding their unmet needs
and recognising what services are required due to theflattseof treatment is critical to improving

their quality of survival.
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