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Abstract
Background. Survivors of childhood neuroblastoma are at risk of multiple treatment-related
health problems (late effects), impacting their quality of life. While late effects and quality of
life among Australia and New Zealand (ANZ) childhood cancer survivors have been reported,
the outcomes of neuroblastoma survivors specifically have not been reported, limiting critical
information to inform treatment and care.
Methods. Young neuroblastoma survivors or their parents (as proxy for survivors<16 years)
were invited to complete a survey and optional telephone interview. Survivors’ late effects, risk
perceptions, health-care use, andhealth-related quality of lifewere surveyed and analyzed using
descriptive statistics and linear regression analyses. In-depth interviews explored participants’
experiences, knowledge, and perception of late effects and informationneeds.Thematic content
analysis was used to summarize the data.
Results. Thirty-nine neuroblastoma survivors or parents completed questionnaires (median
age = 16 years, 39% male), with 13 also completing interviews. Thirty-two participants
(82%) reported experiencing at least 1 late effect, most commonly dental problems (56%),
vision/hearing problems (47%), and fatigue (44%). Participants reported high overall quality
of life (index = 0.9, range = 0.2–1.0); however, more participants experienced anxiety/depres-
sion compared to the population norm (50% met criteria versus 25%, 𝜒2 = 13, p < 0.001).
Approximately half of participants (53%) believed they were at risk of developing further
late effects. Qualitatively, participants reported knowledge gaps in understanding their risk of
developing late effects.
Conclusion. Many neuroblastoma survivors appear to experience late effects, anxiety/depres-
sion and have unmet cancer-related information needs. This study highlights important areas
for intervention to reduce the impact of neuroblastoma and its treatment in childhood and
young adulthood.

Introduction

Neuroblastoma is a neural crest cell malignancy affecting 14.6 per million children aged 0–5
years in a 10-year period since 2003 in Oceania (Hubbard et al. 2019). Compared to other
childhood cancer survivors, neuroblastoma survivors have 1 of the lowest 5-year and 20-year
relative survival rates (Baade et al. 2010). Unlike other childhood cancer survivors, the late mor-
tality rates for neuroblastoma survivors have increased, partly attributable to increased survival
among high-risk neuroblastoma patients that has also led to higher incidence of chronic disease
(Armstrong et al. 2016). Latemortality in survivors is primarily due to disease recurrence, exter-
nal or unknown causes, followed by long-term toxic side effects of neuroblastoma treatment,
including secondmalignant neoplasms, pulmonary and cardiac complications (Laverdière et al.
2009).

Treatment-related chronic conditions (i.e. late effects) can appear years after treatment
and are associated with poorer general health and psychosocial difficulties that can greatly
reduce survivors’ health-related quality of life (HRQoL) (Elzembely et al. 2019; Laverdière et al.
2009; Wilson et al. 2020). International studies have characterized the development of multi-
ple late effects and their outcomes in neuroblastoma survivors (Laverdière et al. 2005; Wilson
et al. 2020). Late effects are understudied in Australia and New Zealand (ANZ), where large
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geographical areas serviced by few childhood cancer treatment
centers (Ballantine et al. 2017; Jackson et al. 2020) may impact
cancer-specific survivorship care and late-effects management
(Barakat et al. 2012).

ANZ neuroblastoma survivors have been included in cancer
survivorship studies exploring the prevalence of specific late effects,
such as second malignancies (Wilson et al. 2009), pain and fatigue
(Kelada et al. 2019), dental problems (Hsieh et al. 2011), pri-
mary gonadal insufficiency (Gunn et al. 2016), and psychological
problems (Roberts et al. 2014; Yallop et al. 2013). Only a single
institution study in ANZ has reported a range of late effects in
neuroblastoma survivors treated with autologous stem cell trans-
plantation (Trahair et al. 2007). A nation-wide data linkage study
has described the incidence, survival, and recurrence of neuroblas-
toma in the past 3 decades and explored the incidence of secondary
malignancies (Youlden et al. 2020). However, neuroblastoma sur-
vivors have significant risks for developing a range of severe late
effects and are among the highest risk for hospitalization compared
to other childhood cancer survivors due to the intensity of the
treatment they receive and the young age at which they are treated
(de Fine Licht et al. 2017). Thus, the needs of this group should
be considered carefully to understand their unique health issues,
which may be masked by inclusion in larger childhood cancer
survivor studies.

Previous studies have shown that childhood cancer survivors’
knowledge of late effects and understanding of their risk of devel-
oping late effects is poor (Lee et al. 2019; Syed et al. 2016; Vetsch
et al. 2017).These showed that a substantial proportion of survivors
who were exposed to toxic treatment were not concerned about
their risk of developing late effects (Gibson et al. 2018). Inaccurate
risk perceptions can dissuade survivors from engagingwith follow-
up care and positive health behaviors (Signorelli et al. 2019b),
which can delay the detection of late effects and result in poorer
health outcomes (Signorelli et al. 2017a). Determining neuroblas-
toma survivors’ risk perceptions is therefore vital to understand
potential barriers to engagement in follow-up care.

Characterizing the broad range of late effects experienced by
ANZ neuroblastoma survivors may inform the design of inter-
ventions to minimize morbidity and mortality and provide care
that meets neuroblastoma survivors’ needs. In this study, we aimed
to describe neuroblastoma survivors’ self or proxy-reported late
effects, HRQoL, health-care use (e.g. hospitalizations and health
professional visits), and risk perception for future health problems
(including late effects and cancer recurrence).

Methods

Participants

We recruited neuroblastoma survivors as a part of the Australian
and New Zealand Childhood Cancer Survivorship Study
(Signorelli et al. 2019a). We obtained ethics approval from
the South Eastern Sydney Local Health District and each par-
ticipating site. All participants provided written consent. We
identified survivors using the electronic medical records of each
of the 11 hospitals in ANZ that treat pediatric oncology cases.
Survivors were eligible if they were diagnosed with neuroblastoma
before the age of 16 years, had completed active treatment, and
were at least 5 years post-diagnosis at study participation. If sur-
vivors were <16 years, their parents completed the questionnaire
on their behalf.

Data collection

A hard copy and online link to the questionnaire and consent form
were sent to participants, with nonrespondents followed up by tele-
phone after 4 weeks. Within the questionnaire, participants were
invited to take part in an optional telephone interview to discuss
their experiences and perceptions of late effects in more depth.
Those who agreed were mailed a second consent form, and a suit-
able interview time was arranged. We conducted semi-structured
interviews over the phone and transcribed the interviews verbatim.

Study outcomes and measures

Study outcomes collected included survivor or proxy-reported late
effects, HRQoL, perceived risk and worry about cancer recurrence
and the development of late effects, previous hospitalizations, and
health professional visits for self-perceived cancer-related reasons
since finishing cancer treatment. We asked participants to indi-
cate from a list of 19 late effects (listed in Fig. 1; response options
“yes/no”) which conditions survivors experienced and which they
believed were related to their cancer treatment (i.e. conditions
which predated their diagnosis) based on commonly experienced
late effects reported by survivors. Survivors’ HRQoL wasmeasured
using the EQ-5D instrument, and each health state was measured
on a 5-point scale (1 = “no problems” and 5 = “I am unable to”)
and thenweighted using England EQ-5D-5L value set (Devlin et al.
2018) to calculate the index value from 0 to 1 (0 = the health
state equivalent to dead and 1 = the value of full health). These
values were compared to a large adult community sample reflect-
ing Australian norms (McCaffrey et al. 2016). In interviews, we
asked survivors or their parents about the survivor’s experience of
late effects, their knowledge of and perceived risk for developing
future late effects, and their need for information about late effects.
A full list of measures and the interview schedule can be found in
Supplementary Table S1.

The study questionnaires collected survivors’ self-reported
demographic, diagnostic, and clinical information (Table 1).
Clinical information such as treatment intensity was measured
according to the Intensity of Treatment Rating Scale (ITR-3)
(Kazak et al. 2012), which uses treatment modality and disease
stage at diagnosis to categorize treatment from least intensive (e.g.
received surgery only) to most intensive (e.g. received transplant)
across 4 categories. Survivors were grouped into 3 treatment regi-
men eras (<1984, 1984–2004, and >2005) based on the different
treatment protocols used at hospital in their year of diagnosis.

Data analysis

We summed self-reported late effects to indicate a cumulative
burden, which we described using descriptive statistics. We used
chi-squared tests to understand potential group differences in
outcomes. Using linear regressions, we analyzed the association
between clinical information (e.g. treatment type) and demo-
graphic factors (e.g. age) on the total number of self-reported late
effects. We used SPSS26.0 (IBM Corp 2019) to perform quantita-
tive analysis. Results were considered significant when p< 0.05 for
2-tailed tests.

We analyzed interview data using thematic content analysis
guided by Miles and Huberman (1994). After deciding on an
initial coding tree, 2 researchers coded and compared 30% of inter-
views (J.T. and C.S.) to ensure consistency. One researcher (J.T.)
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Figure 1. Self or proxy-reported late effects
experienced by neuroblastoma survivors.

coded the remainder of interviews line-by-line using NVivo12
(QSR International Pty Ltd 2018). We established codes using
a combination of predetermined themes based on our research
questions (e.g. for perceived risk of developing future late effects:
decreasing, increasing, or unsure) and themes arising inductively
from the data (e.g. unique experiences of late effects).

Results

Sample characteristics

Of the 634 childhood cancer survivors who completed ques-
tionnaires from 11 hospitals in ANZ as part of the ANZCHOG
Survivorship Study, 39 were neuroblastoma survivors (n = 39/69,
57% response rate), including 20 survivors aged 16 and over and 19
parents representing survivors aged under 16 years (Table 1). We
did not observe any differences between participating and nonre-
spondent neuroblastoma survivors in terms of age (p = 0.840) or
sex (p= 0/059). Of these, 13 participants also completed interviews
(4 survivors and 9 parents). Although 39 participants completed
the survey, 3 reported incomplete diagnosis and/or treatment
information, meaning that we could not categorize their treatment
intensity.

The median age of neuroblastoma survivors at the time of sur-
vey completionwas 16 years (IQR= 11.0–20.5 years) and 39%were
male. Most participants identified as Australian or New Zealand
citizens (73%) and lived in metropolitan areas (78%). The median
age of survivors at diagnosis was 9 months (IQR = 3.0–27.5) and
most were diagnosed between 1984 and 2004 (69%). Most par-
ticipants reported being diagnosed with high-risk disease (72%).
Survivors were treated with surgery (92%), chemotherapy (85%),

bone marrow transplant (47%), and radiotherapy (39%). Most
survivors received the highest level of treatment intensity on the
ITR-3 (52%).

Late effects

Self-reported late effects (n = 39)
The median number of late effects reported by participants from
the provided list was 3.5 (IQR = 2.0–6.0). Of the 19 late effects
studied, the most common reported late effects were dental prob-
lems (56%), followed by vision/hearing problems (47%) and fatigue
(44%; Fig. 1).Thirty-two participants (89%) reported experiencing
at least 1 late effect since finishing cancer treatment. Eleven partic-
ipants (31%) indicated more than 5 late effects (Fig. 2), 8 of whom
were diagnosed with high-risk disease (89%). The highest average
number of late effects was reported by those diagnosed before 1984
(6) followed by 1984–2004 (4.3) and after 2005 (3.6; Fig. 3).

In univariate regression analyses, compared with survivors with
few late effects, those who reported experiencing a greater number
of cancer-related late effects reported high-risk disease (b = 3.69,
p = 0.04, CI 95% = 0.23–7.16), had received radiation therapy
(b = 4.00, p = 0.001, CI 95% = 1.78–6.23), and had received a
bonemarrow transplant (b= 4.59, p< 0.001, CI 95%= 2.67, 6.51).
Survivors with few late effects also reported attending survivorship
clinic (b = 2.95, p = 0.02, CI 95% = 0.60–5.31), were unemployed
(b = −2.70, p = 0.05, CI 95% = −5.37 to −0.03), and had poorer
self-reported overall health (b = −4.68, p = 0.001, CI 95% = −7.36
to −2.00; Supplementary Table S2). There was no difference in the
number of late effects by any other factors, including treatment
regimen era.
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Table 1. Survivor and parent demographics and clinical characteristics (n = 39)

N (%)

Characteristic
Survivors
n = 20 (51%)

Parents
n = 19 (49%)

Survivor gender

Male 15 (39) –

Female 24 (62) –

Survivor age (median, IQR) 16, 11−25.5 –

<16 16 (43) –

16−20 12 (32) –

21−30 5 (14) –

31−40 4 (11) –

Relationship to the survivor

Father – 4 (22)

Mother – 14 (78)

Self-reported ethnic
background*,b

– –

Australian or New
Zealander

16 (80) 11 (65)

Not Australian or New
Zealander

4 (20) 6 (35)

Religion*

No religion 5 (26) 8 (44)

Christian 13 (69) 10 (56)

Buddhism 1 (5) 0 (0)

Area of residence*,a

Metro 16 (80) 13 (77)

Regional or remote 4 (20) 4 (23)

Education*

High school or apprentice-
ship

13 (62) 5 (28)

Post school education (e.g.
TAFE or university)

8 (38) 13 (72)

Income*,c

Less than $60,000AUD 12 (67) 3 (18)

More than $60,000 AUD 6 (33) 14 (82)

Employment*

Not currently employed 6 (29) 3 (17)

Currently employed 15 (71) 15 (83)

Marital status* – –

Not currently married or de
facto

17 (81) 1 (6)

Currently married or de
facto

4 (19) 16 (94)

Age at diagnosis (median,
IQR) (months)

9, 9−27.5 –

<18 months 24 (65) –

>18 months 13 (35) –

(Continued)

Table 1. (Continued.)

N (%)

Characteristic
Survivors
n = 20 (51%)

Parents
n = 19 (49%)

Era of diagnosis (based on treatment regimen)

<1984 1 (3) –

1984−2004 24 (69) –

>2005 10 (28) –

Self or proxy-reported level of
risk

– –

Low 3 (10) –

Intermediate 5 (17) –

High 21 (73) –

Treated with surgery – –

Yes 35 (92) –

No 3 (8) –

Treated with chemotherapy – –

Yes 33 (85) –

No 6 (15) –

Treated with radiotherapy – –

Yes 13 (39) –

No 20 (61) –

Received bone marrow
transplant

– –

Yes 17 (47) –

No 19 (53) –

Treatment intensity
(according to ITR-3)

– –

Least intensive treatments 3 (9) –

Moderately intensive
treatments

2 (6) –

Very intensive treatments 11 (33) –

Most intensive treatments 17 (52) –

Years since diagnosis
(median, IQR)

13, 9−18 –

Years since treatment
completion (median, IQR)

12, 12−17 –

Number of late effects
experienced (median, IQR)

3, 2−6 –

Currently attends a
survivorship clinic

– –

Yes 24 (63) –

No 14 (37) –

–, not applicable; ITR-3, Intensity of Treatment Rating scale; IQR, interquartile range; AUD,
Australian Dollar.
Study population (N = 39). Numbers may not add up due to missing values.
*These factors referred to the survivor’s parent if the survivor was under 16 years of age.
aAccording to the Area of Remoteness Index Australia classifications.
bNot Australian or New Zealander included ethnicities such as European, Vietnamese, and
Cuban.
cBased on the median personal income in Australia.
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Figure 2. The frequency of self or proxy-reported late
effects experienced by neuroblastoma survivors.

Figure 3. Number of participants reporting the survivor’s
experienced late effects, by treatment era and treatment intensity
(based on the ITR-3); the average number of total late effects
reported is labeled above each column.

Perceived risk of late effects
Less than half of participants (40%) believed that the survivor
was at risk of cancer recurrence and 50% of the sample reported
that they worried about the possibility of cancer recurrence.
Approximately half (53%) of all participants believed that theywere
at risk of developing future late effects and 50% reported that they
worried about the survivors’ risk of developing late effects in the
future. Of those who did not believe that the survivor was at risk
of developing future late effects, 17% still reported worrying about
the survivor’s risk.

Survivors’ health-related quality of life (n = 39)

Most participants (62%) reported deficits in an average of 1.3
dimensions (range= 0–5) in any of the 5 quality of life dimensions.
Participants (50%) reported significantly more problems with anx-
iety/depression than the general population (4.7%; 𝜒2 = 13.1,
p < 0.001) (McCaffrey et al. 2016). We did not observe any

differences between survivors and the general population in any
other dimensions (all p< 0.05; Fig. 4) (McCaffrey et al. 2016).

The mean quality of life index score for survivors was high
(0.9, SD = 0.1, range = 0.2–1). There was no difference in the
mean quality of life index scores compared to population norms
(t(37) = −0.68, p = 0.50). Participants generally rated survivors’
overall health to be good in the past 4 weeks (81%). The mean
overall self or proxy-reported health score was 77 (SD = 16,
range = 30–100). There was no difference between the overall self
or proxy-reported health of our survivor population and popula-
tion norms (t(37) = −0.44, p = 0.66).

Health-care use (n = 39)

Hospitalizations
Almost half of all participants reported that the survivor had been
hospitalized on one or more occasions since their cancer treat-
ment had finished (49%).Themedian number of days hospitalized
was 4 (IQR = 2–9). The most common reasons for hospitalization
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Figure 4. Proportion of neuroblastoma survivors or parent
proxies endorsing problems in each 5 level EQ-5D (EQ-5D-5L)
dimension compared to Australian population norms
(McCaffrey et al. 2016). *p < 0.001.

included surgical procedures (e.g. oral surgery; 30%), other reasons
(e.g. management of benign tumors; 20%), appendectomy (15%),
infections (15%), and accidents and injuries (15%).

Health professional visits
Almost all participants reported that survivors had seen at least one
health professional (97%) for any cancer-related care since treat-
ment completion.Themedian number of health professionals seen
since cancer treatment completion was 3.5 (IQR = 2–7). The most
visited health professionals since cancer treatment were oncolo-
gists (68%), followed by general practitioners (GP; 62%), ears/eyes
specialists (47%), and dentists (46%; Supplementary Fig. S1). Two-
thirds of survivors (63%) reported that they attended survivorship
clinic at a tertiary center.

Interview on survivors’ perceptions regarding late effects
and their future health (n = 13 interviews)

During interviews, some participants reported that late effects
greatly impacted the survivor’s life, years after treatment comple-
tion (Supplementary Table S3), “all the side effects and things [from
often having surgery] … it still to this day does cause issues in the
way … I bond with my family” (female survivor aged 19 years).
Many survivors and their parents expressed emotional impacts
resulting from bullying from peers due to short physical stature,
scars from surgery, hormone-induced puberty, and distressing
memories of their treatment.Thesewere reported tomanifest emo-
tionally asmood swings, anger, distress, disassociation, and anxiety
associated with undergoing medical procedures. Others expressed
notable physical impacts such as abnormal bowel movements and
exercise intolerance, which were described as problematic and
difficult to overcome.

Six survivors or their parents could not recall hearing of the
term “late effects” or had very limited understanding of survivors’
risk of developing late effects. In general, most parents recalled
receiving information regarding late effects during treatment; how-
ever, the effects of treatment may not have been understood at that
time. One parent attending a cancer survivorship clinic expressed

a knowledge gap in understanding the relationship between treat-
ment and dental problems: “His adult teeth are smaller than his
children’s teeth but again you saywell thatwas his teeth, [treatment]
was done all on his tummy” (mother of survivor aged 13). Another
parent attending a cancer survivorship clinic expressed uncertainty
regarding the cause of the survivor’s short stature: “He’s quite a bit
smaller than his peers. We think some of that is to do with the
radiation” (mother of survivor aged 16).

Participants had mixed preferences for receiving ongoing per-
sonalized information about their risk of developing late effects.
While some valued the idea of receiving information about their
personal late effects risk, others expressed a desire not to receive
any further information.One parent described balancing the desire
to be “informed about what possibly is around the corner,” with
understanding that receiving information is “a two-edged sword,”
which may induce anxiety and “scares us” (mother of survivor
aged 11). Another parent described that at present she had received
“more than enough information,” accepting that her child’s future
health was ultimately “a wide unknown” (mother of survivor aged
13 years).

Some participants could not recall receiving lifestyle infor-
mation, and therefore expressed an unmet need for informa-
tion regarding preventative interventions and identifying warning
signs for developing late effects or recurrent cancers. One parent
expressed a desire to know how dietary factors could be managed
in the present to improve survivors’ quality of life in the future.
Another parent suggested that information relating to “[not] smok-
ing and what he eats” be communicated to survivors from “a young
guy of his age… rather than hearing it from parents” (father of sur-
vivor aged 13) as survivors mature and take responsibility for their
own health.

Discussion

Our study measured self or proxy-reported health conditions in a
cohort of ANZ neuroblastoma survivors to understand the burden
of late effects, survivors’ health-care use, HRQoL, and participants’
knowledge of late effects and future health. Participants generally
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reported good overall health. Eighty-nine percent of participants
reported survivors experiencing at least one late effect, most com-
monly dental problems (56%), vision/hearing problems (47%), and
fatigue (44%). A larger proportion of participants reported prob-
lems with anxiety/depression compared to the general population
and half reported worrying about their future health. In interviews,
many participants described that they had poor knowledge of late
effects and were uncertain of the survivor’s risk of developing late
effects, despite the perceived benefits of attending a survivorship
clinic.

The proportion of neuroblastoma survivors in our study expe-
riencing at least one late effect (89%) is comparable to that found
in stage 4 or high-risk neuroblastoma survivors in other stud-
ies (80–100%; median age = 10–15 years) (Hobbie et al. 2008;
Laverdière et al. 2005; Moreno et al. 2013). Although the preva-
lence of late effects is known to increase with time (Oeffinger et al.
2006), our study found no difference in the number of late effects
experienced and the treatment era of diagnosis. This could possi-
bly be explained by escalating treatment intensity in recent decades
(Armstrong et al. 2016) or by better awareness of late effects among
more recently diagnosed survivors who are likely to still be engaged
in survivorship care (Klosky et al. 2008). Alternatively, survivors
with more severe late effects from earlier treatment periods may
have died prior to this study. Considering our cohort is young
(median age = 16), continued follow-up is needed to understand
the changes to the frequency of late effects as neuroblastoma sur-
vivors age and the incidence of late effects grows (Hudson et al.
2013; Oeffinger et al. 2006).

Our study drew attention to the high proportion of neurob-
lastoma survivors experiencing dental problems, which was more
prevalent than other high-risk neuroblastoma studies (56% versus
13–51%) (Cohen et al. 2014; Laverdière et al. 2005; Perwein et al.
2011). Known dental problems in neuroblastoma survivors include
caries, microdontia, and root stunting (Kaste et al. 1998) and are
often not life-threatening and may be overlooked or neglected in
follow-up care. However, these problems can significantly affect
quality of life and morbidity through pain, functional deficits
(e.g. poor nutrition and speech difficulties), ongoing financial tox-
icity, and cosmetic concerns precipitating psychosocial challenges
(Carneiro et al. 2017; Meaney et al. 2011; Noronha andMacdonald
2016). Furthermore, periodontal disease has been found to be sig-
nificantly associated with cardiovascular disease in the general
community (Mozos and Stoian 2019), which may be more delete-
rious in neuroblastoma survivors who are already at a heightened
risk of dyslipidemia, insulin resistance, and cardiac late effects
(Meacham et al. 2010; Neville et al. 2006). Since dental prob-
lems in survivors are associated with younger age at diagnosis
and treatment (Gawade et al. 2014), which is common in neu-
roblastoma (London et al. 2005), oral care education, thorough
examination and documentation of dental problems, and financial
support for dental care are paramount in preventing complications
and improving quality of life.

While fatigue has not been specifically studied in neuroblas-
toma survivors, the proportion reporting fatigue in our cohort is
higher than in survivors of other childhood cancers (44% versus
19–30%) (Mulrooney et al. 2008). Taking into account the median
time since diagnosis of our cohort (13 years versus 20–24 years
(Mulrooney et al. 2008)), this may be explained by “response-
shift,” where those diagnosed more recently have not yet adapted
to a new internal standard of measurement for fatigue (Visser
et al. 2000). However, fatigue is a complex symptom, and under-
standing its mechanisms, including determining the trends of

fatigue symptoms over time and whether levels of fatigue differ
significantly from the general population, is still to be elucidated
(Frederick et al. 2016; Jóhannsdóttir et al. 2012; Karimi et al. 2020;
Langeveld et al. 2003; M ̈ort et al. 2011; Mulrooney et al. 2008; Rach
et al. 2017; Zeltzer et al. 1997). Since fatigue has been found to be
the most powerful predictor of functional status and HRQoL in
a cohort of childhood cancer survivors (Meeske et al. 2007) and
was the third most commonly reported late effect experienced in
our cohort, further study on the nature of fatigue in neuroblastoma
survivors is needed.

Our findings echo previous studies reporting poorer emotional
health among survivors compared to the general population
(Nathan et al. 2007; Wilson et al. 2020). Poor psychological health
can promote risky health behaviors and exacerbate health con-
ditions (Brinkman et al. 2018; Karimi et al. 2020). For exam-
ple, higher levels of depression and social withdrawal are associ-
ated with reduced exercise and obesity, which can increase sur-
vivors’ already heightened risk of metabolic syndrome and car-
diac conditions (Krull et al. 2010). The compounding nature of
late effects and poor emotional health, and their risk to future
health and HRQoL, call for further investigation and careful
intervention.

Many neuroblastoma survivors reported visiting their GP for
cancer-related care, a higher proportion than childhood cancer
survivors in a similar study (62% versus 23%) (Signorelli et al.
2019c). High proportion of GP visits may be explained by the
young median age of this cohort (16 years) who were treated with
aggressive treatment (52% receiving the most intensive treatment),
given those treated more recently and with high-risk treatment
are more likely to visit for cancer-related care (Oeffinger et al.
2004). Since we did not collect the reason for these visits, fur-
ther study is needed to assess increased primary health-care use
in neuroblastoma survivors.

Our participants reported modest survivorship clinic engage-
ment compared to other childhood cancer survivors in a UK study
(63% versus 15%–82%) (Knighting et al. 2020). Perceived suscep-
tibility to developing late effects may be important in survivors’
ability to learn about their risk and seek recommended surveil-
lance (Cherven et al. 2014; Gibson et al. 2018; Signorelli et al.
2019a, 2019b). In our cohort, only 53% of our cohort believed they
were at risk of developing further late effects, despite 85% receiving
very/most intensive treatment according to ITR-3.

Facilitating access to more information about late effects may
empower survivors to make informed decisions about their health,
promote health protective behaviors, lower distress, and improve
quality of life (Gianinazzi et al. 2014; Landier et al. 2006).Manypar-
ents recalled receiving late effects information but were uncertain
or unsure of the survivor’s future health risks, which may suggest
that late effects information is not understood or not perceived
as salient at the time of treatment and is thus misremembered or
may not be passed from parent to survivor as they mature if atten-
dance at the survivorship clinic is stopped (Gianinazzi et al. 2014).
Since information needs can be addressed in a survivorship clinic
(Signorelli et al. 2017b), which has other demonstrated benefits
(Signorelli et al. 2017a; Sutradhar et al. 2015), a greater focus on
improving both survivors’ attendance at survivorship clinic and
information delivery is needed. Althoughmost interviewees in this
study were parents who may have different or more unmet infor-
mation needs than survivors themselves (Knijnenburg et al. 2010;
Vetsch et al. 2017), our findings reinforce the need for more effec-
tive and consistent information delivery tailored to each survivor’s
personal wishes and circumstances (Gianinazzi et al. 2014).
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We examined a wide variety of somatic and psychological late
effects in neuroblastoma survivors, using validated tools and inter-
views that provided rich insight into the personal impacts of late
effects and cancer treatment. Our study relied on self or proxy-
reported data, which is vulnerable to participants’ perceptions
of their condition, or knowledge/understanding of the listed late
effects, and may underrepresent the true incidence of late effects
that require clinical testing such as pulmonary conditions (Hudson
et al. 2013; Stone et al. 2017), or are present but currently undi-
agnosed. Since vision/hearing issues were asked together in the
survey, we were unable to determine the exact proportion expe-
riencing each late effect or compare these to other studies. Due to
our small sample size (n= 39), our study is vulnerable to type 1 and
2 errors. Thus, care must be taken when extrapolating our findings
to the general neuroblastoma survivor population.

The high burden of late effects and gaps in survivors’ knowl-
edge of late effects pose risks to the future health and quality of life
of ANZ neuroblastoma survivors.This study draws attention to the
high rates of dental problems, the poor emotional health in neurob-
lastoma survivors compared to the general population, and their
specific information needs. More effective ways of educating and
engaging survivors’ families in follow-up care is needed to prevent,
screen for, and manage late effects and improve survivors’ quality
of life.
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