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Abstract

Genetics in paediatric oncology is becoming increasingly important in diagnostics, treatment and follow-up care. Genetic testing
may offer a possibility to stratify survivors follow-up care. However, survivors’ and parents’ preferences and needs for genetics-
related services are largely unknown. This mixed-methods study assessed genetics-related information and service needs of
survivors and parents. Six hundred and twenty-two participants (404 survivors: mean age: 26.27 years; 218 parents of survivors:
mean age of child: 13.05 years) completed questionnaires. Eighty-seven participants (52 survivors; 35 parents) also completed in-
depth telephone interviews. We analysed data using multivariable logistic regression and qualitative thematic analyses. Thirty-six of
50 families who were offered cancer-related genetic testing chose to undergo testing. Of those not offered testing, 11% of survivors
and 7.6% of parents indicated that they believed it was ‘likely/very likely’ that the survivor had inherited a gene fault. Twenty-nine
percent of survivors and 36% of parents endorsed access to a genetics specialist as important in their care. Survivors (40.9%) and
parents (43.7%) indicated an unmet need for information about genetics and childhood cancer. Parents indicated a higher unmet
need for information related to the survivors’ future offspring than survivors (p < 0.001). Many survivors and parents have unmet
needs for genetics-related services and information. Greater access to services and information might allow survivors at high risk for
late effects to detect and prevent side effects early and improve medical outcomes. Addressing families’ needs and preferences

during survivorship may increase satisfaction with survivorship care.

Introduction

Survival rates for childhood cancers have drastically
improved over the last few decades with around 80% sur-
viving their cancer for more than 5 years [1, 2]. Despite this
success, >60% of childhood cancer survivors suffer from at
least one chronic health condition due to treatment-related
toxicity and side effects [3]. Continued follow-up care with
appropriate access to services is therefore essential [4, 5].
Follow-up care can help to prevent treatment-related health
conditions, manage existing health conditions, and provide
support and information as needed [6, 7].
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Recently, genetic/genomic testing has been identified as
a potential additional tool in childhood cancer survivorship
care [8, 9]. Survivors’ follow-up care can be stratified
according to their risk of developing late effects, usually
determined by their cancer type and treatment received
[10, 11]. Genetic/genomic testing may offer a possibility to
stratify childhood cancer survivors’ follow-up care by their
risk of recurrence, second cancers and other physical
complications [7, 9, 12]. Recent research indicates that
10-15% of all childhood cancers are caused by cancer
predisposition genes [13]. These increase the risk for sub-
sequent cancers [9] and potentially affect offspring and
other family members [8]. Thirty percent of childhood
cancer survivors may require a genetics risk assessment,
either because they were diagnosed prior to the genetics
revolution or because of evolving family history [14].
Survivors with multiple primary tumours and survivors with
family members with previous childhood cancers should in
particular be offered access to genetic services [8]. Some
researchers have argued that all childhood cancer survivors
should be referred to genetics services, with priority given


http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-019-0481-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-019-0481-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-019-0481-7&domain=pdf
http://orcid.org/0000-0002-5564-7093
http://orcid.org/0000-0002-5564-7093
http://orcid.org/0000-0002-5564-7093
http://orcid.org/0000-0002-5564-7093
http://orcid.org/0000-0002-5564-7093
mailto:c.wakefield@unsw.edu.au
https://doi.org/10.1038/s41431-019-0481-7
https://doi.org/10.1038/s41431-019-0481-7

Genetics-related service and information needs of childhood cancer survivors and parents: a... 7

to survivors with a secondary neoplasm, who did not
receive radiotherapy, and to survivors with breast cancer/
sarcoma in the field of prior radiotherapy treatment [9].
Genetic assessment may reveal risks for survivors’ family
members and (future) offspring [8]. If a variant associated
with cancer predisposition is identified, genetic services
provide support for at-risk family members, provide genetic
counselling and help with reproductive decisions. Further,
when a variant associated with cancer predisposition is
identified in a survivor, knowing the cause of the cancer can
provide solace and possibly shape personal health beliefs
[15]. For those identified as low risk, reassurance for the
survivor and family members can also be helpful [14].

Before establishing new services, it is important to assess
consumers’ thoughts, preferences and (information) needs.
Over 20 years ago, a study reported that mothers of childhood
cancer patients were hypothetically willing to uptake genetic
testing, without even evidence of clear medical benefit [16]. A
study of childhood cancer survivors also showed that survivors
are interested identifying their risk of developing late effects
through genetics [17]. Survivors were willing to pay for testing
and to wait up to 6 months to receive the results [17]. The
perceived benefits of testing outweighed their concerns [17].
Despite increasing recognition of the potential role of genetics
assessment in childhood cancer survivorship [14], there has not
been a comprehensive examination of childhood cancer sur-
vivors’ and parents’ genetics service preferences and informa-
tion needs. The relationship between these needs, their
satisfaction with care and their psychological well-being is also
unknown. By more clearly understanding families’ genetics-
related information and service needs, healthcare professionals
can better meet these needs and make appropriate referrals,
potentially increasing satisfaction with care.

This mixed-method study therefore assessed childhood
cancer survivors’ and parents’:

1. Genetics-related service use and desire for future
genetics specialist consultation.

2. Perceived importance of receiving genetics-related
information, their unmet genetics-related information
needs and their preferred modes of information delivery.

3. Beliefs and concerns about childhood cancer genetics.

We addressed these aims first for families in which the
child’s cancer was confirmed or suspected to be related to
a genetic condition (‘families with possible genetic con-
dition’) and then in families without a suspected genetic
condition (‘families without suspected genetic condi-
tion’). We also aimed to identify demographic and clinical
predictors of genetics service needs and unmet informa-
tion needs, in order to identify families appropriate for
targeted education/counselling.

Methods

We used a mixed-method approach. In stage 1, we sent
questionnaires to survivors and survivors’ parents. In stage
2, we invited participants who opted in at stage 1 to an in-
depth telephone interview [18, 19].

Participants

We invited a random selection of survivors who were
treated at the Australian and New Zealand children’s hos-
pitals, who were <16 years at diagnosis, >5 years post
diagnosis, had completed active treatment, were alive and in
remission, and were proficient in English. We invited the
survivor directly if they were aged >16 years and we invited
survivors’ parents if the survivor was aged <16 years. Only
one questionnaire was collected per family.

Procedure

An expert committee helped design the questionnaire,
which we then piloted with five survivors and five parents.
We piloted the interviews with two survivors and two
parents. The study was approved by the ethics authority
at each participating site and endorsed by the Australian
and New Zealand Children’s Haematology Oncology
Group. The lead clinician at each site posted the study
documents to participants, which included an invitation
letter, a consent form, questionnaire and a pre-paid envel-
ope. We followed-up with non-respondents after 4 weeks.
Experienced psychosocial researchers conducted the tele-
phone interviews.

Measures
Socio-demographics

We assessed the survivor’s age and the participants’ sex,
education level and household income (Table 1).

Medical characteristics

We assessed survivors’ first cancer diagnosis, time since
first cancer diagnosis, time since last follow-up and whether
their cancer had relapsed.

Worry about cancer recurrence/ late effects

We assessed participants’ worry about the cancer return-
ing and about developing late effects on a five-point

Likert scale (response options: ‘not at all’ to ‘a great
deal’).
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Table 1 Demographic and clinical characteristics of survivors and
parents of survivors

Characteristic Survivors Parents (n =218)
(n=1404) n (%) n (%)

Sex participant

Male 174 (43.3) 27 (13.4)

Female 228 (56.7) 175 (86.6)
Sex of target patient

Male n.a. 124 (56.9)

Female n.a. 94 (43.1)
Age of target patient, 26.27 (7.6) 13.05 (2.5)
mean in years (SD)
Income

Nil income 73 (18.4) 4(1.9)

Less than $29,999 70 (17.7) 13 (6.0)

$30,000-$59,000 70 (17.7) 28 (13.0)

$60,000-$89,999 42 (10.6) 37 (17.1)

$90,000 or more 36 (9.1) 34 (15.7)

Greater than $ 120,000 42 (10.6) 80 (37.0)

Prefer not to answer 62 (15.7) 20 (9.3)
Education®

No post-school qualifications 185 (47.0) 60 (27.9)

Post-school qualifications 209 (53.0) 155 (72.1)
Diagnosis

Leukaemia 169 (43.4) 97 (47.8)

Lymphoma 58 (14.9) 16 (7.9)

Solid tumour 158 (40.6) 80 (39.4)

Other 4 (1.0) 10 (4.9)
Relapsed

No 328 (82.4) 190 (87.6)

Yes 62 (15.6) 25 (11.5)

Don’t know 8 (2.0) 2 (0.9)
Perceived risk for late effects

Not at risk 109 (27.3) 21 9.7)

A little at risk 118 (29.6) 78 (35.9)

At risk 172 (43.1) 118 (54.4)
Perceived risk of cancer recurrence

Not at risk 125 (31.2) 25 (11.5)

A little at risk 117 (29.2) 93 (42.7)

At risk 159 (39.7) 100 (45.9)
Satisfaction with long-term follow-up care

Unsatisfied 61 (15.7) 20 (9.4)

Neither 69 (17.7) 20 (94)

Satisfied 259 (66.6) 173 (81.2)
Genetic testing was offered and undertaken

No 7 (33.3) 1(4.3)

Yes 14 (66.7) 22 (95.7)

Mean (SD) Mean (SD)

Time since diagnosis in years 19.1 8.1) 10.1 (2.4)

Range 5-59 5-18
Time since treatment completion  16.8 (7.9) 8.5(2.9)
in years

Range 0-59 0-16
Quality of life index 0.87 (0.15) 0.90 (0.12)

Range —0.01-1.0 0.17-1.0
n number

Note: Numbers do not always add up due to missing values

#Education level (no post-school qualifications/post-school qualifica-
tions: TAFE [vocational tertiary education], certificate/diploma,
apprenticeship, college, university degree, postgraduate degree
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Quality of life (QolL)

We assessed quality of life (QoL) with the EQ-5D-5L, a six-
item standardized measure comprising five items: mobility,
self-care, usual activities, pain/discomfort and anxiety and
depression [20]. Responses ranged from ‘no problem’ to
‘extreme problem’. The sixth item assesses self-rated health
today with a visual analogue scale (0 = ‘“Worst health you
can imagine’, to 100 = ‘Best health you can imagine’). For
each participant, we calculated a QoL index value, using the
five domains and Model D of the Australian sample value
set [21, 22].

Global satisfaction with care

Based on previous studies [23, 24], we assessed global
satisfaction with one item asking about the participant’s level
of satisfaction with the survivor’s cancer-related follow-
up care (1= ‘very unsatisfied’ to 5= ‘very satisfied’).
We categorized this variable into the following: unsatisfied
(i.e., ‘very unsatisfied’/‘unsatisfied’), ‘neither’ and ‘satisfied’
(i.e., ‘satisfied’/‘very satisfied’).

Beliefs about cancer genetics

We asked participants about their beliefs about the causes of
childhood cancer [15]. For this paper we only reported
beliefs about genetics playing a role (i.e., ‘it runs in family”).

Beliefs about carrying a gene fault

We asked participants to estimate the likelihood that the
survivor carries a gene fault that caused the cancer, and that
the survivors’ future children may carry the same gene fault
(five-point scale: ‘Very unlikely’ to ‘Very likely’).

Perceived importance of receiving genetics-related
information

We assessed this using one item with response options:
1 = ‘Not important’, 2 = "Important’, 3 = ‘Very important’.

Genetics-related information needs

We assessed genetics-related information needs using one
overarching item, asking whether participants had a need
for ‘Genetic information related to my (child’s) cancer’,
and two sub-items, asking about their information need
about any risks to other family members and any risks to
the survivors’ future children (response options: 1 = ‘not
needed’, 2= ‘needed but not received’, 3 = ‘needed
and received some’, 4 = ‘needed and received enough’).
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We based the item design on a validated information needs
tool for cancer survivors [25]. We listed questions about
genetics information needs among a list of other informa-
tion needs to reduce the focus on genetics. The items
demonstrated good internal consistency in survivors (a =
0.88) and parents (o =0.87). We dichotomized the items
to indicate ‘(un)met needs’ (2 and 3 = ‘need unmet’; 1 and
4 = ‘need met’).

Importance of access to a geneticist/genetic counsellor

We asked, ‘Which health professionals do you think are
important to have access to at a long-term follow-up clinic?’
To reduce the focus on genetics, we listed genetic specia-
lists among 16 other healthcare professionals.

Genetics-related service use was assessed by asking
whether the survivor had seen a genetic counsellor/geneti-
cist since the cancer diagnosis and how often.

We addressed the following topics in the interviews
(Appendix):

1. Concerns (if any) regarding cancer risk in family
members,

2. Understanding of the role of genetics in childhood
cancer and survivorship care,

3. Desire for, or intentions to undergo, genetic counsel-
ling/testing,

4. Desire for genetics-related information,

5. Preferred delivery mechanism  for
information.

genetics

Statistical analysis

We performed all analyses using StataSE 15, College
Station, TX: StataCorp LLC. We summarized the data
using descriptive statistics. We analysed descriptive data
separately for participants who indicated a suspected
genetic condition in their family. For the regression ana-
lysis we dichotomized the variables into one information
needs variable (0O = no needs at all, 1 = needs on at least
one of the genetics-related information needs items). We
conducted univariable and multivariable logistic regres-
sions to examine the associations between outcomes and
demographic and clinical variables separately for survi-
vors and survivors” parents. We used Pseudo R to report
the amount of variance in the outcome accounted for by
the predictors in the final model (Tables 2 and 3).
Regression analyses excluded those who had a suspected
genetic condition.

We recorded all interviews and transcribed them ver-
batim. We analysed interview data using thematic
analysis to enable the organization of responses into

themes, supplemented with the methodology described by
Miles and Huberman [26]. The coding structure was
informed by the structured interview questions (Appen-
dix). We coded responses line by line using NVivoll.
We extracted illustrative quotes to inform our quantitative
findings from the questionnaire. We used matrix coding
to cross-analyse themes and participant characteristics
(e.g., separating survivors and parents). Two coders (LF
and JV) double coded 20% of interviews (99.2%
agreement).

Results

In total, 622 participants responded to our questionnaire
(response rate 53.8%). Survivors who did not respond
differed significantly from respondents in sex and age
(*=1536, p<0.001, r=-583, p<0.001). Non-
respondents were younger (23.3 years) and more often
male than respondents (55.8% male vs. 43.3% male). Of the
622 participants, 361 opted in to the interview, of which 87
eligible and reachable participants (52 survivors, 35 parents)
completed the in-depth interview when we reached satura-
tion. Of those 87, 12 had been offered genetic testing and 7
had consented to undergo genetic testing.

In total, 404 survivors (mean age: 26.27 years, SD =
7.6) and 218 parents (child mean age: 13.05 years, SD =
2.5) participated. Fifty families (8.0%) had been offered
cancer-related genetic testing (Tables 1 and 2), 36
(72.0%) of whom had chosen to undergo testing (14 sur-
vivors: mean age: 24.6 years, SD = 9.5; 22 parents: child
mean age: 12.5 years, SD =2.7). Twenty-seven (4.3%)
reported that the survivors’ cancer was related to a
(known) genetic predisposition syndrome. Not all stated
what the predisposition was. Examples given were breast
cancer (n=1), Neurofibromatosis 1 (n=4), Fanconi’s
anaemia (n=1), Down syndrome (n=3), Gorlin syn-
drome (n = 2), Retinoblastoma (n = 1), autism (n = 1) and
Beckwith—Wiedermann syndrome (n = 1).

Genetics-related service use and desire for future
consultation

Families with possible genetic condition

Of the 27 participants who were told that the survivors’
cancer was related to a genetic condition, 5 out of 13 sur-
vivors (38.5%) and 3 out of 14 parents (21.4%) had con-
sulted a geneticist or genetics specialist. Five out of
13 survivors (38.5%) and 7 out of 14 parents (50.0%)
indicated that it was important to have access to a genetics
specialist as part of their care. One mother explained that
they received a lot of cancer-related genetics information

SPRINGER NATURE
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Table 2 Multivariable logistic regressions assessing associations of demographic and clinical characteristics on importance of access to genetic
counsellor/geneticist in survivors and survivors’ parents

Importance of access to genetic Survivors Parents of survivors
counsellor/geneticist
Odds ratio 95% CI for p-value Odds ratio 95% CI for p-value
odds ratio odds ratio
Sex participant 0.243 0.217
Male Ref Ref
Female 1.39 0.80-2.44 2.06 0.63-6.69
Sex of target patient n.a. 0.134
Male n.a. n.a. Ref
Female n.a. n.a. 0.57 0.27-1.21
Age of target patient 0.031 0.311
<16 Years n.a. Ref
16-20 Years Ref 0.56 0.18-1.75
21-30 Years 0.34 0.15-0.76 n.a. n.a.
31-40 Years 0.31 0.09-1.04 n.a. n.a.
>41 Years 0.10 0.02-0.65 n.a. n.a.
Income 0.490 0.977
Less than $60,000 Ref Ref
Greater than $60,000 1.27 0.67-2.40 0.95 0.38-2.35
Prefer not to answer 1.54 0.72-3.29 1.08 0.24-4.91
Education 0.946 0.595
No post-school qualifications Ref Ref
Post-school qualifications 1.02 0.53-1.97 1.24 0.56-2.79
Diagnosis 0.926 0.745
Leukaemia Ref Ref
Lymphoma 1.24 0.54-2.88 0.47 0.12-1.80
Solid tumour 0.94 0.52-1.69 0.97 0.45-2.08
Other 1.23 0.11-13.98 091 0.17-4.93
Relapsed 0.624 0.283
No Ref Ref
Yes 0.70 0.33-1.52 1.84 0.61-5.54
Don’t know 0.69 1.03-4.59 n.a. n.a.
Worry about late effects 0.105 0.446
Not at risk Ref Ref
A little at risk 2.55 1.05-6.16 2.51 0.56-11.19
At risk 1.82 0.70-4.76 1.88 0.40-8.79
Worry about cancer recurrence 0.152 0.400
Not at risk Ref Ref
A little at risk 0.61 0.27-1.42 1.07 0.25-4.59
At risk 1.24 0.53-2.93 1.89 0.41-8.74
Satisfaction with long-term follow-up care 0.406 0.265
Unsatisfied Ref Ref
Neither 1.03 0.43-2.45 3.29 0.61-17.68
Satisfied 0.68 0.32-1.45 1.12 0.36-3.52
Genetic testing was offered and undertaken
No Ref Ref
Yes 1.23 0.63-2.41 0.65 0.26-1.59
Time since diagnosis in years 1.09 1.03-1.16 0.002 0.95 0.80-1.13 0.586
Quality of life index 0.81 0.60-1.11 0.191 1.13 0.74-1.71 0.573
and would always be able to talk to the genetic services if Most participants who reported a possible genetic con-

needed: “They did give us a lot of information. [The] clinic  dition perceived that learning genetics-related information
is there for those boys whenever they need it, to be able to (survivors (11/13): 84.6%; parents (12/14): 85.7%) was
go and talk and have genetic counselling and talk about it  ‘important’/‘very important’ in survivorship care. However,
whenever they need to, about what the implications would  these needs remained unmet in 69% of survivors (9/13) and
be.” (Mother, 15 y.o. survivor). 31% parents (4/9; p = 0.050). Survivors (61.5%; 8/15) and

SPRINGER NATURE
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Table 3 Multivariable logistic regressions assessing associations of demographic and clinical characteristics on unmet information needs of
survivors and survivors’ parents

Unmet need for genetic Survivors Parents of survivors
information related to my/my
child’s cancer Odds ratio 95% CI for p-value Odds ratio 95% CI for p-value
odds ratio odds ratio
Sex participant 0.501 0.967
Male Ref Ref
Female 1.19 0.71-1.99 0.98 0.32-2.97
Sex of target patient n.a. 0.322
Male n.a. n.a. Ref
Female n.a. n.a. 1.47 0.69-3.13
Age of target patient 0.324 0.578
<16 Years n.a. Ref
16-20 Years ref 0.88 0.28-2.78
21-30 Years 1.37 0.67-2.79 n.a. n.a.
31-40 Years 1.56 0.53-4.56 n.a. n.a.
>41 Years 0.55 0.10-2.99 n.a. n.a.
Income 0.999 0.987
Less than $60,000 Ref Ref
Greater than $60,000 1.01 0.57-1.79 0.96 0.36-2.55
Prefer not to answer 1.01 0.49-2.11 1.06 0.24-4.77
Education 0.015 0.419
No post-school qualifications Ref Ref
Post-school qualifications 0.48 0.27-0.88 0.71 0.31-1.63
Diagnosis 0.881 0.830
Leukaemia Ref Ref
Lymphoma 1.30 0.61-2.77 0.80 0.22-2.90
Solid tumour 1.20 0.70-2.08 0.72 0.32-1.60
Other 1.06 0.10-11.43 1.22 0.22-6.81
Relapsed 0.229 0.791
No Ref Ref
Yes 0.63 0.32-1.24 1.17 0.37-3.71
Don’t know 242 0.38-15.28 n.a. n.a.
Worry about late effects 0.380 0.612
Not at risk Ref Ref
A little at risk 1.69 0.79-3.61 1.62 0.35-7.52
At risk 1.56 0.68-3.57 2.18 0.44-10.79
Worry about cancer recurrence 0.084 0.531
Not at risk Ref Ref
A little at risk 1.24 0.60-2.55 1.22 0.26-5.62
At risk 2.29 1.03-5.07 1.93 0.39-9.60
Satisfaction with long-term 0.028 0.001
follow-up care
Unsatisfied Ref Ref
Neither 0.90 0.38-2.15 42.64 3.53-514.90
Satisfied 0.44 0.21-0.94 4.09 1.15-14.57
Genetic testing was offered and 0.043 0.033
undertaken
No Ref Ref
Yes 1.93 1.01-3.67 2.81 1.05-7.51
Time since diagnosis in years 1.02 0.97-1.07 0.524 1.01 0.84-1.20 0.948
Quality of life index 1.13 0.84-1.52 0.423 0.71 0.44-1.14 0.142

parents (28.6%; 4/14) indicated an unmet information need  Families without suspected genetic condition

about the cancer genetic risk for other family members.

Survivors (46.2%; 6/13) and parents (35.7%; 5/14) indi- Six survivors (out of 377; 1.6%) and six parents (out of 201;
cated an information need related to the survivor having  3.0%) of families had consulted a geneticist/genetics spe-
their own children. cialist regarding the cancer despite not indicating that the
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survivors’ cancer was related to an inherited condition.
Yet, 28.8% survivors (n=110/382) and 35.5% parents
(n ="72/203) reported that access to a genetics specialist
was important. This was confirmed by interviewees, with
survivors and parents describing the importance of having
access to a genetic expert to ask questions when they arose.
“I definitely feel it is part of it, genetics. I can’t imagine it
not being part of it.” (24y.o. female survivor). Several
survivors highlighted the importance of talking to genetics
experts who were able to explain complex concepts in an
understandable way. “If I can associate with [genetics
experts].... On a similar level in conversation for sure.”
(25 y.o. male survivor).

For survivors, longer time since diagnosis (odds raio
(OR) =1.09, p =0.002; Table 2) and younger age at study
(p=0.031) was associated with a greater likelihood of
indicating that access to a genetic counsellor/geneticist was
important. None of the tested factors was associated with
parents’ ratings of importance of access to genetic coun-
sellor/geneticists.

Most participants without a suspected genetic condition
reported that receiving genetics-related information (sur-
vivors: 299/373, 80.2%; parents: 169/201, 82%) was
‘important’/‘very important’ in survivorship care. How-
ever, although many participants reported genetics infor-
mation needs since the survivor’s diagnosis, these needs
remained unmet in 40.9% of survivors (152/372)
and 43.7% of parents (87/199; Fig. 1). Survivors (38.0%;
141/371) and parents (40.7%; 81/199) indicated an unmet
information need about the cancer genetic risk for other
family members, and 32.1% survivors (119/371) and
53.3% parents (106/199; p <0.001) indicated an unmet
information need related to survivors having children
(Fig. 1). This finding was echoed in interviews, where
participants highlighted a specific information need about
cancer risk for future offspring: “In the future I mightn’t
have children but if I ever did, I would like to know

60

Survivors

20 | Parents

Percantage endorsed (%)

0
Genetics information ~ Genetic risk of cancer for Genetic information related
related to my/my child's other family members  to (my child) having (their
cancer own) children

Unmet information needs

Fig. 1 Proportion of survivors and parents of survivors with unmet
genetics information needs (¥*p-value < 0.005)
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whether it’s a trait that I could pass on and whether there’s
some way of getting around it.” (37 y.o. male survivor)
One mother was unsure whether her child’s cancer was
heritable: “....[l don’t know] if potentially future gen-
erations can have - like if my grandchildren are going to
have yolk sac tumours.” (Mother, 11 y.o. survivor). Even
though most participants expressed an interest in genetic
information, some were less interested if it was not spe-
cific to their condition: “I’'m not sure what I would do
with that information at this point in time. If it was rele-
vant to neuroblastoma, yes. But in regard to just
general genetics and cancer, I'm not keen. No. It’s not
something I think I would open and read.” (Mother, 13y.
0. survivor).

Although many interviewees described a strong desire
for genetics-related information, most had not sought the
information themselves. Some families, however, had
searched their family history and the internet. Inter-
viewees described the value of a potential explanation for
their (child’s) cancer and risk for future offspring: “Just to
put some sort of justification to everything you go
through...I am getting to the stage where I'm talking
about how it will long-term affect me.” (17 y.o. female
SUrvivor).

Survivors who made a genetic attribution were more
likely to indicate that they had an unmet information need
(OR =1.93, 95% confidence interval (CI): 1.01-3.67;
Table 3). Survivors without a post-school qualification (p =
0.015) and survivors dissatisfied with their follow-up care
(p =0.028) were more likely to indicate an unmet infor-
mation need compared with those who had post-school
qualification and those who were satisfied (Table 3). Parents
who made a genetic attribution were more likely to indicate
an unmet information need (OR=2.81, 95% CI:
1.05-7.51). Parents who indicated they were neither satis-
fied/dissatisfied or satisfied with their child’s follow-up care
were more likely to indicate an unmet information need
related to their child’s cancer than those not satisfied (OR =
42.64, 95% CI: 3.53-514.90 and OR =4.09, 95% CI:
1.15-14.57, respectively; Table 3).

Interviewees described a strong preference for written
materials about genetic aspects of childhood cancer (either
paper-based, online or both). Fewer expressed an interest in
attending a face-to-face educational seminar/workshop,
although some participants indicated interest, “if it was not
too far from home”.

Beliefs and concerns about childhood cancer-related
genetics

Sixty-eight survivors of 371 (18.3%) and 43 parents of
198 (21.7%) patients who did not indicate that their
cancer was related to a genetic condition endorsed
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‘genetics (‘it runs in the family’) as a cause of the survi-
vors’ cancer. As one survivor explained: “My uncle had
the same cancer as me...I always think it runs in famil-
ies.” (24 y.o. female survivor). Mirroring the quantitative
results, most participants did not believe that genetics
played a role, as one mother said: “Don’t think [genetics
played a role] because there’s no history of cancer in my
family” (22 y.o. male survivor)

Another survivor explained that her family history
evolved over time, which made her think about genetics
later after diagnosis and treatment: “I was the first one in the
family to be sick. So, I never really thought about genetics,
but then once my younger brother got sick and then my
mother, it was like, is this just crappy genetics?” (25y.o0.
female survivor).

Forty-two survivors (of 378; 11.1%) and 15 parents (of
197; 7.6%) indicated that they believed it was ‘likely’/‘very
likely’ that the survivor had inherited a gene fault that caused
the cancer. Despite not having been identified as a family with
a suspected heritable condition, 29 survivors (of 372; 7.8%)
and 9 (of 196; 4.6%) parents indicated it was ‘likely’/very
likely’ that this gene fault would be transmitted.

Although many interviewees reported that they did not
worry about their parents and siblings developing cancer,
others described strong concerns for other family members.
Even in interviewees who did not attribute their cancer to an
inherited condition, many survivors remained concerned
about the cancer risk in their offspring. “That is one of my
main concerns, that my kids would have cancer, or have
childhood cancer, or have a higher risk of it. It does make
having biological children a nasty concept. I could adopt
and get somebody else’s probability rather than my own.”
(28 y.o. female survivor).

Although many interviewees demonstrated a good
understanding of the difference between an inherited con-
dition and a sporadic genetic change causing cancer, several
interviewees demonstrated misunderstandings about the
cause of cancer and the role of genetics.

As one survivor explained: “It is a genetic condition.
Something amiss with your DNA... In terms of the inheri-
tance question, there has been young deaths from cancer in my
family... but not Wilms’ tumour.” (28 y.o. female survivor). A
mother suggested her parents’ use of chemicals as a possible
explanation: “My father died of cancer, [my husband’s] father
died of cancer, but they were both great ones to play with
chemicals. Whether that caused damage to my DNA and my
husband’s DNA, who knows.” (Mother, 13 y.o. female).

Discussion

Although only a small proportion of participants indicated
an underlying cancer predisposition syndrome, unmet

cancer-related genetics information needs and access to
genetic services were prevalent among survivors and sur-
vivors’ parents. Survivors’ need for access to genetics ser-
vices was greater with longer time since diagnosis and
younger age at study. Unsurprisingly, the need for cancer-
related genetics information was greater among survivors
and survivors’ parents who attributed genetics as a cause of
cancer. Survivors who were dissatisfied and parents who
were neither satisfied/dissatisfied or satisfied with their
cancer-related follow-up care had greater unmet genetic
information needs.

Given estimates that <3% of published genetics research
focuses on the application of basic discoveries into health
services [27], this study is urgently needed. This study
investigates the genetics-related service and information
needs of adult childhood cancer survivors (and younger
survivors’ parents), as well as qualitatively examining the
participants’ views about cancer-related genetics. The pre-
sent findings demonstrate some misunderstanding around
cancer genetics. A relatively large number of participants
held beliefs that their cancer ‘runs in the family’ even
though they indicated their cancer was not related to a
genetic condition. Similarly, there were survivors and par-
ents who believed it was likely a gene fault caused the
cancer and it would be passed on to future offspring, despite
not having a suspected cancer predisposition syndrome in
the family. Offspring studies have shown that the risk of
transmitting childhood cancer is low if the cancer is not
caused by a cancer predisposition syndrome [28, 29].
Despite this low risk, another study found that fears about
cancer in offspring prevented some survivors from having
their own children [30]. This also mirrors the findings of
previous studies on genetics-related misunderstandings of
those affected by genetic diseases [31]. Together, these
findings suggest that childhood survivors and parents need
further educational support about cancer genetics.

Most families perceived genetics-related information was
important for their survivorship care, but this information
need often remained unmet. Many participants also indi-
cated unmet information needs regarding genetic risks for
family members and future offspring. In addition, partici-
pants expressed the importance of having access to a
genetic specialist as part of their care, which may explain
why most interviewees expressed a strong genetics-related
information need yet had not sought such information
themselves. Participants emphasized that genetics experts
play an important role in answering questions and
explaining complex concepts. Previous reviews have also
demonstrated parents’ [32] and children’s [33] positive
attitudes towards childhood genetic testing, yet hesitance
over its limitations and possible risks [33]. Other studies
suggested that genetic/genomic testing and information in
children with cancer has minimal psychosocial implications
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[34, 35] but expectations and the potential burden need to
be discussed [36].

Few clinical variables were associated with unmet
genetics-related information needs and access to genetics
services. The findings that, among survivors, longer time
since diagnosis and younger age at study were associated
with placing greater importance on access to genetic ser-
vices are to be expected. The potential genetic implications
of their cancer for others are likely to become more
important to the survivor as the cancer itself becomes less
threatening to them and they consider their reproductive
options. Access to genetics-related services and information
will be crucial and might provide peace of mind and
increase satisfaction with care, especially for survivors
who were dissatisfied with follow-up care and for families
who attributed genetics as a cause of (their) cancer [37].
Interestingly, parents with greater satisfaction and neither
satisfaction/dissatisfaction with follow-up care expressed
greater need for genetics-related information, which might
indicate that some parents might always require more
information about their child’s health and remain concerned
about their future health. Survivors and parents might
become more concerned about offspring and family mem-
bers, and therefore are increasingly eager for more infor-
mation about potential (future) risk. Follow-up care might
act as a gateway to access services such as genetic testing/
counselling.

Strengths and limitations

A major strength of this study is the large and diverse
sample including survivors whose cancer was related to a
genetic condition and survivors where there was no genetic
attribution, as well as survivors who regularly attend a
follow-up care clinic along with those who do not. Another
strength of this study is the use of a mixed-methods
approach, which allowed for the measurement of a broad
range of quantitative variables, as well as an in-depth qua-
litative exploration of survivors’ and parents’ preferences
and information needs related to childhood cancer genetic
services.

However, this study also needs to be considered in light
of its limitations. Recall bias was likely associated with
many of the participants’ responses. Given the long time
since diagnosis, it is unclear whether survivors and parents
recalled their medical condition, history of genetic testing,
receipt of genetic information, and contact with genetic
services correctly.

Cancer genetics-related information will become
increasingly important as genetic/genomic testing is more
widely implemented into clinical practice. Families’ needs
will likely differ depending on the way they are identified
for genetic evaluation. Little is known about families’
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needs when they are identified through genetic testing/
whole-genome sequencing at the time of the child’s
diagnosis as part of research or as standard care. Genetics-
related service and information needs will therefore likely
need to be reassessed in future studies. Meeting the
information needs of survivors and parents, and facilitat-
ing access to services might decrease some mis-
understandings about cancer genetics [15]. With
educational support, survivors and parents of survivors
will be able to better plan for their future, potentially
increase their satisfaction with (survivorship) care, and
may improve survivors’ and their families’ QoL. Genetic
specialists and counsellors will play a crucial role in
counselling families before and after testing. Information
should be disseminated and services adjusted to be age
and developmentally appropriate for young children and
adults considering and undergoing testing. Greater access
to services and information might allow survivors at high
risk for late effects to detect and prevent side effects early
and improve medical outcomes. Addressing families’
needs and preferences during survivorship may increase
satisfaction with survivorship care.
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