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This study explored the experiences and needs of adolescents, ranging from 12 to 18 years old, who have recently been diagnosed
with cancer and participated in a nationwide germline genetic sequencing study within the context of pediatric oncology. The 21
adolescents in this qualitative interview study viewed genetic sequencing as an integral part of their cancer journey. They often
characterized germline sequencing as “good-to-know” without specifying immediate utility. While the adolescents comprehended
the significance of germline genetic sequencing, they were less focused on its potential long-term implications. Adolescents
expressed a strong desire to be actively engaged in decisions related to genetics. They advocated for a participatory role in genetic
decision-making from a young age onwards. They recommended that re-consent should be sought before re-analysis of their
genetic data is performed and believe that patients should have the opportunity to provide (re-)consent once they reach
adulthood. Moreover, the adolescents emphasized the importance of developing counseling materials that are not only concise but
also visually attractive. In conclusion, this study underscores the positive perception that adolescents diagnosed with cancer hold
regarding germline genetic sequencing. They articulate a strong interest in being actively involved in genetic decision-making. To
address these articulated needs and preferences, we recommend the development of visually engaging counseling materials.

These materials should effectively convey both the immediate and long-term implications of genetic sequencing, enabling
adolescents with cancer to make informed decisions about genetic sequencing.
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INTRODUCTION
Sequencing of germline DNA is gradually being implemented as a
routine practice in the care of children with cancer. Recent studies
estimate that 10% of children with cancer have a genetic
predisposition [1, 2]. Advances in sequencing technologies and
the identification of a growing number of genetic predisposition
syndromes have expanded the range of genes that can be tested,
as well as the number of patients that can be tested. This means
that it is technically possible to routinely sequence all children
with cancer, rather than only sequencing patients with a high risk
of carrying a specific predisposition. Furthermore, there is a
tendency to perform germline sequencing at an earlier stage of
the cancer trajectory, i.e,, as part of the diagnostic process [3, 4].
Testing children for cancer predispositionis a topic of ongoing ethical
debate [5]. This debate encompasses various issues, including what
information should be provided during the consent process, what
appropriate timing of consent would be, how children should be
involved in decision-making, and whether re-consent is desirable when
children reach the age of majority. With the introduction of germline
genetic sequencing for all pediatric cancer patients, regardless of their
anticipated risk of having a cancer predisposition, there is a need for

more knowledge on how families, and especially adolescents, perceive
and experience this routine sequencing. Previous studies that explored
the experiences of children with cancer predisposition testing have
primarily been conducted in families with highly penetrant predisposi-
tions or with a high risk of carrying a predisposition [6-8], in children
whohad not been diagnosed with cancer[9],and in children with a poor
prognosis, mainly to identify somatic aberrations in the tumor [10-14].
Studies report several consequences of sequencing, with positive
effects such as higher perceived personal control coexisting with
negative effects such as psychosocial burden caused by testing itself
and the disclosure of test results [8, 11, 12]. Still, it is largely unknown to
what extent these outcomes apply to the wider pediatric oncology
population, particularly in the context of adolescents with childhood
cancer.

To elucidate families’ experiences with extensive germline
sequencing as a routine part of pediatric oncology practice, we
conducted the REFLECT study (Reactions and Emotions of Families
Linked to Extensive sequencing in childhood Cancer patienTs). In
this paper we will describe the results of the REFLECT-Interviews.
Where we interviewed pediatric cancer patients (aged 12-18
years) who were awaiting test results of germline sequencing at
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the time of interview, approximately 6 months after their cancer
diagnosis. These patients will further be referred to as adolescents
or interviewees. We present the experiences of these adolescents
by describing six emerging themes. Knowledge about the
experiences of these adolescents is essential for an appropriate
implementation of genetic sequencing in routine care.

MATERIALS AND METHODS

Context

Interviews were conducted with adolescents, diagnosed with cancer,
participating in the PrediCT sequencing study [15]. In the PrediCT study a
panel of 143 genes associated with childhood cancer was tested. The panel
and the criteria that were used to select the genes can be found in
Supplementary File 1. The sequencing study was offered to patients
diagnosed at the Princess Maxima Center for Pediatric Oncology (age <19
years) between June 2020 and August 2022. Pathogenic or likely
pathogenic variants in the panel were disclosed to patients and their
parents (hereafter: families). For practical reasons, inclusion started and
ended stepwise for patients with hematologic neoplasms, central nervous
system tumors, and solid tumors. The PrediCT study did not include
sequencing of tumor DNA.

Adolescents referred for evaluation by a clinical geneticist (based on
their phenotypical characteristics) were not excluded from the sequencing
study, but recruitment for the sequencing study was postponed until their
evaluation had been completed.

From December 2021 onwards the REFLECT study, encompassing a
questionnaire study for all family members (parents of children all ages; and
patients aged 12-18) and an interview study (only patients aged 12-18) was
offered in conjunction with the PrediCT study. Interviews took place between
consent and disclosure of germline genetic sequencing results.

Consent for sequencing was obtained about five months after cancer
diagnosis by a physician-researcher. The informed consent procedure
consisted of an introductory phone call and a more elaborate face-to-face
information session supported by an information letter and an infographic,
see Fig. 1. During this session, parents and adolescent patients were
educated about topics such as genetic and hereditary causes of childhood
cancer, the likelihood that a genetic explanation is found, and the potential
implications of detecting a genetic cancer predisposition (including
possibilities for early cancer detection and intervention, coping and living
with knowledge about hereditary cancer risks and insurability issues). In
children aged 12 to 15 years, both children and their parents or guardians
were required to provide written consent. Upon reaching the age of 16,
adolescents provided consent for sequencing by themselves.

Interviews

Participants of the PrediCT sequencing study between 12 and 18 years old
were eligible for the REFLECT-Interview study, no purposive sampling was
used. Exclusion criteria for the REFLECT-Interview study were: insufficient
proficiency in Dutch, prior confirmation of a genetic cancer predisposition,
or objection to an interview by their treating physicians (e.g., being
overwhelmed by a cancer relapse or a stem cell transplant around the time
of the interview). Recruitment for the interview study started in December
2021 and continued until December 2022. The inclusion for the study is
visualized in Fig. 2. Main reasons for refusing participation in the interview
study were the already high research burden and the burden of cancer
treatment, and a lack of interest in this specific study.

Interviews were scheduled at the most convenient time and location for
the adolescent: face-to-face at the hospital, face-to-face at home, or via a
secured videoconferencing platform (Skype for Business). A semi-
structured interview guide was used (Supplementary File 2). Topics
include: adolescents’ motivation for participation in sequencing and
perceived burdens, evaluation of the counseling process and provided
material; views on future re-analysis (of genetic data or samples) and re-
contacting (to share novel findings or insights), and views on obtaining re-
consent for future use of data upon reaching the age of majority. One
researcher (S.B.) conducted the interviews. Interviews lasted 20 min on
average (range: 14-34 min) and were audio-recorded and transcribed
verbatim.

Data analysis

We adopted an inductive thematic approach to qualitatively analyze the
interviews [16]. The first three interviews were coded independently by
two authors (S.B. and R.W.) using NVivo (QSR International Pty Ltd. Version
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12, 2018). Differences in coding were discussed until consensus was
reached. Subsequent interviews were initially coded by one author (S.B.)
and then systematically reviewed by a second author (R.W.). In an iterative
process, interviews were recoded when new codes emerged [17]. The
resulting code tree provided an overview of the topics and content. All
authors then reviewed the code tree to identify emerging themes.
Provisional themes were discussed until consensus was reached among
the authors.

RESULTS

We conducted interviews with 21 adolescents who were awaiting
results of germline genetic sequencing. Adolescents were aged 12
to 18, and of different disease groups, demographic information
can be found in Table 1. We identified six emerging themes from
the interviews, which will be described below.

Adolescents express casual attitudes towards sequencing

In general, interviewees displayed a casual attitude towards
genetic sequencing, as if it was not a 'big deal’ to them.
Interviewees stated that germline genetic sequencing was not a
major event in their lives.

“l have been through so many examinations that | did not
perceive this to be something particularly huge or something that
is more difficult or anything like that”-18yr, male

Furthermore, adolescents viewed genetic sequencing as an
integral part of their cancer journey. They nuanced the possible
impact of discovering a predisposition by pointing out that they
already had cancer and therefore expected to be able to cope
with learning about a predisposition as well. Additionally, they
thought receiving sequencing results would only make them
aware of their predisposition, since in that case the predisposition
itself already exists.

“To put it bluntly, this is how | felt about it from the beginning,
like, it is what it is, and we just carry on. And if such a test then
reveals it is actually within your family, well that would perhaps
be interesting to know for later. But yeah, for me, to know that it
ran in the family, well that would not make too much of a
difference to me”-18yr, male

Nearly half of the adolescents considered the probability of
finding a predisposition to be low, in part because they had been
told so by their healthcare providers. Most adolescents did not
find it burdensome to wait for the results. A few interviewees
acknowledged learning about genetic results could be somewhat
challenging, but they were quick to add that the perceived
benefits of knowing about cancer predisposition would outweigh
any concerns. This confident attitude towards learning of
sequencing results was widely shared among the interviewees.

Adolescents generally had not spoken with peers about
sequencing of their DNA, even though other cancer-related issues
were part of their conversations with friends or siblings.

“No, we do have other things to talk about than genetic testing”-
17yr, female

Many interviewees mentioned the lack of additional burdens as
a reason for agreeing to undergo sequencing, for example, no
extra blood draws or hospital visits were required. In that sense,
adolescents described germline sequencing as less burdensome
than other studies or clinical procedures. Furthermore, almost all
of them indicated that the genetic study was just one of many
studies they participated in during their cancer trajectory.

“It is just like, | do not need to do a blood draw for that, and | am
quite good at blood draws anyway” - 15 yr male
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By DNA testing, you can read born with a mutation in all cells, including healthy cells.
the code of genes. This can affect the child’s care and might also affect
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Fig. 1 Infographic: genes and DNA - Did you know?. represents
procedure for the PrediCT sequencing study.

Adolescents assert their own role in counselling and consent
Adolescents stressed the importance of making their own
choices regarding genetic sequencing. Only one interviewee
(15 years old) indicated it would have been acceptable if the
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a translated version of the infographic used in the informed consent

parents had made the decision by themselves. The other
adolescents emphasized that sequencing involved their life,
their body, their DNA, and therefore they should have a decisive
voice.
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Newly diagnosed pediatric cancer
patients: 1052

Excluded for PrediCT: 196

- CPS before neoplasm diagnosis 39
» - No consent for registration:90

- Registration not completed: 27

- Sequencing not offered: 40

A 4

Families counseled for PrediCT:856

Families who consented before | . | | Families who declined PrediCT: 243

REFLECT started:253 [ | " | (28%)
A 4
Families participating in PrediCT
during REFLECT inclusion: 360

Excluded for REFLECT: 35

- Language barrier12

1 - Already diagnosed with CPS 17
- Child deceased 3

- Other 3

A 4

Families eligible for REFLECT : 325

Excluded for internview: 216

- Child not in right age category 205
Lyl - Objections treating physician 11

- Severe speech impairment 1

- Severe developmental delay 3

- Overwhelmed at time of the interview 7

A4
Adolescents eligible for interview :
109

Adolescents that did not participate
in REFLECT questionnaire and/or
interview: 87

A
A 4

Interview could not be scheduled: 1

A 4

Interviews performed: 21

Fig. 2 Study flowchart. This flowchart describes the recruitment,
inclusion, and exclusion process of the interview study.

“Yes, because | feel that it's my business. | also think that children
who might be younger [than me] should be able to decide for
themselves as well. So, if | want to know whether things are
wrong or not, | believe | should have that certainty and thereby
potentially prevent stress “-16yr, female

“I do think that it would be nice to ask about this. Yeah because,
yeah it is my DNA, you know [laughs]. So, yeah, well, I cannot
really explain it that well’-13yr, male

One interviewee stated to appreciate the control over research
participation, compared to the lack of control over the treatment
trajectory.

Interviewees were specifically asked at what age children
should be involved in decisions about sequencing. By and large,
interviewees put the age threshold for (co-) deciding about
genetic sequencing at ten years or below. They argued that
deciding for yourself is important but believed younger children
would not be able to comprehend genetics or that they would not
be interested in the information.

“[talking about a peer who is 11] | think she would be able to
understand it rather well, even though | feel 11 is still a bit young.
But anyway, | think from that age onward you are really able to
understand, well, if I've had it, then my children will get it too,
perhaps. | also feel that if you explain this in plain language that

SPRINGER NATURE

they would understand it, for sure, and also would be able to
make that decision, actually”™16yr, female

Most interviewees considered children from the age of 15 years
to be capable of deciding independently on matters regarding
genetic sequencing. Many adolescents felt they would have been
ready to make such decisions at a younger age than their current
age.

“I think that if you are 12 or 13, you already know how it works
and what the consequences could be for yourself later in life,
potentially. So yeah, | would say about 13”-16yr, female

“| think perhaps even already from my age onwards. (...) Maybe
you do not want to know it at all, you know, and so it seems wise
to just be allowed to choose yourself”-13yr, female

Adolescents and parents engage in a joint decision-making
process

In practice, the decision to participate in genetic sequencing was
generally the outcome of a joint process between adolescents and
their parent(s). This did not seem to be a contradiction with
adolescent’s desire to make their own decision. Almost half of the
interviewees (15-18 yr) stated they made the decision (mostly) on
their own, half of the adolescents (12-18 yr) noted it was a joint
decision. One interviewee felt barely involved in this process
(12 yr) since his/her parents had a strong desire to participate. All
other interviewees felt they had a significant role in the decision-
making process and were satisfied with their role.

“Even though | am allowed to decide for myself, | thought, well, it
would be nice to talk about this with my parents for a bit, like,
what do you think about this? But they also thought that | could
participate, so then we filled out and sent in the forms™-
17yr, female

“ Look, you know, | am not going to exclude my parents
altogether, so it was just like: this is what it entails. Of course, it
was my choice for sure “17 yr, female

Some, mostly older, interviewees pointed out differences
between their own attitudes regarding sequencing and those of
their parent(s). In general, it seemed parents were more worried
than their children, particularly about the implications of
sequencing for future life insurance, increased risks for other
family members, or future diseases. Adolescents did acknowledge
these risks, but did not seem to worry as much, in line with the
previously described casualness.

“They [my parents] also wanted to hand-in their own DNA, like,
do the same for us than we will also know. | said no, there is no
need to, because, well for one reason or the other, they only need
mine. So yes, they were slightly more concerned than | was
[laughs]™-17yr, female

“They are probably more chickened out about it than | am, but
that was actually the case anyway, with everything, during my
entire treatment (...) Just because they are parents”™-13yr, male

Adolescents appreciate genetic information as valuable

Adolescents considered genetic information to be valuable
knowledge about themselves, even without specific thoughts
about surveillance or preventative measures, they regarded it as

European Journal of Human Genetics



Table 1. Interviewee and family characteristics.
Interviewee characteristics N=21
Gender
Male 10 (48%)
Female 11 (52%)
Age
Median age 15 years (range 12-18)
Mean age 15.3 years (SD 1.9)
Tumor type
Hematological malignancy 7 (33%)
Solid tumor 8 (38%)
Central nervous system tumor 6 (29%)
Previously evaluated by a clinical geneticist®
No 13 (62%)
Yes 8 (38%)

Treatment status at the time of the interview

Active treatment 5 (24%) (Average time since

diagnosis 6,8 months)

Follow-up care 16 (76%) (Average time since

diagnosis 7,3 months)
Family characteristics
Education level of the highest educated parent®

Low 0
Middle 6
High 15
Biological parents
Together 18
Not together 3
Birth country of parents
The Netherlands 19
One parent outside The 2
Netherlands

?Adolescents who were previously evaluated by a clinical geneticist could
participate in an interview if a cancer predisposition was not identified by a
clinical geneticist and they were now awaiting results of the sequencing
study.

PEducational level defined according to Statistics Netherlands (CBS,
Centraal Bureau voor de Statistiek), 2016: low educational level = no
education, primary school, lower secondary education; middle educational
level = upper secondary education, pre-university education, intermediate
vocational education; high educational level = higher vocational educa-
tion, university.

“good to know”. Another frequently mentioned motivation for
seeking genetic information was the possibility to identify risks for
themselves, siblings, and other family members.

Most adolescents were mildly interested in finding the cause for
their cancer; in general, they were more interested in conse-
quences for the (near) future. One of these consequences
concerned their own offspring, which was mentioned by half of
the interviewees (regardless of age and gender).

“I am kind of curious why this has happened to me, was it something
I was prone for, something in the genes or stuff like that? So yeah, |
was kind of curious about that. But wanting to know how this
happened was not the number one reason for me”-17yr, female

Adolescents indicated that helping others, such as scientists or
future families, was an important reason for participation in
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sequencing, although this motivation was seldom mentioned
spontaneously. Many interviewees stressed they participated in
several, if not all, studies offered to them.

“Because we participate in virtually all research in this hospital.
Just for science and stuff. Cause you guys are getting quite a lot
out of the data, and well for us it is easy, just filling out something
or whatever, and you guys can do a lot with that, that was kind
of the reason”-18yr, male

Adolescents prefer visually attractive and concise counseling
materials

In general, interviewees were satisfied with the counseling they
received about the sequencing study. Interviewees appreciated
face-to-face counseling conversations with professionals. Many
adolescents found the information letter lengthy and did not read
all the information. Several interviewees pointed out, while they
themselves did not have issues reading lengthy letters, other
children may struggle with it. Interviewees found the infographic
that was used during the counseling session to be more effective.
Only two adolescents searched for additional information about
genetics on the internet, while others felt they already had
acquired enough knowledge about genetics in school. Three
interviewees stressed counseling should be adjusted to better
accommodate adolescents with cancer-related difficulties, such as
fatigue or visual impairments.

When asked for suggestions to improve materials for future
counseling, adolescents indicated a preference for concise and
visual materials. Some interviewees mentioned videos as a
preferred format, while others preferred a website or a paper-
based infographic, like the one that was already provided.

Adolescents want to play an active role in the future
Adolescents were successively presented with two hypothetical
scenarios. The first scenario concerned whether children, who are
too young to be involved in decision making regarding
sequencing, should be asked for re-consent when they reach
majority. Many of the interviewees expressed children should be
asked for consent again for the storage and future re-use of their
DNA when they become older. An overview of the reasons
interviewees gave can be found in Table 2, illustrated by several
quotes.

The second scenario involved the, again hypothetical, discovery
of five new pediatric cancer genes, years after the participants’
initial sequencing results were obtained. Now, a scientist intends
to reanalyze the DNA of all participants to investigate these newly
discovered genes. The majority of adolescents felt they should be
re-approached for consent before re-analysis of their DNA was
conducted. An overview of the reasons they gave are displayed in
Table 2.

Almost all adolescents advocated for an active future role, but
they acknowledged that other individuals may have different
preferences and perspectives on these matters. They often did this
by emphasizing that their responses reflected their own opinions
and that they did not want to decide for others regarding re-
analysis and re-consent.

DISCUSSION

This study is one of the first to explore experiences of an
unselected group of pediatric cancer patients with germline
sequencing involving an extensive panel of genes implicated in
cancer predisposition. This is an urgent topic given the increasing
popularity of the idea that germline sequencing should routinely
be offered to all pediatric cancer patients as part of their cancer
trajectory [2-4]. The integration of germline sequencing into
cancer trajectories of all pediatric cancer patients would be a new
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Table 2. Views on future reconsent.

Topic Reason

Re- consent at
majority

Patient might have forgotten about
DNA, re-consent as a reminder

Patient might have changed their
opinion

Patient might not have been able to
(fully) decide for him/herself

Because it is the right thing to do

Re-consent for
re-analysis

Because you need to be aware that
testing is taking place

Patient might have changed their
opinion

Because a different kind of genes could
be tested

phase in the genomic era of pediatric oncology. It would mark a
departure from decades of clinical practice when germline
sequencing was only offered to a subset of patients with certain
phenotypical characteristics such as their family history, tumor
type, or morphological features [18]. The casual attitude of our
interviewees suggest that germline sequencing proposed as a
routine check-up offered to all, may be perceived differently by
patients compared to when sequencing is offered to them
because they are considered at-risk for a specific cancer
predisposition that has been diagnosed in the family. It seems
that in these families genetic sequencing is perceived as a more
significant event in the lives of adolescents [6, 7], suggesting that
the experiences with testing for a predisposition might be
influenced by whether testing is pre-symptomatic or not. The
experiences with sequencing in a routine setting also seem to
differ from experiences with precision medicine programs in
children with a hard-to-cure or rare cancer. In two previous studies
into the experiences with such programs, hope of new treatment
options and hope for improved chances of survival were reported
as common motivations in parents and adolescents [10, 19]. In our
interview study these hopes were not reported to be a motivation.
Other reported motivations such as benefits for future patients
and family members. Interestingly, interviewees who mentioned
the significance for relatives typically referred to their siblings and
not to (for example) uncles, aunts, or parents.

Our study underlines the importance and relevance of investing
in strategies to involve pediatric cancer patients in counseling and
consent for (germline) genetic sequencing. Patients interviewed in
our study made clear that pediatric cancer patients want to play an
active role in decision-making regarding the sequencing of their
own DNA. Interviewees (who were between the ages of 12 and 18)
thought that a right to be involved in such decisions should also
apply to patients younger than themselves. These ideas are
consistent with statements issued by genetics societies in the US
and Europe, who emphasize that actively involving adolescents in
such decisions should occur regardless whether individuals have
reached the legal age of consent [20, 21]. Notably, interviewees
pointed out that sequencing decisions were made in conjunction
with their parents, and that they were fine with this being a joint
process. This was also illustrated in an interview study with
adolescents who participated in a biobank, in which adolescents
also to varying degrees took a shared decision together with their
parent(s) [22]. Hence, our interviewees did not seem to view the
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“I think the child may have forgotten about that themself, that they put a
signature under it, as it were. So, | guess that you have to send this [consent form]
to them again”™17yr, female

“Maybe you have changed at that point, also with regards to where you stand on
these matters”-17yr, male

“I think that for each child you should perhaps ask that once again, when he is a
bit older, when he is a bit more independent to think, like, what is stored in that
hospital or somewhere else, do | still want that™-13yr, female

“Yes, that would be wise. And it would also be polite, | guess, to kind of ask again
to a that child if this is actually okay”15yr, female

“I think | would like to be asked beforehand. Uhm, yeah, because then | know that
they are again doing something with my DNA again”-12yr, female

“I think it would be nice to let this know. | believe that’s how | feel. At least, it
would be fine to me, but | totally understand that it would be nice to know that.
Or suppose someone does change his mind, that he decides he does not want this
after all”-17yr, male

“I would most likely say yes, but | do think it would be right to ask again whether |
am okay with that, because it could possibly reveal something totally different.
And this could include things that this person does not want to know at all. So
yeah, | would ask™16yr, female

emphasis on their own autonomy and their wish (and reality) to
make the actual decision in a dialog with their parents as
contradictory. This finding resonates with previous research in
empirical ethics pointing out that autonomy should be (and in fact
is) regarded as having relational aspects and also that true
autonomy is best operationalized by treating consent as a
communicative process rather than a single contractual decision
[23, 24]. The duality of claiming autonomy while acknowledging
dependence may also be part of a coping strategy among pediatric
cancer patients, which has previously been described [25]. Finally, it
is worth noting that parents and adolescents might think different
on decisions regarding genomics. Many studies suggest that
parents have a less casual attitude towards sequencing, which
may imply that within families there might be differences in
perspectives between adolescents and their parents [26, 27]. As has
been previously shown parents and adolescents might disagree on
who should have the final say in decisions involving genomics,
suggesting that conflicts could arise even though this was often not
explicitly expressed by our interviewees [27, 28].

The challenges regarding informed consent for genetic testing
of minors have been extensively discussed [29, 30]. One
prominent issue concerns the age at which children are capable
of making such decisions. It has been argued that adolescents
possess many of the skills necessary to make informed medical
decisions, although these skills are not yet fully developed [31, 32].
To optimally use adolescents’ decision-making capabilities, they
require a supportive environment [31]. Healthcare professionals
play a crucial role in creating such an environment by adapting
their communication to adolescents’ emerging autonomy and
adjusting the communication to their developmental stage
[25, 33-35]. For example, by respecting and validating the
adolescent as the patient and the one who makes the decisions,
and by offering conversations without their parents. In practice
this supportive environment is not always created [36]. In general
adolescents might benefit from appropriately timing informed
consent, with previous studies among parents suggesting that
consent shortly after diagnosis is not optimal for all families [37].
Furthermore, our study highlights several aspects that could
improve the supportiveness of the environment. The participants
highly preferred the infographic over the information letter that
was used, which is consistent with previous research into
preferences of children [38, 39], but also with recent studies into
parental experiences with precision medicine [40, 41]. Another
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aspect is drawing adolescents’ attention to long-term conse-
quences of extensive germline sequencing such as surveillance,
preventative measures and insurability based on the potential test
results. These consequences were seldom spontaneously dis-
cussed by our interviewees. Interestingly, previous research has
shown that parents do worry about such issues [42-44]. We
suggest that next to technical information, such as what DNA is,
information regarding the implications of sequencing should be
given due consideration in counseling and in (visually attractive)
counseling materials.

Given that interpretation and use of germline data may change
over time leads to several ethical issues. One issue concerns
whether DNA should be re-analyzed in case novel genes are
associated with pediatric cancer and if patients should be
recontacted in case re-analysis yields new insights [45, 46]. Most
interviewees demanded to be informed before re-analysis would
take place, stating that it should not be taken for granted that they
would want to learn the results of re-analysis. Another issue is
whether patients who participated in germline genetic sequen-
cing when they were underaged (with the consent of their parents
and/or consent of the minor) should (re-)consent to storage and
utilization of their genomic data upon reaching majority [47]. Most
of the interviewees indeed believe that children who did not
provide consent themselves should provide consent when they
reach majority, which is consistent with previous studies in both
healthy adolescents and adolescents with health conditions
[28, 48]. Consistent with our findings they mention reasons such
as reconsent serving as a reminder and the importance of
deciding for yourself. It is worth noting that the ideas of these
adolescents do not align with current practices [47, 49]. While we
acknowledge the existence of logistical and practical challenges,
we believe it is crucial to explore strategies to navigate these
challenges to give right to the autonomy and voices of children.

Study limitations

Our study has several limitations. Firstly, it only included
adolescents who agreed to participate in the genetic sequencing
study. A substantial percentage of families choose not to pursue
germline testing in a research setting, consistent with other
studies [26, 44]. The perspectives and considerations of this group
are an important topic for further research. Secondly, given that
many adolescents decided not to participate in the interview
study, there may be an inclusion bias towards interviewees who
had an above-average interest in genetic sequencing, leading to a
potential overrepresentation of adolescents who want to play a
significant role in decisions regarding genetic sequencing. Thirdly,
as the interviewees grew up in relatively well-educated families
and since only a small minority had a parent born outside The
Netherlands, we recommend that future studies try to include a
more diverse population.

CONCLUSIONS

The adolescents in our study express a positive attitude towards
participating in a germline genetic sequencing study but also raise
some important issues. It is apparent that adolescents believe that
they have the right to play an active role regarding the use of their
genetic information, both now and in the future. Given the
increased usage of germline sequencing and its growing
applications, it is crucial to stay engaged with the perspectives
of young patients in this regard, as well as to adapt counseling
methods to align with their needs.
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