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Abstract Next-generation sequencing (NGS) can be used
to generate information about a patient’s tumour and per-
sonal genome. This powerful diagnostic tool provides solic-
ited and unsolicited hereditary genetic (risk) information that
could have consequences for cancer patients and their qual-
ity of life. A well-defined approach for returning appropriate
genetic risk information is needed in personalized cancer
care. A qualitative design with semi-structured interviews
was used. We conducted interviews with 24 Dutch patients
with different types of cancer, both NGS-experienced and
NGS-inexperienced, to learn their intentions, needs and
preferences towards receiving unsolicited genetic informa-
tion obtained using NGS. Almost all participants had a posi-
tive attitude towards receiving unsolicited findings. After
receiving comprehensive background information on NGS,
including a binning model of four categories of unsolicited
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findings, most participants preferred to receive only subsets
of genetic information. Their main concern was their own
and others’ (including family members) ability to cope with
(the increased risk of having) a genetic disorder. Providing
background information gave cancer patients the opportu-
nity to select subsets of findings and increased their ability
to make an informed choice. Special attention is needed for
social and emotional factors to support the patients them-
selves and when communicating test results with their family
members.
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Background

Today, systemic cancer treatment decisions are based not
only on the tissue of origin, but also increasingly on genetic
information. Mapping the genetic sequence of tumours in
individual patients is expected to become a central feature
in personalised cancer care.

Next-generation sequencing (NGS) technologies enable
the affordable sequencing of whole genomes within a short
timeframe. This powerful diagnostic tool can be used to
generate solicited and unsolicited hereditary genetic (risk)
information that could have medical, psychological, finan-
cial and social consequences for patients and a considerable
impact on their quality of life [1, 2]. A well-defined approach
for returning genetic risk information to cancer patients and
their family members is therefore needed.

We [3-5] and others [6, 7] have developed disclosure pol-
icies for the feedback of genetic information in the context
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of large-scale genetic testing [8, 9]. Some of these policies
consist of tiered consent models, where genetic results are
offered in categories of genetic mutations, also known as
binning models [1, 2]. Earlier empirical, often US-based,
studies confirmed patients’ and research participants’ prefer-
ences to have results returned [3, 10-14]. A few studies have
specifically focused on cancer patients’ preferences [15—18].
One of these tested a binning model, presenting six different
types of individual genome sequencing results to a selected
group of young breast cancer patients, who were found to be
primarily interested in receiving information about action-
able mutations [16].

We earlier described the occurrence of unsolicited find-
ings in a Dutch research setting [19]. Further research is
needed to examine the preferences of cancer populations;
therefore, we conducted interviews with 24 Dutch patients
with different types of cancer, who included patients with
or without previous NGS experience (NGS-experienced and
NGS-inexperienced, respectively), to learn their intentions,
needs and preferences towards receiving unsolicited genetic
information obtained using NGS.

Methods
Design

A qualitative design using semi-structured interviews was
used.

Participants

A total of 24 Dutch patients with different types of can-
cer, both NGS-experienced and NGS-inexperienced, were
recruited by their oncologists. The main inclusion criteria
were that they were 18 years old or older and had received
a cancer diagnosis (any origin and any stage of disease).
Patients unable to speak, read or write the Dutch language
were excluded from the study.

Participants who had previously experienced a NGS pro-
cedure were informed by an investigator about the aims of
that previous study, the related procedures, and also about
the possibility of discovering unsolicited genetic findings
[19]. After the patient had received a reasonable period to
consider study participation, those willing to participate
signed an informed consent form, which included a para-
graph addressing the possibility of discovering unsolicited
findings. To complete the informed consent form, patients
had to explicitly answer questions about whether they
wanted to receive unsolicited findings.

We appoint these patients ‘NGS-experienced’, meaning
that these participants intended to be candidate for future
anticancer treatment by participating in a trial that included
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NGS of both somatic and germline DNA. Hence, the NGS-
experienced participants already underwent a tumour biopsy
for sequencing reasons and were familiar with the possibil-
ity of revealing unsolicited findings during the sequencing
and also with the possible need for a referral to a clinical
geneticist.

Semi-structured interviews

For the semi-structured interviews, an interview guide was
developed and pre-tested. We adapted the surveys used in
the ClinSeq study [11, 20] and added questions concerning,
for instance, perceived behavioural control and questions
about patient needs and preferences regarding education and
counselling when learning the results of NGS.

Our interview guide was based on the health-related the-
ory of planned behaviour (TPB), following the guidelines
of Ajzen [21]. This theory integrates a person’s intentions
to perform a specific behaviour, including their attitudes
towards the behaviour, subjective norms, and perceived
behavioural control. These intentions account for consider-
able variance in actual behaviour. The behaviour examined
in this study was ‘making a decision on receiving informa-
tion about unsolicited findings from NGS’.

The research protocol was approved by the Research
Ethics Committee (IRB) of the University Medical Center
(UMC) Utrecht (The Netherlands), and written informed
consent was obtained from all participants.

Interview procedure

Individual in-depth interviews took place at the UMC Utre-
cht Cancer Center. The interviews consisted of two parts
and we showed patients two videos. The videos were used
to ensure that all participants had received the same level
of information on genome sequencing. Figure 1 shows our
interview strategy.

The videos were in Dutch and were developed by the
authors. The first video provided each participant with the
same background information about NGS procedures, for
example why NGS is medically useful and to explain the
possibility of generating unsolicited genetic information.
After this video, we asked the participants for an initial
response, particularly for their preferences on whether they
would like to be informed about unsolicited findings. We
also determined whether they had any concerns or additional
remarks on this topic. Table 1 shows our semi-structured
interview guide for part 1 of the interview.

In the second video, participants received information
on various aspects related to the return of NGS results, as
described in Fig. 2. The investigators offered participants
time to consider the information they had learned from the
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Fig. 1 Interview strategy

second video and asked all participants whether they had Inthe second video participants received neutrally-worded, additional

any questions. information on various aspects related to the return of NGS results, including:
They also learned about four distinct categories (“bins’)

of genetic information, shown in Table 2. These categories

were based on our previously developed qualified disclosure _ AR i
policy [3’ 4’ 1 1]. - information on implications for family members

- type of results that might be generated

- information on prevention of a susceptible disease

. . o . - information on psychological issues (like coping with test results and
In the second part of the interview, we used our binning ! ! pychologleatt ( pig

model to present four distinct categories of genetic test
results, asking questions based on TPB [21].

personal impact of disclosure)
- information on heredity
- impact on psychosocial issues (like personal and family relationships)
. - impact of genetic testing on employment
Data analysis . - )
- impact of genetic testing on insurance and mortgage

- information on data storage and privacy and confidentiality
The interviews were audiotaped and transcribed verbatim.

Data analysis was undertaken using the constant compara-
tive method, which involves going back and forth from the
data to develop codes, concepts and themes [22, 23]. RB Fig. 2 Topics discussed in video 2

Table 1 Semi-structured interview guide of part 1 of the interview

Would you like to be informed about unsolicited findings? Yes/No/other

What is the reason that you would or would not want to be informed about unsolicited findings?

What are reasons for having the intention to receive or not to receive information about unsolicited findings?

What do you see as advantage or disadvantage of being informed about unsolicited findings?

Are there persons in your vicinity who would approve of your desire to be informed about the unsolicited findings?

Are there persons in your vicinity who would disapprove of your desire to be informed about the unsolicited findings?

Are there any factors or circumstances that make it difficult or impossible for you to be informed about unexpected results?
What questions come to your mind when you think about this topic?

Are there any concerns when you think about this topic?

What additional information do you need to make an informed decision about whether or not wanting to be informed about the unsolicited find-
ings?
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Table 2 Four categories of genetic test results

Category 4

Category 3

Category 2

Category 1

A gene variant that predisposes you to a dis- A gene variant that does not affect your Uncertain gene variants, meaning they may or

A gene variant that predisposes you to a dis-

may not be important to your health or the

health of your relatives

health, but that may be important to the

ease that cannot be prevented or for which
no current effective treatment has been

established yet

ease that can be prevented or treated

health of your other relatives, such as your

children or future offspring

Example: you have a gene variant which Example: you could learn that you have a Example: you have a so-called unclassified

Example: you have a gene variant which

variant in the gene that may cause Cystic variant, which implies you do have a variant

implies that you are more likely to develop
Alzheimer’s disease. Alzheimer’s disease

cannot be treated or prevented

means you are much more likely to develop
breast cancer. In this case, we may recom-

for example for an increased risk of breast
cancer, but the significance is unknown

Fibrosis (CF) in future offspring if the father

would have this variant in his gene too

mend that you more closely monitor your
breasts or have prophylactic surgery

Table 3 Patient characteristics

Patients n=24 Total

Age 29-79 years
<55 years old
>55 years old

Gender
Male 13 (54%)
Female 11 (46%)

Stage
Curative, NGS inexperienced 7 (29%)
Advanced stage, NGS inexperienced 9 (38%)
Advanced stage, NGS experienced 8 (33%)

Education level
Low 3(13%)
Medium 521%)
High 16 (66%)

Diagnosis

10 (42%)
14 (58%)

Brain tumor

Breast cancer
Cholangiocarcinoma
Colon Carcinoma
Epithelioid hemangio endothelioma
Larynx carcinoma
Melanoma

Ovarian cancer
Pancreatic cancer
Prostate cancer
Renal cell carcinoma

N T L L ST e O N S}

Testicular cancer

The interviews were conducted with seven participants
with curable-stage disease and 17 with advanced-stage
disease. From the advanced-stage cancer patient group,
eight participants had previously had NGS performed on
their tumours. All other patients were NGS inexperienced.

The majority of our participants were Caucasian. Par-
ticipants were, on average, 60 years of age (29-79 years)
and had a high level of education. Table 3 shows the patient
characteristics.

Attitude and intention

In line with the TPB, we invited cancer patients to think
about their intentions towards receiving unsolicited genetic
information. For our participants this was a hypothetical sit-
uation, as no real-life data were available to return to them.
Most participants had a positive attitude towards receiving
NGS results. At the start of the interviews, almost all partici-
pants, both curable- and advanced-stage, wanted to receive
all available genetic information.
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The intention to receive unsolicited findings changed
during the interview. Initially, most participants indicated
that they preferred to be informed about all possible genetic
findings arising from NGS; however, after the second video,
which introduced the four categories of genetic test results,
more than half of our participants favoured limiting feedback
to one or more subsets of genetic variants.

Motivations for receiving unsolicited genetic
information

When asked about their motivations for receiving unsolic-
ited genetic findings, some of the NGS-experienced patients
stated that they had participated in a sequencing procedure
to contribute to the advancement of medical science in can-
cer treatment. These participants probably meant that they
accepted the outcome of NGS as a package deal consist-
ing of cancer-related personal treatment possibilities and
possible unsolicited findings. Interviewer: “Do you want to
receive unsolicited findings?”. Respondent: “Of course. I
think medical science could develop more targeted tools”
(Male, 52, advanced stage, NGS experienced). Another par-
ticipant answered this question with: “Yes, for medical sci-
ence” (Male, 78, advanced stage, NGS experienced).
Others stressed the importance of contributing to future
healthcare from an economic point of view, by saving medi-
cation for those patients that would profit from a NGS-dis-
covered mutation that could be targeted by anti-cancer treat-
ment: “The drug use and chemo treatments could perhaps
then be even more specific” (Female, 67, advanced stage,
NGS inexperienced) and “The right resources in the right
place” (Male, 72, advanced stage, NGS experienced).
Most participants explicitly mentioned that they would
like to receive unsolicited findings simply for their own
interest: “I did not need any motivation, I just did it for
myself” (Male, 72, advanced stage, NGS experienced).
Almost all participants, regardless of having curable- or
advanced-staged cancer, indicated that they would be will-
ing to adapt their lifestyle towards healthier behaviour or to
undergo screening or (preventive) surgery to decrease their
future disease risk. Our participants expressed their wish
to be prepared for possible future diseases: “So I can make
some adjustments to my lifestyle (...) to prevent or to reduce
the chance” (Male, 37, curative stage, NGS inexperienced).
Some participants indicated that they would like to be
informed about unsolicited findings to help their close fam-
ily members, with some feeling responsibility towards their
children: “I would like to know if there are consequences
(...), for me personally, especially for my children, and
also for first- and second-degree family members, anything
that they need to know” (Female, 57, advanced stage, NGS
inexperienced).

Conditions for receiving unsolicited findings

Regularly, participants spontaneously added conditions to
be met before they would willingly receive unsolicited find-
ings; for example, the condition only to receive unsolicited
information if the disease would manifest itself in the short
term. Participants wanted to be informed about conditions
to which they were susceptible, the probability of develop-
ing them, expressed in percentages, the consequences of the
disease and the availability of preventive measures: “I would
like to know more concretely which diseases we are talking
about and what are their consequences (....),then I would
like to know the likelihood of getting these diseases. I would
then prefer to know (...) whether there is a possible form
of prevention, or if something can be done with the knowl-
edge, for example, making lifestyle adjustments” (Female,
57, advanced stage, NGS inexperienced).

Several participants reported that they only wanted to
receive information if there was an opportunity to influence
the course of a susceptible disease: “If you can do something
to reduce the outcome of the disease, for yourself or the
family” (Female, 67, advanced stage, NGS inexperienced).
“If there is a high probability, for example 70%, that I could
get Alzheimer’s disease, then for me the information is of
limited use” (Male, 37, curative stage, NGS inexperienced).

Reasons why participants do not want to receive
unsolicited findings

Although the majority of participants said they wanted to
receive unsolicited findings, there were also some who were
reluctant to receive this genetic information. The main rea-
sons given were concerns about their own or others’ ability
to cope with a genetic disorder and the emotional burden
they expect upon receiving this information. They also men-
tioned that they did not want to upset their family members:
“The downside is (...) that it can make you very depressed
(...). I find it quite challenging to upset my children with
particular information when it comes to genetic disorders”
(Female, 66, advanced stage, NGS inexperienced).

A few participants referred to insurance and privacy
issues as reasons not to receive NGS results. Some partici-
pants stated they would like to remain ignorant of the possi-
ble return of their cancer in the future. “I think it is very hard
to explain to people who have not had cancer. It seems like
something you just live with in your mind, but you would
have known this for all these years” (Female, 52, curative
stage, NGS inexperienced).

Subjective norm

We asked patients whether specific individuals or groups in
their personal lives would encourage or discourage them to
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receive unsolicited genetic findings. Almost all participants
indicated that their family members and relatives would
encourage them to receive the information. “My wife, like
my children, encouraged me” (Male, 78, advanced staged,
NGS experienced). A few participants stated that they did
not care what other people recommended, and a few partici-
pants knew a relative would be reluctant to see them receiv-
ing unsolicited findings.

Perceived behavioural control

Cancer patients could be concerned about the barriers to
making a decision to receive information about unsolicited
NGS findings, particularly the anticipated emotional burden.
These barriers involve the cancer patients themselves or their
family members, particularly their children. In this context,
they mentioned concerns about the heredity of their cancer:
“I immediately think about my children. I hope that they
do not have the same genetic abnormality” (Female, 69,
advanced stage, NGS experienced).

Participants expressed concerns for the near future: “The
art of not knowing is that you have to deal with it very con-
sciously (...). What is the consequence of knowing the unso-
licited results and what is the consequence of not knowing?”
(Male, 52, advanced stage, NGS experienced). Although
participants discussed the impact on their families, almost
all stated that the ultimate decision to receive unsolicited
findings in the future is entirely up to themselves.

One aspect facilitating the participants’ ability to make a
choice about whether to receive unsolicited findings was the
possibility for them to adapt their lifestyle when an increased
susceptibility to a specific disease was identified. The can-
cer patients considered the options to undergo screening or
(preventive) surgery to decrease their future disease risk, as
described in ‘Motivations for receiving unsolicited genetic
information’.

Needs and preferences in education and counselling

To be able to make informed decisions, patients expressed
several needs and preferences concerning education and
counselling during the process of NGS.

Patients indicated their need to be supported when com-
municating the unsolicited genetic information to family
members. “How can I communicate the information to the
people it concerns?” (Male, 52, advanced stage, NGS expe-
rienced). Furthermore, patients expressed a need for written
background information on the unsolicited finding: “(I need)
accessible, written information” (Male, 74, advanced stage,
NGS inexperienced), as well as the need of psychosocial
assistance on demand: “I wish that psychosocial support was
offered, and that this support was still available even years
later” (Female, 57, advanced stage, NGS inexperienced).
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Several participants asked for a period to decide whether
they wanted to receive the unsolicited information: “I can
imagine a kind of ‘waiting time’, for example two weeks,
to consider whether I really want these results” (Female,
52, curative stage, NGS inexperienced). Another participant
would like to involve his family doctor, by giving him a
sealed envelope that at some point in time could be opened
to share the unsolicited information (Male, 37, curative
stage, NGS inexperienced).

Discussion

The behaviour examined in this study using TPB [21] was
‘making a decision on receiving information about unsolic-
ited findings from NGS’. Consistent with the literature [3,
10, 11, 13], the attitude of most of our participants, both
curable- and advanced-stage, NGS-experienced and NGS-
inexperienced cancer patients, was positive towards receiv-
ing (unsolicited) genetic information from NGS performed
during cancer diagnosis. After more background information
on the NGS procedure and the various aspects related to
returning the results was provided, including the four catego-
ries of unsolicited findings, our participants became more
conservative and seemed to be more aware of the possible
consequences of receiving genetic risk information. They
adjusted their answers to receive only subsets of informa-
tion instead of all genetic variations. This is in line with
findings of Bollinger et al. [12], who showed that patients
change their preferences regarding the disclosure of unso-
licited findings after discussing different types of results.
Other quantitative studies in cancer patients [25] and healthy
persons [26] have also confirmed that study participants pro-
vide more nuanced answers when given more background
information. This underscores the importance of providing
adequate information and counselling. Receiving (written)
information was previously described as a tool to reduce
patients’ anxiety [27], and as being reassuring [28]. Writ-
ten information facilitates better understanding and decision
making and can also help patients to communicate genetic
information to their families [29]. Receiving unsolicited
findings in person, from a medical professional or genetic
counsellor or geneticist, could help to explain the results and
their implications [15, 16].

Participants in our study expressed clear conditions for
receiving unsolicited findings, such as information about the
probability of developing a particular condition (expressed
in percentages) and the availability of preventive measures
for the diseases that could be revealed.

The patients showed interest in gaining knowledge about
their health and body, as well as information on how to pre-
vent future diseases. They suggested that receiving genetic
insights would give them the opportunity to prepare their
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personal lives and, if necessary, make health-related lifestyle
adjustments. Although they discussed their personal social
environment in detail, patients declared that the final deci-
sion to receive unsolicited risk information was completely
their own. This question was explicitly asked to every partic-
ipant for all four categories of results (outlined in Table 1).
For each category, almost every patient indicated that they
wanted to make the ultimate decision on receiving informa-
tion by themselves. This subjective norm result is notable
and worthy of further investigation, given the inherent famil-
ial nature of genetic results.

In order to understand how the grouping of genetic infor-
mation into multiple categories may support patients to
sustain or improve their health, we will use the concept of
health as introduced by Huber et al. in 2011 [30]: “Health as
the ability to adapt and to self-manage, in the face of men-
tal, social and physical challenges”. This concept describes
health not as a stable endpoint, as in the traditional WHO
definition, but highlights function, resilience and self-direc-
tion. This definition is useful in this context for several rea-
sons. First, it focusses on the patient’s capability to cope
with health conditions rather than on the actual impairments.
In our study, participants changed their preferences after
they encountered the possibility of receiving categories of
genetic information; moreover, patients valued the opportu-
nity to choose between packages. Applied to this definition,
distinguishing between categories of diseases gives patients
the opportunity to select a subset of findings, which might
increase their ability to deal with unsolicited genetic infor-
mation. Clinically actionable findings might enable these
patients to lead a healthier life and consider themselves
as healthy, while other findings (e.g. incurable diseases)
emphasise their inabilities and therefore make them feel ill.
Second, Huber and colleagues acknowledge the importance
of social factors as constitutive features of health. We have
shown, using the TPB, that the attitudes of family members,
doctors and other important persons influence the patients’
intentions towards receiving genetic findings. Third, the
finding that perceived behavioural control influences the
way patients perceive genetic information also fits within
Huber’s definition. Anticipated psychological stress, either
their own or in relatives, changes patient perspective on the
feedback of unsolicited findings.

Study limitations

Our study has some limitations. Most participants were
Caucasian, highly educated, and all were recruited from a
single (though large) Dutch academic hospital; therefore,
the results may not be generalised to other patient popula-
tions. Further, our participants might have been particularly
interested in DNA sequencing or might be familiar with
NGS procedures, for example due to previous procedures. In

addition, the feedback of unsolicited findings was presented
as a hypothetical situation, as none of the participants with
NGS experience had received an unsolicited finding.

Despite offering information as comprehensibly as pos-
sible, it became clear during the interviews and the subse-
quent analysis that this is a complex topic, and that some
participants had difficulties differentiating between the aims
of a NGS procedure and the research question concerning
the return of unsolicited findings.

Comparing participants that had actually undergone
NGS with those who were NGS inexperienced could pro-
vide interesting insights, as could the comparison between
curative- and advanced-stage cancer patients, or determin-
ing the differences between younger patients of childbearing
age versus older patients. However, a qualitative study typi-
cally has a relatively small sample size which means that we
were not able to generalise the results of our semi-structured
interviews into different subgroups of participants. More
quantitative research is needed to examine the feedback of
unsolicited findings in larger groups to better explore differ-
ences between these patients. Based on our qualitative study,
we are now setting up quantitative research that will focus
on a larger group of cancer patients.

Clinical implications for daily practice

During the use of NGS in clinical practice, education and
counselling is vital to enable patients to make an informed
choice. Presenting categories of genetic test results was
found to be a useful tool in enabling cancer patients to
make a well-informed decision about receiving unsolicited
findings from NGS. Like other patient groups, our cancer
patients adjusted their answers after receiving more back-
ground information. They seemed to be more aware of the
possible consequences and choose to receive only subsets
of information instead of all genetic variations linked to
disease.

Special attention must be given to the social and emo-
tional factors needed to support the patients themselves as
well as their communication of the test results with their
family members. Also, an important point for healthcare pro-
fessionals to acknowledge is the fact that this topic is rather
difficult to understand, even for highly educated patients.

The results of our study emphasise the importance of
providing tailored information related to the return of NGS
information. We highlight the importance of supporting
healthcare professionals in the education and counselling
of patients when communicating unsolicited results in the
context of personalised cancer care and NGS. A decision aid
should be developed to optimally support cancer patients.
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