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Introduction
Epigenomics is the study of epigenetic mechanisms across the 
genome. One of the best-studied common epigenetic mecha-
nisms is DNA methylation, the addition of methyl groups to 
specific locations of the DNA molecule in response to envi-
ronmental stimuli, including exposures, diet and lifestyle. 
DNA methylation affects transcription and, therewith, gene 
expression. It may inactivate or ‘silence’ genes. When epige-
netic changes switch off tumour suppressor genes, the risk of 
cancer increases. The pattern of DNA methylation in human 
cells may thus serve as a set of biomarkers for cancer. Around 
the world, researchers are learning about the relationships 
between epigenetic changes and various types and stages of 
cancer, and developing and validating DNA methylation tests 
for the diagnosis or prediction of cancer.1 At the same time, 
epigenome-wide technologies are being developed that allow 
researchers to determine the DNA methylation pattern of the 
entire genome (the ‘epigenome’) more and more reliably, rap-
idly and affordably.2,3 Due to these twin scientific and techno-
logical advances, epigenomic tests might become suitable not 
only in clinical settings, to improve the diagnosis and staging 
of cancer in patients, but also in public health settings, to pre-
dict cancer risk in healthy individuals. With this, implementa-
tion of epigenomic tests in population-based cancer screening 
comes into view. For instance, there is a growing body of 

evidence suggesting that screening tests for cervical cancer 
based on DNA methylation patterns may be of higher sensitiv-
ity and/or specificity than current tests based on detection of 
infection with specific strains of human papillomavirus.4-7 In 
cervical cancer screening programmes, which have been offered 
in many European and other high-resource health care systems 
since the 1960s,8 epigenomics-based tests may come to com-
plement or replace current screening modalities.

Implementation of epigenomic technologies in cancer 
screening programmes raises ethical issues. Epigenomics has 3 
characteristics that set it somewhat apart from other biomedi-
cal data. Firstly, as epigenetic changes may result from environ-
mental stimuli, epigenomic data may convey information about 
environmental exposures, living conditions, past health-related 
behaviours, such as diet or (mis)use of tobacco, alcohol and 
other substances and childhood trauma. This information may 
be of particularly sensitive nature, especially when epigenomic 
tests indicate that disease has been caused by wilful acts, result-
ing in feelings of guilt,9 regret or shame. Secondly, some epige-
netic changes are heritable and can be passed on to the next 
generation – and generations thereafter. Through epigenetic 
mechanisms, life circumstances, lifestyle and life choices may 
leave traces not only on our own bodies, but also on those of 
our children and grandchildren and so on. The epigenome has 
been referred to as our ‘bioarchive’.10 This possibility has 
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sparked discussions on individual and social transgenerational 
responsibility,11,12 although confirmation of findings suggestive 
of intergenerational transmission of epigenetic information in 
humans is still pending.13 Thirdly, unlike genetic mutations, 
epigenetic changes can be influenced by lifestyle factors, and 
change over time. As epigenetic changes are modifiable and 
reversible, testing for epigenetic risk – in principle – yields 
actionable results. By leading healthier lives, individuals may 
restore high-risk epigenetic markers to normal and lower their 
cancer risk. In theory, its modifiability renders epigenomic can-
cer risk screening suitable for maintaining and improving the 
health of populations.14 This characteristic has also set off a 
debate on personal responsibility, blame or moral sanctions15-18 
and the risk of stigmatisation or discrimination.19

It should be noted that there are various obstacles that may 
hinder or even halt the development and application of epig-
enomic technologies in public health settings. For instance, as 
the epigenome is unstable, adequate assessment and monitor-
ing of cancer risk may require repeat or frequent evaluation of 
the epigenome.14 Also, patterns of epigenetic changes differ 
across cell types within one individual, such that the epigenetic 
changes within tumour cells that are typical for malignancy, 
may not occur in blood, saliva or other easily accessible tissue. 
However, epigenetic changes detected in cervical cells, for 
instance, are believed to be reliable indicators for tumours in 
the breast, ovaria and uterus,20 and are relatively accessible 
through cervical swabs. Several epigenomics-based tests are 
already used in clinical laboratories, for instance for the early 
detection of colorectal cancer and for the diagnosis of neurode-
velopmental disorders of genomic imprinting.10

A European research consortium is currently developing 
multi-omics based testing, including epigenomic testing, to be 
used within a risk-stratified approach to screening for female 
cancers – breast, cervical, endometrial and ovarian cancer.21 
The proposed approach implies that the eligibility of individ-
ual women for the screening programme, as well as the fre-
quency and screening modalities are conditional upon and 
tailored to individuals’ cancer risks, as determined by an – in 
part epigenomic – risk prediction screening test.21 Consequently, 
individuals with a low risk of cancer can be screened less fre-
quently than individuals with a high risk of cancer, and over-
screening and over-diagnosis could be reduced. When taking 
part in such a screening programme, women would receive 
individual risk prediction information on 4 female cancers, 
which may be difficult to interpret.22 Also, the test may lead to 
incidental findings, and epigenomic information may reveal 
sensitive information about past exposures, life and lifestyle.23

In the near future, epigenomic technologies might take the 
place of conventional testing modalities within existing screen-
ing programmes, such as cervical screening programmes, based 
on better test performance.5 Alternatively, they may be coupled 
with other omic technologies (eg, polygenic risk scores) to 
improve risk stratification (based on eg, age or lifestyle factors) 

within screening programmes.24 In combination with genetic/
genomic and other omic technologies, epigenomic technolo-
gies might be used to change the nature of existing cancer 
screening programmes, as in the screening programme for 4 
female cancers, allowing for the simultaneous assessment of 
multiple cancer risks in one test. According to some scientists, 
it might become possible to use epigenomics technologies for 
what is referred to as ‘global cancer screening’ based on a blood 
draw and the analysis of DNA methylation patterns in circu-
lating cell-free DNA in blood (a ‘liquid biopsy’).25 Some appli-
cations are already being developed: CancerSEEK, for example, 
uses multi-analyte tests to detect 8 early cancers.26 Theoretically, 
in the future, an annual or biennial blood draw would suffice to 
screen for all cancer types and/or to monitor the effects of risk-
reducing lifestyle interventions on the risk for all cancer types.

In this paper, we set out to explore ethical issues associated 
with the use of epigenomic technologies in cancer screening. 
We report the results of an exploratory focus group study 
among scholars with expertise in the evaluation of emerging 
(bio)medical technologies, aimed at the identification of ethi-
cal issues associated with 3 potential future applications of epi-
genomics technology in population-based cancer screening. In 
parallel with presenting the results of the focus group study, we 
critically discuss key issues raised by the experts, identify con-
cerns and challenges for implementation of epigenomic tech-
nologies in screening programmes, and suggest approaches to 
address these concerns and challenges.

Methods
Focus groups are carefully planned series of group discussions 
in which respondents’ views are discussed in an informal, per-
missive atmosphere, using the dynamics of the group ‘to prompt 
fuller and deeper discussion and the triggering of new ideas’.27 
As a qualitative method, focus groups are especially suitable for 
the exploratory investigation of respondents’ views on new or 
emerging topics,28 such as epigenomics technology. The study 
was designed and conducted in accordance with the COREQ 
guidelines.29

Ethics

In the Netherlands, focus group studies with experts are not 
subject to the Dutch Medical Research Involving Human 
Subjects Act. Ethics approval therefore was not necessary or 
possible. All respondents provided informed consent verbally 
for participation in the study, for audio- and/or video-record-
ing of the discussion and for publication of the results.

Setting and sampling

Taking a purposive sampling approach, the research team con-
tacted the ethics and/or philosophy departments at Dutch uni-
versities in the Netherlands by e-mail asking if we could 
organise focus group discussions with researchers with 
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expertise in the ethical and societal evaluation of emerging 
(bio)medical technologies. Focus groups were held at work 
locations of universities or online – due to national lockdown 
measures during the COVID-crisis – between November 2019 
and March 2020. Focus groups lasted approximately 90 min-
utes. We prepared for the online focus group using the reported 
experiences of other research groups with online focus groups, 
some of which involved experts working in biomedicine.30-34 
Holding the focus group at an online platform, in our experi-
ence, was feasible. Any dissimilarities we observed with the 
dynamics of face-to-face focus group discussions were unprob-
lematic for the conduct of the study. As all 3 focus groups 
included respondents who did not speak Dutch, discussions 
were held in English.

Respondents included 8 women and 5 men (n = 13) in total. 
Five respondents were either associate professor or full professor, 
while 2 were assistant professor, 5 were postdoctoral researchers 
and 1 was a PhD-student. Respondents were trained in philoso-
phy of science, philosophy of technology, bioethics, ethics of 
technology and/or science and technology studies (STS).

Data collection

In each focus group, we discussed 3 potential future applica-
tions of new epigenomic technologies in public health 
settings:

1.	 Epigenomics-based cervical screening, based on a cervi-
cal smear;

2.	 Multi-omics-based screening for 4 women-specific can-
cers, similarly based on a cervical smear, and;

3.	 Annual global cancer screening, based on a liquid biopsy.

We asked respondents to discuss the opportunities and chal-
lenges that arise in each of these areas of application from an 
ethical point of view. The group discussions were audio-
recorded. The recordings were transcribed verbatim, and 
anonymised.

Analysis

The first 2 transcripts were analysed thematically – inductively, 
by assigning and reassigning codes, and grouping codes 
together under themes – by 2 researchers (EB and IB) inde-
pendently, using a constant comparative approach.35 
Discrepancies in codes and themes were discussed and resolved, 
and the code book was finalised. Analysis of the third tran-
script (by EB) did not give rise to the creation of new codes or 
themes. Theoretical saturation was reached.

Results
Focus group participants recognised the potential of epig-
enomic technologies to enhance cancer screening programmes 
by contributing to test performance (eg, sensitivity and 

specificity) of screening modalities and to risk stratification. 
They noted that epigenomics-based screening could help to 
avert over-diagnosis and over-treatment, and to improve the 
balance of risks and benefits of cancer screening by tailoring 
preventive health measures to individual risks and allowing 
screening participants to monitor the effects of preventive 
measures over time. At the same time, respondents were pri-
marily concerned about 4 sets of issues, namely epigenomic risk 
communication, informed consent, and trust; responsibility, 
stigmatisation and blame; epigenomic data protection and data 
governance and; the adequacy of the existing ethical frame-
work for population screening to accommodate potential 
changes brought on by the introduction of epigenomic tech-
nologies in public health settings.

Theme 1: Risk communication, informed consent 
and trust

Respondents were concerned that the level of knowledge and 
familiarity of epigenetics and epigenomics among the general 
public may be limited, and that the biological and technical 
complexity of epigenetic mechanisms would hinder adequate 
information provision and informed consent for cancer screen-
ing. It takes a high level of scientific literacy to understand how 
epigenomics-based screening works. Respondents wondered 
whether face-to-face discussions with general practitioners or 
other primary care health professionals would be required, and 
whether these professionals would be able to explain what epi-
genomic screening entails and what the results might mean. 
Informed consent was deemed important; before starting on 
the trajectory of screening, people need to understand ‘the 
whole chain’ (focus group B, application 2) of events or deci-
sions they may be confronted with based on the possible out-
comes of screening. Respondents suggested that those working 
in population screening start thinking about ‘a kind of dash-
board interface design’ (focus group A, application 1) to pro-
vide information about epigenomics-based screening effectively 
and efficiently.

Respondents noted that whereas most population screening 
has traditionally aimed at the early detection of disease, epig-
enomics-based screening allows for risk prediction in healthy 
individuals for diseases that have not (yet) manifested at all. 
Epigenetic risk prediction however was not seen as unique and 
was compared to genetic and other biomarker-based testing 
and screening in health care. Respondents were concerned that 
in general, participants may have difficulties understanding 
predictive information about disease risks, and that misunder-
standing of risk information would lead to adverse psychologi-
cal or health effects.

In relation to applications 2 and 3, these concerns were 
exacerbated, as multi-cancer screening programmes entail that 
healthy individuals are confronted with risk predictions on 
various types of cancer. In an epigenomics-based 
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women-specific screening programme, for instance, a woman 
might learn that she has a high risk of breast cancer, a low risk 
of cervical cancer and an average risk of ovarian and endome-
trial cancer. This woman would be advised to attend breast can-
cer screening more frequently, and that she needs no further 
screening for cervical cancer. Respondents expected especially 
the latter to be problematic:

R1: It will be very hard, once you have offered [screening] to people, to 
start [taking it back].  .  .

R2: [But these are] people who don’t need it..

R3: Exactly..

R4: But [still they may feel that they] have a right [to screening].

R1: I’m not saying it’s impossible, but you might meet some opposition 
here. [.  .  .] This is a nice example of how people start experiencing 
things as moral rights. (Focus group B, application 2)

Further, it was feared that lack of understanding among the 
target group of a screening programme might result in distrust 
and noncompliance or low uptake of screening. It was antici-
pated that people’s interest in taking part in epigenomics-based 
cancer screening would depend on the way in which it would 
be presented to the target group, with a focus on the relevance 
of screening. The relevance of screening was believed to be 
conditional upon the actionability of the result. The results of 
screening should be clear (ie, clinically valid) and people should 
be provided with clinical follow-up, such as tailored screening 
programmes or clear risk-reducing lifestyle recommendations.

Finally, it was mentioned in our focus groups that epig-
enomic screening tests may reveal information about other, 
unrelated conditions, that is, incidental findings. Some inci-
dentally uncovered information may be especially sensitive, as 
it may unveil environmental and lifestyle exposures. As this 
information may be unwanted, it was believed to be important 
to clarify screening participants’ preferences for the return of 
incidental findings as part of the informed consent process. 
Again, respondents noted similarities with genetic and genomic 
testing and screening.

Theme 2: Responsibility, stigmatisation and blame

Because of its relation with environmental and lifestyle expo-
sures, it was felt that epigenomic information may have a spe-
cial impact on individuals and institutions. Based on emerging 
knowledge of causal relationships between specific environ-
mental and lifestyle exposures and epigenetic changes, cancer 
risk may become attributable to such exposures. These expo-
sures may or may not have been within the sphere of control of 
the individual, and may thus lead to self-blame or blaming and 
liability of third parties, respectively. If one’s (increased risks of ) 
cervical cancer can be attributed to a history of smoking, for 

instance, individuals may hold themselves responsible for their 
disease (risk) or may be held responsible by others. If one’s 
(increased risks of ) cervical cancer can be attributed to envi-
ronmental exposures, the responsibility might lie with third 
parties. Respondents pointed out that advances in epigenomic 
science and technology would thus affect the distribution of 
individual and social responsibilities. Specifically, epigenomic-
based cancer screening would open up ‘discourses of blame’:

R1: But if I get a risk profile, I don’t know who to blame.

R2: Or what to blame.

R3: And you might either blame yourself, or you might blame your 
mother, or you might blame whoever. I mean, at any rate, it raises the 
blame question. (Focus group B, application 2)

Also, epigenomic data are not stable and repeat assessments 
may be required to evaluate epigenetic cancer risk over time. 
The potential for real-time measurements of the biological 
effects of risk-reducing measures was considered both an 
advantage and a disadvantage of the use of epigenomic tech-
nologies in cancer screening. On the one hand, by making the 
health effects visible, it could help to motivate screening par-
ticipants to improve their lifestyles and avoid environmental 
risk factors. On the other hand, it might imply that adequate 
cancer risk management will require continuous or frequent 
tracking of the effects of risk-reducing measures and lifestyle 
choices through epigenomic monitoring, which could be a sig-
nificant burden for individuals. Respondents drew attention to 
broader concerns, noting that the increasing availability of 
screening and self-testing in general already turns healthy indi-
viduals into ‘potential patients’ with various levels of ‘to-be-
sickness’ within their bodies, which could be harmful or 
burdensome for screening participants. Also, individuals may 
lose the freedom to withdraw from screening; once an indi-
vidual has started on a trajectory of participation in screening, 
epigenomic or otherwise, there would be no going back. As one 
respondent remarked: ‘So you’re signing people up for a life-
time of testing’ (Focus group A, application 1).

In all focus groups, respondents connected these concerns to 
a conception of epigenomics-based screening programmes as a 
form of ‘biopolitical control’, in which individual interests and 
agency must give way to the achievement of societal goals, that 
is, the health of the population, and individuals are compelled 
to adopt healthier lifestyles.

If I were very cynical, I would just see this as a control mechanism. A 
way to control women and keep us [.  .  .] healthy foetal containers that 
then stay healthy to produce offspring. [.  .  .] Why is it always us being 
tested? (Focus group C, application 2)

In all focus groups, the burden on women was discussed. In 
application 2, the female body was believed to be presented as 
especially vulnerable, as carrying all sorts of risks. Respondents 
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raised questions with regard to the power hierarchy involved in 
the frequent or continuous monitoring and measuring of the 
functioning of the female body. One respondent argues that, 
for this reason, global screening programmes might be prefer-
able to female screening programmes:

“The upside [of a global approach] would then be that that risk group 
would be so broad that you might not feel instantly as scared or at-risk, as 
[you would] in the more targeted [female] interventions. So again, a bit 
back to the gender question that women are called into more screenings 
than men, [women are] already getting a sense of that fact ‘Oh, the female 
body is somehow a problem’. I mean, [as a woman] you are in danger. So, 
there are also some upsides to a very global intervention that puts us all, 
almost as humans, okay, the humans over forty or whatever, into the same 
category of at-risk”. (Focus group B, application 3)

Theme 3: Data protection and data governance

Given the potential sensitivity of epigenomic data, respondents 
felt that the security of data and samples and the protection of 
the privacy of screening participants was a crucial condition for 
responsible implementation of epigenomics technologies in 
public health settings. Epigenomic information is seen as 
(potentially) particularly intrusive or infiltrating:

Now we are constantly measuring the fluctuations of your epigenetic 
profile for cancer which is affected by where you live, the lifestyle you 
have, the food you’re eating, potentially everything that you do. It’s 
really infiltrating. (Focus group A, application 1)

Respondents anticipated concerns among the general public 
with regard to epigenomic data protection within screening 
programmes, and referred to the potential for ‘epigenetic dis-
crimination’ by employers and life or long-term health care 
insurers.

In relation to application 1, respondents noted that the aris-
ing of ethical concerns would be highly dependent on the 
future design of the epigenomic technology. Would the test 
necessarily reveal information about the causes of cancer risk, 
and thus about lifestyle or past exposures, or could it be tar-
geted such that it conveyed information about cancer risk only? 
In case the test could be targeted, women would merely be sub-
divided into normal risk and high risk, and high-risk women 
might require follow-up diagnostic testing or more frequent 
monitoring, just like in existing screening programmes. There 
would be one remaining difference, namely that in the epig-
enomics-based screening programme, women might receive 
individualised health recommendations aimed at the reduction 
of epigenetic risk, such as smoking cessation, physical exercise, 
a healthy diet. However, such health recommendations are 
likely to be generally applicable to the population, and there-
fore not specifically distressing. If, on the other hand, the 
screening programme were to provide women with informa-
tion about the relation between health and past environmental 
or lifestyle exposures, it was felt, this would have ‘major impli-
cations’ (focus group B, application 1) in relation to privacy. 

During the development process for epigenomics technology, 
it was felt, researchers and test developers should take into 
account the privacy implications of design choices.

Focus group respondents discussed the dynamic nature of 
epigenomic data and whether the instability of epigenetic 
markers over time increased or rather decreased the risks to 
individual privacy. In the future, one’s epigenome may look 
entirely different. When data collected in a population cancer 
screening programme are stored for a long duration of time, 
they may pertain to epigenomic states that may have changed 
or disappeared in the meantime. Epigenomic data from the 
past may have lost its predictive ability and may have little to 
say about one’s present health or risk status. At the same time, 
the information contained in the data may nonetheless (and 
unduly) be used by third parties against one’s interests in the 
present. Thus, the reversibility of the epigenome does not 
remove the risk to privacy. It does suggest that any clinical (or 
other) interpretation of epigenomic data should consider time 
and timing of sampling.

Even if the results of epigenomics-based screening tests 
would not imply or include information about environment or 
lifestyle exposures, and epigenomic data are de-identified and 
stored securely, there is a risk of data leaks or breaches. 
Respondents were concerned about long-term storage and 
future possibilities for making inferences based on linkage with 
data from other (publicly accessible) sources.

Theme 4: Ethical frameworks for screening

Focus group respondents invoked some of the Wilson and 
Jungner criteria for the evaluation of screening programmes.49 
For instance, if an epigenomics-based test requires only a 
blood draw, it is seen as ‘non-invasive’, and thus more likely to 
be acceptable to the population. In accordance with the screen-
ing criteria, respondents felt that the benefits of screening 
should outweigh the harms. According to respondents, the 
benefits of the envisioned epigenomic test included better 
ability to predict disease (focus group B, application 1), and 
better insight in the causes of cancer, including the causal 
interplay between genetic and environmental factors (focus 
group B, application 3). It was deemed important that the 
epigenomics-based screening test has adequate sensitivity and 
specificity.

It was felt that better health outcomes for cancer patients 
was a broadly shared priority, and that people would be willing 
to take part in research focussed on research and development 
of epigenomics-based cancer screening tests:

But also, to emphasise the positive sides, I guess, unfortunately, everybody 
knows people who had cancer and have cancer and who are experiencing 
advantages from the vastly, very quickly developing medical insights. 
In that sense I think cancer research is probably one of the domains 
where people are very, very willing to contribute one way or the other. 
(Focus group A, application 1)
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At the same time, there were concerns with regard to the cur-
rent lack of specific risk-modulating treatment or preventive 
options for many diseases. In the absence of opportunities to 
improve health outcomes, there may be no benefits to outweigh 
potential harms. Offering screening is ethically acceptable only 
when screening has the potential to yield actionable 
outcomes:

I can imagine that there is something tricky about being more precise 
and saying: ‘You’re going to get this [disease]. And we think that 
probably - with the information we have right now - we should also be 
able to give you more targeted treatment, but we’re not really there yet’. 
(Focus group A, application 1)

Some focus group respondents were especially sceptical that 
the offering of epigenomics-based recommendations to adopt 
healthier lifestyles would outweigh potential harms. After all, 
many people are aware of general preventive health recommen-
dations, but fail to act upon them. More precise risk informa-
tion, as obtained through epigenomic screening, might do little 
to change that.

There’s a suggestion that they might also be able to provide lifestyle 
advice and things like that. And even then, it might be challenging to 
determine whether that’s suff icient to justify such a huge screening 
program. (Focus group B, application 3)

Also, respondents were concerned that because of the dynamic 
nature of epigenomic information, any result of an epigenomics 
screening test at a given moment would be difficult to 
interpret:

You can’t do away with one screening moment. Say you get an idea 
about someone’s risk profile in 2019. The risk profile might look very 
different in 2022, depending on how fast these [epigenetic] processes go. 
So how - and I’m thinking practically - how is this ever going to be a 
feasible way of screening, if you screen something that is constantly 
moving? It’s a moving target that you’re hunting. (Focus group B, 
application 3)

Respondents pointed out shifts in the ethical framework for 
screening that might follow from the introduction of epig-
enomics technologies in public health settings. The Wilson 
and Jungner criteria were originally developed for programmes 
aimed at early detection of one specific disease. The envisioned 
application of epigenomic technologies in female-cancer pro-
grammes, on the other hand, entails a more or less ‘constant 
tracking of the various levels of possible cancer arising or not in 
4 different ways’ (focus group A, application 2). Respondents 
wondered whether it would be possible to assess multi-cancer 
or global-cancer screening programmes using the traditional 
ethical framework for the evaluation of population screening.

Discussion
This focus group study identifies opportunities for the imple-
mentation of epigenomics technologies in cancer screening 

related to personalised risk prediction, risk stratification and 
risk modulation, and benefits such as reduction of false posi-
tives and over-diagnosis. Also, it points out concerns regarding 
the ethical implications of the offering of epigenomic risk 
information in cancer screening programmes.

First, if epigenomic technologies – coupled with other tech-
nologies – were to be used in cancer screening for the purposes 
of risk stratification, the screening programme would need to 
focus on adequate communication of risk information. 
Understanding risk information is notoriously difficult for 
most people. This is a well-known and general problem for 
population cancer screening, as well as for other forms of medi-
cal screening and testing. Ideally, an individual’s taking part in 
screening should be the result of an autonomous decision, 
made free from pressure or coercion, and based on adequate – 
and adequately understood – information. In practice, the latter 
requirement seems difficult to meet. Participants – particularly 
those with poor health literacy – may have difficulty under-
standing the purpose of cancer screening, assessing risk infor-
mation and weighing the potential benefits and harms of 
risk-stratified screening.36 While the trend towards risk pre-
diction in screening – and in medicine, generally – surely is 
broader and not unique to epigenomics, epigenomics-based 
risk-stratified screening may increase the gap between the ideal 
and the reality of informed, autonomous decision-making by 
screening participants, because general publics are not familiar 
with epigenetics. Difficulties surrounding information provi-
sion and informed consent may exacerbate further if epig-
enomic technologies were to enable multi-cancer screening. 
Screening participants would be confronted with multiple and 
heterogeneous results, comprising cancer risks that might 
range from very low to very high risk. Moreover, in risk-strati-
fied screening programmes, the results would lead to various 
sets of recommendations tailored to various risk groups. This 
means that during the informed consent process, prospective 
participants might need to be informed about various possible 
outcomes and subsequent follow-up trajectories (and corre-
sponding implications thereof ) before deciding to take part in 
screening. Providers of epigenomics-based screening pro-
grammes will need to participate in sustained efforts to inform 
and educate the public about the meaning of (epigenomic) 
cancer risk to ensure informed consent for screening, and, in 
doing so, take existing guidance into account. Hofmann has 
offered five guiding principles for information provision on 
mammographic screening, which might be helpful for epig-
enomics-based screening programmes: uncertainties should be 
acknowledged, information should be balanced, and the volun-
tariness of participation should be stressed.37 Also, stakehold-
ers, including experts and prospective participants, should be 
involved in developing informational materials, and informa-
tion should be presented in a layered fashion.37 Furthermore, 
providers should be careful with the terminology used in infor-
mation provision and communication. It is essential to ensure 
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that participants with high-risk results do not consider them-
selves cancer patients. Also in the context of breast cancer 
screening, Rainey et al38 suggested using the term ‘risk reduc-
tion’ in lieu of ‘cancer prevention’.

Second, this study shows that experts are concerned that 
epigenomic screening may increase the tendency within society 
to hold individuals responsible for their health, resulting in 
blaming the victim, stigmatisation and discrimination. Similar 
concerns were found in a quantitative study of attitudes regard-
ing epigenetic screening among women in five European coun-
tries.39 Although the majority of women surveyed were 
interested in predictive epigenetic testing for female cancers for 
its potential to guide cancer prevention strategies and lifestyle 
adaptations and its perceived positive benefit-to-risk ratio, they 
were concerned about unnecessary worry, a reduced quality of 
life and pressure on women to adopt healthier lifestyles or take 
part in more cancer screening.39 In epigenetics, the question of 
personal responsibility for health is accorded new importance, 
as epigenetics may expose causal relationships between lifestyle 
or environmental factors and an individual’s health condition. 
Moreover, epigenetic risk is – in principle – reversible, and risk 
can be reduced through targeted preventive interventions. 
Using epigenetic technology to measure and monitor the risk-
reducing effects of interventions over time, individuals might 
gain real-time insight into their disease risks and the effects of 
lifestyle or environmental interventions on these risks. If this 
knowledge and these technological possibilities become increas-
ingly available to us, we might be held responsible if we fail to 
make use of them.15 This may not be fair, as people rarely will-
ingly choose not to adopt healthier lifestyles, and generally find 
it difficult to change their habits; studies of the effects of (epi)
genetic risk information on behaviour change show mixed 
results.40,41 Moreover, the precise causal role of individual life-
style-related, genetic and environmental factors in the aetiol-
ogy of disease may be complex and difficult to disentangle, and 
thus caution should be exercised in the normative translation of 
epigenetic research results.42

The phenomenon of over-responsibilisation may be aggra-
vated by the present (or future) context in which potential new 
epigenomic-based screening programmes might be introduced, 
alongside a growing range of health-promoting screening tests, 
health checks and preventive measures, offered by the state, 
healthcare professionals or private parties. The current ‘omni-
presence’ of health checks may have effects on individuals over 
and above the effects of discrete health checks or screening 
programmes, notably in violating their ‘privacy and peace of 
mind’.43 When people are repeatedly confronted with screen-
ing offers, they are repeatedly asked to make decisions whether 
or not to take up on these offers, which may constitute a bur-
den. In society, some form of pressure may arise to participate 
in screening and/or to adopt a healthier lifestyle, and it may 
become more difficult for citizens to withdraw from or evade 
screening.44 Another concern related to responsibility, which 

was mentioned in our focus groups, is a (misplaced) focus on 
personal responsibility for health may direct attention away 
from important and modifiable structural and societal causa-
tive factors for ill health. These factors can and should be 
addressed by state or healthcare actors, not by 
individuals.16,17,45

Third, adequate protection and governance of epigenomic 
data is considered a precondition for any morally responsible 
epigenomics-based screening programme. Increasingly, pseu-
donymised epigenomic research data sets are made accessible 
to the public (ie, open access) or to other researchers (ie, con-
trolled access) in online repositories, to allow for secondary use 
of data for research purposes, and therewith, to contribute to a 
better understanding of epigenomics and its effects on human 
health and disease. While this may lead to privacy concerns 
among researchers,46 mechanisms are being developed to ade-
quately protect data and samples from research participants or 
biobank donors in research settings.47,48 It is a subject of debate 
whether and to what extent screening organisations may make 
data or samples available for secondary research purposes. It 
would be useful, in this context, to study the preferences of the 
public, particularly (prospective) screening participants, in rela-
tion to data re-use. It should be noted that, in practice, privacy 
concerns need not always arise. This would be highly depend-
ent on the future design of the epigenomic technology. The 
screening test could be designed such that it entails no more 
than a targeted analysis of a limited set of DNA methylation 
markers, for instance, and that this set of markers reveals only 
information about (preliminary stages and/or risk of ) cervical 
cancer, and is not connected to any environmental or lifestyle 
exposures. Also, screening tests could be devised such that there 
is only a very slim chance or no chance at all of detecting inci-
dental findings related to risks for other conditions. If the epig-
enomics-based screening for cervical cancer were designed as 
described, it would be similar to current screening modalities, 
such as tests that detect infection with human papillomavirus. 
From an ethical point of views, there would be no difference, 
and epigenomics-specific privacy concerns would not arise.

Fourth and finally, there are concerns that for the (ethical) 
evaluation of epigenomics-based screening programmes, the 
criteria offered by Wilson and Jungner49 on behalf of the World 
Health Organisation (WHO) in the late 1960s, will no longer 
suffice. The WHO criteria have served as the foundations for 
national and international norms and regulations for screening 
programmes around the world. In 2008, the framework was 
expanded to accommodate genetic and genomic screening, and 
came to include additional criteria, including a well-defined 
targeted group, scientific evidence for the cost-effectiveness of 
the screening programme, respect for the autonomy of and 
informed choice by screening participants, privacy protection 
and equal access.50 The core tenet of this – internationally 
broadly supported – ethical framework is that screening is 
always associated with burdens and potential harms, and is 
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therefore only justified when the benefits clearly outweigh the 
burdens and risks. In other words, screening must be propor-
tional. However, epigenomics-based screening may not easily 
meet the criteria of the existing framework. How to apply the 
first criterion: ‘the condition sought should be an important 
health problem’? Should all diseases included in the test be 
(equally) important health problems, or should they be taken 
together? Must all cancer risk tests included in the screening 
offer be considered as having a ‘recognizable latent or early 
symptomatic stage’ (the fourth criterion)? And will the test be 
‘acceptable to the population’ (the sixth criterion) if it implies 
that certain groups will be offered less frequent screening as a 
result of risk stratification? We have already seen that there are 
concerns that information provision and informed consent 
may be difficult for complex epigenomics-based screening pro-
grammes, involving risk stratification and multi-cancer screen-
ing (the 17th criterion of the expanded framework). Most 
importantly, when screening programmes have mostly indi-
vidualised health recommendations and lifestyle advice to offer, 
the benefits of screening are not likely to outweigh the risks, as 
tailored lifestyle advice may not result in health gains. As one 
of our focus group respondents noted, there is no use in offer-
ing ‘personalised screening for general health recommenda-
tions’ (Focus group B, application 3); one might simply omit 
(potentially costly) screening and proceed to offering heath 
recommendations and other general preventive measures 
directly. Interestingly, the introduction of risk stratification 
approaches might lead population screening programmes to 
lose (part of ) their programmatic character, when the target 
population is subdivided into smaller groups with shared risks, 
and participants are offered recommendations, preventive 
measures or adapted screening, tailored to their individual risks. 
Slowly, screening might begin to assume the character of indi-
vidual (preventive) care. Also, it might become more difficult to 
monitor and ensure the quality (based on data) of screening 
programmes when these consist of multiple sub-programmes 
tailored to smaller groups with shared risks.51

This study has several limitations. First, our sample was 
small (n = 13) and Dutch only. We did recruit respondents from 
ethics and/or philosophy departments at universities from 
across the country. Also, we managed to include only 4 to 5 
respondents per focus group discussion, whereas most focus 
group studies include 6 to 8 respondents. Additional focus 
groups – in other countries – might have elicited additional 
topics. Further focus group studies might be conducted inter-
nationally to broaden the scope of our work. Second, the level 
of knowledge of epigenetics and epigenomics varied among 
respondents. Our main inclusion criterion was participants’ 
expertise in the identification of the ethical implications of 
emerging (bio)medical technologies. Given the relative novelty 
of epigenomics as a field of research, there are very few research-
ers – in our country – that combine expertise in the ethics of 
medical innovations with specific technical expertise in epige-
netics and epigenomics. Ideally, future empirical work might 

engage such experts. Third, as our second potential application 
of epigenomic technology in screening was women-specif ic 
multi-cancer screening, focus group discussions may have 
focussed disproportionally on responsibilisation and burdens 
for women.

Conclusion
Although epigenomics technology might offer insight into 
potentially modifiable individual cancer risks, it remains to be 
seen whether it can be used – in combination with other omics 
technologies – for the prediction of cancer and the stratifica-
tion of risk. If it can, the benefits of any epigenomics-based 
screening programmes should outweigh the burdens and 
potential harms. Further research should demonstrate whether 
epigenomic risk information will motivate individuals to adopt 
healthier lifestyles or avoid environmental exposures. To realise 
health benefit on a population level, citizens should not only be 
informed and educated about epigenomic risk, but also given 
the opportunity to reduce epigenomic risk and take accessible 
and effective preventive action, while being protected against 
‘over-responsiblisation’ or societal pressure and stigmatisation. 
Given the particular sensitivity of epigenomic data, screening 
organisations may need to take privacy concerns into account 
in the design and development of the screening test, by ensur-
ing, for instance, that it conveys information about cancer risk 
only, not about causes of cancer that may trigger blame dis-
courses. Finally, the potential future application of risk stratifi-
cation based on epigenomic risk information in screening 
programmes may have implications for the evaluation of 
screening programmes, and a rethinking of the existing ethical 
framework for screening might be required.

Acknowledgements
The Authors would like to thank Prof. Dr. Joost Gribnau of 
Erasmus MC, who led the NWO-funded Building Blocks of 
Life project to which this research project was connected, and 
Arjan Lock and Nynke van der Veen of the National Institute 
for Public Health and the Environment (RIVM), for their 
contributions to this research project.

Author Contributions
EMB Conceptualization, Methodology, Investigation, Writing: 
Original draft preparation. ILB Conceptualization, Methodo
logy, Writing: Review & editing.

Ethics Statement
In the Netherlands, focus group studies with experts are not 
subject to the Dutch Medical Research Involving Human 
Subjects Act. Ethics approval therefore was not necessary or 
possible. All respondents provided informed consent verbally 
for participation in the study, for audio- and/or video-record-
ing of the discussion and for publication of the results.

ORCID iD
Eline M Bunnik  https://orcid.org/0000-0003-1481-6222

https://orcid.org/0000-0003-1481-6222


Bunnik and Bolt	 9

References
	 1.	 Stunnenberg HG, Hirst M; International Human Epigenome Consortium. The 

International Human Epigenome Consortium: a blueprint for scientific collabo-
ration and discovery. Cell. 2016;167:1145-1149.

	 2.	 Boers R, Boers J, de Hoon B, et al. Genome-wide DNA methylation profiling 
using the methylation-dependent restriction enzyme LpnPI. Genome Res. 
2018;28:88-99.

	 3.	 Chatterjee A, Rodger EJ, Morison IM, Eccles MR, Stockwell PA. Tools and 
strategies for analysis of genome-wide and gene-specific DNA methylation pat-
terns. Methods Mol Biol. 2017;1537:249-277.

	 4.	 De Strooper LM, Meijer CJ, Berkhof J, et al. Methylation analysis of the 
FAM19A4 gene in cervical scrapes is highly efficient in detecting cervical carci-
nomas and advanced CIN2/3 lesions. Cancer Prev Res. 2014;7:1251-1257.

	 5.	 van Leeuwen RW, Oštrbenk A, Poljak M, van der Zee AGJ, Schuuring E, Wis-
man GBA. DNA methylation markers as a triage test for identification of cervi-
cal lesions in a high risk human papillomavirus positive screening cohort. Int J 
Cancer. 2019;144:746-754.

	 6.	 Verlaat W, Snoek BC, Heideman DAM, et al. Identification and validation of a 
3-gene methylation classifier for HPV-based cervical screening on self-samples. 
Clin Cancer Res. 2018;24:3456-3464.

	 7.	 Wang K-H, Lin C-J, Liu C-J, et al. Global methylation silencing of clustered 
proto-cadherin genes in cervical cancer: serving as diagnostic markers compa-
rable to HPV. Cancer Med. 2015;4:43-55.

	 8.	 Chrysostomou AC, Stylianou DC, Constantinidou A, Kostrikis LG. Cervical 
cancer screening programs in Europe: the transition towards HPV vaccination 
and population-based HPV testing. Viruses. 2018;10:E729.

	 9.	 Rebitschek FG, Reisel D, Lein I, Wegwarth O. Epigenetic risk assessment of 
female cancers: women’s information needs and attitudes. Public Health Genom-
ics. 2019;22:46-57.

	10.	 García-Giménez JL, Seco-Cervera M, Tollefsbol TO, et al. Epigenetic biomark-
ers: current strategies and future challenges for their use in the clinical labora-
tory. Crit Rev Clin Lab Sci. 2017;54:529-550.

	11.	 Meloni M, Müller R. Transgenerational epigenetic inheritance and social 
responsibility: perspectives from the social sciences. Environ Epigenet. 
2018;4:dvy019.

	12.	 Rothstein MA, Harrell HL, Marchant GE. Transgenerational epigenetics and 
environmental justice. Environ Epigenet. 2017;3:dvx011.

	13.	 Horsthemke B. A critical view on transgenerational epigenetic inheritance in 
humans. Nat Commun. 2018;9:2973.

	14.	 Verma M, Khoury MJ, Ioannidis JP. Opportunities and challenges for selected 
emerging technologies in cancer epidemiology: mitochondrial, epigenomic, 
metabolomic, and telomerase profiling. Cancer Epidemiol Biomarkers Prev. 
2013;22:189-200.

	15.	 Bolt I, Bunnik EM, Tromp K, Pashayan N, Widschwendter M, de Beaufort I. 
Prevention in the age of personal responsibility: epigenetic risk-predictive 
screening for female cancers as a case study. J Med Ethics. Published online 
November 18, 2020. doi:10.1136/medethics-2020-106146

	16.	 Dupras C, Ravitsky V. The ambiguous nature of epigenetic responsibility. J Med 
Ethics. 2016;42:534-541.

	17.	 Hedlund M. Epigenetic responsibility. Med Stud. 2012;3:171-183.
	18.	 Vears DF, D’Abramo F. Health, wealth and behavioural change: an exploration 

of role responsibilities in the wake of epigenetics. J Community Genet. 
2018;9:153-167.

	19.	 Dupras C, Song L, Saulnier KM, Joly Y. Epigenetic discrimination: emerging 
applications of epigenetics pointing to the limitations of policies against genetic 
discrimination. Front Genet. 2018;9:202.

	20.	 Widschwendter M, Jones A, Evans I, et al. Epigenome-based cancer risk prediction: 
rationale, opportunities and challenges. Nat Rev Clin Oncol. 2018;15:292-309.

	21.	 Pashayan N, Reisel D, Widschwendter M. Integration of genetic and epigenetic 
markers for risk stratification: opportunities and challenges. Per Med. 
2016;13:93-95.

	22.	 Alblas M, Schermer M, Vergouwe Y, Bolt I. Autonomy challenges in epigenetic 
risk-stratified cancer screening: how can patient decision aids support informed 
consent? J Pers Med. 2019;9:14.

	23.	 Lévesque E, Kirby E, Bolt I, et al. Ethical, legal, and regulatory issues for the 
implementation of omics-based risk prediction of women’s cancer: points to con-
sider. Public Health Genomics. 2018;21:37-44.

	24.	 Yu H, Raut JR, Schöttker B, Holleczek B, Zhang Y, Brenner H. Individual and 
joint contributions of genetic and methylation risk scores for enhancing lung can-
cer risk stratification: data from a population-based cohort in Germany. Clin 
Epigenetics. 2020;12:89.

	25.	 Gai W, Sun K. Epigenetic biomarkers in cell-free DNA and applications in liq-
uid biopsy. Genes. 2019;10:32.

	26.	 Cohen JD, Li L, Wang Y, et al. Detection and localization of surgically resect-
able cancers with a multi-analyte blood test. Science. 2018;359:926-930.

	27.	 Parker A, Tritter J. Focus group method and methodology: current practice and 
recent debate. Int J Res Method Educ. 2006;29:23-37.

	28.	 Stalmeijer RE, Mcnaughton N, Van Mook WN. Using focus groups in medical 
education research: AMEE guide no. 91. Med Teach. 2014;36:923-939.

	29.	 Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative 
research (COREQ ): a 32-item checklist for interviews and focus groups. Int J 
Qual Health Care. 2007;19:349-357.

	30.	 Koper I, Pasman HR, Schweitzer BP, Kuin A, Onwuteaka-Philipsen BD. Spiri-
tual care at the end of life in the primary care setting: experiences from spiritual 
caregivers - a mixed methods study. BMC Palliat Care. 2019;18:98.

	31.	 Matthews KL, Baird M, Duchesne G. Using online meeting software to facili-
tate geographically dispersed focus groups for health workforce research. Qual 
Health Res. 2018;28:1621-1628.

	32.	 van Niekerk K, Dada S, Tönsing K. Influences on selection of assistive technol-
ogy for young children in South Africa: perspectives from rehabilitation profes-
sionals. Disabil Rehabil. 2019;41:912-925.

	33.	 Slev VN, Pasman HRW, Eeltink CM, van Uden-Kraan CF, Verdonck-de Leeuw 
IM, Francke AL. Self-management support and eHealth for patients and infor-
mal caregivers confronted with advanced cancer: an online focus group study 
among nurses. BMC Palliat Care. 2017;16:55.

	34.	 Tuttas CA. Lessons learned using Web conference technology for online focus 
group interviews. Qual Health Res. 2015;25:122-133.

	35.	 Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 
2006;3:77-101.

	36.	 Rainey L, Jervaeus A, Donnelly LS, et al. Women’s perceptions of personalized 
risk-based breast cancer screening and prevention: an international focus group 
study. Psychooncology. 2019;28:1056-1062.

	37.	 Hofmann B. Informing about mammographic screening: ethical challenges and 
suggested solutions. Bioethics. 2020;34:483-492.

	38.	 Rainey L, van der Waal D, Jervaeus A, et al. Are we ready for the challenge of 
implementing risk-based breast cancer screening and primary prevention? Breast. 
2018;39:24-32.

	39.	 Wegwarth O, Pashayan N, Widschwendter M, Rebitschek FG. Women’s per-
ception, attitudes, and intended behavior towards predictive epigenetic risk test-
ing for female cancers in 5 European countries: a cross-sectional online survey. 
BMC Public Health. 2019;19:667.

	40.	 French DP, Cameron E, Benton JS, Deaton C, Harvie M. Can communicating 
personalised disease risk promote healthy behaviour change? A systematic review 
of systematic reviews. Ann Behav Med. 2017;51:718-729.

	41.	 Horne J, Madill J, O’Connor C, Shelley J, Gilliland J. A systematic review of 
genetic testing and lifestyle behaviour change: are we using high-quality genetic 
interventions and considering behaviour change theory? Lifestyle Genom. 
2018;11:49-63.

	42.	 Chiapperino L. Epigenetics: ethics, politics, biosociality. Br Med Bull. 
2018;128:49-60.

	43.	 Stol YH, Schermer MHN, Asscher ECA. Omnipresent health checks may result 
in over-responsibilization. Public Health Ethics. 2016;10:35-48.

	44.	 Verweij M. Preventing disease. In: Ashcroft RE, Dawson A, Draper H, 
McMillan J, eds. Principles of Health Care Ethics. John Wiley & Sons, Ltd; 
2006:557-562.

	45.	 Ismaili M’hamdi H, de Beaufort I, Jack B, Steegers EAP. Responsibility in the 
age of Developmental Origins of Health and Disease (DOHaD) and epigenetics. 
J Dev Orig Health Dis. 2018;9:58-62.

	46.	 Bunnik EM, Timmers M, Bolt IL. Ethical issues in research and development of 
epigenome-wide technologies. Epigenet Insights. 2020;13:2516865720913253.

	47.	 Dyke SO, Cheung WA, Joly Y, et al. Epigenome data release: a participant-cen-
tered approach to privacy protection. Genome Biol. 2015;16:142.

	48.	 Joly Y, Dyke SOM, Knoppers BM, Pastinen T. Are data sharing and privacy pro-
tection mutually exclusive? Cell. 2016;167:1150-1154.

	49.	 Wilson JMG, Jungner G. Principles and practice of screening for disease. Public 
Health Papers. WHO; 1968:34.

	50.	 Andermann A, Blancquaert I, Beauchamp S, Déry V. Revisiting Wilson and 
Jungner in the genomic age: a review of screening criteria over the past 40 years. 
Bull World Health Organ. 2008;86:317-319.

	51.	 Sagan A, McDaid D, Rajan S, et al. Screening: When Is It Appropriate and How Can 
We Get It Right? European Observatory on Health Systems and Policies; 2020.


