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Abstract

Background: Precision medicine development is driven by the possibilities of next generation sequencing, infor-

mation technology and artificial intelligence and thus, raises a number of ethical questions. Empirical studies have

investigated such issues from the perspectives of health care professionals, researchers and patients. We synthesize
the results from these studies in this review.

Methods: We used a systematic strategy to search, screen and assess the literature for eligibility related to our
research question. The initial search for empirical studies in five data bases provided 665 different records and we
selected 92 of these publications for inclusion in this review. Data were extracted in a spreadsheet and categorized
into different topics representing the views on ethical issues in precision medicine.

Results: Many patients and professionals expect high benefits from precision medicine and have a positive attitude
towards it. However, patients and professionals also perceive some risks. Commonly perceived risks include: lack

of evidence for accuracy of tests and efficacy of treatments; limited knowledge of patients, which makes informed
consent more difficult; possible unavailability of access to precision medicine for underprivileged people and ethnic
minorities; misuse of data by insurance companies and employers, potential of racial stigmatization due to genetic
information; unwanted communication of incidental findings; changes in doctor-patient-relationship through focus-
ing on data; and the problem that patients could feel under pressure to optimize their health.

Conclusions: National legislation and guidelines already minimize many risks associated with precision medicine.
However, from our perspective some problems require more attention. Should hopes for precision medicine’s benefits
be fulfilled, then the ethical principle of justice would require an unlimited access to precision medicine for all people.
The potential for autonomous patients'decisions must be greatly enhanced by improvements in patient education.
Harm from test results must be avoided in any case by the highest possible data security level and communication
guidelines. Changes in the doctor-patient relationship and the impact of precision medicine on the quality of life
should be further investigated. Additionally, the cost-effectiveness of precision medicine should be further examined,
in order to avoid malinvestment.

Keywords: Precision medicine, Personalized medicine, Genomic medicine, Benefits, Access, Knowledge, Informed
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interaction of genetic, lifestyle and environmental fac-
tors, and the outcome of treatments can also depend
on genetic traits, the goal of an individualized therapy
requires extensive data collection on the patient’s genetic
characteristics, lifestyle and environmental factors. Such
an extensive data collection has become possible through
digitization and the development of whole genome
sequencing.

There are promising applications of PM, in particular
for oncology, pharmacogenomics and various heredi-
tary diseases [1]. However, PM is under development
for many conditions. Since the authors are involved in a
research consortium focused on the application of PM in
chronic inflammatory diseases, we explain in the follow-
ing the complexity of PM using the example of inflamma-
tory bowel diseases (IBD).

Crohn’s disease and ulcerative colitis appear to be the
result of an interaction of the genome, exposome, micro-
biome and immunome. Genome-wide association stud-
ies have identified over 240 IBD susceptibility loci that
potentially increase risk of disease. The studies present
early life events, air pollution, smoking and diet as life-
style and environmental factors. In addition, a reduced
microbial diversity and a dysregulated immune response
in the gut are also considered to be crucial factors in IBD
development and progression [2].

A large number of treatment options are available
for patients with IBD. PM pursues the goal of adminis-
tering the right therapy to the right patient at the right
time, while increasing the therapy response and reducing
possible side effects. The reduction of side effects is par-
ticularly important in the therapy with thiopurines, as a
NUDT15 gene variant can increase the risk of myelosup-
pression. The risk of pancreatitis as a result of treatment
with thiopurines has also been described for certain
genetic traits. To minimize the risk of side effects, thera-
peutic drug monitoring with biomarkers is required to
optimize the drug dose [2].

Although some biomarkers are already available, the
aim of future research is to develop further biomark-
ers in order to enable a personalized therapy based on
"multi-omics data” [3] in IBD. This requires sharing data
between research groups and the use of electronic health
records (EHRs). To make sense of multiomics data,
machine learning and algorithms will be necessary [2].

It is important to note that as precision medicine has
evolved, other terms for this medical approach have
emerged, such as personalized medicine, genomic medi-
cine, systems medicine or individualized medicine. These
terms emphasize different aspects: While the term
genomic medicine emphasizes the use of gene sequencing
technology, the term precision medicine fosters the, pos-
sibly unrealistic, expectation of a perfect fit to a patient
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outcome. In contrast, personalized medicine brings to
the forefront the recognition that patients are more than
their genes and interactions with the environment. They
are influenced by their experiences, culture, education,
and myriad other factors [4]. The concept of individual-
ized medicine is quite similar to the concept of personal-
ized medicine, as both emphasize the individual person.
The term systems medicine, though, was derived from
the theoretical concepts of systems biology and systems
pharmacology and integrates these concepts into medi-
cal research and practice. Systems medicine accentuates
the intensive collaboration between clinicians, biologists,
pharmacologists, bioinformaticians and mathematicians,
in which multidimensional sources of information are
processed by computer modeling. Since this is also the
case with precision medicine and personalized medicine,
it seems that these concepts cannot be separated quite
sharply. In fact, the terms precision medicine and per-
sonalized medicine have gained more popularity than the
term systems medicine since 2000, as a simple search of
the terms in the Pubmed database shows. The same anal-
ysis also reveals that the term precision medicine is used
even more frequently than the term personalized medi-
cine [5], which prompts us to mainly use the term preci-
sion medicine (PM) in this article.

Ethical issues in precision medicine

Many ethical challenges regarding PM have already been
reported. In addition to ethical issues concerning the
massive data storage and data sharing, these challenges
include:

+ a possible discrimination by insurance companies
and employers [6]

«+ discrimination in access to PM [6, 7]

« incidental findings in genetic testing [8]

« the lack of health literacy or “genetic literacy” for
obtaining informed consent [9]

« the lack of scientific evidence of the efficacy and tol-
erability of treatments [10]

+ the possibility of changing the patient-physician rela-
tionship by focusing on data [11, 12]

+ and the increasing expectation on patients to con-
tribute with data, time, effort and self-care [7].

Ethical issues in PM can be considered in light of
various ethical theories. For our review, we choose
Beachamps and Childress’ common-sense based four-
principles approach as a framework for our work, which
includes beneficence, nonmaleficence, autonomy and jus-
tice [13]. These principles can be traced back to multiple
ethical theories, e.g. the principle of autonomy to Mill’s
Utilitarianism or to Kant’s Deontology, the principle of
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justice, for example, to the theories of Rawls [13]. But
also other philosophers like Sen [14] or Nussbaum [15]
have worked on justice. The principles of beneficence and
nonmaleficence, both already contained in the Hippo-
cratic Oath, have guided medical practice since antiquity
[16]. Although respect for autonomy in multi-ethnic soci-
eties faces some challenges, as cultural, traditional or reli-
gious norms limit the autonomy of several groups [17],
the principle of autonomy is also contained in the con-
cept and declarations of human rights, which have been
recognized by most nations. Here, the right to freedom
is granted to all human beings [18] and the recognition
of freedom is also the basis of the principle of autonomy
in medicine [16]. In personalized medicine, the patient’s
autonomy [19], justice [20] and nonmaleficence [21] pro-
vide a common framework for ethical reflection.

Objective and research question of this review

Besides the theoretical discourse in the literature, many
empirical studies have examined how patients and pro-
fessionals perceive PM and which expectations, con-
cerns, values and attitudes related to PM they have. These
perspectives are quite relevant to the solution of ethi-
cal issues in PM, as they establish context sensitivity for
the ethicist. Since morality is realized in social practices,
empirical studies illuminate the moral experience of
those involved in that practice [22]. For the ethical dis-
cussion of PM, empirical studies of the attitudes, expec-
tations and perspectives of patients and professionals can
provide a starting point that would enrich ethical reflec-
tion as these studies include moral beliefs, intuitions and
reasonings. For this reason, a review of existing empirical
studies representing the perceptions of professionals and
patients in the field of PM seems useful to researchers
and practitioners.

Empirical investigations on this topic have often been
conducted in specific medical fields, mainly in oncol-
ogy. However, to date, there has not been a review that
analyzes and synthesizes the results from studies in dif-
ferent medical fields with regard to ethical issues. Our
mixed research synthesis is intended to close this gap and
deepen the understanding of patients’ and professionals’
views on PM. We believe that the experience gained in
various medical fields can provide important informa-
tion for the further, ethically reflected development of
PM. Among professionals, we are particularly interested
in the views of those directly involved in patients’ care.
This group has a significant impact on ethically relevant
issues, such as access to PM, communication about test
results, information about treatment options and par-
ticipation in research. However, we are also interested
in researchers’ viewpoint(s), as researchers might con-
sider the risks of data security and machine learning.
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Our review also serves to prepare an empirical research
project on PM in chronic inflammatory diseases. In this
project we intend to study the views of patients and pro-
fessionals more precisely. By reviewing the literature
available to date, we will answer the following research
question: What are patients’ and professionals’ expec-
tations, concerns, values and attitudes related to PM,
including their understandings of risks and benefits?

Methods
Because both quantitative and qualitative studies, as well
as studies using a mixed method research design, are
available to review the perspectives, views, or attitudes of
patients and professionals regarding PM, we have chosen
an integrated design of Mixed Research Synthesis as the
methodology for our literature review. Mixed Research
Synthesis integrates both quantitative and qualitative
studies by transforming findings to combine them in one
synthesis. Transformation can be performed in two dif-
ferent ways: (1) Qualitizing of findings means that quan-
titative findings are converted into qualitative form in
order to combine them with other qualitative data; (2)
Quantitizing of findings means converting qualitative
findings in a quantitative form in order to combine them
with quantitative data [23]. In this synthesis we mainly
used the qualitizing approach since our epistemological
interest is focused on the variance of perspectives, views
or attitudes and respective justifications for certain posi-
tions of the interviewed persons. Results from quantita-
tive studies were either presented with the numerical
data from the original studies, or combined with findings
from qualitative studies to form a meaningful and accu-
rate statement for the thematic synthesis. By combining
quantitative and qualitative data in this way, quantitative
data can give more significance to qualitative findings
and qualitative data can extend quantitative results.

To achieve the objectives of our review we defined
inclusion and exclusion criteria for publications and
designed our search strategy as follows:

Inclusion criteria

(a) Content-related criteria

« Publications dealing with patients’ and profession-
als’ expectations, concerns, values and attitudes
to PM, including their understanding of risks and
benefits

+ The above-mentioned publications must be rel-
evant to the ethical discourse on PM
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« Patients are limited to people with diseases or dis-
abilities and representatives of patient organiza-
tions, who are (potential) users of PM interven-
tions

« Professionals are limited to people who develop
and implement PM interventions. These are
physicians and other health care professionals
(HCPs) in the clinical and outpatient context and
researchers.

(b)Methods

» Empirical studies with qualitative and quantitative
methods, reviews

(c) Information sources
» Journal articles, books, electronic databases
(d)Languages
+ German and English
(e) Year of publication
+ No limits
(f) Origin of publications

« Worldwide

Exclusion criteria

(a) Content-related criteria

« Articles in which the views, expectations, percep-
tions, values, attitudes or concerns of patients or
professionals to PM are not in focus (e.g., clinical
trials)

« Evaluation studies of new PM curricula or learning
models, e.g., for medical students, genetic coun-
sellors

(b)Methods

« Articles in which the views of patients or profes-
sionals were not empirically investigated with sci-
entific methods, but the authors merely presented
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their personal view or standpoint (commentaries,
editorials, letters to the editor, normative analy-
ses, journalistic individual interviews with experts,
case studies, study protocols). Our intention was to
include empirical studies that (1) were conducted
with scientific methods and (2) went beyond pro-
viding the opinion of a single person, since we
attribute a higher significance to such studies.

(c) Information sources

« Newspaper or magazine articles with journalists as
authors or without any author.

(d) Population

« Users of direct-to-consumer genetic tests, econo-
mists, citizens, relatives, students, education pro-
viders, legal experts, representatives from regu-
latory authorities, reimbursement institutions,
pharmaceutical industry, payer institutes, funding
institutions, scientific associations, government
officials, informatics, non-government-organiza-
tions, business experts and imprecisely identified
stakeholders who do not meet the inclusion criteria
explicitly.

Information sources and search strategy

An initial search in five databases with the search terms
expectation, concern, value, attitude, risk, benefit, view
and perspective in combination with patient, physician,
doctor, stakeholder, expert, researcher and precision medi-
cine, personalized medicine or genomic medicine limited
to title resulted in relatively few records. For this reason,
we tried to broaden the search by using different types of
studies as search terms and combined them with preci-
sion medicine, personalized medicine and genomic medi-
cine in the title. This search strategy resulted in 1004
records (Table 1).

Screening and eligibility assessment

One researcher screened the abstracts and assessed the
full-texts for eligibility. First, the number of records
was reduced from 1004 to 665 by removing duplicates.
The abstract screening process resulted in 524 titles
being excluded as irrelevant, with 141 articles remain-
ing for full-text-screening. During full-text-screening
we excluded 49 publications due to the content of the
publication, the method, the population studied or the
source of information as defined in our exclusion crite-
ria. In some publications a very heterogeneous sample



Erdmann et al. BMC Med Ethics (2021) 22:116 Page 5 of 18
Table 1 Search strategy

Databases Search term Records
PubMed ((((((((quantitative study) OR qualitative study) OR participant observation) OR focus group) OR interview) OR survey) OR 458

questionnaire)) AND ((((precision medicine[Title]) OR personalised medicine[Title]) OR personalized medicine[Title])

OR genomic medicine[Title])) Sort by: Best Match

Web of science #1 (Tl=precision medicine)

#2 (TI=personalised medicine)

#3 (Tl = personalized medicine)

#4 (Tl=genomic medicine)

#5#1 OR#2 OR #3 OR #4

#6 (ALL = quantitative study)

#7 (ALL=qualitative study)

#8 (ALL = participant observation)

#9 (ALL=focus group)

#10 (ALL=interview)

#11 (ALL=survey)

#12 (ALL=questionnaire)

#13#6 OR#7 OR#8 OR#9 OR#10 OR#11 OR#12
1

CINAHL

414

#14 (#6 OR#7 OR#8 OR#9 OR#10 OR #11 OR 12) AND (#1 OR #2 OR #3 OR #4)
S1 Tl precision medicine OR Tl personalised medicine OR Tl personalized medicine OR Tl genomic medicine 116

S2 TX quantitative study OR TX qualitative study OR TX participant observation OR TX focus group OR TX interview OR

TX survey OR TX questionnaire
S3STANDS2

BELIT

(title:(precision AND medicine) OR title:(personalised AND medicine) OR title:(personalized AND medicine) OR 12

title:(@genomic AND medicine)) AND (all:(quantitative AND study) OR all:(qualitative AND study) OR all:(participant
AND observation) OR all:(focus AND group) OR all:(interview) OR all:(survey) OR all:(questionnaire)) AND lang:(GER

ENG) AND type:(book article)
Philosopher’s index

S1 Tl precision medicine OR Tl personalised medicine OR Tl personalized medicine OR Tl genomic medicine 4

S2TX quantitative study OR TX qualitative study OR TX participant observation OR TX focus group OR TX interview OR

TX survey OR TX questionnaire
S3S1AND S2

Total

1004

was examined: patients, health care professionals,
but also representatives of other groups that did not
meet our inclusion criteria, such as representatives of
health insurance companies. In such cases, the publica-
tion was only included if a sufficient subgroup analysis
allowed a separate evaluation of the data. The whole
article selection process resulted in 92 publications for
this review. Figure 1 visualizes the review process:

Data extraction

We listed the 92 publications in a data extraction
spreadsheet and analyzed the data by identifying
themes which related to our research question. During
the analysis of professionals and patients’ expectations,
perspectives, concerns, values and attitudes, topics
that appeared to be irrelevant to the ethics of preci-
sion medicine also emerged. These topics included:
the concept of PM, compatibility with personal values
or professional beliefs, facilitators and needs, interpro-
fessional communication or the changing role of sci-
entists. Since our interest is only in ethically relevant
themes, the final decision on whether to include a topic
was based on the criterion of its relation to Beachamps

and Childress’ principles of biomedical ethics which
are: beneficence, nonmaleficence, autonomy and jus-
tice [13]. We extracted relevant text passages from the
publications and assigned them to the different themes.
Finally, we summarized and discussed the identified
themes iteratively.

Results

While 62 studies investigated professionals’ perceptions
on PM, 45 publications reported on the views of patients.
Among the HCPs, many oncologists [24—32] participated
in the included studies, but also other medical special-
ists are represented: nephrologists [33, 34], cardiologists
[27], infectiologists [24], psychiatrists and clinical psy-
chologists [35], pathologists [31, 32], gastroenterology
specialty trainees [36, 37], geneticists and genetic coun-
sellors [31, 32, 38—42], laboratory medicine profession-
als [43], pharmacists [44, 45], critical care intensivists
[38], physician assistants [46] and nurses [30, 38, 46—48].
From the outpatient sector, primary care providers [46,
49-51] or family medicine providers [27, 52] participated
in some studies. In many studies, researchers [42, 47, 53]
were also represented. Those mentioned explicitly were
clinical researchers [54—56], bioinformaticians [31, 32],
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Fig. 2 Methodology of included studies

were patients with chronic inflammatory diseases [71],
chronic kidney disease [72], patients without a diagnosis,
but with conditions presumed to be genetic (“diagnostic
odyssey”) [64], patients with a chronic condition such as
diabetes mellitus, hypercholesterolemia or hypertension

[73], drug users (heroin, crack, cannabis) [74], patients
with rare diseases [75] and people with disabilities
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Table 2 Association between the topics identified in the publications and the principles of biomedical ethics

Principles [13]

Topics

Beneficence
Nonmaleficence

Autonomy

Justice

Benefits of precision medicine, e.g,, risk assessment, targeted therapies

Professionals’knowledge and competence

Harm from test results or the testing process

Lack of evidence

Doctor-patient relationship

Patients’ data provision and (personal) health-related work

Patients’understanding and knowledge
Communication and informed consent
Privacy and confidentiality

Access to precision medicine

Discrimination and stigmatization
Profiteering with patient s'data/biospecimens
Health care costs

[76-78]. Some studies did not provide any information
about the condition of the patients included in the study.

Regarding the methodology of the studies, a quantita-
tive study design was chosen as frequently as a qualitative
design (Fig. 2).

We identified 13 topics related to the principles of
biomedical ethics [13]. An overview of the association
between the topics and the principles is shown in Table 2.
Although some topics can be assigned to several princi-
ples, only the most obvious assignment was given here.

Benefits of precision medicine

Various studies reveal that the majority of professionals
have a positive attitude towards PM in general or towards
interventions, which are mentioned under the label of

Table 3 Benefits of PM from the perspective of professionals

PM [27, 34, 43, 45, 47, 50, 79-83]. In particular, the ben-
efits of PM mentioned in the publications by profession-
als can be summarized as follows (Table 3).

Apart from these positive assessments, studies also
demonstrate that some professionals are uncertain about
the value of genetic testing [51, 90] and doubt that all
patients will benefit significantly from PM [30, 31, 42,
49, 54, 57]. In addition, Kichko et al. found in their study
differences in attitudes between physicians from Penn-
sylvania and Bavaria. The Bavarian physicians were less
convinced of the effectiveness of personalized drugs
and less confident that personalized drugs had fewer
side effects. They were also more skeptical than their
American colleagues that PM can reduce hospitalization
days or health care costs. The authors explained these

Care process PM has the potential to

Publication

Prevention Be helpful for risk assessment, identifying a genetic predisposition or the [27,39, 47, 84]
prevention of disease
Supplement a family history [50]
Diagnosis Be helpful in diagnosing disorders [43,47,49, 50, 85]
Decision-making Increase therapy options [31]
Be helpful for the explanation of risks and therapy options [33]
Facilitate an informed decision for treatments [34, 86]
Treatment Tailor treatments and thereby make them more effective [35, 50, 52, 84, 87-89]
Reduce treatment side effects [47,79, 88]
Individual health outcomes Improve patient outcomes [27,58, 79, 85]
Improve quality of life [47]
Improve life expectancy [31,47]
Public health outcomes Result in higher quality health-care [58]
Avoid overtreatment or wasting resources [79]
Reduce health care costs [47, 58]
Reduce hospitalization days [88]
Be favorable for the importance of medical progress [82]
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differences with different health care systems, a different
culture and history [88].

According to the studies, most patients hold posi-
tive, hope-filled views of PM. The willingness and inter-
est to undergo PM interventions and a positive attitude
towards them is high among the majority of patients sur-
veyed [29, 63, 65, 69, 73, 74, 77, 91-93]. In the same way
as the professionals, patients also combine PM with the
possibility to tailor treatments or make them more effec-
tive [51, 63, 67, 68, 71, 94], avoid unsuccessful attempts
of treatment [95, 96], improve drug prescribing [73] and
reduce side effects [73, 95]. From the patient perspective,
PM has the potential to minimize disease impact [68],
improve quality of life [71] and decrease chronic pain
for patients with chronic inflammatory diseases [71]. By
providing information about their condition and genes,
PM can empower patients to “self-advocate” [64], espe-
cially when they have to make informed decisions [79].
Remarkable is the relevance that patients attach to PM in
terms of prevention [51, 94, 97]. Genomic risk knowledge
gives patients the opportunity to change their lifestyle
for the purpose of health improvement, and in this way,
they gain more control over their own health [61]. Addi-
tional benefits mentioned in this context are the possi-
bility to learn about ancestry, help family members [51]
and improve family planning [97]. Some patients hope
that new treatments will be discovered [97], that future
patients will benefit from research, and medical care in
general will be improved [98].

Patients’ understanding and knowledge
Although many patients are convinced of the benefits
of PM, their actual knowledge of its potential appears to
be limited. Many professionals reported in the studies
that patients have little or no awareness about the con-
cept and potentials of PM [25, 58] and these profession-
als are skeptical about whether patients have the ability
to understand PM [47, 56, 96]. One reason for this could
be that the terms "stratified," "precision” or "personal-
ized" medicine are rarely used in medical consultations
[59] and in discussions within patient organizations [96].
Some physicians tend to simplify the complex issues in
their conversations with patients and use other terms like
“evidence-based medicine” [56]. However, it seems that
physicians sometimes underestimate patients’ knowl-
edge. For example, Ciardiello et al. did not always show
agreement between doctors and patients in assessment
of patient knowledge. While 85% of patients felt well
informed about their treatment after the explanation of
the doctor, only 23% of doctors agreed that their patients
were well informed [29].

Conversely, some professionals perceive patients as
the "drivers" [49] of PM, especially when it comes to the
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availability of genetic testing [49]. Informed by the media
[26, 73], especially patients in oncology ask their physi-
cians about PM more frequently than patients with other
diseases [27]. For example, Tejpar et al. showed that the
majority of patients in oncology are aware of genetic
testing to determine which cancer treatment might be
the best for an individual person [70]. However, as other
studies have demonstrated, many patients generally have
a limited knowledge about PM [65, 71, 99-102], genetic
testing [62, 69, 95] and pharmacogenomics [73, 101] and
also express difficulties in understanding [51]. Patients
seem to be more familiar with older terms like “gene”
or “DNA” than with newer ones like “pharmacogenom-
ics” or “biobank” [101]. Even if patients are aware of the
phrase “personalized medicine;” 19% of them do not have
the right idea of what PM really is and combine PM, for
example, with a constant doctor-patient contact or with
the participation of patients in medical decision-making
[63]. In addition, representatives from patient organiza-
tions note that patients often have difficulties in under-
standing basic medical information and that patient
education will be a major task for patient organizations
[96]. Hellwig et al. pointed out that patients’ understand-
ing is also in the interest of health care providers, as it
facilitates the communication process [86].

Professionals’ knowledge and competence

Professionals also describe a lack in their own knowledge
or a limited understanding, as quantitative studies dem-
onstrate [36, 37, 44, 81, 82, 92, 103, 104]. For example, in
a study with 100 UK gastroenterology trainees, most of
them believed that their training had not prepared them
for practicing PM [36, 37]. Carroll et al. surveyed 361
family physicians in Canada about their knowledge in
genomic medicine and found a median knowledge score
of 6 (on a scale from 0 to 10) with a wide range from 0
to 10. The self-reported level of confidence in practic-
ing genomic medicine tasks was low in that study [85].
Alharbi et al. assessed the knowledge of 126 South Ara-
bian physicians about PM in diabetes mellitus manage-
ment and found that 82.5% of the participants had poor
knowledge in this area [82]. These and other studies
[37, 44—47, 58, 86, 105—108] reveal the need for further
education of many health care providers, however, this
requirement may vary between professionals in differ-
ent fields [53, 81]. An exception seems to be the skills of
physicians in oncology. A comparative study with oncol-
ogists, cardiologists and family doctors concluded that
oncologists felt better informed, were more able to inter-
pret test results and more confident in discussing the
results with their patients [27]. Nevertheless, even among
oncologists there seems to be some uncertainty at times
regarding the choice of the right treatment [28, 31] and
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the interpretation [30-32] or explanation [31] of genomic
data. Another exception of better knowledge was also
demonstrated among clinical geneticists and genetic
counsellors. As the study by Nisselle et al. highlighted,
the majority of genetic counsellors (74.2%, n=271) and
clinical geneticists (87.0%, n=_83) had attended continu-
ing professional development in genomics during the two
previous years [41].

Access to precision medicine

Due to the high demand for research, resources and
infrastructure required for PM, it is questionable whether
access to it will be open for all patients in the world. For
example, in Saudi Arabia, where healthcare is predomi-
nantly taxpayer-funded [109], 27.8% of physicians sur-
veyed (n=126) doubted that patients would have easy
access to PM [82]. In Korea, a state where the percent-
age of out-of-pocket-payments in healthcare is 35% [110],
most of the health care professionals surveyed believed
that only a few patients would have access to PM and
84.8% of the participants (n=>542) were concerned that
this would increase disparity in public health [47]. In
Europe as well, where healthcare is primarily funded
through government-regulated public health insurance
systems, taxpayers and private insurance policies [111,
112], PM is considered by researchers, healthcare pro-
viders and patient representatives to have limited avail-
ability. This is because only a few programs are already
in place. [58]. In the US, where about 50% of healthcare
funding is private [111, 112], 78% of patients, HCPs and
patient representatives surveyed (n="72) expressed con-
cern about the difficulty for patient advocates to help
patients gain PM access [68].

One factor that could limit access to PM might be the
lack of coverage by health insurance companies for medi-
cation [54], tests [29, 80] or genetic counselling [90] and
the inability of patients to pay for PM out of pocket [73,
90, 97]. Physicians are described as gatekeepers and their
decisions on medical appropriateness, which may vary
and be determined by guidelines [29], condition access
to PM interventions. Patients perceive these variations
as disparity in access and some patients also suspect that
physicians withhold access because of the high cost [26].
In addition, age [54, 79], the availability of tests [29, 80],
the clinic or hospital location, patient attitudes, norms
and education, as well as social factors like discourage-
ment by significant others are identified as barriers for
PM [90]. Another factor could be the lack of communica-
tion to the public about the options PM offers. This pos-
sibility was mentioned by a member of the National Black
Nurses Association in the USA, who questioned why the
All of Us program is only communicated in English and
Spanish [48]. That access to PM could be a question of
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ethnicity was shown by the Petersen et al. study. Only
38.5% of doctors surveyed (n=104) in the US believed
that PM is available to all ethnic groups. [103]. Ratcliff
et al. cited a study which shows that ethnic minorities are
less likely to embrace PM technology. Ethnic minorities
and individuals with lower socioeconomic status seem to
be less aware of technologies and less likely to use them
[113]. The findings from a focus group study from Kraft
et al. (2018) drew attention to the inability of US immi-
grants to navigate the healthcare system which can result
in a lack of trust in the healthcare system [114]. The US-
American survey from Diaz et al. (2014) revealed that for
non-Hispanic, Black respondents disparity in access due
to the inability to pay for PM is of greater concern [97].
But access to PM for ethnic minorities could also be lim-
ited for another reason. According to patient representa-
tives, the availability of PM for certain groups could also
depend on the profitability for the pharmaceutical indus-
try of providing appropriate medicines for people with
certain genetic characteristics [96].

Table 4 summarizes the factors which could limit
access to PM from the perspective of professionals and
patients. While factors limiting the offer and provision of
PM prevail on the professional side, patients see limita-
tions in their own possibilities to access it.

Discrimination and stigmatization

In addition to possible disparities in access to PM, pro-
fessionals and patients fear discrimination based on the
results of genetic testing [27, 79, 92, 97], particularly by

Table 4 Factors which could limit access to PM from the
perspective of professionals and patients

Factors from the perspective of Professionals Patients

Lack of coverage by health insurance com- [29, 54, 80, 90]
panies
Inability to pay out of pocket [90] [73,97]
Decisions of physicians on medical appropri- ~ [29] [26]
ateness
Not part of treatment guidelines [29]
Availability of tests [29, 80]
Decisions of physicians due to high costs [29] [26]
Age [54, 79]
Clinic or hospital location [90]
Patient attitudes, norms and education [90]
Discouragement by significant others [90]
Lack of communication to the public [48]
Belonging to a specific ethnic group [103] [113]
Lack of profitability for pharmaceutical [96]

industry
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insurance companies or employers [46, 51, 54, 63, 86, 94—
96, 98, 115]. The majority of physicians interviewed in
the USA and Germany would therefore not grant access
to genetic information to employers and health insur-
ance companies [88]. However, an American longitudinal
study of 823 patients shows that none of the respondents
had problems with health insurance after one year and
only three patients reported problems with life insurance
or long-term care insurance [92].

But genetic information also opens up the possibility
of stigmatization of certain groups [57]. In a qualitative
study, an African American participant explained this
more precisely: this participant feared being put into a
certain racially determined category because of genetic
information which is much more present in that specific
ethnic group [98].

From the perspective of professionals an additional
unacceptable use of data would be to refuse someone an
organ transplantation because of their genetic predis-
position to organ rejection [33, 34]. Additionally, health
advocates in oncology have expressed concern that
patients who are not suitable for personalized treatment
will not receive appropriate support [68].

Privacy and confidentiality

Some professionals consider apprehension about data
confidentiality not being guaranteed [45, 88, 116].
According to some researchers, the greatest danger here
is in the sloppiness of people who work with the data and
load it, for example, onto their laptop or flash drive [116].
As an indication that data security cannot be guaran-
teed, some patients mention the hacking of financial or
online data and emphasize the need for harsh penalties
[98]. People with a drug addiction history are concerned
that medical practitioners cannot refuse information
requests from courts [74]. A survey of medical prac-
titioners and patients in India gives a somewhat more
optimistic impression. Some of the respondents believe
that data confidentiality is secured by advances in tech-
nology, while others are suspicious of whether the person
entrusted with confidentiality can guarantee data secu-
rity [105]. However, it seems that the human factor is the
greatest weakness of the system.

Apart from data security, one publication raises
another problem: the confidentiality of genetic informa-
tion to families rather than to individuals, which means
that information about a genetic disposition is shared
with all at-risk family members. This “familial approach
to confidentiality” [117] is conceptualized in UK genetic
guidelines. In the study from Dheensa et al, 80 HCPs
were interviewed in focus groups about their arguments
for or against this approach to confidentiality. One of
the respondents’ arguments was that a familial approach
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could affect family relationships and the patient’s trust in
the health care system. A second argument concerned
their resources for sharing information and the fear that
sharing would make them more vulnerable to liability
issues [117].

Harm from test results or the testing process

Although the benefits of genetic testing are not ques-
tioned by many patients and professionals, some agree
that test results or the testing process itself can also cause
harm. This harm can occur, for example, if patients or
professionals misinterpret the results [90] and for this
reason make the wrong therapeutic decision [32, 92].
Some studies indicate that women who have been tested
for breast cancer predisposition have undergone preven-
tive surgery, even though the result was considered to be
uninformative by their physician [40, 92]. One profes-
sional reported that a patient committed suicide after
receiving the diagnosis of Huntington disease on the
phone [40]. Besides these adverse events, professionals
and patients in some studies report psychological impli-
cations from knowing [31, 32, 46, 51, 63, 113] or while
waiting for the test results [26]. Incidental findings [79,
96], variants of unknown significance [79] or results that
indicate a high risk for an incurable disease can affect
the well-being of patients [51]. In some studies, patients
explicitly state that they do not want to know certain
results, e.g., about a genetic predisposition to a disease
[95], especially if it cannot be cured [61, 118]. Not know-
ing enables people to keep hope, a positive self-percep-
tion and remain optimistic [113]. From the perspective
of professionals during tumor board meetings, McGraw
et al. in 2017 showed the potential harm from patients
receiving information about test results, and also the
harm when test results are withheld: the omission of
findings can result in a missed opportunity to learn about
a serious disease. Withholding test results may be useful
in the future, but is an expression of “excessive paternal-
ism” [32]. Therefore, some authors have argued that the
preferences of each patient on receiving their test results
need to be identified and addressed [57] and that pro-
fessionals have the responsibility to protect patients and
families from harm [42].

Although many of the above-mentioned studies indi-
cate that patients can imagine possible harm from test
results or the testing process, the review by McFarland
et al. presents a slightly different picture. It found no
evidence that patients have any concerns about tumor
testing for the purpose of targeted therapy. The authors
attributed this difference to the fact that this kind of test-
ing is not a test for an inherited cancer risk, but rather
a targeted therapy, similar to chemotherapy [100]. For
patients, therefore, it seems to make a difference whether
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it is a question of identifying a risk for an illness or of
searching for the right therapy for a severe disease that
already exists.

Communication and informed consent

For various reasons, professionals perceive communica-
tion on PM research, tests and therapies and obtaining
informed consent as being increasingly complex [31, 79].
For example, in cancer PM the complexity and ambigu-
ity of the evidence seems to make it difficult to decide
which test results should be communicated to patients
[32]. Challenges in obtaining informed consent include
complex discussions about risks, the length of docu-
ments, the lack of understanding by professionals and the
resources required [42]. Several quantitative studies indi-
cate that patients want to be fully informed about tests
[71], the results [51, 71, 72, 78] and treatment options
[29]. Further, they wish to be involved in the decision-
making process [29, 71]. However, genetic tests arouse
suspicion among members of ethnic minorities who fear
not being fully informed about the purpose and further
use of the tests. Therefore, some patients are reluctant to
use targeted therapies [74].

According to the professionals, another reason for the
growing complexity of the discussions is the increasing
presence of PM in the media. Some doctors feel that this
increased media attention means discussions and deci-
sions on testing are becoming more complicated and that
they sometimes feel forced to order a test [26]. Clinicians
and researchers also criticize that the media raises unre-
alistic expectations among patients, which cannot always
be fulfilled [31].

With regard to participation in research, patients from
different ethnic groups express skepticism about the con-
sent process and are suspicious about whether all con-
sented rules are actually followed. Many would therefore
prefer to have the right to withdraw their consent at any
time of the study [98]. Some participants would like to
have separate consent for biospecimens and EHR data,
as they see a risk for misuse of DNA in future research
[115]. The Edwards et al. survey reveals that the major-
ity of patients wish re-consent, if their data are used for
a different, but related or unrelated health condition. A
re-consent should also be granted when a child reaches
the age of majority. Despite these preferences, the major-
ity of respondents believe that the benefit of broad con-
sent outweighs the harm, highlighting the feasibility and
relevance of research [60].

Lack of evidence

For clinical practice, test results are only useful when
they deliver reliable and actionable information that
can be used for clinical decisions. However, interpreting
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multiomics, clinical and lifestyle data becomes compli-
cated by inadequate validation of biomarkers and insuf-
ficient evidence of clinical utility, which leads to clinical
uncertainty [58]. Many clinicians and researchers are well
aware of the limited [27, 30, 31, 35, 42, 79, 84] or ambigu-
ous evidence [32] for the meaning of test results and pos-
sible treatment outcomes and regard the lack of practice
guidelines as a barrier for the implementation of tests
[27, 79]. Some patients also doubt the accuracy of the
tests [63, 73] or the value of the test results to influence
their fate [61]. In summary, the problem of small samples
in clinical trials caused by patient stratification leads to
an awareness of unclear evidence among professionals
and creates uncertainty about what conclusions can be
drawn from the tests for therapeutic decisions.

Doctor-patient-relationship

Some publications indicate that professionals expect a
change in the doctor-patient relationship through PM. In
the studies by Dion-Labrie et al., some of the physicians
interviewed expressed concern that behind the objec-
tive data, the human aspects of the doctor-patient rela-
tionship and the view on the whole person could be lost.
The gain in objectivity carries the risk that less room is
given to feelings in communication with the patient. [33,
34]. Another study suggests that the availability of large
amounts of data on the patient increases the knowledge
lead of the doctor, with the risk that the doctor will use
this knowledge to make paternalistic decisions [56]. From
the patient perspective, inequalities in access to PM can
put a negative strain on the doctor-patient relationship,
for example, the patient knows about this option but
their doctor has not offered it to them [26].

Patients’ data provision and health-related work

The willingness to participate in research and to provide
genetic information, lifestyle, environmental or medi-
cal data was examined in a Korean study with 526 par-
ticipants. The majority of the clinicians, researchers and
health professionals surveyed showed a clear willingness
to participate, although this willingness is higher when it
comes to their own treatment as opposed to that of oth-
ers [47]. Among patients there is also a high readiness
to participate in trials and donate data or biospecimens
[62, 70, 72, 76, 77, 98, 99], but trust in professionals [98,
101], costs, receiving counseling about test results and
privacy [101], as well as the donor’s religion and culture
[98] seem to be important for the decision. Significantly
fewer patients support the use of smartphone apps to
track lifestyle, behavior or environmental influences [72,
76, 77]. Possible factors behind this reluctance could be
that this type of self-monitoring continuously confronts
patients with their illness and that they get tired by digital
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interactions. As a result, some patients evade health care
provider expectations of recording data using smart-
phone apps or wearables [113]. In addition, several stud-
ies show that the large number of tests carried out in the
course of PM is a considerable burden for patients [71],
as it is associated with time spent waiting at a clinic [59]
and possibly with the need to travel [61]. These burdens
are factors that determine whether patients have PM
tests or treatments performed [61, 67].

Profiteering with patient s’ data/biospecimens

Although there is generally a high willingness among
patients to donate data and biospecimens for precision
medicine research, one study also suggests that patients
expect a corresponding countervalue when pharmaceu-
tical companies earn large sums of money from drug
development that was made possible by patients’ dona-
tions. In the study, patients refer to the case of Henrietta
Lacks, in which her cells (taken from tumor biopsy) were
cultured on 1951 without her knowledge/consent and
resulted in the HeLa immortalized cell line that is still
being used in research today. The Lacks case highlights
the injustice that results from making an enormous profit
from the biospecimens of unsuspecting patients. Some
participants in the study argued that if biospecimens
contributes to corporate profit, patients should be com-
pensated [98, 115].

Health care costs

In several studies, professionals and patients express con-
cern about the high cost of PM. Although professionals
expect a reduction of the overall health care costs in the
long term [47], some health care professionals question
the cost—benefit ratio of PM [30, 54, 84, 105]. Compared
to the costs of chronic diseases, PM costs are perceived
as not only being massive, but also caused by a much
smaller proportion of the entire patient population [30].
It is therefore questionable whether other care interven-
tions would not have a greater benefit and deserve bet-
ter funding [119]. But PM costs are also problematic
for other reasons. For example, professionals [45, 120],
patients and representatives from patient organizations
are concerned about whether health insurance compa-
nies will cover the costs [51, 63, 76] or patients can pay
for them [61, 95, 96]. And indeed a study from Europe
reports a certain reluctance on the part of health insurers
to cover the costs for PM, as the evidence is insufficient
and incentives too small [58]. The willingness of patients
to pay for PM themselves is apparently higher when the
purpose is to treat a serious illness, such as cancer [73].
Nevertheless, most American and German physicians
agree that the costs for PM should not be covered by the
patients themselves [88]. Some patients also worry that if
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a drug is not prescribed frequently enough, pharmaceuti-
cal companies will raise the price or stop its production
[98]. This would make PM unavailable to small groups
with certain traits, which could put these groups at a dis-
advantage compared to others.

Discussion

Implications of the findings in context of existing research
Our review results show that many professionals and
most patients expect high benefits from PM and have
a positive attitude towards it. However, there is more
doubt among professionals as to whether patients actu-
ally benefit from PM, which may be related to the fact
that there is less evidence for positive effects of PM than
in conventional medicine. The high specificity and costs
of therapies mean that drugs are tested in smaller clini-
cal trials rather than in large randomized controlled tri-
als and even if several small trials have shown no risks, a
level of uncertainty remains [10]. It is quite understand-
able that HCPs, whose training has so far been oriented
on the ideal of evidence-based medicine, have more
doubts here. In addition, many HCPs do not feel suf-
ficiently trained and are uncertain about the interpreta-
tion of genomic data and the choice of the right therapy.
Although machine learning systems can support the
interpretation of data and develop therapy recommenda-
tions, doctors should not blindly rely on a machine with-
out checking its results. Training programs on medical
informatics for physicians will therefore become neces-
sary [121]. In the meantime, it seems to be useful that
different specialists, e.g., physicians, bioinformaticians,
geneticists and genetic counselors work together in an
interdisciplinary network, as is already the case in some
places. Bioinformaticians in particular are considered to
be of high importance [47]. The complexity of PM also
confronts health care professionals with the challenge
of communicating with patients and obtaining informed
consent. Since geneticists and genetic counsellors seem
to be better trained in genomics [41], their involvement
appears to be essential.

However, improving professional competence and
interdisciplinary cooperation alone cannot overcome
patients’ lack of knowledge and understanding of PM.
Rather, patient education about PM must be provided in
an understandable way to ensure that patients can make
autonomous decisions. By taking the level of health and
genetic literacy into account, patient education must
also be personalized. The concerns of ethnic minorities,
who seem to have a stronger distrust of genetic testing
[74] and the needs of people with disabilities [76] should
be taken into consideration. The text-based education
practiced in many places cannot meet these require-
ments [56]. Here, new formats need to be found and
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implemented. A promising approach could be short video
sequences like those used by some researchers in their
research projects [98, 115]. Since 3.3 billion people by
today own a smartphone [122], those videos could easily
be downloaded and viewed with such devices. Here, too,
patients’ digital competence must be considered. Today,
not all patients, especially the elderly, are ready to meet
the challenges of digitization or have the appropriate IT
infrastructure. Transmission of videos in patient waiting
rooms seems a possible alternative. However, these addi-
tional services should not replace a personal consultation
with a professional, but only supplement it.

The results of the review reveal that many professionals
doubt that all patients who would benefit will have access
to PM. But if PM can actually fulfil the hopes for more
targeted therapies, fewer side effects and an improved
quality of life, then the ethical principle of justice requires
access to PM for all people in need. The individual
patient’s insurance status, ethnicity, age or place of resi-
dence should not limit access to PM. This principle seems
particularly difficult to realize both nationally and inter-
nationally, as many health care systems will not be able
to cover the costs of a nationwide PM implementation,
However, full cost coverage by health insurance compa-
nies would make access much easier. Since health care
providers act as gatekeepers and control access to PM,
the development of guidelines must keep pace with PM
implementation. Physicians in the outpatient sector,
patient organizations and the public should be kept con-
tinuously informed of current developments.

But even if everyone had access to PM—regardless of
their personal characteristics—at this time, not every-
one would benefit from it equally. The reason for this is a
recruitment bias in PM, namely the fact that most genetic
data are obtained from Northern Europeans. This means
that for other population groups, there is an increased
probability that the result of a genetic test will produce
variants of unknown clinical significance. Thus, it is
not known whether these variants can cause a disease,
as they have not yet been researched. The result is that
non-Northern Europeans benefit less from developments
in PM [123]. In addition, social circumstances, such as
having to travel long distances to a medical center, fear
of sanctions for work absences or language and cultural
barriers can also make access to PM difficult [7]. And
if medical consultations can only be arranged online or
even the meeting with the physician takes place via video
consultation, people who do not have the digital compe-
tence or the appropriate equipment can thus be excluded
from PM [7].

As our review reveals, the cost-benefit ratio of
PM is not considered balanced by some profession-
als and the critical question is raised of whether other
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interventions promise greater benefits and deserve bet-
ter funding. Rey-Lopez et al. in their 2018 study also
criticized the exorbitant expenditure on PM and sug-
gested instead that more resources should be invested
in improving people’s living conditions and health-
related behavior. For example, policies that counteract
climate change, such as a meat-free diet, abandonment
of motor vehicles in favor of more physical activity,
would be equally or even more beneficial to health and
reduce mortality. They argue that technology-based
prevention programs like fitness apps for weight reduc-
tion, which are sometimes promoted by PM, have not
had a better effect on health than conventional pro-
grams. Rather, the required behavioral changes could
be achieved by addressing social, cultural, economic
and environmental circumstances [124]. In addition to
better prevention, there are probably many other areas
of healthcare in some countries where more money
needs to be invested. Considering the cost-effectiveness
of PM, Kasztura et al. revealed in their scoping review
that PM is to date at least as effective as conventional
care. The authors conclude that the cost-effectiveness
of PM should be further investigated with different
research approaches [125].

Our findings show that patients and professionals are
concerned that genetic information could end up in
the hands of insurance companies and employers and
thereby lead to “genetic discrimination” [126]. This con-
cern is not unjustified. For use in healthcare, genetic
information needs to be integrated into electronic health
records and these are increasingly becoming a target for
attacks by cybercriminals [127]. Furthermore, as one
study reveals, human error represents an additional risk
[116]. Data security must therefore be given high priority,
but the collection of genetic, environmental or lifestyle
data should also be limited to information that is really
necessary. Before data collection, patients should be
informed about the possibility of data breaches to enable
patients to balance their personal benefits and risks.

As we have seen in the studies, the (unwanted) dis-
closure of test results can harm patients in many ways.
Experiencing a potential risk of illness can be a consider-
able strain on people, especially if the illness is incurable.
However, avoiding telling patients about their genetic
disposition for a treatable disease can also be harmful,
as it deprives patients and their families of the oppor-
tunity for prevention and screening [10]. Therefore, for
each genetic test, the patient’s preferences regarding the
information about disease risks should be respected, as
already contained in existing legislation in some nations
[128]. In addition, incidental findings associated with
genetic traits of unknown clinical significance or findings
of misattributed parentage [8] are problematic, because
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communicating these findings to patients and their fami-
lies can also trigger stress and affect family relationships.
By obtaining informed consent, the information on pos-
sible incidental findings should be kept short and concise
so that patients understand the complex issue and are not
confused by the various options for decision [10]. The
possibility of re-contacting the patient is seen as a moral
obligation if findings of previously unknown clinical
significance can be better understood in the future and
linked to therapeutic options [9].

In merely two studies, professionals talked about the
possibility of changes in the doctor-patient relation-
ship. This concern is perhaps more likely to be expressed
by ethicists. By restraining the focus of the physician
on measurable parameters and bodily functions [119],
the patient’s personality, their history, values and ideas
about life risk being lost [11]. Salari and Larijani’s work
described the danger that the patient will be perceived
by the physician only as "genetic material" [12]. The com-
plete digitalization of human life with omics-based data
could lead to alienation between physician and patient in
which the individuality of the patient increasingly disap-
pears behind the data and algorithms [129]. The ques-
tion of whether such changes can actually be observed
in practice should be the subject of further empirical
research.

Our review shows that patients and professionals are
highly willing to participate in clinical trials and donate
data and biospecimens to PM. Nevertheless, some peo-
ple would like to be compensated for their donation if
pharmaceutical companies gain a high profit with it [98,
115]. The question of whether patients should receive
something in return for their donation or “gift” of data
and biospecimens is one Lee discussed in a 2020 study
[20]. In this work, Lee referred to anthropologist Mar-
cel Mauss and considered the gift in the context of social
relationships, where a gift is inextricable from obligations
and reciprocity. The metaphor of the gift requires some-
thing in return, and some authors see the return of indi-
vidual genetic information as a way to honor the gift in
precision medicine research. However, such an approach
must take into account that the value of the genetic infor-
mation (e.g., actionable, non-actionable) is understood
by the research participants [20] and also in their inter-
est. The wish not to know individual genetic information
should be respected.

In contrast to biospecimen donations, patients’ will-
ingness to donate is less evident for the use of their data
obtained from smartphone apps that collect lifestyle,
behavioral or environmental information. A possible rea-
son for this could be that these apps put patients under
increasing pressure to continuously optimize their health
condition, for example through physical exercise or
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practicing a certain diet. Prainsack argued in 2017 that
PM is not possible without patients contributing data,
time, effort and self-care, and describes this contribu-
tion as "patient work" [7]. Although patients have been
encouraged to adopt a healthy lifestyle for a long time,
the knowledge of the importance of the exposome and
modern possibilities of constant data monitoring are
leading to patients having a stronger responsibility for
their health or recovery. This responsibility transforms
patients into what Zwart calls, “bio-citizens [who] are
expected to measure and monitor their bodies and their
everyday lifeworld in real time, continuously and auto-
matically” [130]. As the use of smartphone apps and
wearables will continue to increase, the possible psycho-
logical impact of continuous self-optimization needs to
be further researched.

Limitations of the study

Our study has the following limitations: First, our search
strategy was limited to three terms in the title of the pub-
lications (precision medicine, personalized medicine and
genomic medicine). These terms are all used synony-
mously for PM, but each emphasizes different aspects of
PM. We omitted the terms individualized medicine and
systems medicine to ensure the feasibility of the study in a
limited time frame. Compared to the words we have used
in our search, the term individualized medicine seemed
to be too unspecific and the term systems medicine
seemed to be less common [5]. The use of these search
terms would certainly have resulted in an additional
number of relevant studies. A second limitation relates to
the screening and eligibility assessment, which could only
be performed by one researcher. A second person would
have increased the reliability of the eligibility assessment.

Conclusions

Main conclusion

National legislation and guidelines in many countries
have already addressed and solved a number of prob-
lems associated with PM. However, from our perspec-
tive, some problems still require more attention. If we
approve the four principles for biomedical ethics of
Beauchamp and Childress as a basis for ethical decisions,
which is common in the European and North American
context, then respect for the autonomy of the individual
must be interpreted in the contexts of PM and ensured
in the first place. Autonomy in PM is realized primar-
ily in free and informed decision-making, so respect for
autonomy demands comprehensible education and sup-
port. Our results show, however, that patients have dif-
ficulties in understanding some of the underlying ideas of
precision medicine, therefore an adaptation of informa-
tion documents to make them more understandable and
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an improvement of patient education seems necessary.
Respect for autonomy could be improved by taking into
account individual health literacy when educating people
about decisions to participate in tests, therapies, research
or self-tracking. In more family or community-based
societies where therapeutic decisions are not made on
the basis of the patient’s will alone, it would make sense
to include the community in the development of PM
educational activities, in order to learn how to improve
the knowledge and understanding of those involved in
decision making.

Should hopes for precision medicine’s benefits be ful-
filled, then the ethical principle of justice would require
an unlimited access to precision medicine for all peo-
ple. As our results show, both patients and profession-
als, have considerable doubts about this. We agree with
the view that justice is easier to realize in public health
care systems, which are funded by taxpayers or by gov-
ernment-regulated public health insurance plans. The
obvious reason is that in these health care systems access
is not dependent on personal financial resources. How-
ever, it is questionable whether the cost-benefit ratio of
precision medicine is advantageous and whether other
patient groups that do not benefit from PM are not ulti-
mately disadvantaged due to lack of financial resources.
The cost-effectiveness of PM should therefore be further
investigated.

The ethical principle of nonmaleficence requires that
PM should in no case harm the patient. However, from
the perspectives of professionals and patients, the collec-
tion of health data carries a high risk of misuse. Thus the
principle of nonmaleficence requires data collection of
genetic, environmental or lifestyle data to be limited to
what is absolutely necessary. Data security must be given
high priority.

The question of whether the physician—patient rela-
tionship is altered by the physician’s focus on multi-omics
data and whether the patient’s subjective experience is
thereby eclipsed also relates to the ethical principle of
nonmaleficence. This too requires further investigation.

The most important question seems to be whether
and under which conditions PM really has the potential
to improve patients’ quality of life — the life they them-
selves would judge as “good” — or whether it is subjec-
tively perceived as worse, due to an over-compliance with
the imperative of self-optimization and the necessary
constant work on one’s own health. This question, which
refers to the ethical principle of beneficence, also needs
to be more closely explored in future research.

Explanation of the importance and relevance of the study
This is the first review that presents and analyzes results
from qualitative and quantitative studies regarding the
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perception of patients and professionals on ethical issues
in PM.
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