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Abstract 

Background  Over 300 million individuals worldwide live with Atopic Dermatitis and Psoriasis, which are 
among the most common chronic inflammatory skin diseases. Multimodal biomarkers are currently being devel‑
oped using large-scale data and artificial intelligence to allow for more targeted prediction and to improve treatment 
of patients with Atopic Dermatitis/Psoriasis. Although this promises enormous benefits for patients, it comes with crit‑
ical challenges. This article offers an in-depth analysis of the ethical challenges in research and application of data-
driven biomarkers in chronic inflammatory skin disease, which, as recent work shows, has not yet been explored 
in depth.

Methods  We conducted an interview study with 28 members of the BIOMarkers in Atopic Dermatitis and Pso‑
riasis consortium including multiple stakeholder groups involved in biomarker research and application follow‑
ing the COREQ checklist. The interviews were analysed and interpreted theme-oriented using an updated grounded 
theory approach.

Results  The interviews revealed interconnected ethical challenges described by a wide range of stakeholders 
involved in biomarker research. Our analysis identified two broad categories of ethical challenges – disease-related 
and biomarker-related issues – from which three cross-cutting themes emerged: multiple forms of harm, multiple 
injustices, and multiple uncertainties. Disease-related challenges include covert psycho-socio-physical dimensions 
of harm and suffering in Atopic Dermatitis/Psoriasis, quality of life impacts, trial-and-error approaches, and com‑
munication and expectation management in clinical practice. Biomarker-related challenges range from big data use 
with multiple biases in the different data-sets, stratification of patients into subgroups, to invasiveness of diagnostic 
measures, multiple uncertainties and expectation management in science. This article also provides stakeholder 
suggestions for mitigating harm associated with Atopic Dermatitis/Psoriasis and biomarker use to inform policy 
development.

Conclusions  The identification of the many ethical challenges uncovered in the interviews and the nuanced view 
of harm, intersecting injustices including epistemic injustice, and the multiple uncertainties provide crucial considera‑
tions for evaluating the risks and benefits of biomarker research and application in healthcare. These insights should 
inform policy development for data/AI-driven biomarker use for Atopic Dermatitis/Psoriasis and support research 
practice, public health interventions, and clinical practice to develop and apply medical innovations that are ethically 
responsible.
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Background
Atopic Dermatitis (AD) and Psoriasis (Pso) represent 
some of the most common chronic inflammatory skin 
diseases with over 300 million individuals affected glob-
ally [1–4]. Both diseases can profoundly diminish 
patients’ quality of life [5–7]. A major challenge is the 
heterogeneity of these diseases and current treatments 
do not work across all patients. Despite many new treat-
ment approaches and improvements in response rates 
in recent years, there are still significant unmet health 
needs [8, 9]. Many patients with these heterogeneous dis-
eases do not respond to treatment or show a suboptimal 
response to current treatments [8, 9] and there is a need, 
for example, to improve remission of symptoms, prevent 
damage in early stages or progression to advanced stages 
[10]. Healthcare systems face critical challenges in their 
reactive rather than preventive approach to care for AD/
Pso. Patients often begin therapy late in their disease 
progression due to system-wide capacity constraints and 
access barriers [8, 11, 12] This delay can not only lead to 
avoidable suffering but also allows disease progression to 
more severe forms and comorbidities to develop.

Evidence shows that there might be subtypes of AD/
Pso or even further disease entities that are currently 
categorised under AD/Pso [13–15]. Thus, international 
research groups aim to stratify patients into further 
subgroups to diagnose disease subtypes and find more 
targeted/precise treatments. High hopes are invested 
in data-driven multimodal biomarkers  [15–18]. A bio-
marker is “[a] defined characteristic that is measured as 
an indicator of normal biological processes, pathogenic 
processes, or biological responses to an exposure or 
intervention, including therapeutic interventions” [19].1 
Biomarkers can include histologic, molecular, physi-
ologic, or radiographic characteristics [19]. Their imple-
mentation has been well established across numerous 
medical disciplines, spanning tumour diseases, infec-
tious conditions, autoimmune diseases and cardiovascu-
lar diseases. For AD/Pso, clinical assessments, histology, 
and photography are routinely used for diagnosis and 
monitoring.  Therapeutic drug monitoring (e.g., meas-
urement of drug levels to determine the optimal dose) 
is used for some drugs in Pso and recently integrated in 
guidelines in some countries (e.g., [22]). Severity scores 
are used to quantify the clinical assessments. However, 

there are no biomarkers for AD/Pso in routine clinical 
practice.  While immunologic biomarkers show signifi-
cant promise for personalising both disease classification 
and treatment approaches in dermatology, no standard-
ised or widely adopted methods currently exist in clini-
cal practice [23]. Researchers in BIOMarkers in Atopic 
Dermatitis and Psoriasis (BIOMAP), a major interdisci-
plinary  European research, have searched for biomark-
ers with a broad remit – covering different aspects of 
disease risk prediction, disease progression and severity 
including clinical, biochemical and genetic markers [16, 
24–27].

The consortium has consolidated molecular and clini-
cal data from epidemiological research, disease registries, 
patient databases and clinical studies, referencing defined 
outcomes and clinical phenotypes for AD/Pso [25]. 
Through this collection of multiple data types, biomarker 
identification and validation are expected to be acceler-
ated [26]. However, prior to introduction the data-driven 
biomarkers require replication, validation, and establish-
ing clinical utility, acceptability and affordability. The 
present study therefore brings together the cutting edge 
perspectives of experts in biomarker research on the use 
of omics and health data as well as molecular analytic 
tools and artificial intelligence (AI) to identify or develop 
these biomarkers for AD/Pso.

In summary, the use of data- and AI-driven biomarkers 
for diagnostic, prognostic, and therapeutic purposes aims 
to meet unresolved health needs of patients with AD/Pso 
offering  the potential to enhance disease understanding, 
earlier and more precise diagnosis, an improved response 
rate to medication, and better therapeutic control. How-
ever, at the same time, such developments may lead to unin-
tended harms. In a Delphi survey, consortium members 
ranked seven requirements for future biomarkers for AD/
Pso as high priority, including performance criteria such as 
clinical validity, reliability, relevance, and high positive pre-
dictive value, clinical purposes such as disease progression 
and therapeutic response prediction, and addressing insuf-
ficient independent validation as an obstacle to overcome 
[28]. In order to deliver the best possible treatments, the 
ethical implications of using multimodal biomarkers based 
on large amounts of data and AI, and the potential harms 
this may directly or indirectly lead to need to be explored 
and weighed against the benefits. This is particularly rele-
vant since there is a lack of public awareness about the harm 
and suffering that chronic inflammatory skin diseases can 1  More details on different definitions of biomarkers see Califf [20], and 

Strimbu and Tavel [21].



Page 3 of 23Fritzsche et al. BMC Medical Ethics          (2025) 26:162 	

cause [29, 30]. Primum non nocere (first, doing no harm), is 
a core principle of medical ethics. This applies to the con-
ditions under which both research and clinical application 
of data-driven biomarkers occur. Our study is on the ethical 
challenges in data-driven biomarker research and applica-
tion, focusing on the (potential) harms and not on the ben-
efits, because the immense potential benefits of the use for 
clinical and public health settings have already been widely 
reported [15, 16, 24].

Ethical issues surrounding biomarker research and 
application  have been explored, e.g., for psychiatric and 
neurological disorders (e.g., [31, 32] as well as oncological 
diseases (e.g., [33]). The aim of this study is to add empir-
ical insights regarding ethical issues that are associated 
with current research and applications of biomarkers for 
chronic inflammatory diseases and precision medicine, 
which, to our knowledge, have not been described in this 
form before. Thus, we aim to address gaps identified in a 
recent systematic review of ethical issues in research and 
healthcare  application  of biomarkers in the literature 
[34]. While there are many ethical challenges that we 
touch upon, a main cross-cutting issue to emerge from 
the interviews was the question of harm.

Against an overall positive and promising background, 
we wish to emphasise that the (potential) harms also 
need to be considered, in a nuanced way, namely by 
looking at the harms of the existing situation and those 
of the approaches that aim to improve the existing situa-
tion. These have to then be balanced against the immense 
potential benefits. Ideally, these benefits would be 
enhanced by avoiding and minimising the harms and fur-
ther ethical issues so that they outweigh them.

Methods
Theoretical background and the interviewers’ position
In order to capture the perspectives of the relevant stake-
holders involved in biomarker research, we conducted 
a qualitative expert interview study [35, 36]. The ethical 
challenges and the harm they described are discussed 
against insights from the literature and combined with 
further theoretical and ethical reflections.

Non-maleficence and beneficence along with autonomy 
and justice are the four principles [37] that have domi-
nated biomedical ethical analysis in recent decades; harm 
is a cross-cutting category which is relevant for all four 
categories. Generally, it plays an important role in moral 
and legal reasoning (e.g., legal sanctions, [38]). In medical 
ethics specifically, the importance of having a clear idea 
of what harm means is obvious. However, the concept 
of harm (in medical ethics) and its moral significance is 
highly contested [37, 39, 40]. It has been studied in some 
philosophical depth in the philosophical and jurispru-
dential literature [38, 41–43]. The exploration of harm 

can be divided into two key questions. The first examines 
what it means to experience harm – specifically, what 
conditions or circumstances must be present to say that 
someone has been harmed. The second question looks at 
the act of harming – what conditions need to be met to 
conclude that one person has harmed another. When the 
first question is examined, well-being is essentially inves-
tigated and at which point a negative impact on some-
one’s well-being qualifies as harm. The second question 
delves into responsibility – attempting to establish the 
criteria for when someone bears responsibility for caus-
ing harm to another. For this article, the first question is 
of particular relevance.

A very broad account of harm considers it as anything 
which is in some sense bad for a person. Similarly, ben-
efit would encompass everything which is somehow good 
for a person. A contemporary common sense perspective 
takes being worse off as a harm [44, 45]. This typically 
includes the criterion of well-being as a baseline (worse-
off with regard to well-being) and whether someone is 
worse off compared to this baseline [46]. The main evalu-
ative baselines relate to comparative accounts such as 
the counterfactual comparative account [47–49] and the 
temporal comparative account [38, 50] in contrast to non-
comparative accounts [43]. A preponderance of authors 
appear to favour the counterfactual comparative account, 
the state/world in which the person would otherwise have 
been is used as a reference base. In accordance with this 
account, if a particular state/event2 had not occurred, “the 
subject would have been better off” [40]. Temporal com-
parative accounts substitute the counterfactual by intro-
ducing a temporal reference state that characterises the 
state of the actor prior to experiencing harm [56]. By con-
trast, non-comparative accounts consider a person to be 
harmed if a particular state/world is “non-comparatively 
bad” for a person. Hybrid accounts are proposed that 
combine these approaches to harm [56].

The concepts of harm and suffering are often closely 
related. As with the concept of harm, there have been 
extensive debates (e.g., [57, 58]) what suffering means, 
ranging from naturalistic, essentialist (e.g., [59]) and phe-
nomenological perspectives (e.g., [60, 61]). Reflections on 
suffering can also reveal what conceptions of the person 
are taken for granted, e.g., whether a dualistic view dis-
tinguishing sharply between body and mind is assumed.

What harm means concretely, both in respect of spe-
cific conditions, diseases and disorders, and for the stake-
holders involved as well as in medical action and use of 
medical innovations, can be highly context dependent. 
2  There is philosophical controversy over the use of event-based or state-
based formulations for harm. Typically, counterfactual comparative 
accounts use a formulation based on “events”, see, e.g., Hanser [51], Raben-
berg [52], Purves [53]. For formulations based on states, see e.g. Thom-
son [54] and Hanser [55].
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Our article aims to shed light on the many different ethi-
cal issues of biomarker research and application, but also 
on the specifics of harm and suffering as it relates to AD/
Pso and biomarkers based on the responses from the 
qualitative interview study reported on in the following 
sections. It is against this background that the results are 
analysed. Given the complexities of defining harm pre-
sented above, we did not take a particular position on 
the meaning of harm but aimed for an open stance with 
respect to interviewee responses. We first describe and 
discuss the interviewees’ various perspectives, offering 
our interpretations in the Discussion below.

Qualitative interview study
The methods used in our expert interview study adhere 
to  the COREQ (Consolidated Criteria for Reporting 
Qualitative Research) reporting guidelines [62]. The 
interviews were conducted by MCF and NH, and ana-
lysed by MCF, NH and AB.

Theoretical framework
For the theoretical framework used in this study, we 
followed the updated grounded theory approach from 
Charmaz [63] as endorsed by Byrman [64] and Yin [65] 
and drew on Döringer [35] when conducting problem-
centred interviews with experts. The interviews were 
analysed as narratives of the interviewees’ personal expe-
riences and were group-based and theme-oriented.

Participant selection
We conducted an expert interview study within the Euro-
pean research consortium BIOMAP, employing pur-
posive sampling [66]. The methodology and methods 
described in this article largely follow those described in 
Hangel et  al. [66]. Through our participative approach, 
we identified experts representing the different work 
packages of the consortium.

Of the total 35 participants approached by e-mail, 
28 consented and participated in an interview (80%; 13 
female, 15 male). Information about the study was sent 
with confirmation of the interview date and time.

In addition to the scientific experts in BIOMAP (early 
career scientists, senior researchers and data analysts), 
organisation stakeholders, patient board and pharmaceu-
tical representatives as well as advisory board members 
(internal and external) were included so as to provide a 
diverse range of perspectives (Table 1 [66]). A few of our 
interviewees from all groups revealed to be affected by 
AD/Pso unprompted and without solicitation. Nonethe-
less, this personal information was either left out of the 
analysis or completely anonymised in order  to maintain 
the confidentiality of the interviewees.

The researchers on our ethics team were members of 
the research consortium BIOMAP, and actively par-
ticipated in consortium activities and meetings prior, 
during, as well as following the data collection  period. 
Throughout the pandemic  of the coronavirus disease 
2019, the researchers captured participant observa-
tions during virtual sessions [66]. These observations 
enhanced our comprehension of organisational dynam-
ics within the consortium. Through this approach we 
gained comprehensive insights into the specific contexts, 
which enhanced the interpretative validity. The research 
team applied the embedded ethics approach [67–69]. The 
team’s involvement encompassed embedded ethics activ-
ities across different work packages and task forces, the 
attendance at analysis meetings of these research groups, 
patient involvement, communication group engage-
ment, as well as discussion and presentation of research 
results related to the consortium including stakeholders 
from different work packages and patient representatives. 
The initial study results were introduced at an open con-
sortium meeting with BIOMAP members, where open 
discussions took place. Subsequently, stakeholders from 
the consortium, including patient advocates, provided 
input during an internal review session. In addition, we 
actively participated in sessions focussing on harmonis-
ing concepts and variables for the biomarker research in 
the consortium, establishing a common base for inter-
disciplinary utilisation of datasets and leading to a peer-
reviewed publication [25]. We also contributed to the 
consortium-directed Delphi study [28]. Furthermore, 
interdisciplinary scientific papers were written together 
with researchers from different work packages e.g., [26]. 
We also contributed to developing further the methodol-
ogy of embedded ethics in AI in healthcare including a 
publication with a toolbox for embedding ethics [69].

Data collection
We developed a semi-structured topic guide. We pre-
sented and discussed this topic guide at an institute 
meeting with 14 researchers from our institute, who 

Table 1  Study participant characteristics [66, Table 1]

Participant 
characteristics

Number
(N = 28)

Percentage

Gender Female 13 46%

Male 15 54%

Stakeholder Researcher postdoc 7 25%

Researcher senior 8 29%

Pharmaceutical representa‑
tives

7 25%

Patient board representatives 6 21%
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provided feedback as an extended audience beyond 
our core research team. To pre-test and refine the topic 
guide, we conducted two trial interviews, which were not 
part of the subsequent analysis. Questions covered the 
potential most favorable and worst outcomes from bio-
marker research, anticipating possible harms related to 
stratification by patient subgroups and treatment access, 
socio-environmental determinants and their role, as well 
as considerations of potential changes in perceptions of 
these conditions. The interview  questions were open-
endend and gave the participants the freedom to share 
anything they found relevant.

Interviews were carried out virtually by the first and 
second authors from May to July 2021 as well as another 
interview during September 2021, utilising online 
GDPR compliant tools. The interviewers collected ver-
bal informed consent prior to the interview taking place. 
All the interviews were conducted in English with the 
exception of one in German. The majority of  interviews 
lasted around 50 min, spanning between 17 and 115 min. 
The interview transcripts  were anonymised and double 
verified by the two interviewers for accuracy.

Data analysis
The interviewers first separately analysed and coded two 
interviews in order to establish the major codes accord-
ing to themes. Subsequently, they compared the two 
interviews, refining the codes prior to the three research-
ers (both interviewers and one research  student assis-
tant) coding each interview. For interrater reliability, the 
complete set of  interviews received no fewer than  two 
iterative codings by two to three coders. The anonymised 
transcripts were analysed using Atlas.ti.

We initially conducted narrative analyses for the identi-
fication of the major themes. By analysing all transcripts 
iteratively, the research team identified the major themes. 
To validate our findings, we conducted an iterative phase 
of group-based analysis that revealed additional insights 
about the major themes.  Cross-sectional analysis was 
conducted for selected aspects. The analysis process 
was supported by written memos, which all researchers 
reviewed. The major themes were identified by induc-
tive and deductive, thematic analysis. Codes and key 
analytical categories were developed through the topic 
guide (content-analysis) alongside a constant-comparison 
approach  (GT). The interviewers iteratively expanded 
their codes through discussion while frequently return-
ing to the interviews in order to remain grounded within 
the empirical data. To analyse the focus topic of this arti-
cle, ethical challenges and multiple harms around AD/
Pso and research/application of biomarkers  for AD/Pso 
in more depth, the code “el_harm_invasive_quality-of-
life” was evaluated for the different stakeholder groups 

separately, i.e., for researchers-postdoc, researchers-
senior, pharmaceutical representatives, patient rep-
resentatives, external consultants and clinicians. The 
analysis results of the code “el_harm_invasive_quality-
of-life” were then compared for the individual inter-
viewee groups and corresponding memos were written. 
In addition, the overlapping of the code “el_harm_inva-
sive_quality-of-life” with other codes (COOC) in Atlas.
ti was analysed. The responses to the question on harm 
from the topic guide for the interview study  were ana-
lysed: “What ideas come to mind to mitigate poten-
tial harms that arise in the long term, e.g., in relation to 
stratification of patient groups and the use of Big Data?”, 
without offering any definition of harm to the interview-
ees. In addition, prompts (1) and (2) of question 6 were 
analysed: "What would you consider tacit information 
at this stage that could become relevant for patients in 
the future?" What could be the practical implications of 
disease taxonomies?" In addition, the code “el_policy_
guidelines_in.group.procedures” and its COOC with the 
other ethics codes “el_harm_invasive_quality-of-life”, 
“el_diversity”, “el_barriers_compliance_IC + general.eth-
ics” and “el_care_prioritisation.of_severity_predisposi-
tions” were compared. The COOC of these codes with 
the code harm was also analysed. To ensure interrater 
reliability, the notes on these analyses and the interpreta-
tion of the results from the first author of this article were 
reviewed with the other interviewer. Finally, a draft of the 
article was disseminated throughout the consortium for 
feedback.

Results
In this section, we report in detail on the results of the 
interview study on ethical challenges of multimodal bio-
marker research, its translation and application for AD/
Pso, and the multiple aspects of associated harms, injus-
tices and uncertainties.

Initially, we identified two broad categories of ethical 
challenges:

1.	 Ethical challenges associated with AD/Pso as diseases 
and corresponding medical interventions

2.	 Ethical challenges in biomarker research and the 
application of multimodal biomarkers for AD/Pso

Multifaceted harm [66] is cutting across many different 
ethical challenges. These are often interconnected and 
incorporate different dimensions of harm. They include 
time/probability (past, present, and future/potential 
harm) and different stages of biomarker use for AD/
Pso (research, translation, implementation, application) 
(see Fig.  1). The interviewees, including researchers, 
patient representatives, clinicians and pharmaceutical 
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representatives, mentioned harm in biomarker research 
and application both from their own perspectives and 
those of other groups of stakeholders. The main themes 
of the multiple harms associated with AD/Pso, medical 
interventions and biomarker research/application for 
AD/Pso are mapped in Figure S1 in the Supplementary 
Materials. Later three themes emerged that cross the two 
broad categories and the main themes of the interviews: 
multiple harms, multiple injustices and multiple uncer-
tainties. We discuss those in the Discussion section.

Ethical challenges associated with AD/Pso 
and corresponding medical interventions
The interviewees highlighted a spectrum of ethical chal-
lenges associated with AD/Pso encompassing stigmati-
sation, injustices, and particularly multifaceted forms of 
harm.  The harm and risks associated with AD/Pso and 
corresponding medical interventions described cover 
psycho-socio-physical dimensions of harm as well as 
reduced quality of life. The trial-and-error approach was 
also a key issue as was expectation management in clini-
cal practice, which were described as being associated 
with harms. The trial-and-error approach in medicine 
encompasses sequential testing of different treatments 
until one is found that proves effective for a specific 
patient. This approach is still used in various clinical situ-
ations: for example, in AD or Pso, when a patient does 
not respond to a treatment. The interviewees expressed 
the hope that the harms described may be reduced 
or avoided through the use of biomarkers and could 
lead to an improved understanding of the diseases and 

better response rates with more targeted diagnoses and 
treatments.

Psycho‑socio‑physical dimensions of harm and reduced 
quality of life in AD/Pso
Psycho‑socio‑physical dimensions of harm and suffering 
in AD/Pso
Psychological harm for patients and relatives/fami-
lies was discussed on multiple levels by all interviewee 
groups. The psychological issues associated with the dis-
eases were various, covering individual, collective and 
cross-generational psychological aspects. A patient rep-
resentative and a researcher explained that it can be very 
difficult to cope with the diseases for the patients and 
pointed to the “detrimental mental health effect” (P01) of 
AD and the “very heavy mental burden” (P02) of a skin 
disease.

Interviewees described different forms of fear and anxi-
ety for patients with AD/Pso. A pharmaceutical repre-
sentative (bioinformatic) talked of “years of fear” (P03). 
Further psychological harm was described as being con-
nected with multiple uncertainties, which interviewees 
associated with anxiety, fear and discomfort.

As a topic of particular psychological and ethical rele-
vance with individual and cross-generational impact, the 
psychological effects of inheritance for people affected by 
AD were emphasised. One patient representative high-
lighted how difficult family planning for AD patients 
could be, particularly when deliberating whether to 
have children who might also experience harm due to 
AD. In this context, interviewees addressed concerns 

Fig. 1  Different dimensions of harm in biomarker research and application
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about responsibility and empathy for future generations 
and potential harm that might affect them. Interviewees 
described frustration and hopelessness experienced by 
families due to the chronicity and frequent non-response 
to treatment. Many of the interviewees saw biomarker 
research as offering real hope in this regard. They sug-
gested that diagnostic and therapeutic biomarkers could 
help identify suitable treatments for specific subtypes of 
AD in advance, potentially leading to earlier treatment 
responses. This would avoid the disappointment and 
frustration related to the trial-and-error approach, while 
importantly reducing symptoms early in the disease 
course. Furthermore, the interviewees described hope 
that this could prevent certain psychological complica-
tions of the chronic diseases and multi-morbidities.

Overall, the harm and suffering associated with psy-
cho-social aspects of AD/Pso were frequently pointed 
out in terms of isolation, ignorance, non-acknowledge-
ment and stigmatisation. The interviewees highlighted 
the social dimension of AD/Pso and explained that the 
consequences of AD/Pso “are very rarely life threatening 
but they are social” (P04). Isolation and feeling left alone 
for patients with AD was a recurring theme raised by 
interviewees. A patient board representative emphasised 
that AD is a wide-ranging disease of varying severity, 
which contributes to loneliness as sufferers often either 
do not have a peer group or if they have a milder form 
of the disease, their suffering might even be downplayed 
comparing their type of the disease with severe forms of 
the disease. They described a vicious circle about hid-
ing the disease, which contributes to the lack of aware-
ness of how wide-spread the diseases are and further 
increases lack of societal acknowledgement. Interviewees 
(from all groups) repeatedly referred to a lack of aware-
ness of the disease, of the consequences, its impact and 
comorbidities.

People are not aware that actually psoriasis has a 
lot of other conflicts and other comorbidities that 
come associated with it. And because there is not 
this knowledge in the population, and we also don’t 
understand the subtypes of the disease then it’s more 
difficult to teach people to understand the people 
with this disease (P02).

Harm to patients through a sense of social exclusion 
and a lack of acceptance of the disease were mentioned. 
Harm through lack of knowledge and understanding 
of the disease origin and its triggers among the public 
and general prejudice was described again and again, 
e.g., when skin diseases like AD were sometimes even 
considered to be infectious. Thus, stigmatisation was 
also connected with blaming the sufferers as person-
ally responsible for the disease, or as a pharmaceutical 

representative (with contact to patients and relatives/
family of patients) put it: “the person’s fault” (P04). One 
interviewee described the shame of patients with AD/
Pso: “People do not want to show their skin, people feel 
that they are being observed, that they’re being pointed 
out.” (P02).

Some interviewees argued that the consequences of 
the discrimination described and neglect of patients with 
mild to moderate forms of the diseases would cause even 
more psycho-social harm. There was a differentiation of 
harm made by interviewees in respect to severity scales. 
While the severity scales of AD should yield information 
on the burden of symptoms, one interviewee mentioned 
that the assignment of a certain severity classification of 
the disease was perceived as a judgement from outside, 
which neglected the life-long suffering that people with 
mild and moderate eczema can face. This neglect of cer-
tain patient groups with a lower severity of the disease 
was considered to be a form of patient discrimination. 
The more complex appearance of different types of dis-
crimination described by interviewees is covered in the 
section on ethical implications of stratification of patients 
into subgroups. Senior researchers and a pharmaceutical 
representative referred to further harm for patients with 
AD/Pso produced by invasiveness of diagnostic interven-
tions in clinical practice and research, using skin biopsies 
and blood sampling.

Quality of life
In terms of quality of life, harm was mentioned mainly 
at the individual level of the patients. They described 
suffering harm due to the symptoms of AD/Pso and the 
comorbidities. The well-known “burden of itch” (P05) 
was highlighted. It was referred to the physical damage 
because of itching, “the soreness of the skin” (P05) and 
the associated sleeplessness at night. Specifically, inter-
viewees with patient contact mentioned that avoiding 
“itch” should be a stronger priority for research aims.

The interviewees described the ethical implications 
of suffering harm due to AD and diminished quality of 
life from a holistic view: it was a life-long disease, and 
thereby a special form of harm, which impacts the whole 
body and the “whole quality of life” (P01).

Altogether, interviewees pointed out that harm was 
caused when patients’ needs and wishes were not fully 
considered/not properly respected. They suggested miti-
gating harm by just focusing on the patients’ needs and 
wishes, considering that the interests and needs of clini-
cians and patients could be different.

Trial‑and‑error approaches
Present and past harms were also described in associa-
tion with current treatment for AD/Pso. Specifically, if it 
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is not yet personalised with biomarkers. In this context, 
interviewees repeatedly referred directly or indirectly to 
past and present trial-and-error approaches to finding 
an appropriate therapy for patients with AD/Pso. They 
described some of the negative consequences across dif-
ferent stakeholder groups. Researchers who have had 
direct contact with patients from personal experience (as 
opposed to researchers who have not had patient con-
tact) repeatedly mentioned “the psychological burden” 
(P06) associated with these trial-and-error approaches. 
The severe emotional impact through these trial-and-
error approaches was most often mentioned. One inter-
viewee even talked of an emotional roller coaster and the 
associated expectation management:

ultimately, what I would like is that there’s not 
a roller coaster of emotions involved in treating 
patients, the raising of expectations and hopes that 
this treatment will work, and then they come crash-
ing back down, because it hasn’t worked and their 
expectations raised again, because we’ll try this one, 
then now, and then that fails, or they have secondary 
side effects. (P07)

Furthermore, interviewees pointed to a waste of 
resources and time due to the trial-and-error approach. 
Overall, the trial-and-error approach is contrasted with 
the hopes for precision medicine with stratification of 
patients, which could reduce the possibility of multi-mor-
bidities and wasting time testing ineffective treatments.

Communication and expectation management in clinical 
practice
Harm from setting false expectations was repeatedly 
mentioned in the interviews, both in predicting the 
course of the disease as well as short-term outcomes after 
new treatments and the trial-and-error approach. Harm 
to patients, to children and their families and the public 
due to false expectation management from healthcare 
providers was mentioned in this regard. “Setting (false) 
expectations with the public and families who suffer 
with eczema and psoriasis definitely is harmful” (P01). 
A patient representative described false predictions for 
children and their families based on lack of knowledge, 
which would lead to high and misleading hopes. Mislead-
ing messages in false expectation management in medi-
cine were considered damaging: “there is more harm 
done because people are just saying you might grow 
out of it (the disease) or not, we don’t know” (P01). The 
interviewee even talked of myths about the prognosis for 
AD being spread, which fuelled unrealistic expectations. 
According to the interviewee, these myths would extend 
beyond the belief that children will simply outgrow the 
disease, to include false assumptions that symptoms 

inevitably improve in later life – after 50 or 60 years—or 
that certain treatments will always  provide a complete 
cure.

Ethical issues around communication and damaging 
information were specifically detected in different con-
tradictory statements from healthcare providers and 
“around all kinds of statements […], all kinds of messages 
you get from healthcare providers on […] AD and on the 
effect of human health” (P08). Interviewees considered 
messages to be harmful that gave reason for them wait-
ing for something that did not then happen – one com-
ponent of the harm in the expectation and unfulfilled 
hope was wasting time because of non-response and 
even more time in terms of harm related to suffering the 
symptoms of the diseases.

Emotional harm can result from raising high expecta-
tion and the negative emotions associated with the expec-
tations not being fulfilled. In summary, the different types 
and aspects of harms associated with the diseases and their 
treatments illustrate many of the remaining health bur-
dens and the need to develop better care and treatment.

Ethical challenges in biomarker research 
and the application of multimodal biomarkers 
for AD/Pso
We first addressed ethical challenges associated with 
the disease and treatments and turn now to identify-
ing potential ethical challenges of biomarker research. 
Taking into account both should facilitate future ethi-
cal evaluations of data-/AI-driven biomarker research 
and application for these conditions. Even though the 
expected promises for the application of multimodal 
biomarkers based on large amounts of data are hope-
ful and the potential benefits are seen to be enormous, 
it is also necessary to look at what ethical problems and 
(potential) harms are associated with this research and 
application of biomarkers. Our study points to anticipat-
ing possible problems to mitigate the harms and to help 
design research in such a way that it is as patient-oriented 
as possible.

The main themes associated with the ethical challenges, 
harms and risks related to biomarker research and appli-
cation are: stratification of patients into subgroups in bio-
marker research/application, big data use, knowledge and 
power, invasiveness of diagnostic measures, uncertainties 
and expectation management in biomarker research.

Stratification in biomarker research and application
Interviewees from all interview groups but specifically 
senior researchers and pharmaceutical representatives 
described ethical issues and harm directly related to 
stratification of AD/Pso patients into subgroups using 
biomarkers. These issues related to multiple forms of 
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inequalities and biases. They referred to distributive 
injustice as well as implicitly to further injustices such as 
epistemic injustices without naming them as such. Spe-
cifically, they articulated the risk of “favourite subtypes, 
or the subtypes that are easier to treat” (P09). Potential 
harm might result for those who were not stratified into 
a subgroup likely to receive successful treatment. One 
interviewee anticipated potential harm for a “particular 
patient subgroup” that “may be very difficult to treat” 
(P05). “[T]hey [the patients] may be dismissed” (P05). 
Others expressed the risk of mis-stratification, if patients 
were distributed into the wrong subgroup and thus would 
receive the wrong treatment.

Another anticipated risk of stratifying patients into 
subgroups concerned inappropriate diagnostics for 
financial reasons and lack of access for certain countries. 
Interviewees saw a potential risk that certain countries 
would not have access to diagnostics or treatment based 
on biomarkers for AD/Pso. In this respect, inequalities 
concerning clinical trials, which were only very rarely 
conducted in Africa, were mentioned. One interviewee 
explained that there was a risk that patients would receive 
“old-fashioned” treatment, or unsuitable treatment with 
no improvement in quality of life if there was no access 
to personalised treatment. Here again, the topic of harm 
due to discrimination was touched on. Interviewees 
pointed to the need to ensure fair access worldwide and 
reach a “(f )air pricing level” (P10).

Higher prices for personalised medicine were identified 
as a core problem and barrier for equal treatment. Inter-
viewees mentioned the high costs of implementation 
of biomarkers warning of price orientation with strati-
fication based on risk. In this context, different insur-
ance policies and the respective dependence on local 
healthcare systems were mentioned. The importance of 
adequate regulations in the particular political systems, 
public health policies and structure of the healthcare sys-
tems was highlighted.

Apart from inequalities in access to diagnostics 
and treatments, multiple biases in data for biomarker 
research were described, most prominently popula-
tion and selection bias [66]. Interviewees called for the 
involvement of patient groups “representative of the 
general population” (P11). They emphasised the need 
for representation of not only of ethnic background, but 
also socioeconomic status, explaining that it is mainly 
middle-class patients who take part in research studies. 
Furthermore, they highlighted the need to better involve 
underrepresented or disadvantaged groups.

One senior researcher stressed the real-world inequali-
ties and the importance of considering what was done 
after stratifying patients into subgroups, thereby high-
lighting the purposes for which data were used.

(I)t’s not about the, you know, what we do with the 
data, it’s more about, like, what happens to what we 
do afterwards. So, the differences and inequalities 
are there. If we use them to level them up and make 
everybody’s life better, it’s good. If we use them simply 
to label individuals, then this is not okay. (P12)

As a further harm mitigation strategy, the interviewees 
emphasised the importance of evidencing biomarkers 
and stratification reliably and with external validity.

Big data use, knowledge and power in biomarker research
The ethical issues in recent multimodal biomarker 
research for AD/Pso described in the interviews often 
related to the use of big data, knowledge, and the power 
structures in biomarker research. The interviewees 
pointed to data protection and privacy issues [66], as well 
as consent issues in light of increased incidental findings 
with AI and big data use. They also raised ethical issues 
of trust in data-driven biomarker research and implicitly 
addressed questions about study participants’ autonomy 
in the context of AI use for biomarker development. 
Interviewees of all stakeholder groups explained that 
multiple potential harms were connected with personal 
information if it was used in biomarker research and clin-
ical application for AD/Pso using big data and advanced 
analytics including machine learning (ML) – among 
other things, harm due to missing data, information and 
knowledge as well as the misuse of data [66], information 
and knowledge. Some highlighted potential harm in the 
use of genetic information and gathering information 
about personal habits, lifestyle and psychological aspects 
in biomarker research.

Re‑identification of individuals
For some interviewees, possible re-identification of a 
person was considered one of the main sources of harm. 
For some of the interviewed data analysts, it was the 
only harm in biomarker research. Especially if big data 
use combining clinical data with epidemiological and 
genetic data as a further source of harm for patients with 
the assumption that “(r)e-identification (was) possible” 
(P13), it was also expressed as a negative risk for indi-
vidual confidentiality. Even those who did not see much 
potential harm in biomarker research and use with ML, 
and stratification of patients considered re-identification 
of a person as a source of potential harm for patients and 
research participants in medical studies.

One interviewee explained that data from Pso patients 
could also be “very personal data” (P06) even if one could 
not identify the name, because individual experiences 
such as trauma were associated with the disease.
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Whereas, when you have asked somebody for very 
personal information and for a lot of people with 
psoriasis, they have a level of trauma of coming 
to terms with the disease, so, then that data even 
though there may not be you know, their name and 
address on there, it is still very personal data. So, it 
does need appropriate handling (P06).

One pharmaceutical representative expressed the need 
for a layer which can ensure de-identification “given the 
complexity of connecting genetic data, clinical data, 
[and] epidemiological data” (P13). This interviewee also 
pointed to fears related to data privacy and security, 
combined with “reluctance in sharing data” (P13) in “the 
beginning of the BIOMAP project” (P13), which had 
resulted in a delay for the progression of the research.

Misuse and abuse of patient information
A majority of interviewees expressed worries about the 
potential misuse and abuse of patient information in bio-
marker research. In this context, interviewees referred to 
the potentially harmful use of large amounts of data by 
insurers if patients are denied insurance cover due to par-
ticular traits.

“there is a huge potential of misuse [...] excluding 
patients from getting an insurance, because they 
have a specific trait, or just covering less insurance 
cases, or just treating patients differently, depend-
ing on how their body is constituted. Just given on 
information, which in the future could be available 
and for this reason, we also try to make it safe and 
not accessible. And-. Yeah. And I’m actually not sure 
whether solutions we now have are really guarantee-
ing this”. (P14)

In addition, the interviewees described potential epis-
temic harm related to accessing personal data as well 
as who would have knowledge about future risks. Phar-
maceutical representatives advocated the protection of 
patient privacy by opposing biomarker diagnostic tests in 
the absence of treatment. In this vein, one of these inter-
viewees made suggestions regarding prohibiting insurers 
from asking questions related to the risk of developing 
the diseases, referring to the risk of increased insurance 
fees and mortgage interest rates [66].

Overall, researchers and pharmaceutical representa-
tives discussed how to use data-driven biomarker 
research optimally without compromising patient pri-
vacy. The interviews reveal different perspectives on 
enabling research, avoiding current and future harm to 
patients and other stakeholders, and the potential ben-
efits of data-driven biomarker use in AD/Pso.

Incidental findings in data‑driven biomarker research
There was a wide spectrum of opinions about the ben-
efits and risks of incidental or secondary findings, i.e., 
unexpected findings or findings not directly related to 
the objective of the study. In the topic guide we directly 
asked about how the interviewees would deal with inci-
dental findings and left it to them to define the term and 
its context. Answers ranged from ascribing high impor-
tance for patients as well as for scientists “often lead[ing] 
to great discoveries” (P05) to irritation about what to 
do with them. Some interviewees of the pharmaceuti-
cal representatives’ group were more hesitant in judging 
whether incidental findings were good or bad, mention-
ing that thorough investigation of medical background 
was necessary to effectively assess the risk or potential 
harm of incidental findings to future patients.

In-group procedures for incidental findings and patient 
consent for incidental findings were considered particu-
larly important in current biomarker research with big 
data and AI as tools to prevent further harms associated 
with disclosure of incidental findings. By asking patients 
if they wished to be informed of incidental findings 
concerning their health, patients could opt in or out of 
being told about additional health-related issues. Some 
patient representatives stated that patients would only 
want to know if there was an available cure. In addition, 
the need to inform patients about “the potential reuse of 
data” (P03) for further research was highlighted. From a 
researcher’s perspective, they argued that in-group pro-
cedures for incidental findings should encompass publi-
cising and circulating them in the consortium to benefit 
interdisciplinary collaboration.

Importance of trust in big data research and harm
Public mistrust due to bad data governance was identi-
fied as a risk to the progress of biomarker research with 
data-driven approaches and the use of AI. It was consid-
ered harmful for progressing research, also due to the 
slowing down effect it might have on the development of 
treatments. The risk of losing support regarding big data 
initiatives was articulated along with the risk of losing 
the opportunity to do such research. Here, the tension 
between the goal of precision medicine to help patients 
and the (risk of ) misuse of patient information becomes 
apparent again. Overall, the stated need to “act with high 
integrity and stewardship towards […] data” (P15) can 
also be interpreted as a way to secure trust.
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Lack of knowledge about the disease and research vs. 
empowerment
Primarily participants from the patients’ board related 
psychological harm with anxiety and stress to insuf-
ficient self-efficacy and a lack of patient empowerment. 
Researchers with patient contact also reported that 
patients who agreed to take part in medical studies often 
did not understand the medical content in the informed 
consent process. Among other things, this might cause 
harm through false expectations that could not be met.

Knowledge about the diseases and research was seen as 
potentially dis-/empowering by many interviewees from 
the various stakeholder groups. Some mentioned that 
knowing more about the diseases and research would 
enable patients and families to adjust their lifestyle. They 
even pointed to the positive influence of gaining more 
insights from research studies, even if these results did 
not yet offer new treatment options. Instead, they repeat-
edly emphasised the importance of patient-oriented 
research outcomes. Hence, patient representatives pre-
sented themselves as facilitators helping to communicate 
and connect families affected by AD/Pso. One patient 
representative named charities inform patient groups 
and their families of new research developments in lay 
language.

Better understanding of the diseases and the mecha-
nisms in research - key word transparency - was seen 
to increase confidence for patients and was believed to 
have an empowering effect for patients, patients’ fami-
lies and other stakeholders. In particular, interviewees 
with patient contact highlighted the need to raise pub-
lic awareness of what patients with AD/Pso go through 
in terms of what influence the disease has on their whole 
life, treatment costs and the sometimes frustrating jour-
ney to find a suitable treatment. Comorbidity problems 
associated with the diseases are not widely known nor 
what triggers the diseases. They called for a better gen-
eral education on the influence of environmental factors 
on disease progression.

Invasiveness of diagnostic measures for biomarker use 
in AD/Pso
Senior researchers and a pharmaceutical representative 
referred to harm for patients with AD/Pso produced by 
invasiveness of diagnostic interventions in research using 
skin biopsies and blood sampling. In addition, one inter-
viewee pointed out the particular harm associated with 
the invasiveness of skin biopsies for patients when specific 
areas of the body were affected with the disease – “especially 
when the skin on the face or in a joint is involved” (P05).

One of the senior researchers raised ethical questions 
related to the invasiveness of procedures in science: “is 

that ethically justified to perform invasive procedures on 
patients for the sake of scientific progress?” (P11). One 
pharmaceutical representative cautioned about doing 
“science for science’s sake” (P05). Invasive procedures 
that benefit research and possibly future patients – but 
not necessarily and often not directly the patient donat-
ing tissue—were questioned. The interviewees gener-
ally highlighted directly and indirectly different interests 
of patients and clinicians, which had to be considered 
in decisions about whether invasive diagnostic tools for 
AD/Pso were justified. The need for alternative methods 
which are less invasive was expressed. In summary, many 
interviewees pointed to the need to avoid invasive inter-
ventions whenever possible in order to mitigate harm 
associated with biomarker research.

Overall, junior researchers tended to see less harm in 
biomarker research for AD/Pso, including invasive tech-
niques such as blood sampling and skin biopsies. Those 
who did not see much potential harm regarding the inva-
siveness of diagnostic measures nevertheless empha-
sised the identification of a person as a possible source 
of harm. As long as the identification of persons was not 
possible, they envisaged no bigger potential harm.

Multiple uncertainties in biomarker research 
and application
In the interviews, a prominent topic was uncertainty [66]. 
Different forms of uncertainty connected with the dis-
eases, research and use of biomarkers for AD/Pso were 
mentioned. These uncertainties stand in contrast to the 
interviewees’ wishes, hopes and aims for certainty, con-
trol and security. In the following, we briefly elaborate on 
this tension.

Researchers, patient and pharmaceutical representa-
tives (all interviewee groups) expressed the strong wish 
for certainty and control, using the words “make sure” 
several times as well as superlatives regarding regula-
tions, procedures, governance, and ethical standards. The 
need for ethical reflection on policy development was 
also pointed out by the interviewees. They felt that cer-
tainty related to governance frameworks, control, vigi-
lance and safety should be one of the top priorities. The 
need for governance frameworks concerning data as well 
as organisational procedures (in general) was considered 
particularly important. As one interviewee put it: “We 
should remain vigilant on the use of rigorous accurate 
procedures” and we “should be absolutely vigilant on how 
the data are handled” (P18). P18 believed harm resulted 
from insufficient governance structures and control. Sev-
eral interviewee groups particularly connected data top-
ics with certainty if it was about protecting patients in 
large-scale data research.
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And we just need to make sure that we, […], are 
very transparent about how we use the data that we 
have, and that we are good stewards and have safe-
keeping of the data in mind. (P15)

Thus, the wish for data safety on several levels was fre-
quently expressed by many interviewee groups – very 
obviously data security, data protection, safe storage of 
data, data anonymisation, “safeguard[ing the] individual” 
(P03) and safeguarding/checking whether the research 
question is a good one. One interviewee felt all con-
cerned should “live up to the highest ethical standards on 
data sharing and who is getting access to the data” (P10). 
Interviewees generally pointed to the need for reassur-
ance regarding appropriate use of personal data. How-
ever, statements on wishes and demands such as the ones 
that it should be ensured that “data are as secure as abso-
lutely possible” (P03) stand in contrast to the uncertainty 
regarding whether the current solutions “are really guar-
anteeing” that information is “safe and not accessible” 
(P14).

Some interviewees saw knowledge as a guarantee 
of certainty and clarity. Hope for certainty and clarity 
through stratification of patients into subgroups and sub-
sequent emerging disease taxonomies persisted among 
the interviewees. However, this also stands in contrast 
to the many uncertainties related to current biomarker 
research using large-scale data with ML, and precision 
medicine. There is uncertainty as to whether biomarker 
research and precision medicine for AD/Pso delivers 
what it promises, especially with regard to big data topics 
with the use of advanced analytics in healthcare such as 
security of anonymisation.

Several interviewees described uncertainty about ethi-
cal and social issues and ethical standards in biomarker 
research and application as well as internal procedures 
and regulations and governance structures in biomarker 
research with large amounts of different health data sets 
and ML. One interviewee also mentioned uncertainty 
concerning opinions/attitudes related to harm, “what 
harm can be done” (P11) in biomarker research and 
precision medicine with biomarkers. One interviewee 
referred to the potential harm from participating in 
experimental trials of new treatments at an early stage, 
which are more uncertain and could potentially cause 
more unknown harms. The potential harm is partially 
mitigated by not including children in studies until a later 
stage, when trials are considered safer. Yet this generally 
could create further potential harm for children with the 
disease as knowledge of new treatments is not gained as 
quickly for them. Interviewees pointed to further epis-
temological uncertainties and research ethics problems 
on multiple levels. Two interviewees elaborated on the 

problem of understanding the influence of environmen-
tal factors on the disease. Another interviewee outlined 
the difficulty of identifying causes and consequences in 
biomarker research, describing it as the “chicken-and-egg 
problem”.

Multiple uncertainties were also covered in relation to 
communication for research participants and patients 
– not only regarding expectation management, but also 
concerning how to communicate uncertainties to the 
stakeholders involved and to the public.

Expectation management in biomarker research
Specifically patient board stakeholders criticised 
extremely positive promises and overly high expectations 
raised for the outcome of research projects, including 
the promise that a certain treatment would “solve eve-
rything” (P08). It was perceived as a potential source of 
harm to “publicise or to trigger high expectations about 
new treatments in the short term” (P01). Furthermore, 
the interviews pointed to the challenge of managing 
expectations when there really was a lack of knowledge 
about the diseases. In some interviews, there was the 
assumption of an uncertain environment in the current 
situation for AD/Pso where knowledge about the diseases 
was lacking, and where knowledge and guidance and 
even guidelines for patients were needed: “I think that 
people do like, do actually like guidelines because they 
give them a sense of knowing what to expect and what is 
expected.” (P07). According to interviewees, good, realis-
tic expectation management was required to avoid over-
promising in science communication. One interviewee 
even insisted it would be better not to “promise any-
thing” (P08). However, while some interviewees showed a 
very differentiated view of the multiple harms caused by 
false expectation management, others revealed very high, 
unrealistic expectations of BIOMAP in the assumption 
that diseases could be eliminated soon through the appli-
cation of biomarkers.

Mitigating harm strategies and the inclusion 
of patient perspectives
In addition to the specific mitigating harm strategies sug-
gested by interviewees to address handling large amounts 
of data, information and knowledge in research and use 
of biomarkers for AD/Pso, stratification of patients into 
subgroups, and regulations, interviewees added general 
mitigating harm strategies focussing on the inclusion 
of patient perspectives (Table  2). In general, awareness 
and knowledge in biomarker research of the contexts in 
which biomarkers are applied were considered critical for 
the use of complex compound biomarkers, along with the 
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Table 2  Mitigating harm strategies from the interviewees’ perspective
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skilled professionals able to understand and implement 
them.

Several interviewees considered it important to inte-
grate patients and their needs and wishes in the whole 
research process – even at the beginning when formulat-
ing research questions and framing the deliverables in the 
work packages of international research consortia. One 
interviewee suggested having pre-trained advocates for 
patients in each work package of the consortium. On the 
whole, the interviewees promoted inclusive recruitment 
strategies. Patient as well as pharmaceutical representa-
tives agreed that medical innovation should be directed 
towards patient needs. They explained that it was neces-
sary to understand the benefit for the patient from the 
patient’s perspective and not just by assuming the ben-
efits they may perceive.

Interviewees pointed out that there was also a need to 
have more patient-reported outcomes measures and to 
re-evaluate how patient-reported outcomes are assessed. 
They described the need to use appropriate scales of 
quality of life that reflect the specific harm as well as the 
needs of the patients. Evidence and clinical trials that 
were focused on evaluating the outcomes based on the 
quality of life were called for. In general, interviewees 
advocated for patients to be empowered through pro-
cesses integrating their positions in research decisions.

Discussion
In our international qualitative interview study on data-
driven biomarkers for AD/Pso, we examined ethical 
challenges in biomarker research and application. Our 
analysis initially identified two broad categories of ethical 
challenges: AD/Pso disease-related issues and biomarker/
application concerns. From these, three cross-cutting 
themes emerged: multiple forms of harm, multiple injus-
tices and multiple uncertainties. These themes reveal the 
importance of not only considering the biomarker tech-
nology-related challenges but also the disease-related 
aspects for ethical analysis.

Overview
Many ethical issues described by the interviewees reflect 
debates on precision and personalised medicine [70, 71], 
and systems medicine [72] across various medical fields. 
These include increased costs of targeted treatment, 
resource allocation and inequalities regarding access to 
healthcare [73, 74] early prediction [75, 76], issues related 
to a hype around precision medicine, AI and omics data 
[77], and those around stratification of patients [78]. Bio-
markers can be considered as paradigmatic instruments 
for precision medicine. Several ethical challenges from 
the interviews reflect discussions on AI and big data in 
healthcare  covering data handling with privacy issues, 

data protection, and enhanced predictions [79–83]. 
Recent ethical discussions have extended to health-
care research that  uses heterogeneous large-scale data 
[84]. These datasets encompass multi-omics data with 
genomics data from Genome-Wide Association Stud-
ies (GWAS), molecular, environmental and clinical data, 
partially analysed using AI – a development in biomarker 
research that is also present in the research conducted by 
the consortium of which the interviewees are members.

The results show the importance of considering the 
ethical aspects and (potential) harms related to bio-
marker research and use for AD/Pso, and to the disease. 
This can help to conduct harm-benefit and broader ethi-
cal assessments. More precise diagnosis and treatment 
using biomarkers would not only improve response to 
therapies, but possibly avoid trial-and-error approaches 
that can lead to severe psycho-social-physical burdens. 
In addition, many other harms associated with the dis-
eases might be alleviated if symptoms were reduced. At 
the same time, it is clear that biomarker research and 
the application of biomarkers for AD/Pso can be asso-
ciated with ethical issues that need to be minimised as 
much as possible to comply, among other things, with 
the principle of non nocere and different forms of jus-
tice. The interviewees also suggested various strategies 
for mitigating harm, which we have summarised above. 
A recent systematic review found that ethical aspects of 
biomarker research and application for AD/Pso lack in 
depth description in the literature [34]. The results of our 
study go some way to addressing this gap and provide in-
depth perspectives on the ethical challenges of data/AI-
driven biomarker research and application for AD/Pso, 
that have, to our knowledge, not been described before. 
The insights not only enhance our understanding of ethi-
cal issues in current data-driven biomarker research for 
AD/Pso, but also contribute to broader reflections on 
research and healthcare involving heterogeneous large-
scale data and AI.

Key Themes
Multiple harms and suffering associated with AD/Pso 
and biomarker research/application
The interviews yielded detailed insights from the various 
stakeholders involved in an international research con-
sortium on biomarkers for AD/Pso. These highlight the 
high level of harm and suffering for people with chronic 
inflammatory skin diseases. Common harm and suffer-
ing that is referred to elsewhere in the context of AD/Pso 
includes the reduced quality of life because of itching and 
(socio-) economic disadvantages due to problems either 
in or in gaining employment [85–87]. Individual suffering 
and burdens are illustrated on scales for AD such as the 
AD, AESEC, DLQI and POEM [29]. The many nuances of 
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the physical and/or psychosocial burden of AD/Pso [29, 
88–90] and the tremendous impact on quality of life are 
evident from the interviews. The interviewee responses 
also reinforce findings from the previous literature on 
the burden of the trial-and-error approach to AD [91, 
92]. In this context, it is important to highlight that the 
interviewees had different "direct and indirect" experi-
ences with AD/Pso, which were considered when ana-
lysing AD/Pso-related suffering and harm and the use of 
biomarkers: some had the disease themselves, others had 
relatives with the disease or were clinicians who treated 
AD/Pso patients, some were people who had represented 
the interests of people with AD/Pso for many years, and 
several interviewees were involved in biomarker research 
and use in other ways.

The present study offers a springboard for exploring 
how different conceptual accounts of harm could con-
tribute to medical ethics analyses in various practical 
settings, from research and development to clinical eth-
ics. The interviewees’ notions of harm often correspond 
to a comparative counterfactual account of harm (state/
world in which the person would otherwise have been 
is used as a reference base), wherein the three different 
states of a) having the disease(s), b) undergoing medical 
interventions, or c) being affected by biomarker research/
potential application, and compares these states to one 
without the disease/medical interventions/biomarker 
research/application. Thus, the evaluative baseline here is 
the state in which the person would otherwise have been. 
In contrast, there are also examples that can be assimi-
lated to the non-comparative account of harm, where a 
certain state is considered intrinsically harmful as it is 
solely bad for a person. A few interviewees seemed to 
use this account when describing, for example, certain 
psycho-socio-physical harm associated with the disease. 
The non-comparative account of harm was also used by 
patient representatives when the diminishment of human 
flourishing itself was considered as harm. At the same 
time, it was considered separate from both the patient’s 
earlier state and the deployment of AI and large-scale 
data for biomarkers. In their assessment of potential 
benefits and drawbacks of data-driven biomarkers they 
considered both the corresponding ethical issues and 
how the diseases have limited their capacity to flourish 
over their lifespan – limitations that could potentially be 
reduced through more precise therapeutic approaches. 
The interviewees’ different accounts of harm suggest 
that hybrid accounts of harm [56] could be valuable, as 
they might help integrate various stakeholder viewpoints 
and different conceptual frameworks. One potential way 
forward could be to explicitly clarify how harm is under-
stood before conducting ethical analyses, which might 

lead to more differentiated outcomes and help prevent 
misunderstandings.

The non-identity problem [93, 94] is indirectly referred 
to when the interviewee (patient representative/patient) 
reflects on possible harm to children who may have AD 
(genetic association) and the interviewee’s responsibility 
for that harm. Overall, many interviewees seem to under-
stand suffering as a multidimensional phenomenon that 
can be described not only by findings from the natural 
sciences but also from other disciplines (see also [95]) as 
well as by personal experience (understood as “Lebenser-
fahrung” and “Erlebnis” [95–97].). For example, accord-
ing to one interviewee, personal experiences inherent in 
suffering should be taken into account in privacy issues, 
e.g., when traumatic experiences associated with the dis-
eases are incorporated in medical data.

Regarding the underlying conceptualisation of a per-
son, many of the interviewees do not start from a mind–
body dichotomy, but base it on a psycho-socio-physical 
understanding, taking into account many other environ-
mental, cultural, and social factors that compound and 
influence the suffering associated with the diseases. A 
prominent example of this is when the consequences of 
AD/Pso are described as “very rarely life-threatening, but 
social” (P04).

Pursuing evidence-based medicine while considering 
these different dimensions of suffering does not appear to 
present a problem theoretically for several interviewees. 
The translation and implementation of data-driven bio-
markers that address the complexities of ethical, social, 
and environmental factors as well as individual and col-
lective harm and suffering, however, do appear to present 
an enormous challenge.

The interviews not only highlight the importance of 
achieving a high level of evidence for data/AI-driven bio-
markers and stratification of patients into subgroups, but 
also empirically inform ethical issues, individual and col-
lective harms, and mitigation. For many of the interview-
ees, consideration of personal experiences related to the 
diseases and their associated harms and suffering seems 
to be as important a component of personalised medi-
cine as biomarker-based stratification.

Multiple injustices
The results presented here suggest that different inter-
secting injustices, intersectional discrimination [98–100] 
and epistemic harm is a central ethical issue in data-
driven research and use of biomarkers for AD/Pso. This 
includes issues of distributive justice with a lack of access 
to diagnostics with multimodal biomarkers, more expen-
sive targeted therapies, and population and selection 
biases associated with the data comprising multi-omics 
data used to develop biomarkers. There is the well-known 
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historical lack of diversity in genetic studies [101], and 
although there have been measures to increase diversity 
(e.g., [102], genomics data from large studies often used 
for biomarker research (GWAS) are still primarily based 
on white European populations [101]. Overall, the inter-
views indicate that multiple biases might arise in bio-
marker application for AD/Pso including ’race’ as well 
as socioeconomic status. Hence, transparency is needed 
to show exactly which population data the biomarkers 
are trained on, which meta-data were used and thus, for 
which groups the biomarkers can be applied. If data are 
to be truly representative and accurate, structured meas-
ures must be taken to reduce these biases. In light of the 
different, ambiguous or non-existent use of  definitions 
for categories such as ’race’ and ethnicity even in genom-
ics  and genetics research [103], an analysis of biases on 
a meta-level could be valuable. The interviews revealed 
specific concerns about “favourite subtypes” that are 
easier to treat, potentially leading to the dismissal of 
difficult-to-treat patient groups. Additionally, risks of 
mis-stratification could result in wrong treatments. Fur-
thermore, interviewees point to the issue of potentially 
high costs for targeted treatments based on data-driven 
biomarkers, which is a common concern in precision 
medicine [73] and could increase barriers to treatment.

The interviews underline that in addition to distribu-
tive justice, other forms of injustice play an important 
role for people with AD/Pso, biomarker research, and 
precision medicine. Several examples are given in the 
interviews, which show that further issues of social jus-
tice and, in particular, epistemic injustice, as described 
by Fricker (2007), need to be considered. Epistemic injus-
tice manifests when a person is wronged “specifically in 
their capacity as a knower” [39]. The interviews make 
this particularly apparent as the topics of how knowl-
edge and power are used are frequently connected to the 
interviewees’ descriptions of harm, discrimination and 
injustice – even if there is an effort to invite underrepre-
sented populations to participate in medical studies. The 
interviews indicated that harm can be caused when the 
concerns of certain people and groups were not fully con-
sidered. The interviewees pointed to the lack of aware-
ness of the individual burden of the disease among the 
public and healthcare professionals compared to other 
diseases, as described by Ring et al., 2019. This can lead 
to testimonial injustice [39] when those concerned are 
not taken as seriously as others with a similar burden but 
a different disease or disease subtype – a clear example 
of testimonial injustice where patients’ credibility is ques-
tioned specifically due to prejudices about a specific type 
of disease, also described for psychiatric disorders [104, 
105]. In this vein, several interviews also revealed that 
currently within the group of AD patients, subgroups 

noted a lack of recognition of their voice and experiences, 
such as the severity of the disease they experience, which 
may not be reflected in disease severity classifications. 
This again represents testimonial injustice in that certain 
subgroups’ presentation of symptoms can be given less 
credibility due to certain disease classification systems. 
In addition, the interviews show that stratifying patients 
into subgroups using biomarkers may neglect further 
groups of people, and it is worth questioning whether 
some groups whose voice is not equally validated may 
also be neglected. Again, this might not only be a mat-
ter of distributive justice but testimonial and herme-
neutic injustice. The latter would apply when subgroups 
are not created due to “a gap in collective interpretive 
resources put(ting) someone at an unfair disadvantage 
when it comes to making sense of their social experi-
ences” [39]. This represents hermeneutic injustice [39] 
as these groups lack the conceptual resources to under-
stand and  articulate certain circumstances and  their 
lived experiences.

Lack of self-development seems to be a harm, which 
emerges in several interviews. This can particularly con-
cern children and young people, who may not be able to 
pursue the educational and professional paths they want 
to due to the diseases. Additionally, as Fricker describes, 
testimonial injustice can induce harm, which runs deep 
“in the psychology of a subject” [39] and “can cramp 
self-development” [39]. There seems to be a risk that 
AD/Pso and their multiple harms, as well as the lack of 
treatment or access to diagnosis and treatment, prevent 
those affected from human flourishing – maybe a certain 
type of harm on a “higher” level. This is a possible yard-
stick by which suffering and medical interventions can 
be co-evaluated [29, 39, 106, 107]. It may also facilitate 
the more holistic understanding called for by interview 
participants.

Another prominent issue arising in the interviews 
was that knowledge production and dissemination are 
insufficiently critically examined and embedded power 
structures in data-driven biomarker use are often not 
acknowledged or discussed. This indicates that fur-
ther epistemic injustices could occur and need to be 
addressed by further research, for example, when data/
AI-driven biomarkers for diagnostic purposes gain more 
relevance in defining diseases. Given the potential over-
reliance on and opacities of certain AI systems, debates 
on epistemic injustice become even more relevant. Such 
research would also foster public debates and the devel-
opment of the terms for injustices, which may currently 
be lacking, itself an example of hermeneutic injustice. 
Further in-depth analyses of these aspects are needed but 
are beyond the scope of this article.
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Although this paper focused on the multifaceted forms 
of harm that were described in depth during the inter-
views and are important for differentiated harm-benefit 
analyses, comprehensive ethical analyses need to extend 
beyond these aspects to consider other very relevant eth-
ical issues and benefits.

Given the enormous impact that diseases can have on 
patients’ lives, their well-being and flourishing, the need 
for early diagnosis and better treatment becomes even 
more apparent—and if the use of data/AI-driven bio-
markers could accelerate and improve effective treat-
ments or even early prevention, the need to promote this 
research and its application becomes even more urgent. 
However, the conditions under which the research is 
conducted require continuous reflection and assess-
ment, together with sound standards as the technologies 
behind data-driven biomarkers advance.

Multiple levels of uncertainty
Many interviews reveal a tension between the hopes 
and wishes for certainty and the many levels of uncer-
tainty around biomarkers and precision medicine. The 
research undertaken in  BIOMAP is directed towards 
many of the uncertainties inherent in the heterogeneous 
diseases AD/Pso [66]. One goal of the consortium is to 
find preventive and predictive biomarkers that reduce 
uncertainty about the course of the disease, develop-
ing comorbidities and response to treatment [24]. As 
indicated in the interviews, there is still some way to go 
before many of the biomarkers for AD/Pso can be used 
for diagnostic, predictive and other purposes. At this 
stage of research, there are still uncertainties regarding 
multimodal biomarkers for AD/Pso patient stratification 
and future personalised treatments. Therefore, many of 
the statements made by the interviewees were hypothet-
ical, including some statements about potential harms – 
this also carries inherent uncertainty about the potential 
harms and ethical issues described. However, this early 
anticipation of harms is a strategy to avoid certain harms 
early on and provide more certainty about ethical issues 
of biomarker use in research and in clinical settings. The 
advantage of examining the ethical and social implica-
tions of scientific and technological developments is that 
it is preferable to anticipate developments when they are 
still malleable, even if at this stage many aspects around 
the application of these biomarkers are still unknown 
and uncertain [108].

The interview study shows that many uncertain-
ties have to do with the use of large-scale data and ML 
use. In the future, there might be more diverse health 
data available and large amounts of data may be han-
dled more swiftly and transparency may be more easily 
accomplished by more advanced analytics. Meanwhile, 

the urgent wishes and needs for certainty regarding data 
governance and the fulfilment of ethical standards in this 
area to protect patients and research participants have 
to be taken seriously. At the same time, the interviews 
have also demonstrated how important it is to solve these 
problems quickly (as far as possible) so that research pro-
gress is not hindered.

Particular uncertainties will probably persist in data-/
AI-driven biomarker research and their clinical applica-
tion. The question remains how much certainty is needed 
before medical innovations can be applied in clinical 
practice. As shown, the answer is not only to be found 
in the scientific insights of biomarker research, but must 
be part of continuing reflection and wider debate on the 
ethical issues, harms, risks and benefits of the biomarker 
innovations involving all stakeholder groups and socie-
ties. Even though there may be uncertainties which are 
more difficult to approach and that have to be part of a 
long-term agenda, some uncertainties might be easier to 
handle. These are also detailed in the interviews. They 
concern, for example, communication and expectation 
management in science and clinical practice. Expecta-
tions play a crucial role in shaping scientific and techno-
logical development [109, 110] and can be considered as 
serving as performative elements in innovation processes 
[109]. Expectations, visions, hopes, promises, hypes and 
futuring are closely related in science and technology. 
The dynamics of very positive expectations, hopes and 
hypes have been described for biotechnologies, in genet-
ics and precision medicine [77, 111], as well as for the use 
of big data and AI in healthcare [112, 113]. These are all 
part of the research object here.

The interviews indicate, in line with recent dermato-
logical literature on antibody treatment for AD [114], 
harm for patients induced by raising unrealistic hopes. 
Interviewees cited a loss of trust which they attributed 
to unrealistic expectations and viewed as a risk to bio-
marker research. It should be noted, however, that the 
term “unrealistic” itself warrants careful use in this con-
text, since for technologies still under development, the 
final form of the product toward which hopes and expec-
tations are directed remains unknown [109].

One strategy to avoid harm due to expectation manage-
ment may be by professional communication of the uncer-
tainties of research endeavours to patient groups, research 
participants and the public based on research findings,3 
while recognising that expectations themselves serve impor-
tant functions in innovation development [109]. Further 

3  Experiments have shown that communicating uncertainty in numbers had 
little effect regarding public trust [115]. The authors conclude that knowl-
edge of this fact may enable science communicators and academics to 
increase transparency concerning the limitations of what humans can know 
[114].
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ethical dimensions are to be considered in the expectation 
management of emerging technologies [116], including the 
larger question of how research can and should be con-
ducted responsibly. Scholars have emphasised that expecta-
tions in science and technology frequently reflect strategic 
efforts to secure funding and backing [110, 117], remain 
challenging for non-specialists to verify, and typically, they 
turn out to be partial or false [116, 118]. The insights of this 
study also call for a debate about the role of honesty, hope, 
and deception [119] in the context of data/AI-driven bio-
markers. The interviews indicate that strategies are nec-
essary to systematically balance hope and more neutral 
communication of findings. Recent biomarker research 
(for AD/Pso) with large-scale data can learn from current 
debates on responsible AI use including those on the lack of 
explainability or explicability [120–125].

The interviews suggested the need for additional ethi-
cal standards together with clear regulations for data/
AI-driven biomarker use to be developed for AD/Pso, 
which cover the ethical issues mentioned. This particu-
larly concerns topics of scientific standards combined 
with digital ethics for data/AI-driven biomarker research 
and clinical application. These ethical standards should 
further develop guidance on the use of large-scale data 
and AI for biomarkers – specifically regarding the use of 
representative and diverse data for biomarker research to 
increase access to diagnostics and treatment rather than 
create barriers. They may also need to provide additional 
direction for handling increasing incidental findings and 
data privacy when anonymisation of data is not possible 
due to improved AI. Furthermore, standards would offer 
guidance on how to protect those groups that cannot 
be stratified into a subgroup when there are increased 
amounts of biomarkers due to AI in respect of distribu-
tive and epistemic injustices. However, these ethical and 
regulatory frameworks should not function as hurdles 
in science, but also increase certainty. In summary, the 
many ethical issues in data-driven biomarker research 
and development for AD/Pso have demonstrated the 
importance of embedding ethics in respective research 
projects [68, 69, 126] and in the development of regula-
tions for biomarker use in AD/Pso. As made clear in the 
harm reduction strategies suggested by the interviewees, 
the research and application context of complex com-
pound biomarkers is essential for biomarker evaluation 
[20] and thus the respective evaluation and ethical analy-
ses must be adapted as well.

On the whole, the study findings show that a holistic 
view of the multiple interconnected harms, risks and eth-
ical issues surrounding the disease and on the research 
and use of data-/AI-driven biomarkers is warranted. The 
early identification of (potential) ethical issues and the 
nuanced view of harm and suffering can raise awareness 

and improve ethical analyses. This can help to better 
inform research and clinical practice, policy develop-
ment, and public health interventions in order to develop 
and apply data-/AI-driven biomarkers in healthcare in 
ways that are ethically and socially responsible.

Limitations
Limitations of the method used for the interview study
This qualitative study does not comprise statistically 
representative data. While the results cannot be  gener-
alised in longitudinal or quantitative terms, they offer 
valuable insights into interconnected topics in a certain 
context through our inclusion of a wide variety of experts 
involved in biomarker research. This study has thus cap-
tured key aspects of ethical issues associated with current 
biomarker research and application for AD/Pso.

In addition, we used lay language for the interviews, as the 
interviewees had different levels of scientific and medical 
knowledge. Thus, while no medical details were captured, a 
common understanding formed the basis for exploring the 
ethical issues related to biomarker research, which was the 
purpose of this study. As the focus was to show the perspec-
tives of study participants, detailed theoretical ethical reflec-
tions are beyond the scope of this article.

Topic gaps in the results of the interview study
Although it is a strength of the study that it reveals multi-
ple perspectives and ethical issues in data-/AI-driven bio-
marker research and use for AD/Pso, there are a number 
of topics that could be explored further as well as stud-
ies needed to explore them. Our study did not capture 
all affected groups, including different patient groups. 
Ideally, the study participants would also comprise e.g., 
pregnant people, children, young and old people as well 
as further affected people such as friends and relatives. 
Future research could explore in-depth injustices, includ-
ing epistemic and structural injustices, related to AI use 
for biomarker research and application. This is beyond 
the scope of this article, which presents an overview of 
ethical challenges identified through a qualitative inter-
view study, focussing on multifaceted associated harms. 
While more nuanced understanding from different stake-
holder perspectives might help to better weigh harms 
and benefits, and lead to more differentiated outcomes of 
ethical analysis, we would like to emphasise the need to 
consider other ethical issues, both those described here 
and those that might not yet be addressed. This should 
also avoid overstretching the concept of harm. For exam-
ple, and as scholars have emphasised, other ethical issues 
such as autonomy, also viewed from relational perspec-
tives [127], should not be overlooked in subsequent ethi-
cal analyses, particularly in relation to the progressing 
use of AI and large-scale data and privacy issues.
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Another limitation of our study is that many inter-
viewee statements about potential ethical issues and 
harms related to data-/AI-driven biomarkers were hypo-
thetical. It is important to be aware of these uncertain-
ties and to continuously critically examine them while 
research advances. We deliberately build upon these 
uncertainties so that ethical problems are identified and 
addressed early in the research and development of data/
AI-driven biomarker research, thereby averting serious 
consequences for individuals and society.

Outlook for policy development
The interviewees made several suggestions for how 
the multiple harms could be mitigated (see Results and 
Table 2). These insights together with the further insights 
of this and our previous studies [34, 66] can inform 
policy development not only for the use of data-driven 
approaches for multimodal biomarker research/use 
for AD/Pso, but may also be valuable for research and 
application of complex compound biomarkers for other 
diseases.

Conclusions
The in-depth findings of the study provide empirical 
insights into the ethical challenges of biomarker research 
and application for chronic inflammatory skin diseases, 
which is a clear gap in the current literature. Specifically, 
the study provides a more differentiated and broader 
view of what harm and suffering can concretely mean 
in the context of AD/Pso and for data-rich biomarker 
research and application from various perspectives of 
stakeholders involved in biomarker research, which ena-
bles a more nuanced harm-benefit analysis. The ethi-
cal issues and multiple harms were mainly connected to 
themes such as the psycho-socio-physical impact of the 
diseases on patients’ lives, various uncertainties in treat-
ment and biomarker research, expectation management 
in research and medical practice, stratification of patients 
into subgroups, big data use as well as knowledge and 
power. While the harm associated with AD/Pso may be 
reduced through improved diagnosis and treatments 
based on multimodal data/AI-driven biomarkers, the 
benefits of biomarker use have to be weighed against the 
ethical implications and potential harms associated with 
biomarker research and application.

The findings show multiple injustices and discrimina-
tions that often intersect and are associated with AD/
Pso, as well as current clinical practice and biomarker 
research with the use of large-scale data and AI. These 
injustices include e.g., which biases are implemented 
in the data used for biomarker development, for which 
populations the biomarkers can be used and how access 
to biomarker diagnostics and more targeted treatments 

can be ensured worldwide. Epistemic injustices identi-
fied in the interviews relate to the relationship between 
power and knowledge, especially in big data and ML use 
in healthcare and in this case for data-driven biomarker 
research in dermatology. This needs special attention, 
and can better be understood by including different con-
ceptual lenses, such as that proposed by Fricker (2007), 
which would help individual groups that otherwise do 
not have a voice and do not get enough attention to be 
heard.

The action-based suggestions for mitigating harm 
strategies by the interviewees highlight comprehensive 
patient involvement throughout the research process—
from defining research questions to including pre-
trained patient advocates in research consortia—while 
ensuring ethical data handling in biomarker research 
for AD/Pso. The interviewees stress orienting medical 
biomarker innovations toward patient needs and wishes 
through patient-reported outcomes, adjusted quality-of-
life scales, and patient empowerment in research deci-
sions. The recommendations emphasise the importance 
of careful patient stratification to ensure all subgroups 
are considered, while maintaining privacy standards, 
transparency in data handling, and robust informed con-
sent procedures for incidental findings. The interview-
ees advocate for realistic expectation management and 
public communication about precision medicine with 
biomarkers.

Further continuous empirical studies are needed to 
explore the perspectives of additional patient groups, 
their wishes and needs, including pregnant people as 
well as children, young and old people, that might be 
neglected in research. However, these are groups that 
are affected by AD/Pso [1, 126, 128], which, as chronic 
diseases, can span a whole life. These groups are often 
particularly vulnerable and might face specific challenges 
and needs (also for research). On the whole, diverse 
views representative of the populations for whom the 
biomarkers are developed are necessary to consider their 
needs and wishes. Furthermore, biomarker research itself 
should be based on diverse data representative for popu-
lations creating good evidence for fair access and more 
precise predictions, diagnostics and treatments.

Overall, striving for better treatment should not ignore 
the bigger picture of the lives of patients with AD/Pso 
and the wishes for human flourishing. The identification 
of ethical issues and the nuanced view of harm depicted 
in this article can help to weigh the risks and benefits 
of biomarker research and application in healthcare. 
This should inform policy development for data-rich 
biomarker use for AD/Pso as well as support research 
practice, public health interventions and clinical prac-
tice in developing and applying medical innovations 
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ethically and socially responsibly. Sound harm mitiga-
tion strategies should support research on biomarkers 
and their application in such a way that harms are not 
only minimised but, more importantly, made visible and 
acknowledged.
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