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Abstract
Background Chronic inflammatory skin diseases such as atopic dermatitis (AD) and psoriasis (PSO) present major

challenges in health care. Thus, biomarkers to identify disease trajectories and response to treatments to improve the

lives of affected individuals warrant great research consideration. The requirements that these biomarkers must fulfil for

use as practical clinical tools have not yet been adequately investigated.

Aim To identify the core elements of high-quality AD and PSO biomarkers to prepare recommendations for current bio-

marker research.

Method A cross-sectional two-round Delphi survey was conducted from August to October 2019 and October to

November 2020. All participants were members of the BIOMAP project, an EU-funded consortium of clinicians,

researchers, patient organizations and pharmaceutical industry partners. The first round consisted of three open-ended

questions. Responses were qualitatively analysed, and 26 closed statements were developed. For the second round,

‘agreement’ was assumed when the responses of ≥70% of the participants were ≥5 points on a 7-point Likert scale for

each statement. Priority classification was based on mean scores (<20th percentile = low, 20th to 60th per-

centile = medium, >60th percentile = high).

Results Twenty-one and twenty-six individuals participated in rounds one and two, respectively. From 26 statements

that were included in round 2, 18 achieved agreement (8 concerning the performance, 8 for the purpose and 2 on current

obstacles). Seven statements were classified as high priority, e.g. those concerning reliability, clinical validity, a high pos-

itive predictive value, prediction of the therapeutic response and disease progression. Another seven statements were

assigned medium priority, e.g. those about analytical validity, prediction of comorbidities and therapeutic algorithm. Low

priority included four statements, like those concerning cost effectiveness and prediction of disease flares.

Conclusion The core requirements that experts agreed on being essential for high-quality AD and PSO biomarkers

require rapid validation. Biomarkers can therefore be assessed based on these prioritized requirements.
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Introduction
Atopic dermatitis (AD) and psoriasis (PSO) are both common

chronic inflammatory skin diseases that affect people of all ages

globally.1,2 The prevalence of AD is estimated to be around 20%

in the paediatric population and up to 10% in adults in high-

income countries, with recent studies suggesting that adult AD

is more common than previously thought.3–6 Occurring more

frequently with advancing age, the reported prevalence of PSO

ranges between 0% and 1.4% in children and up to 11.4% in

adults.7 Both diseases are highly variable in terms of disease

onset, severity, progression over time and treatment response.5,7

In addition, both conditions are accompanied by significant

morbidity and an increased risk for associated conditions such

as arthritis and asthma.6,7

The entire dermatological field is currently experiencing sub-

stantial developments, and the current disease classification based

on antiquated nomenclature is being rebuilt based on an

improved understanding of the underlying pathophysiology.8,9

Nevertheless, the immunopathogenesis of both AD and PSO is

not fully understood, and both diseases represent a complex com-

bination of genetic, environmental and immunological fac-

tors.10,11 Although multiple FDA- and EMA-approved targeted

therapies are available already,12 there is significant interpatient

heterogeneity in efficacy and tolerability, and not all patients bene-

fit equally.1,13–15 A major reason for suboptimal treatment

response is that conventional treatment methods often require a

timely and precise diagnosis, which is often not possible in all

cases. Furthermore, the response to certain therapies cannot be

Disclaimer: The content of this publication represents the views of the author

only and his/her sole responsibility; the JU is not responsible for any use that

may be made of the information it contains.
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reliably predicted. Thus, these skin conditions still have a wide-

ranging impact on quality of life, including social, economic and

professional aspects of a patient’s life. The immense direct and

indirect costs for affected individuals, their families and healthcare

systems highlight the need for optimal person-centered care.1,13–16

Biomarkers are generally defined as ‘any substance, struc-

ture or process that can be measured in the body or its

products and influence or predict the incidence of outcome

or disease’.17 Biomarkers can therefore aid in identifying AD

and PSO and can play a role in improving patient care by

predicting disease trajectories and responses to specific treat-

ments.18 However, the identification, validation and transfer

of a biomarker into clinical practice is complex and time-

consuming, and despite many efforts for AD and PSO, no

biomarker has yet been transferred into routine clinical prac-

tice.18–20 To advance this process, the European research pro-

ject entitled BIOMAP (Biomarkers in Atopic Dermatitis and

Psoriasis)21 from the Innovative Medicines Initiative (IMI)

was established in 2019 with the aim to improve the under-

standing of disease subtypes, mechanisms and outcomes, and

to discover potential biomarkers. In this project, one of the

essential first steps was to specify which requirements high-

quality biomarkers must fulfil. There are already general and

disease-specific recommendations regarding requirements for

suitable biomarkers and biomarker studies.22–25 However,

none of those are specific to AD and PSO.

Therefore, this study aimed to obtain consensus from the

international experts from the BIOMAP consortium regarding

the core elements of high-quality AD and PSO biomarkers to

prepare medical recommendations. Additionally, it aimed to

identify research priorities to overcome obstacles in the use of

AD and PSO biomarkers.

Methods

Study design
A cross-sectional two-round survey was conducted in accor-

dance with the Delphi method from August to October 2019

and again from October to November 2020. The Delphi tech-

nique is an iterative multistage process, designed to transform

opinions into group consensus, that is used commonly within

health sciences.26 The classic method involves sending an open-

ended set of questions to the participants and analysing their

response. This is then used to develop a new questionnaire and

the circle is repeated.27 There exist no set guidelines for deciding

on the optimum number of participants because this depends

on the purpose of the survey. While the classic Delphi method

involves 4 rounds, the modified technique is limited to 2 rounds

to minimize loss of acceptable response rates because of the pro-

longed duration of the overall process and its negative influence

on panellists’ interest.27 In the present study, the modified Del-

phi method was used.

The members of BIOMAP were chosen because of their exten-

sive knowledge, expertise and ability to make comprehensive

and meaningful contributions to the subject.

Recruitment and data collection
In rounds one and two, 108 members of BIOMAP were sent

an e-mail invitation with a link to the online survey.

Included were (1) brief participation information outlining

the study’s aim, (2) the definition of a biomarker using the

definition from FDA-NIH (Food and Drug Administration

(US); National Institute of Health (US) working group’s

‘Biomarkers, EndpointS and other Tools’ resource (BEST),28

(3) demographic questions and (4) the survey questions.

Demographic data were collected at the end of each round.

A reminder e-mail was sent 2 weeks following the initial invi-

tation. Nonparticipation in round one did not exclude partic-

ipation in round two.

Round one aimed to collect a broad range of opinions using

three open-ended questions in accordance with the classic Del-

phi approach.27 The survey was pretested by three BIOMAP

members who were not involved in the study development. The

survey was amended based on their feedback. The three pretes-

ters were excluded from actual Delphi participation.

Participants were asked to provide their expert opinion on:

(1) what requirements a biomarker needed to fulfil to be useful

for AD and/or PSO, (2) what clinically meaningful outcomes a

biomarker should deliver for patients with AD and/or PSO and

(3) what main obstacles needed to be overcome before biomark-

ers could be implemented into daily clinical use for patients with

AD and/or PSO. Participants could either provide a general

answer or differentiate between diagnostic, monitoring, predic-

tive, prognostic and safety biomarkers.

Answers from the first round were used to develop a list of

statements for the second round that encompassed 26 state-

ments classified into 3 sections: (1) the biomarker ‘perfor-

mance’ (8 statements, e.g. on reliability, clinical validity), (2)

the ‘purpose’ of the biomarker (9 statements, e.g. on therapeu-

tic response, adherence) and (3) relevance of potential obstacles

preventing widespread use (9 statements, e.g. on technical

requirements, unfamiliarity). Participants were asked to rate

each statement on a 7-point Likert scale from 1 (strongly dis-

agree) to 7 (strongly agree) with a neutral mid-point (4, neither

disagree nor agree). Participants were also asked to provide

comments on missing criteria in the respective categories.

Additionally, participants were asked to choose up to three

research priorities that should be focused on to reduce obsta-

cles. Based on information from round one, the answers ‘more

validation studies’, ‘focus on becoming less invasive’, ‘simplify

technical procedures’, ‘increase popularity and knowledge’, ‘im-

prove reimbursement’, ‘ensure timely information’, ‘define

gold-standard diagnostics’ and ‘harmonize and create data

sources’ were available to choose.
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Statistical analysis
Only completed questionnaires were considered. Demographic

data including country, interest in AD and/or PSO and main

area of expertise (patient, patient support organization, pharma-

ceutical company, physician or research scientist) were collected

from each round and input into SPSS, Version 26 (IBM Corpo-

ration, Armonk, NY, USA). Data analysts were blinded to partic-

ipants’ identities.

Open-ended responses from round one were compiled from

the online survey tool into Microsoft Excel and analysed using a

deductive-inductive content-analysis approach by C.S. and K.E.,

providing guidance and oversight of codes and categories. Any

uncertainties were discussed until an agreement was met.

Answers were modified or excluded based on the following rea-

sons: (1) irrelevance for the topic/study, (2) misunderstandings

of the question, (3) repetitions in meaning or intent or (4) infor-

mation already encompassed in another comment. The remain-

ing comments were processed for the questionnaire in round

two.

In round two, descriptive data for each item were obtained,

including the mean Likert score, standard deviation (SD) and

median. A target 70% agreement for the score of 5 or more on

the 7-point Likert scale for each statement was chosen a priori.29

Based on this, statements were considered for inclusion in the

biomarker recommendations. Subsequently, statements that

reached consensus were ranked according to their mean score as

either ‘low priority’, ‘medium priority’ or ‘high priority’. Taking

into account that only statements of high importance are still

included, only the lower 20% of means were ranked as low, mid-

dle 40% as medium and the remaining upper 40% as high prior-

ity. Statements from the section ‘performance’ and the section

‘purpose’ were collated into the AD and PSO biomarker recom-

mendations. Statements from section category ‘obstacles’ were

intended to function as a supplement for further research.

Open-ended answers were screened for a possible extension of

the recommendations.

Results

Characteristics
Of the 108 BIOMAP members, 21 (19.4%) completed the

first Delphi round and 26 (24.1%) the second round, with a

total of 35 members completing 1 round and 12 members

completing both rounds. Of the 35 participants, the majority

were research scientists (n = 26; 45.6%) followed by physi-

cians (n = 17; 29.8%; [Table 1]). Additionally, participants

were mainly interested/experienced in AD only (n = 16,

45.7%), while 12 participants (34.3%) were interested in both

AD and PSO and seven (20.0%) in PSO only. Participants

were from ten countries (United Kingdom, Germany, Nether-

lands, United States of America, Denmark, Switzerland, Aus-

tria, Estonia, Sweden and Australia).

General results
The 3 open-ended questions from round 1 were grouped,

reduced and collated into 26 statements for round 2 (Fig. 1). In

round 2, 18 statements (65.4%) reached consensus for inclusion

in the PSO and AD biomarker recommendations. As shown in

Table 2, the percentages of consensus ranged from 73% to

100%, with the ‘cost-effectiveness’ statement having the lowest

percentage and the ‘reliability’ and ‘clinical validity’ statements

having the highest. Mean ratings ranged from 4.04 to 6.42, with

the highest mean rating for ‘therapeutic response’ (mean = 6.42,

SD = 0.86).

Performance
Agreement was reached for all eight items (range: 73–100%).

The highest percentages were reached for statements claiming

that biomarkers for AD and PSO should have a high-test relia-

bility and a high clinical validity. Mean scores ranged from 5.12

(SD = 1.21) to 6.35 (SD = 0.69), indicating 4 high-priority rec-

ommendations, 3 medium priority recommendations and 1

low-priority recommendation (Table 2).

Table 1 Demographics of Delphi participants

n (%)

Total
(n = 35)

Round 1
(n = 21)

Round 2
(n = 26)

Area of expertise*

Research scientist 26 (74.2) 13 (61.9) 16 (61.5)

Physician** 17 (48.6) 9 (42.9) 12 (80.8)

Pharmaceutical industry 8 (22.9) 5 (23.8) 6 (23.1)

Patient support organization 4 (11.4) 0 (0) 4 (15.4)

Patient 2 (0.6) 2 (9.5)*** 2 (7.7)***

Country

United Kingdom 12 (34.3) 8 (38.1) 9 (34.6)

Germany 5 (14.3) 3 (14.3) 4 (15.4)

Netherlands 5 (14.3) 2 (9.5) 4 (15.4)

United States 4 (11.4) 2 (9.5) 3 (11.5)

Denmark 3 (8.6) 2 (9.5) 2 (7.7)

Switzerland 2 (5.7) 1 (4.8) 1 (3.8)

Austria 2 (5.7) 1 (4.8) 1 (3.8)

Estonia 1 (2.9) 0 (0) 1 (3.8)

Sweden 1 (2.9) 1 (4.8) 0 (0)

Australia 1 (2.9) 1 (4.8) 1 (3.8)

Interest

AD 16 (45.7) 10 (47.6) 10 (38.5)

AD and PSO 12 (34.3) 6 (28.6) 9 (34.6)

PSO 7 (20) 5 (23.8) 7 (26.9)

*Participants could choose more than one area of expertise (i.e. cumulative
percentages >100%).
**Physician’s discipline was not further specified.
***One patient indicated his/her interest in AD, the other one in PSO.
AD, atopic dermatitis; PSO, psoriasis.
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Purpose
For statements indicating that biomarkers should reflect adher-

ence to therapy, there was only 33.5% agreement (mean = 4.04,

SD = 1.28). Consensus was reached for the other eight state-

ments (73.1–96.1%), with the highest percentage for the thera-

peutic response statement. Two statements were categorized as

high priority, four as medium priority and two as low-priority

recommendations (Table 2).

Obstacles
Of the 9 statements, 7 had discrepancies in agreement, with

agreement ranging between 46.1% and 65.4% and a mean score

ranging from 4.12 to 4.92. The only two statements that achieved

agreement in this category were ‘biomarkers are not validated by

independent research/studies’ (92.4%; mean = 5.92, SD = 1.20)

and ‘data sources needed to identify biomarkers are missing’

(73.1%; mean = 5.19, SD = 1.63).

Nearly all participants (n = 24, 92.3%) indicated that more

validation studies should be performed, and half of all partici-

pants (n = 13, 50.0%) stated that harmonization, the creation of

a data source (n = 13; 50%) and the definition of gold-standard

diagnostics (n = 12; 46.2%) are of priority. The final list of rec-

ommendations is presented in Table 3.

Discussion
This study presents the first AD- and PSO-specific recommenda-

tions for high-quality AD and PSO biomarkers collated by an

international panel of experts from the BIOMAP consortium.

Consensus was achieved for 18 statements, while 8 statements

had discrepancies in agreement (less 70% agreement), predomi-

nately for the section ‘obstacles’. Of the highest importance were

the performance elements reliability, clinical validity, relevance

and high positive predictive value. A biomarker’s most impor-

tant purpose was considered the prediction of therapeutic

response and disease progression. Insufficient validation by

independent researchers was identified as a major obstacle to the

transfer of AD and PSO biomarkers in clinical practice. Valida-

tion and further studies were considered a high-priority research

objective by all experts.

The rejection of most statements in the section ‘obstacles’ might

be explained by the fact that the provision of sufficient patient data

(e.g. molecular data) for biomarker identification, and good vali-

dation of biomarkers is paramount at this stage of biomarker pro-

cesses. The need for sufficient data and independent studies has

already been determined by previous studies.18,19,30 These data and

studies are of particular importance to ensure quality criteria such

as reliability and clinical utility. The establishment of nationwide

disease registries, national cohorts 31,32 and local birth cohorts,33

and the promotion of international networks such as BIOMAP21

can contribute to sufficient data needed for the essential require-

ments for high-quality biomarkers. Moreover, the harmonization

of data driven by the BIOMAP glossary34 may facilitate cross-

cohort analyses and increase the potential to identify small-effect

estimates and stratification of disease subtypes.35

Barriers, like low awareness, lack of cost-effectiveness and

inadequate reimbursement, technical requirements and delayed

test results, may become more relevant in later stages of research

as seen with well-established biomarkers for several cancer

Round two:
26 statements presented, 3 open-ended 

questions and demographics

18 statements reached 
agreement

7 statements reached 
medium priority

4 statements reached 
low priority

7 statements reached
high priority

Round one:
3 open-ended questions 

and demographics

8 statements excluded (<70% agreement 
for the score of ≥5) 

Figure 1 Flow chart illustrating the two-stage Delphi process. Statements were categorized according to their mean score (0.20—per-
centile = low priority, 0.60—percentile = medium priority; >0.6—percentile = high priority).
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Table 3 Checklist for future biomarkers based on the international Delphi expert consensus for atopic dermatitis and psoriasis

Statement Explanation/Example based on the first survey round Agreement
Mean (SD)

Reached

Median

Performance

Reliability Giving the same result in the same sample independent of external circumstances, e.g.
different laboratories, time

To be a reliable indicator for the presence of eczema in babies and young children

100%

6.35 (0.69)
6

Clinical validity Should predict the clinically important outcome well

Correct interpretation of the biomarker measurement for the specific AD/psoriasis outcome
includes a reduction in not just physical severity, but itch, mood (e.g. anxiety, low mood,
depression and anger), fatigue

92.3%

6.23 (1.16)
6.5

Relevance Should provide some sort of benefit to AD and psoriasis patients

Significant clinical utility can point to endotypes and subendotypes of the heterogeneous
disease

92.3%

6.04 (1.22)
6

Positive predictive value Should have a high probability for the subject with a positive test to have the outcome of
interest

Sufficient sensitivity/specificity/predictive value dependent on the biomarker purpose

100%

5.96 (0.77)
6

Analytical validity Should precisely measure what it is meant to measure

Accurate and precise measurement of the biomarker

88.6%

5.81 (1.28)
6

Feasibility Minimally invasive, easy to perform, not too time-consuming

Feasibility of testing (time, easy in use)

84.7%

5.62 (1.20)
6

Negative predictive value Should have a high probability for the subject with a negative test not to have the
outcome of interest

Sufficient sensitivity/specificity/predictive value dependent on the biomarker purpose

80.8%

5.38 (1.23)
6

Cost effectiveness Is the biomarker cost-effective and with the aim of improved patient outcomes, and will it
reduce healthcare costs

73%

5.12 (1.21)
5

Purpose

Therapeutic response Response to a given therapy, e.g. ciclisporin, biologics for efficacy maximization

Predict long-term response, response to therapy (clinical signs, symptoms and quality of
life)

96.1%

6.42 (0.86)
7

Disease progression For example, a disease is self-limited or becomes chronic Phenotypic stratifier required,
e.g. development of manifestations in eczema

92.3%

5.88 (0.91)
6

Comorbidities For example, allergic asthma in AD, psoriasis arthritis in psoriasis

How likely is a person to also develop psoriasis arthritis, for example

92.3%

5.56 (1.09)
6

Diagnosis accuracy For example, differentiates eczema from psoriasis or other inflammatory skin diseases,
indicate an endotype of eczema/psoriasis

Definitive diagnosis of eczema in babies and children before symptoms present to enable
parents to prepare and learn to manage.

80.8%

5.65 (1.36)
6

Safety For example, kidney problems with ciclosporin, conjunctivitis with dupliumap, candidiasis
with iL-17 inhibitors

Identify which treatment would have the greatest chance of being effective with the least
side-effects

77%

5.50 (1.18)
6

Therapeutic algorithm For example, sequential treatment options in an individual person

Those that predict best intervention at individual patient level i.e. understanding the best
therapeutic intervention for an individual. Providing explanation for patients nonresponsive
to certain therapies and offering alternative targeted therapy based on the biomarker pro-
file

73.1%

5.35 (1.18)
6

Severity For example, an objective parameter reflecting scores such as SCORAD, EASI or PASI

Detect or confirm presence and severity of AD or psoriasis and correlate with disease
severity

76.9%

5.19 (1.30)
5
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diseases.36 Although these obstacles did not reach agreement in

round two of our study, they should not go unnoticed, and these

recommendations will need to be revised over time.

The present study showed that the prediction of therapeutic

response and disease progression are of high priority regarding

high-quality AD and PSO biomarkers. The high mean score for

therapeutic response in this study reflects the increasing impor-

tance of person-centered care for AD and PSO and the relevance

of determining validated biomarkers for both providers and

patients.

Strengths and limitations
The results of the present study should be interpreted under the

consideration of several limitations. While a response rate of

70% is suggested for each Delphi round by Sumsion,29 response

rates of only 19.4% and 24.1% in rounds one and two were

reached, respectively. Nevertheless, through the BIOMAP con-

sortium, we were able to solicit expertise from a broad range of

perspectives on an international level from research scientists,

clinicians, pharmaceutical industry partners and patients to gen-

erate specific recommendations. Moreover, although there is no

universal agreement on an optimal sample size for a Delphi

study, the majority of Delphi studies have included 15 to 20 par-

ticipants, and the panel’s expertise is considered more important

than its size. In addition, it should be noted that there is no uni-

versally applicable definition of agreement/consensus for the

Delphi method. While some researchers state that 51% agree-

ment on a statement could be considered acceptable,37 others

argue that 75%38 to 100%39 agreement is required. It should also

be noted that even when the Delphi concludes that consensus

has been achieved, it cannot be guaranteed that the final findings

are the most appropriate and reliable end-point40 and instead

only indicate a majority opinion.41 However, major strengths of

the present study are the systematic approach and the a priori

defined boundaries to generate the final recommendations based

on the expertise of the research team and the state of art.

Conclusion
This study presents the first AD- and PSO-specific biomarker

requirements through a Delphi survey of international experts.

Developing a checklist that categorizes and prioritizes up-to-

date requirements of biomarkers was an important step to

improve future research and developments, which will foster the

delivery of high-quality biomarkers applicable in research and

daily clinical practice. Nevertheless, access to data and in partic-

ular molecular data from patient cohorts of sufficient size with

detailed clinical characterizations is crucial to support stratified

analysis and the discovery of future biomarkers.
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