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Abstract
Background Epidermolysis bullosa (EB) is a rare, genetically and clinically heterogeneous group of skin fragility disorders. No cure is currently 
available, but many novel and repurposed treatments are upcoming. For adequate evaluation and comparison of clinical studies in EB, well-
defined and consistent consensus-endorsed outcomes and outcome measurement instruments are necessary.
Objectives To identify previously reported outcomes in EB clinical research, group these outcomes by outcome domains and areas and sum-
marize respective outcome measurement instruments.
Methods A systematic literature search was performed in the databases MEDLINE, Embase, Scopus, Cochrane CENTRAL, CINAHL, 
PsycINFO and trial registries covering the period between January 1991 and September 2021. Studies were included if they evaluated a treat-
ment in a minimum of three patients with EB. Two reviewers independently performed the study selection and data extraction. All identified 
outcomes and their respective instruments were mapped onto overarching outcome domains. The outcome domains were stratified accord-
ing to subgroups of EB type, age group, intervention, decade and phase of clinical trial.
Results The included studies (n = 207) covered a range of study designs and geographical settings. A total of 1280 outcomes were extracted 
verbatim and inductively mapped onto 80 outcome domains and 14 outcome areas. We found a steady increase in the number of published 
clinical trials and outcomes reported over the past 30 years. The included studies mainly focused on recessive dystrophic EB (43%). Wound 
healing was reported most frequently across all studies and referred to as a primary outcome in 31% of trials. Great heterogeneity of reported 
outcomes was observed within all stratified subgroups. Moreover, a diverse range of outcome measurement instruments (n = 200) was 
identified.
Conclusions We show substantial heterogeneity in reported outcomes and outcome measurement instruments in EB clinical research over 
the past 30 years. This review is the first step towards harmonization of outcomes in EB, which is necessary to expedite the clinical translation 
of novel treatments for patients with EB.

What is already known about this topic?

• An increasing number of clinical trials are being conducted to evaluate novel treatment strategies that offer the potential to change 
the disease course and alleviate symptoms of epidermolysis bullosa (EB).

• The lack of comparability of outcomes complicates interpretation and is a major challenge in the field of evidence-based research 
and drug development in EB.

Linked Article: Petrof et al. Br J Dermatol 2023; 189:5.
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Epidermolysis bullosa (EB) comprises a group of rare genetic 
skin disorders characterized by skin fragility, resulting in 
blistering and wounds upon minimal trauma. EB is subdi-
vided into the following four main types: EB simplex (EBS), 
junctional EB (JEB), dystrophic EB (DEB) and Kindler EB.1 
Depending on the type of EB and the gene affected, EB may 
be complicated by wound healing problems, pseudosyndac-
tyly, aggressive squamous cell carcinomas, extracutaneous 
involvement and early mortality.1–3

Although EB is a rare disease, with a prevalence of 1–25 
per million population and an incidence of 2–54 per million 
live births,4–6 it has a considerable impact on the lives of 
affected individuals, their families and caregivers.7,8 As no 
curative therapies are available, treatment of EB is limited to 
skin and wound care, providing relief of symptoms such as 
itching and pain, in addition to treatment of extracutaneous 
manifestations.9–11

In the last few decades, significant progress has been 
achieved in the understanding of the underlying pathomech-
anisms of EB. This has led to research into the repurposing 
of drugs and the development of novel targeted therapies, 
particularly disease-modifying therapies that aim at sus-
tainable or even permanent restoration of the affected pro-
tein.12–15

These putative therapies are being evaluated in a growing 
number of clinical trials to explore their efficacy and safety. 
However, clinical trials in EB face many challenges, includ-
ing the rarity of the disease, the genotypic and phenotypic 
heterogeneity, the individual needs of patients with EB, the 
timely and adequate recruitment of eligible patients, and 
the knowledge gaps in understanding the natural disease 
course of EB.16,17

The many challenges of conducting EB trials, in con-
junction with the heterogeneity in measuring and report-
ing outcomes, make it difficult to combine and compare 
results across studies.18,19 These factors hinder adequate 
secondary analyses of the available research data, which are 
mandatory for well-informed clinical and regulatory decision 
 making.20,21

There is an urgent need for harmonization of outcome 
selection in EB by providing a framework that suggests 
the minimum set of outcomes that should be measured 
and reported in clinical trials, also referred to as a core out-
come set (COS).20,22 To devise a COS, it is imperative to 
gain insight into previously reported outcomes and outcome 
measurement instruments in EB.

Therefore, the aim of this review is to provide an overview 
of the outcomes and outcome measurement instruments 
reported in EB clinical studies, which could lead to a COS 
for EB.

Materials and methods

Our review was based on an unpublished protocol and was 
reported following the Joanna Briggs Institute methodol-
ogy for Scoping Reviews23,24 and the PRISMA Extension 
for Scoping Reviews guidelines.25

Definitions

An ‘outcome’ is a construct that refers to the ‘what’ to 
measure. In the context of a clinical trial it can be defined 
as ‘what is being measured on trial participants to exam-
ine the effect of exposure to a health intervention’.26 
Examples include reduction of pain or increased expres-
sion of collagen VII in the skin. Similar outcomes can be 
grouped into ‘outcome domains’, and similar outcome 
domains result in overarching ‘outcome areas’.27 An ‘out-
come measurement instrument’ refers to ‘how’ a particu-
lar outcome is being measured, for example by a single 
question, a questionnaire or a score based on physical 
examination.26

Information sources

The following databases were searched to identify poten-
tially relevant published articles: MEDLINE, EMBASE, 

What does this study add?

• This review is the first to scope, map and collate the reporting of outcomes and outcome measurement instruments in EB research 
over the past 30 years.

• We identified 1280 outcomes that were grouped into 80 different outcome domains and 14 overarching outcome areas.
• We reveal heterogeneously reported outcomes and outcome measurement instruments throughout the research landscape of EB 

and imply the benefit of a harmonized and consensus-based EB outcome assessment.

What are the clinical implications of this work?

• The findings of this scoping review will improve the quality of evidence and generation of meaningful and useful research data, as 
more uniformity in outcome assessment in the field of EB is warranted.

• The decision about which outcomes to measure and which outcome measurement instruments to use should take the characteris-
tics of the respective EB subtype into consideration.

• Future studies should objectively and transparently evaluate whether the available outcome measurement instruments for EB are fit 
for purpose and whether additional instrument development is needed.
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CINAHL, PsycINFO, Cochrane CENTRAL and Web of 
Science. In addition, five clinical trial registries including 
ClinicalTrials.gov were searched to find protocols of unpub-
lished clinical trials. The reference lists of relevant studies 
were screened for additional studies. Further details of 
these search strategies can be found in Appendix S1 (see 
Supporting Information).

Search

The search strategies were developed with the assistance 
of an experienced information specialist (S.W.). The struc-
ture of the search was based on two main concepts: (i) EB 
and (ii) outcome, study design or treatment (Appendix S1). 
The search strategies were peer reviewed using the Peer 
Review of Electronic Search Strategies checklist.28 The 
search period covered from January 1991 to September 
2021, as the first consensus classification paper for EB was 
published in 1991.29 Duplicates were removed following a 
structured deduplication method.30

Selection of sources of evidence

Studies were eligible for inclusion if they met the criteria 
provided in Table 1. After a pilot phase to ensure compliance 
with the eligibility criteria, the screening of titles, abstracts 
and full-text reports was performed by two independent 
reviewers (E.W.H.K., V.W.) using Rayyan (Doha, Qatar).31 
Disagreements were resolved through discussion with a 
third reviewer (M.C.B.).

Data charting process

Two independent reviewers (E.W.H.K., T.W.) performed 
the data extraction, using a prepiloted data extraction 
tool in Microsoft Excel (2018) (Microsoft, Redmond, WA, 
USA). One reviewer (E.W.H.K.) collated and harmonized 
all extracted data, which was checked by another reviewer 
(T.W.). Consensus on extraction was reached through dis-
cussion or by consulting a third reviewer (M.C.B.). Data 
items included details of the study, patient characteristics, 
interventions, outcomes and outcome measurement instru-
ments. All reported outcomes were extracted  verbatim.

Synthesis of results

Based on an inductive approach, outcomes that were similar 
in wording or conceptualization were grouped into outcome 
domains and outcome areas by one reviewer (E.W.H.K.) and 
discussed with members of the review team (T.W., J.K., 
M.C.B.). Composite outcomes suiting multiple domains 
were classified within each of these eligible domains. For 
every outcome domain and area, the percentage of included 
studies measuring that particular domain or area was calcu-
lated. All analyses were stratified according to EB type, age 
group, type of intervention, decade and phase of clinical trial.

To classify the interventions into relevant treatment 
groups, a classification system considering the treatment 
objective of different interventions was developed (Table 2). 
This led to the following four groups: (i) disease-modifying 

Table 1 Eligibility criteria

Inclusion Exclusion

Participants A diagnosis of inherited epidermolysis bullosa (EB), regardless of EB 
type, age, sex, ethnicity or severity

Other skin fragility disorders, EB acquisita or very 
rare EB syndromes, e.g. Carmi syndrome

A minimum of three patients are included Mixed study cohorts with other disorders
Animal studies

Concept A minimum of one treatment outcome is reported Studies focusing only on diagnostic, maternity/
pregnancy and anaesthesia-related outcomes

Context Any country or study setting Studies published before January 1991
English full text available Studies published in languages other than English

Types of 
sources

Interventional studies including (randomized) controlled clinical trials, 
before and after studies and interrupted time series studies

Qualitative studies, reviews, commentaries and 
conference abstracts

Observational studies including prospective and retrospective cohort 
studies, case–control studies and analytical cross-sectional studies
Case series and case reports

Table 2 Classification of therapies by potential of the intervention

Disease-modifying therapies

(i) Interventions that restore or reduce the affected protein or its 
function, reflected by molecular outcomes in their corresponding 
clinical study

(ii) Interventions that modify the epidermolysis bullosa (EB) disease 
course without an effect on the affected protein, reflected by the 
reported outcomes in their corresponding clinical study

 (a) Targeted: direct effect on the affected protein  (a) Influencing epithelial durability and integrity
 (b) Changing the progression of damage caused by EB

 (b) Nontargeted: indirect effect on the affected protein  (c) Reducing general or local inflammation caused by EB
 (d) Altering the progression of squamous cell carcinoma

Symptomatic therapies and complication management
(iii) Interventions with a primary symptomatic purpose only
(iv) Interventions that reverse complications resulting from EB without targeting the restoration of affected proteins
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interventions that have a (non)targeted effect on the affected 
protein; (ii) interventions that influence EB clinical outcomes 
without a(n) (in)direct effect; (iii) symptomatic interventions 
solely addressing pain or itching; and (iv) complication man-
agement, e.g. surgery.

Results

Study selection

After removing duplicates, 4163 published records and 158 
clinical trial protocols records were identified. Based on title 
and abstract screening, 3966 (95.3%) publications were 
excluded. Full-text review was performed for 187 published 
reports and 157 clinical trial protocols, which resulted in 113 
publications and 118 clinical trial protocols for data extraction 
(Figure 1). After data extraction, 24 clinical trial protocols 
were found to overlap with 25 published studies and were 
omitted from further analysis.

Finally, 207 studies were included in the review; 147 clini-
cal trials (53 published clinical trials and 94 clinical trial proto-
cols) and 60 cohort studies, case series and cross-sectional 
studies.

Study characteristics

The included studies (n = 207) were mainly conducted in 
Europe (39.6%) and North America (29.5%). Recessive 

DEB (RDEB) was investigated in 43.0% of studies. Mixed 
cohorts of both children and adults were included in 61.4% 
of studies (Table 3).

We found an increase in published clinical trials (n = 53), 
which corresponded with a vast increase in number of trial 

 

Records identified from 
databases (n = 7151) 
  Embase (n = 2791) 
  Web of Science (n = 1965) 
  MEDLINE (n = 1707)  
  CINAHL (n = 518) 
  Cochrane Trials (n = 157) 
  PsycINFO (n = 13) 

Records removed before 
screening: 
  Duplicate records removed   
  (n = 2988) 

In
cl

ud
ed

 

Reports excluded  
(n = 74): 

Wrong study design (e.g. review,  
comment) (n = 30) 
Wrong publication type (e.g. 
conference paper) (n = 21) 
Wrong population (e.g. mixed 
cohort, n < 3) (n = 16) 
Language other than English  
(n = 4) 

Trial protocols assessed for 
eligibility (n = 157) 

Records screened  
(n = 4163) 

Records excluded 
(n = 3966) 

Reports sought for retrieval  
(n = 197) 

Reports not retrieved 
(n = 10) 

Trial protocols excluded  
(n = 39): 

Wrong study design (e.g. 
observational study) (n = 27) 
Wrong population (e.g. mixed 
cohorts) (n = 11) 
Language other than English  
(n = 1) 

Reports assessed for eligibility  
(n = 187) 

Total reports included in the 
review (n = 207) 
  Published studies (n = 113) 
  Trial protocols (n = 94)

Trial protocols sought for 
retrieval (n = 158) 

Trial protocols not retrieved 
(n = 1) 

Records identified from trial 
registers (n = 332): 
  ICTRP WHO (n = 177)  
  Clinicaltrials.gov (n = 105)  
  EudraCT (n = 34) 
  ANZCTR (n = 11)  
  ISRCTN (n = 5) 

Records removed before 
screening: 
  Duplicate records removed   
  (n =174) 

Identification of studies via trial registers
Id

en
tif

ic
at

io
n 

Identification of studies via databases
Sc

re
en

in
g 

Overlapping trial protocols with 
published studies excluded  
(n = 24) 

Figure 1 PRISMA flowchart showing the selection of sources of evidence in the review.ICTRP, International Clinical Trials Registry Platform; WHO, 
World Health Organization; ANZCTR, Australian New Zealand Clinical Trials Registry; ISRCTN, International Standard Randomized Controlled Trial 
Number.

Table 3 Characteristics of the included studies (n = 207)

N (%)

EB type
 EB simplex 21 (10.1)
  Dystrophic EBa 32 (15.5)
  Recessive dystrophic EB 89 (43.0)
 Junctional EB 6 (2.9)
 Kindler EB –
 Mixed cohort 59 (28.5)
Age group
 Adult 35 (16.9)
 Paediatric 45 (21.7)
 Any age 127 (61.4)
Geographical location
 Africa 3 (1.4)
 Asia 28 (13.5)
 Australia 6 (2.9)
 Europe 82 (39.6)
 Middle East 13 (6.3)
 North America 61 (29.5)
 South America 1 (0.5)
 Multiple continents 8 (3.9)
 Not specified 5 (2.4)

EB, epidermolysis bullosa. aNot further specified.
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outcomes reported over the past decade (Figure 2). Only 
41.5% of the published trials defined a primary outcome. 
The registered trial protocol was referenced in 45.2% of the 
trials. Characteristics of the included trials can be found in 
Table S1 (see Supporting Information).

Treatment characteristics

Overall, 71% of all included studies (n = 207) evaluated a 
locally administered intervention. A total of 143 studies 
focused on disease-modifying therapies and 17 studies 
focused on symptomatic therapy. Complication manage-
ment by surgical intervention was performed in 35 studies. 
In the remaining 13 studies, miscellaneous interventions 
(e.g. iron supplementation or general dressings) were eval-
uated (Table S2; see Supporting Information).

Outcome domains

We extracted 1280 outcomes from all the included stud-
ies (n = 207). These outcomes were grouped into 80 
different outcome domains (Figure 3) based on overlap-
ping outcome characteristics. We categorized similar 
outcome domains into 14 overarching outcome areas; 
cutaneous manifestations (69.6%) and safety (69.6%) 
were reported most frequently across all included stud-
ies (Table 4). Details of the remaining outcome areas and 

their corresponding domains can be found in Table S3 (see 
Supporting Information).

The outcomes reported for distinct subtypes reflected 
their phenotypic appearance, e.g. wound healing in  JEB 
(66.7%) and RDEB (41.6%), and reduction in blister for-
mation in EBS (66.7%) (Table 4). The number of outcome 
domains investigated in the included studies was 21 for 
EBS, 45 for DEB, 71 for RDEB, 16 for JEB and 60 for mixed 
cohorts of patients (Table S4; see Supporting Information).

The outcome domains identified from paediatric-only 
studies (n = 45) were mainly related to wound healing 
(33.3%), blister formation (24.4%), pain (26.7%), itching 
(15.6%) and developmental outcomes, e.g. weight and 
height status (20.0%). Adult-only studies (n = 35) were com-
paratively more closely related to EB-specific quality of life 
(QoL) (25.7%) and molecular markers, e.g. protein expres-
sion (28.6%) and the presence of anchoring fibrils (20.0%) 
(Table S4; see Supporting Information).

Overall, 30.6% of all included clinical trials (n = 147) 
reported primary outcomes related to wound healing. 
Secondary outcomes in clinical trials were more related 
to symptoms (pain 21.1%, itching 18.4%) and overall dis-
ease severity (15.6%) (Table S4). Later-phase clinical trials 
(≥ phase II) (n = 6 studies) mostly reported wound healing 
(83.3%), and patient-reported outcomes such as pain and 
itching (both 50.0%). Nevertheless, heterogeneity was 
found in all clinical trial phases.

2 3 3
5 6 7 7 7 8 8 8 8
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12 12 12 13 13 14 14 15
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Published clinical trials

Figure 2 Reported outcomes in published clinical trials over time (1991–2021).EB, epidermolysis bullosa; JEB, junctional EB; EBS, EB simplex; DEB, 
dystrophic EB (not further defined); RDEB, recessive dystrophic EB.
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Over time, the reported outcome domains of published 
studies (n = 113) focused more on biochemical markers, 
such as protein expression (5.0% in 1991–2000 vs. 21.3% 
in 2011–2021), and patient-reported outcomes such as pain 

(20.0% in 1991–2000 vs. 29.3% in 1991–2000) and itching 
(5.0% in 1991–2000 vs. 24.0% in 2011–2021) (Table S4).

Heterogeneity was also found among studies evaluat-
ing the same type of intervention. Targeted therapies were 

Figure 3 Outcome areas (n = 14) and outcome domains (n = 80) reported in the included studies (n = 207) (percentage of studies measuring the area 
or domain).EB, epidermolysis bullosa.
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mainly evaluated by molecular outcomes, e.g. expression 
and presence of proteins and anchoring fibrils (up to 47.4% 
for local  interventions; 100% for systemic interventions). 
Complication management was mainly represented by out-
comes that reflected the aim of surgery, e.g. hand functioning 
(69.2%) in hand surgery and developmental outcomes, e.g. 
growth status (100%) in gastrointestinal surgery (Table S4).

Outcome measurement instruments

A total of 200 different outcome measurement instruments, 
e.g. questionnaires, were used to measure the 80 outcome 
domains (Figure 4). Overall, 81% of the identified instru-
ments were used only once in a single study. The visual 
analogue scale (VAS) was reported for the measurement of 
pain and itching in 31 and 19 studies, respectively (Table S5; 
see Supporting Information).

Overall, 21 different instruments were used to measure 
the outcome domains of the QoL area, of which the Quality 
of Life in EB (QOLEB) questionnaire was used in most 
studies (n = 16). Disease severity was measured by nine 
different instruments, of which the EB Disease Activity and 
Scarring Index (EBDASI) was used most frequently (n = 16), 
followed by the Instrument for Scoring Clinical Outcome of 
Research for EB (iscorEB) (n = 9) and the Birmingham EB 
Severity Score (BEBSS) (n = 7).

Discussion

In this review, we found striking heterogeneity in outcomes 
and outcome measurement instruments reported in EB 

research over the past 30 years. From the 207 included stud-
ies, 1280 outcomes were extracted, inductively assigned to 
80 outcome domains and summarized into 14 overarching 
outcome areas (Figure 3).

As EB encompasses a diverse group of skin fragility dis-
orders with complex aetiologies and unique clinical pheno-
types, a variety of outcomes was expected. Nevertheless, 
this review decisively shows that considerable heteroge-
neity exists even within studies of similar EB types, age 
groups, interventions and clinical trial phases. Furthermore, 
it is apparent that clinical trial development has progressed 
over the years and subsequently, the reporting of outcomes 
has evolved over time.

The lack of comparability of outcomes could lead to 
redundant research efforts by investigators and unneces-
sary burden for patients participating in clinical trials.32 Apart 
from the urgent need for evidence-based treatment options, 
this limited comparability is even more problematic for a rare 
disease such as EB, considering the sparse funding options 
and number of eligible trial participants.17 More homoge-
neous outcome assessment and reporting are essential to 
facilitate a better comparability of research data and allow 
for optimization of evidence-based medicine and therapy 
development.

The 80 different outcome domains identified in this 
review, represent the complexity of the disease course, 
phenotypic heterogeneity and clinical management of 
EB. When stratifying the outcome domains by EB type, a 
reporting pattern was noticeable regarding the respective 
prevailing symptomatology. Hence, wound healing was 
predominant in studies focusing on RDEB (41.6%) and JEB 
(66.7%), whereas blister formation was assessed mainly 

Pain associated with EB

Wound healingPatient-reported 
satisfaction and 
benefit

Any adverse events

Lesional 
characteristics and 
appearance

Pruritus

General quality 
of life

Overall disease 
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Pain associated with treatment
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Figure 4 Number of different outcome measurement instruments applied per outcome domain in the included studies (n = 207). Only 
outcome domains measured by more than one instrument are presented (n = 29). Further details can be found in Table S5 (see Supporting 
Information).EB, epidermolysis bullosa.
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within EBS (66.7%). Thus, the decision about which out-
comes to measure should consider the characteristics of 
the respective EB type.

Although EBS represents the largest group within the EB 
population,5 the majority of included studies focused on RDEB. 
Given the disease severity of this subtype and the clear targets 
for treatment strategies such as gene therapy, there are good 
reasons why there is a focus on RDEB in current and upcom-
ing clinical trials.12,33,34 However, the disease burden and med-
ical need of patients with EBS might be overlooked.35,36 These 
patients may benefit from other types of studies investigating 
symptomatic and preventive interventions, with an appropri-
ate choice of outcomes relevant for EBS.

Among the more severe EB types, wound healing is 
considered to be one of the most clinically meaningful 
outcomes from the perspective of patients and regulatory 
authorities.36–38 This was reflected by the frequent report-
ing of wound healing as an outcome domain and use as a 
primary outcome in the included studies. For an appropriate 
comparison of study results, similar and well-defined out-
comes regarding wound healing are mandatory.

Based on regulatory guidance by the US Food and Drug 
Administration (FDA), wound healing can be defined as skin 
re-epithelialization without drainage or dressing require-
ments, confirmed at two consecutive trial visits at least 2 
weeks apart.38 However, unlike other chronic wound aeti-
ologies, EB wounds have distinct healing characteristics 
and natural courses among EB subtypes, and even within 
individual patients.39,40 Such considerations mean that the 
FDA wound healing recommendations are not necessarily 
applicable to EB.41 These challenges in measuring wound 
healing, in combination with the importance of this outcome 
for patients, should impel the EB community to reach a con-
sensus on how wound healing outcomes within clinical trials 
should be defined and measured.

The heterogeneity of reported outcomes is also reflected 
in the 200 different outcome measurement instruments 
reported, of which 81% were applied in only one study. 
When designing EB studies, it should be taken into con-
sideration whether the instrument selected is appropriate 
for the specific study population. For instance, the use of 
an instrument to measure wound healing in patients with 
RDEB would not necessarily be appropriate for patients with 
EBS, as the underlying pathomechanisms and subsequent 
clinical presentations are different. When evaluating patients 
with EBS, the use of robust instruments for measuring blis-
ter formation is probably more relevant.

Of all the identified outcome measurement instruments, 
the VAS was the most frequently used to measure symp-
toms. Simple rating scales, such as the VAS, are exten-
sively used and validated as unidimensional self-assessed 
scales.42 As pain in EB can be acute and chronic, and fre-
quently involves multiple pain categories including nocicep-
tive, nociplastic and neuropathic pain,43 the pain treatment 
outcomes should be defined according to the suspected 
pathoaetiology. Hence, investigating the pain intensity using 
only a VAS may not adequately measure the reduction of 
EB-specific pain qualities and warrants the development and 
harmonized use of EB-specific validated pain instruments.

Several EB-specific measurement instruments (e.g. 
EBDASI, IscorEB, BEBSS) were frequently used to assess 
treatment efficacy. However, the frequent use of an 

instrument in previous research does not necessarily mean 
that it is appropriate for the measurement of treatment 
efficacy in every study setting. It is important to take into 
consideration that these instruments attempt to combine 
symptoms and complications of EB, so that any change in the 
overall outcome is often not representative of the respective 
treatment intention. In addition to the measurement of treat-
ment efficacy, EB-specific disease severity measurement 
instruments may serve as instruments to stratify patients 
according to severity prior to an intervention.

In order to choose appropriate instruments in the con-
text of individual pathomechanistic treatment principles and 
goals, in addition to considering the linguistic and cultural 
differences in populations of patients with EB, further stud-
ies should objectively and transparently evaluate whether 
the currently available measurement instruments for EB 
are fit for purpose. The COSMIN checklist44 can be used 
to evaluate the quality of the measurement properties of 
selected instruments, and to identify any gaps that could 
help to direct future instrument development.45

The wide range of different interventions evaluated in the 
included studies reflect the multidimensional management 
of EB. Subsequently, many intervention-specific outcome 
domains were identified through this review, including clini-
cal outcomes specific for local interventions (e.g. graft take), 
molecular outcomes for targeted interventions (e.g. collagen 
VII expression), and surgery-related outcomes in complica-
tion management (e.g. duration of intervention). As the con-
sideration of study outcomes is largely dependent on the 
type of intervention, the stratified overview of previously 
reported outcome domains could serve as a resource for 
investigators designing future studies (Table S4).

Additionally, investigators should be aware that involve-
ment of the regulatory authorities and patient advocacy 
groups is essential to ensure meaningful, relevant and appro-
priate outcome assessment, thereby increasing the chance 
of drug approval.46 The consultation of these pivotal stake-
holders can aid in addressing the needs of patients with 
EB, particularly with regard to clinical relevance and impor-
tance, minimally expected clinical effect, and implementa-
tion of patient-reported outcome measures according to 
the Consolidated Standards of Reporting Trials (CONSORT) 
guidelines.47,48

The main strength of our review is its rigorous and sys-
tematic approach, which provides a comprehensive over-
view of the current state of outcome reporting in EB clinical 
research. All steps of the review process were carried out by 
two independent reviewers using piloted templates, thereby 
limiting selection bias and data extraction errors. In addition, 
the review incorporated a diverse range of perspectives on 
relevant outcomes by including sources with a variety of 
study designs and geographical settings.

However, this review has some limitations. Firstly, owing 
to feasibility reasons, our review only included reports 
from the past 30 years, which means that outcomes and 
outcome measurement instruments reported before that 
time were not included. In addition, reports written in lan-
guages other than English were excluded, but it is unlikely 
that including these reportswould have changed the results. 
Moreover, as a result of our extensive search strategies 
that covered both major biomedical databases and trial 
registries, we have included a large number of studies and 
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are convinced that data saturation regarding outcomes has 
been reached. Secondly, the data extraction for this review 
was limited by a lack of precise and consistent reporting in 
both published studies and trial protocols. This emphasizes 
the importance of adhering to a more uniform and transpar-
ent reporting of outcomes in individual studies, which will 
improve future evidence synthesis.

In light of the findings of this review, the increasing num-
ber of clinical trials and upcoming novel targeted treatment 
strategies, a COS focusing on the ‘what’ and ‘how’ to meas-
ure, and collective identification of any gaps therein is war-
ranted. To this end, EB researchers of the University Medical 
Centres of Groningen (the Netherlands), Salzburg (Austria) 
and Freiburg (Germany) have initiated a project to develop 
a COS for EB. This will involve harmonization of outcomes 
by defining core outcome  domains and  outcome meas-
urement instruments as part of a consensus process with 
global engagement of stakeholders involved in EB research 
and management, including patients and their caregivers, 
medical experts, industry representatives and regulators.

In this review, we show the heterogeneity of outcomes in 
EB research over the past 30 years. Moreover, we demon-
strate the urgency of continued development of appropriate 
outcome measurement instruments. To improve the qual-
ity of evidence and generation of meaningful and useful 
research data, harmonization of outcomes in a joint effort 
by all stakeholders in the field of EB is desperately needed. 
This review serves as the first big step towards greater uni-
formity in EB research.
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