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REVIEW ARTICLE

Skin Fragility: Perspectives on Evidence-based Therapies

Leena BRUCKNER-TUDERMAN

Department of Dermatology, Medical Faculty and Medical Center - University of Freiburg, Freiburg, Germany

The term skin fragility disorders describes a group of
conditions in which the structural integrity of the skin
is compromised and its resistance to external shear
forces diminished. Skin fragility can have different cau-
ses, ranging from genetic variations to inflammatory
or physical phenomena. The genetic skin fragility dis-
orders, collectively called epidermolysis bullosa, serve
as a paradigm for the study of causes and mechanisms
of skin fragility. Recent biomedical research has revea-
led substantial genetic heterogeneity of the epidermo-
lysis bullosa group, delivered ample new knowledge
on its pathophysiology, and facilitated the design of
evidence-based therapeutic strategies. The therapy
development process extends from in vitro testing to
preclinical validation in animal models, and clinical tri-
als. This article reviews different approaches to cura-
tive and symptom-relief therapies, and appraises their
status and perspectives for clinical implementation.

Key words: skin blistering; genodermatosis; molecular therapy;
symptom-relief.
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he term skin fragility refers to pathologically alte-

red skin that blisters and breaks easily upon mild
friction, pressure or trauma. The breakage can occur
in different skin layers, within the epidermis, along the
dermal—epidermal junction, or in the upper dermis. The
factors that can cause skin fragility and blistering range
from genetic variations to (auto)immune, inflammatory,
physical, mechanical, infectious, or drug-induced pro-
cesses. Correspondingly, many classes of disorders can
be described using this term, and the differential diag-
nosis is broad (1) (Table I). As a genetic skin fragility

Table I. Differential diagnosis of skin fragility

Genetic skin fragility disorders

Autoimmune blistering disorders

Skin fragility induced by infections

Skin fragility induced by acute inflammation
Metabolic conditions with blisters

Bullous drug reactions

Mechanically induced skin blisters
Physically induced skin fragility

e o o o o o o o

doi: 10.2340/00015555-3398
Acta Derm Venereol 2020; 100: adv00053

SIGNIFICANCE

The term skin fragility describes skin that blisters and
breaks easily upon mild friction or trauma. Skin fragility
can have many causes, ranging from genetic variants to a
compromised immune system, infections or adverse drug
reactions. Studies of genetic skin fragility disorders, such
as epidermolysis bullosa, have provided better understan-
ding of their causes and mechanisms. At least 20 genes
may be involved in epidermolysis bullosa, and secondary
phenomena, such as inflammation or fibrosis, can worsen
the disease. No cure is yet available, but international re-
search is developing novel approaches to cure the disease
and alleviate its symptoms. This article reviews these new
developments and appraises their clinical implementation.

disorder, epidermolysis bullosa (EB) serves as a useful
paradigm for these disorders, and research into EB has
delivered new information about the pathophysiology
of skin fragility that is clinically relevant (2, 3). For
example, molecular characterization of autoantigens in
acquired blistering diseases has led to the development
of molecular diagnostic tests that are in standard use in
diagnostics, management and monitoring of autoimmune
bullous disorders (4, 5).

EPIDERMOLYSIS BULLOSA AS A PARADIGMA-
TIC SKIN FRAGILITY DISORDER

EB has been studied intensively, and the genetic causes
and disease mechanisms of the different EB types are
rather well understood (1-3). The initial simple as-
sumption that a single pathogenic gene variant/mutation
explains all symptoms still holds true in principle. How-
ever, the complexity of cellular and molecular processes
unleashed by mechanical stress on EB skin is far greater
than anticipated; a fact that has major consequences for
the design and development of therapies.

As background for the discussion and appraisal of
therapy developments, a short introduction to EB, its
current diagnostics and management follows.

Epidermolysis bullosa classification

The EB group encompasses 4 main types: EB simplex
(EBS), junctional EB (JEB), dystrophic EB (DEB),
and Kindler syndrome (6) (Table II). The division into
types is based on the morphological level of separation

This is an open access article under the CC BY-NC license. www.medicaljournals.se/acta
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Table II. Major types of epidermolysis bullosa (EB)

EB types (abbreviation) Level of blistering

Epidermolysis bullosa simplex (EBS)
Junctional epidermolysis bullosa (JEB) Along the basement membrane
Dystrophic epidermolysis bullosa (DEB) In the upper dermis

Kindler syndrome (KS) Mixed*

Intra-epidermal

*The blistering can occur at any or all of the above levels.

within the dermal—epidermal junction zone. In EBS, the
blisters form within the epidermis, in JEB within the ba-
sement membrane, and in DEB just below the basement
membrane. In Kindler syndrome, blisters can form at all
levels. A common hallmark for all EB types is trauma-
induced skin blistering and fragility, but each of them
contains a number of subtypes, in which the extent of
skin lesions and the associated organ manifestations can
vary to a great extent (Fig. 1). In April 2019, an inter-
national EB consensus classification meeting took place
in London. Experts from all over the world updated and
revised the consensus classification; the new classifica-
tion paper is in preparation (6). The main changes are
related to the EBS group that has expanded significantly
in the past 5 years. Some of the very severe forms in this
group, but also mild disorders with minimal skin fragility,
were clearly regarded as skin fragility disorders, but not
as EB. The new classification includes for the first time
syndromal EB subtypes with multi-organ involvement.

Modern diagnostics of epidermolysis bullosa

A well-defined diagnosis, with as much molecular pre-
cision as possible, is recommended for all patients with

EBS N JEB

Evidence-based therapies for skin fragility 95

EB. A clear diagnosis facilitates disease management,
including prognostication and genetic counselling (7,
8). Furthermore, as novel therapies emerge, molecular
diagnosis is often a prerequisite for inclusion in clinical
trials; it will also be needed for application of future
personalized therapies (8). The recommended diagnostic
procedure involves immunofluorescence mapping of a
skin biopsy as a first step; this enables identification of
the blistering level and definition of candidate gene(s)
for subsequent genetic analysis. In cases with inconclu-
sive clinical presentation, genetic diagnostics using next
generation sequencing (NGS) technologies, such as EB
gene panel-based diagnostics or clinical exome analysis,
are recommended (7).

Current disease management

Since there is currently no cure for EB, a combination
of symptomatic treatment modalities is used, depending
on needs. Protection from trauma, cleaning, disinfecting,
and moisturizing the skin belong to daily basic measures.
Different wound management modalities are defined in
guidelines (http://www.debra-international.org/clinical-
guidelines). Furthermore, since involvement of other
organs is common in more severe EB, and since chronic
skin fragility and painful wounds diminish the quality
of life of the affected individuals and their families,
interdisciplinary and multi-professional management,
including psychosocial care, are highly recommen-
ded (www.debra-international.org/clinical-guidelines/
complete-eb-guidelines.html).

Fig. 1. Typical clinical presentations in different types of epidermolysis bullosa (EB). (A, B) EB simplex (EBS). (A) Blisters, erosions and scaling
in the foot of a 2-year-old child. (B) Disseminated blisters on the trunk and extremities of a newborn. (C, D) Junctional EB (JEB). (C) Blisters, erosions
and loss of nails in the hand of a 7-year-old girl with moderate JEB. (D) Typical extensive skin fragility in the buttocks area and back of a newborn with
severe generalized JEB. (E, F) Dystrophic EB (DEB). (E) Strong scarring and fusion of digits in the hand of an 8-year-old girl with severe generalized
DEB. (F) Trauma-induced blistering, inflammation and scarring on the shins of a 12-year-old girl with moderate DEB.
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Expert centres and European Reference Networks

Numerous expert centres for EB exist worldwide. Most
of these are members of the EB-Clinical Network “EB-
Clinet” (www.EB-Clinet.org), which works together
with the patient groups (www.debra-international.org).
The centres provide information and advice to patients
and caregivers, as well as services ranging from di-
agnostics to genetic counselling and interdisciplinary
management plans. In 2017, the European Commission
launched European Reference Networks (ERNs) for
rare diseases for high-quality diagnostics, management,
and research. The goal is to tackle complex or rare di-
seases with a concentration of knowledge and resources
(https://ec.europa.eu/health/ern). The ERNs provide a
dedicated IT platform, telemedicine tools and a virtual
advisory board of specialists from different discipli-
nes to evaluate the diagnosis of a patient and plan the
treatment. An important principle is that the medical
knowledge and expertise “travel”, and not the patients,
who should have the comfort of staying at home in their
supportive environment. ERN-Skin encompasses 56
healthcare providers from 18 countries who are endorsed
by their national authorities and committed to pool their
knowledge and expertise within the framework of the
ERN-Skin (https://ern-skin.eu/). Two approaches are
taken: (7) a disease approach with 8 sub-thematic groups
on high-level patient management and research; (i7) a
transversal approach focusing on teaching and training,

E-health, registries and research, deep phenotyping and
clinical outcomes. One of the 8 sub-thematic groups
deals with EB.

EMERGING NOVEL THERAPY APPROACHES

Despite all the structural developments in the field of
rare skin diseases, the unmet medical need remains high,
and novel evidence-based therapies are urgently needed.
Development of new treatments is strongly promoted by
patient advocacy groups, which are very active in setting
priorities and funding patient-oriented research (www.
debra-international.org; www.ebresearch.org/, www.
cure-EB.org).

As the therapeutic era for skin fragility disorders
progresses it becomes clear that therapy strategies
with “intention to cure” are far more complex and dif-
ficult than expected. Gene therapy development faces
technological challenges with vectors, targeting skin
stem cells, achieving long-term therapeutic effects, etc.
Therefore, a variety of methodologies relating to gene
replacement, gene editing, and modifying transcription
and translation are being tested. Because patients demand
more rapid development of treatments that bring relief,
the focus has turned to so-called symptom-relief and
regenerative therapies that, although they do not bring
cure, will alleviate symptoms, offer relief and improve
quality of life. The therapies that have reached a clinical

Table III. Currently recruiting clinical therapy trials for epidermolysis bullosa (EB) (as of June 2019)

Therapy type Investigational drug

EB type Trial identification number

Therapies with curative aim

Gene therapy Transplantation surgery of genetically corrected
cultured epidermal autograft

Genetically corrected cultured epidermal autograft
FCX-007, Genetically modified autologous human
dermal fibroblasts

KB103, topically applied non-integrating, replication-

incompetent herpes simplex virus vector expressing
human collagen VII protein.

QR-313, topically applied antisense oligonucleotide
Gentamicin, intravenous

Gentamicin, topical

PTR-01, recombinant human collagen VII

Antisense oligonucleotides
PTC read-through

Protein therapy

Regenerative cell-based therapies

Cell therapy
related donor

Allogeneic stem cell transplantation and "off-the-shelf”

mesenchymal stem cells
Allogeneic ABCB5-positive stem cells

Serial mesenchymal stem cell (MSC) infusions from a

JEB with COL17A1 mutations ClinicalTrials.gov ID: NCT03490331

RDEB* ClinicalTrials.gov ID: NCT02984085
RDEB* ClinicalTrials.gov ID: NCT02810951
DEB ClinicalTrials.gov ID: NCT03536143

DEB with mutations in exon 73 of COL7A1 ClinicalTrials.gov ID: NCT03605069
RDEB* ClinicalTrials.gov ID: NCT03392909
JEB ClinicalTrials.gov ID: NCT03526159

RDEB* ClinicalTrials.gov ID: NCT03752905
All EB types ClinicalTrials.gov ID: NCT02582775
All EB types ClinicalTrials.gov ID: NCT01033552
RDEB* ClinicalTrials.gov ID: NCT03529877

Epidermal grafts generated using the Cellutome System EB after hematopoietic cell transplantation ClinicalTrials.gov ID: NCT02670837

Symptom-relief therapies
Anti-fibrotic
Anti-inflammatory

Losartan, systemic

use
Oleogel-S-10, topical
BPM31510 3.0% cream, topical
Sirolimus, topical

Accelerator of wound healing RGN-137, a thymosin beta-4 gel, topical
Amniotic membrane

Analgesic Ropivacaine, topical
Anti-pruritic Neurokinin-1 receptor Antagonist, oral
Anti-hidrotic Botulinum toxin

Pharmacokinetics, safety of diacerein after maximum

RDEB EudraCT No.: 2015-003670-32

EBS ClinicalTrials.gov ID: NCT03472287
All EB types ClinicalTrials.gov ID: NCT03068780
All EB types ClinicalTrials.gov ID: NCT02793960
EBS ClinicalTrials.gov ID: NCT03016715
JEB, DEB ClinicalTrials.gov ID: NCT03578029
RDEB ClinicalTrials.gov ID: NCT02286427
All EB types ClinicalTrials.gov ID: NCT03730584
All EB types ClinicalTrials.gov ID: NCT03836001
EBS ClinicalTrials.gov ID: NCT03453632

EBS: EB simplex; JEB: junctional EB; DEB: dystrophic EB; RDEB; recessive DEB.
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trial stage and are recruiting trial participants are sum-
marized in Table III.

Gene therapies

Retrovirus-mediated gene correction in keratinocytes and
subsequent grafting of gene-corrected epidermal sheets
was developed many years ago as a principally valid
method to treat JEB or DEB skin (9, 10 and references
therein). Recently, this method was used to replace ap-
proximately 80% of the skin surface in a very severely ill
child with JEB (9, 10). A similar approach is being tested
in DEB for maintenance of wound healing (11). So far,
7 patients with RDEB have been treated with COL741-
gene corrected keratinocyte grafts, many of them have
durable wound-healing (www.abeonatherapeutics. com).
However, the classical gene therapy approaches still deal
with technological issues relating to vector safety and
to optimal transfection/transduction efficiency of stem
cells. Gene editing using the CrispR/Cas technology
has shown promise in correcting COL7A1 mutations in
RDEB keratinocytes (12) and RDEB fibroblasts (13) in
vitro and at a preclinical level. Further research strategies
encompass approaches with gene-corrected iPS cells
(14-17). A newly introduced technology employs a
non-integrating, replication-incompetent herpes simplex
virus 1 (HSV-1) vector expressing human collagen VII
(www.krystalbio.com). The vector preferably targets
keratinocytes/epidermis, and a pilot trial using topical
treatment of DEB addresses wound-healing as a primary
outcome marker (Table III).

Natural gene therapy

The term “natural gene therapy” describes revertant mo-
saicism, i.e. the spontaneous conversion of a somatic cell
with a mutation and pathological phenotype into a cell
that has acquired a second, compensating mutation and
gained a normal phenotype (18). Revertant mosaicism
is relatively common in genetic disorders, and in most
classic EB types revertant mosaic skin patches can be
found by a well-trained expert. Approximately 5 years
ago, the first “natural gene therapy”-based treatment of
EB was reported, JEB skin was transplanted with small
split-thickness revertant grafts (19). More recently,
cultured epidermal autografts generated from clinically
revertant skin were applied to treat DEB wounds in 3
patients. The take was 55-87%, and the clinical effects
remained for at least 76 weeks of follow-up (20).

RNA-based therapies

Different approaches can be used to skip or replace
exons at the RNA level. In an ex vivo RNA trans-spli-
cing-based approach 7 exons were replaced, including
the one with a KRT14 mutation, to correct the cellular
phenotype in EBS keratinocytes. The corrected kerati-

ﬂ ActaDV //f\\
YEARS
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nocytes formed a stable epidermis in a xenograft model,
indicating that trans-splicing-mediated RNA therapy
could have potential for clinical implementation (21).
Another option is to employ antisense oligonucleotides
to skip the mutated exon in the transcription process.
Subsequently, a polypeptide that lacks the amino acid
sequence encoded by the skipped exon is synthesized;
this is usually at least partly functional. Collagenopathies
are particularly suitable for this approach, since exons of
collagen genes are typically in-frame and small. Their
deletion is not likely to cause major structural changes
in the affected protein. Of the EB genes, the collagen
VII gene is interesting, since exon 73 harbours a high
number of mutations. /n vitro experiments showed that
antisense oligonucleotide-induced skipping of exon 73
leads to a partially functional collagen VII that could
potentially improve DEB skin functions (22, 23). A
phase 1/2 multicentre clinical trial plans to test this
approach in DEB patients carrying specific mutations
(www.wings-tx.com).

Premature termination codons read-through

The idea of read-through of premature termination
codons (PTC) arose from the knowledge that nonsense-
mediated mRNA decay is often caused by PTC (24).
Overriding the mutation during transcription would
presumably generate a full-length translation product,
i.e. a polypeptide with a minor modification that is likely
to be adequately functional. Aminoglycoside antibiotics
induce PTC read-through. However, the neighbouring
nucleotides of the mutations influence the efficiency of
the read-through and, therefore, not all PTC are suitable
for aminoglycoside treatment. Gentamicins suppressed
COL7A1 and LAMB3 mutations with some efficacy in
vitro and in vivo (25, 26). Human therapy trials assess
the suitability and tolerability of intravenous gentamicin
in RDEB and topical gentamicin in JEB (Table III). A
challenge with this category of drugs is the spectrum
of adverse effects, such as renal and ototoxicity, or po-
tency to induce contact sensitization. Gentamicin B1,
a minor gentamicin constituent, has been suggested to
be superior in this context due to its high potency to
suppress PTC and its low toxicity (27). Amlexanox,
an anti-inflammatory drug, can also induce PTC read-
through. In vitro, in collagen VII-negative DEB cells
with PTC mutations, it induced collagen VII protein
production (28).

Protein therapy

Protein therapies, in particular enzyme replacements,
have been designed and tested for several inborn errors
of metabolism (29). In case of EB, the challenge is that
many of the proteins that are mutated and/or missing
(collagens, laminins, keratins) are large and, by the na-
ture of their physiological functions, have a tendency to
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form aggregates. These characteristics do not facilitate
intravenous administration and homing of the protein
to the required site of action. With this background it
seems surprising that intravenous and intradermal injec-
tions of recombinant collagen VII in DEB model mice
resulted in homing of some collagen into the skin and
the dermal—epidermal junction, without major adverse
effects (30). A clinical trial is currently testing the safety
of recombinant collagen VII in RDEB (Table IIT; http://
phoenixtissuerepair.com).

DISEASE-MODIFYING APPROACHES

With increasing experience in preclinical and clinical
development of therapies for EB, the complexity of
treatment-related issues has surprised most scientists (8,
31). We realize that curative therapies will need many
years to enter the clinics and, at the same time, the pres-
sure from patients for treatments increases. The scientific
community has reacted by searching for possibilities to
modify disease activity and to alleviate symptoms. The
rationale for such symptom-relief approaches comes
from basic research on disease mechanisms in EB. Many
in vitro and preclinical studies have laid the foundation
for using cells or targeting, for example, cytokines or
growth factors that drive EB phenotypes (8). The goal of
these treatments is to improve functions of the skin and
make the patients feel better. Three groups of symptom
relief therapies are delineated below: (i) regenerative
cell-based therapies; (i) topical pharmacological thera-
pies; and ( iii) systemic therapies with biomolecules and
repurposed drugs.

Regenerative cell-based therapies

From many different angles, cell therapies for EB have
turned out to be more challenging than initially expected.
They are very unlikely to bring cure, and have recently
been re-grouped into the category of disease-modifying
treatments. Currently, both local and systemic applica-
tions are being tested for disease-modifying capacity.

Intradermal cell injections

Early investigations with intradermal injections of fibro-
blasts or human bone marrow-derived mesenchymal stem
cells into RDEB mice demonstrated that the cells produ-
ced collagen VII that homed into the dermal—epidermal
junction and ameliorated its stability (32—-34). However,
in humans the tolerability and efficacy of this therapeutic
approach were poorer than expected. The injections were
very painful and improvement of the skin very limited
(35). One study observed a comparable improvement of
wound healing in DEB, regardless of whether fibroblasts
or vehicle was injected (36). Recently, the approach has
been modified with the use of gene-corrected fibroblasts
that produce large amounts of collagen VII. Preliminary
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information indicates that the injections bring some de
novo collagen VII into the treated areas, but the full
potential of this approach remains to be seen (37; www.
fibrocell.com).

Systemic stem cell therapies

Bone marrow transplantation has been tested as treatment
for different genetic diseases, including severe DEB (38).
Disappointingly, the therapeutic effect and duration were
not as positive as hoped for and, as is well known, the
complications of bone marrow transplantation can be
life-threatening (39). Subsequently, different conditio-
ning regimens have been tested, most recently a regimen
that combines reduced-intensity conditioning, post-
transplant cyclophosphamide and infusions of immuno-
modulatory allogeneic mesenchymal stromal cells (40).
Treatment of children with RDEB with intravenously
administered human allogeneic mesenchymal stem
cells made them feel better, but brought no collagen VII
into the skin (41). The efficacy of an ABCB5-positive
subpopulation of mesenchymal stem cells for symptom-
relief in adults with RDEB is assessed in a current trial
(www.rheacell.com). In addition, cord-blood derived stem
cells have shown some potential as systemic anti-fibrotic
treatment in a preclinical setting (42).

Topical pharmacological therapies

Diacerein from rhubarb root extracts has been implicated
as possible treatment for EBS skin (43, 44). The ratio-
nale involves the capacity of diacerein to dampen the
inflammatory response caused by epidermal cell rupture
in EBS (43). The cell disruption is a consequence of ke-
ratin 5 and 14 mutations that cause intermediate filament
aggregation and loss of stabilization by the cytoskele-
ton. In vitro data demonstrated both anti-inflammatory
properties of diacerein and its potential for stabilizing
EBS cells, then a pilot clinical trial demonstrated fewer
blisters in diacerein cream-treated skin in part of the
study population (44).

Wound-healing in EB can be supported by another
plant-derived compound with anti-inflammatory proper-
ties, namely betulin-based oleogel isolated from birch
bark. Betulin was shown to support keratinocyte diffe-
rentiation (45), enhance re-epithelialization and facilitate
wound healing in vitro and in vivo (46, 47). An ongoing
placebo-controlled phase 3 study assesses the efficacy of
oleogel in patients with EB, regardless of subtype (48).

Systemic disease modifying therapies

Anti-inflammatory approaches. Recent basic research,
followed by preclinical and clinical validation, has re-
vealed an unanticipated role for inflammatory cascades
in EB. In EBS, keratin mutations and keratinocyte fra-
gility induce expression of specific cytokines and T-cell-
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mediated inflammatory responses, which manifest with
itch as a bothersome symptom (49, 50). A vicious circle
is generated by itch, scratching and subsequent skin blis-
tering, which leads to a stronger inflammatory response.
Although non-specific anti-inflammatory therapies with
NSAIDs are not beneficial, first pilot studies with specific
systemic treatments show promise. For example, anti-
IL17 interval therapy with apremilast worked well in 3
individuals with of EBS (50).

Antifibrotic therapy approaches. Based on an ample
body of'scientific literature, severe DEB can be regarded
as a systemic disease, since systemic inflammation is
prominent and the secondary progressive fibrosis affects
many organs (51). Therefore, drugs that inhibit inflam-
mation and fibrosis could potentially relieve symptoms
in DEB, such as inflammation-caused itch or formation
of strictures and contractures, including fusion of digits.

A repurposed drug, losartan, has shown such benefits in
DEB on the preclinical level (52). This drug for treatment
of high blood pressure also has anti-fibrotic potential in
some disease constellations. The mechanism is based on
its ability to inhibit TGFp signalling via AT-1 receptor
antagonism (52). Since inflammation and hyper-active
TGFp signalling contribute to DEB-associated fibrosis in
amajor manner (8, 53, 54), losartan appeared suitable as
treatment. The expectations were met in losartan-treated
RDEB model mice, inflammation and TGFp activity
were reduced, progression of fibrosis inhibited and fusion
of digits delayed (53). As a logical next step, a clinical
trial currently assesses safety and tolerability of losartan
in children with moderate-to-severe DEB. The study is
also likely to generate preliminary information on the
ability of losartan to alleviate symptoms in human DEB
(Table III).

Another modulator of TGFp signalling is the small
leucine-rich proteoglycan decorin. Endogenous decorin
levels are known to correlate with clinical severity in
RDEB (55). In a preclinical study, systemic administra-
tion of lentivirally overexpressed human decorin reduced
TGFp levels and fibrotic traits, and enhanced survival of
the RDEB mice (56). These observations indicate that
extracellular matrix biomolecules modulating TGFf
signalling may have potential for systemic anti-fibrotic
therapy for DEB.

In addition to the above small (bio)molecules, a high
mobility group box 1 (HMGB1)-derived peptide may
improve systemic fibrosis in DEB. HMGB1 has variable
functions and has been implicated in both physiological
and pathological processes (57). In the context of EB,
its relevance lies in its ability to release a specific anti-
inflammatory population of mesenchymal stem cell from
the bone marrow into the circulation and from there into
damaged skin (58). First treatments of RDEB mice with
a HMGB/1-derived peptide resulted in improvement of
skin fibrosis and gastrointestinal strictures (K. Tamai,
personal communication).
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APPRAISAL AND PERSPECTIVES FOR CLINICAL
IMPLEMENTATION

The multitude of approaches to EB treatments and the
rapid developments of research methodologies raise our
hopes that first evidence-based therapies for EB will enter
clinics in the foreseeable future. To date, biologically
valid treatment modalities for most severe EB types
have advanced to preclinical and clinical testing, but
all strategies still face substantial challenges, including
technical issues, safety considerations, or issues related
to practical clinical implementation and the duration
of the clinical effects. Many of the pilot studies have
made us realize that much work is still needed for bet-
ter understanding of the disease mechanisms and skin
stem cell properties. These must be further elucidated,
and new therapeutic targets identified. Based on all we
know today, the prediction is that future treatments for
EB will represent individualized medicine based on the
patient’s mutation constellation, phenotypic characte-
ristics and prominent disease mechanisms. They are
likely to encompass combinations of different therapeutic
principles: curative and symptom-relief therapies. It is
easy to imagine therapeutic regimens using alternating
gene, cell and drug therapies to win the best clinical
outcomes and to reduce adverse effects. Once therapies
are available for wide clinical implementation, the next
big challenges will have to be tackled, such as cost and
worldwide access to therapy.
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Collagen XVII Processing and Blistering Skin Diseases
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Collagen XVII (COL17) is a hemidesmosomal trans-
membrane protein in the skin, which, in several auto-
immune blistering skin diseases, may be targeted by
autoantibodies. In addition, loss-of-function muta-
tions in the COL17A1 gene induce a subtype of junctio-
nal epidermolysis bullosa. The extracellular domain
of COL17 can be physiologically cleaved from the cell
surface by ADAM family proteins in a process known as
ectodomain shedding. COL17 ectodomain shedding is
thought to be associated with the migration and proli-
feration of keratinocytes. Furthermore, the C-terminal
cleavage of COL17 may be associated with basement
membrane formation. COL17 can be targeted by va-
rious proteases, including MMP9, neutrophil elastase,
plasmin and granzyme B, which may be associated
with blister formation in pemphigoid diseases. Inte-
restingly, cleavage of COL17 may induce neoepitopes
on the proteolysed fragments, and such induction is
associated with dynamic structural changes. This re-
view summarizes the current understanding of clea-
vage of COL17, and how such cleavage relates to blis-
tering skin diseases.
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ype XVII collagen (COL17), also known as BP180/
BPAG2, is a type-ll-oriented transmembrane col-
lagen composed of 3 identical 180-kDa a-chains (1).
COL17 is one of the hemidesmosomal components
of basal keratinocytes. It links keratin intermediate
filaments to the underlying dermis via plectin, BP230,
laminin 332 and type VII collagen (2). Loss-of-function
mutations in the COLI7A41 gene result in a subtype of
junctional epidermolysis bullosa (JEB), which clinically
manifests as blister formation and abnormalities of the
hair and teeth (3). Since JEB associated with COLI17A41
gene mutations shows a relatively mild phenotype, the
disease was previously called “generalized atrophic
benign epidermolysis bullosa (GABEB)”.
Autoimmunity to COL17 induces bullous pemphi-
goid (BP), a major autoimmune blistering skin disease,
which commonly develops in elderly people (4, 5). In
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SIGNIFICANCE

Collagen XVII (COL17, also known as BP180) is an im-
portant molecule, which maintains stable adhesion between
the dermis and epidermis. Genetic and acquired dysfunc-
tions of COL17 lead to blistering skin diseases. However,
the expression of COL17 is tightly regulated, depending on
various settings, including wound-healing, proliferation and
differentiation. Dysregulation of COL17 processing may
be associated with the development of blistering skin di-
seases; thus, it is important to understand the mechanism
by which COL17 is processed and the diseases associated
with such processing.

BP, itchy urticarial erythema and tense blisters develop
on the entire body, and the mucous membranes may be
involved. Major epitopes for BP autoantibodies cluster
tightly within the juxtamembranous extracellular non-
collagenous 16th A (NC16A) domain of COL17 (6),
and previous studies have revealed the pathogenicity of
immunoglobulin G (IgG)-class autoantibodies directing
this region (7, 8). COL17 may also be targeted by auto-
antibodies in other autoimmune blistering skin diseases,
including mucous membrane pemphigoid (MMP) and
linear IgA bullous disorder (LABD) (4).

The two COL17-associated blistering disorders, JEB
(GABEB) and BP, suggest that COL17 is a functionally
important structural molecule that maintains stable ad-
hesion between the dermis and the epidermis at the
dermal-epidermal junction (DEJ). However, basal kera-
tinocytes are dynamic, and they migrate or differentiate
in a context-dependent manner. Therefore, processing
of COL17 may be involved in various physiological
settings. In addition, dysregulated processing of COL17
may be associated with blistering skin diseases. This
review summarizes the current understanding of COL17
processing and the blistering skin diseases associated
with such processing.

COL17 PROCESSING IN PHYSIOLOGICAL
SETTINGS

COL17 ectodomain is constitutively cleaved within the
NC16A4 domain

In cultured keratinocytes, the 120-kDa extracellular
domain of COL17 is constitutively shed from the cell
surface and is detectable in soluble form in culture me-
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dium (9, 10). COL17 ectodomain shedding is mediated
by ADAM 9, 10 and 17 (11), and mass spectrometry
analyses have revealed that the cleavage occurs at dif-
ferent regions within the NC16A domain (Fig. 1A) (12,
13). The results are consistent with the nature of ADAM
family proteins, which cleave substrate proteins more
preferentially, based on the distance from the cell surface
rather than on amino acid sequences. The detection of
cleavage sites within the NC16A domain of COL17 ena-
bles the production of cleavage-site-specific antibodies
specifically detecting the cleaved COL17 ectodomains.
Unique antibodies have revealed that migrating normal
human keratinocytes cleave COL17 ectodomains, which
co-localize with laminin 332 (Fig. 1B), (14) and cleaved
ectodomain fragments exist in the DEJ of normal hu-
man skin (13, 15). Interestingly, the cleavage site(s) of
COL17 in pathological settings may differ from that in
physiological settings (15). In genetically manipulated
mice whose NC16A domain includes amino acid se-
quences that impair ectodomain shedding, the inhibition
of COL17 ectodomain shedding somewhat accelerated
re-epithelialization after skin wounding (16). The sup-
pression of re-epithelialization by COL17 ectodomain
shedding is associated with dampening of mTOR sig-
nalling (17). However, wound healing processes differ
greatly between humans and mice, with wounds in mice
healing mainly by contraction (18). Therefore, further
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coL17 -
NC16A domain
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studies are essential to address the physiological roles of
COL17 ectodomain shedding in human skin.

C-terminal cleavage of COL17

The cleaved 120-kDa ectodomain of COL17, also cal-
led as linear IgA dermatosis antigen (LAD-1) , may
be further processed at the C-terminal region around
the NC4 domain, which migrates around 97 kDa (19,
20). The 97-kDa processed COL17 polypeptide is cal-
led linear IgA bullous disorder (LABD)-97 (Fig. 2A).
Although it remains uncertain whether LABD-97 is
present in normal human skin, C-terminal processing is
expected to be physiologically associated with correct
basement membrane formation in skin, as described later
in this article.

Cleavage in unfolded COL17

Within the NC16A domain, COL17 has a distinct furin
consensus sequence: ’RIRR”. Early studies have sug-
gested that ectodomain shedding of COL17 may be indu-
ced by this distinct motif; however, the furin consensus
motif'is not used under physiological settings (10). What
is the physiological role of the furin consensus motif in
COL17? As illustrated in Fig. 1A, there are potential
coiled-coil sequences just before the furin consensus
motif, and these sequences initiate the folding of COL17

Collagenous domain
B Non-collagenous domain

----------- 566

J Physiological cleavage site

, Cleavage site for unfolded COL17

Merge

Fig. 1. Collagen XVII (COL17) processing in physiological settings. (A) Schematics of COL17 and sequences of the NC16A domain. (Copyright
2010: The American Association of Immunologists, Inc.). (B) The shed COL17 ectodomain (green: antibody HK139) and laminin 332 (red: antibody
6F12) co-localize in the extracellular matrix of normal human skin. TM: transmembrane. Blue: DAPI. Scale bar: 40 pm. The figures have been partially

modified from previous studies (13, 14). Permission given by publisher.
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Fig. 2. Neoepitope development in the cleaved collagen XVII (COL17) ectodomains. (A) Schematics of linear IgA dermatosis type 1 (LAD-1) and
linear IgA bullous disorder (LABD)-97 polypeptides. (B) LAD IgA-class autoantibodies show more intense reactivity to the cleaved COL17 ectodomains LAD-1
and LABD-97 than to full-length COL17. Note that LAD sera numbers 2, 5 and 10 react more strongly to LABD-97. N: normal control. The immunoblotting
data have been partially modified from a previous study (23). BP: bullous pemphigoid. Permission given by publisher.

as a collagen triple helix in the N to C direction (21).
When coiled-coil disruptive mutations are introduced,
COL17 folding is impaired and unfolded COL17 ac-
cumulates in cells. The unfolded COL17 is cleaved by
furin at the “’RIRR” furin consensus motif in the Golgi
apparatus before being incorporating into the cell mem-
brane. Finally, cleaved 120-kDa ectodomains derived
from unfolded COL17 are expelled from the cells (21).
Thus, cleavage at the furin consensus motif within the
NC16A domain of COL17 is important for maintaining
the quality of the molecule.

COL17 CLEAVAGE AND BLISTERING SKIN
DISEASES

Cleavage within the NC16A domain induces
neoepitopes in processed COL17 ectodomains

As described, cleavage of COL17 within the NC16A do-
main yields a 120-kDa ectodomain polypeptide, known
as LAD-1 (Fig. 2A). LAD-1 partially contains sequences
of the NC16A domain, with which BP autoantibodies
preferentially react (12, 13). Similarly, MMP autoanti-
bodies targeting the C-terminal regions of COL17 may
react with LAD-1. It is notable that, in some cases of
BP and in many cases of LABD, autoantibodies show
more preferential reactivity to LAD-1 than to full-length
COL17 (Fig. 2B) (19, 22), indicating that cleavage
within the NC16A domain induces neoepitopes on the
cleaved LAD-1. In silico predictions based on detected
cleavage sites reveal that the antigenicity of the remnant
NC16A sequences in the cleaved COL17 ectodomains
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increase despite the different cleavage sites (13). Further-
more, monoclonal antibodies target the 15th collagenous
(COL15) domain with preferential reactivity to LAD-1,
suggesting that cleavage within the NC16A domain in-
duces dynamic structural changes in COL17 (23).

C-terminal cleavage of COL17 induces neoepitopes on
the LABD-97 fragment

Since LABD autoantibodies react more preferentially
with LAD-1 than with full-length COL17, they usu-
ally have strong reactivity to LABD-97 (Fig. 2B) (24).
Interestingly, LABD autoantibodies may have greater
reactivity to LABD-97 than to LAD-1 (Fig. 2B), sug-
gesting that C-terminal cleavage has additional effects on
neoepitope development (23). A previous study reported
that epitopes on the 15th collagenous domain appear
after C-terminal cleavage (23), which is consistent with
an epitope mapping study of LABD autoantibodies (25).

COL17 cleaving enzymes in bullous pemphigoid

In BP lesional skin and blister fluid, several proteolytic
enzymes are known to exist, including plasmin, neutro-
phil elastase and MMP-9 (4, 5). In vitro studies have
revealed that neutrophil elastase (26), MMP-9 (27) and
plasmin (19) are able to cleave COL17. Of these, plasmin
is known to cleave within the NC16A and NC4 domains
of COL17 ectodomains, yielding 120-kDa LAD-1 and
97-kDa LABD-97 fragments (19, 20, 28). In addition,
a recent study has reported that granzyme B, a serine
protease secreted by immune cells, is highly expressed
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in infiltrated cells in BP lesional skin and that not only
does this enzyme cleave COL17, but it also cleaves other
molecules present at the DEJ, including a.6/p4 integrins
and collagen VII (29).

Impaired C-terminal cleavage of COL17 may induce
disorganized basement membrane formation

When homozygous R1303Q mutations occur in the
COL17A1 gene, a mild and localized form of JEB de-
velops that is clinically characterized by mechanical
blisters, tooth and nail abnormalities, and sclerotic fing-
ers associated with a loss of fingerprints (Fig. 3) (30,
31). Histopathologically, duplication of the basement
membrane is characteristic of JEB patients with R1303Q
mutations (Fig. 3B). Since R1303Q mutations impair
the C-terminal processing of COL17, such processing is
thought to be essential for normal basement membrane
formation in skin (28).

Impaired cleavage of COL17 may induce the breaking
of tolerance to bullous pemphigoid autoantigens

BP is induced by autoantibodies targeting the hemides-
mosomal components COL17 and/or BP230. Although

A Intracytoplasmic ™ Extracellular

[

i

V-

Collagen XVII processing and blistering skin diseases 105

the pathomechanism of autoantibody-dependent blister
formation has been studied extensively, there has been
no full elucidation of why tolerance to these autoantigens
may be broken in certain individuals. Immune tolerance
to molecules may be broken by various triggering events,
including thermal burns, ultraviolet (UV) irradiation and
surgery (32). In addition, recent studies have reported that
anti-type II diabetes mellitus drug dipeptidyl peptidase
IV inhibitors (DPP4i) are a risk factor for the onset of BP
(33, 34). Furthermore, impaired Treg function may break
the tolerance to COL17 and BP230 (35, 36). However,
it remains unclear whether the impaired expression of
pemphigoid autoantigens may induce the breaking of to-
lerance. In 2015, Hurskainen et al. (37) produced a gene-
tically manipulated mouse lacking the immunodominant
NC14A domain of Col17, a domain that corresponds to
the human NC16A domain of COL17. Since NC14A is
essential for the ectodomain shedding of mouse Coll7,
this is another shedding-deficient model. It is notable that
the mice are prone to scratching themselves and sponta-
neously developed anti-Col17 autoantibodies, although
no blistering was observed. Whether impairments of BP
autoantigens induce the breaking of tolerance had not
been elucidated, therefore this study brought important

COL17 (180 kDa)

t

R1303Q

Collagen IV D
coL17 1: NHEKs
2: COL17 R1303Q
LAD-1 keratinocytes

LABD-97 [ &=

Fig. 3. Collagen XVII (COL17) R1303Q mutation induces blistering disease associated with disorganized basement membrane formation.
(A) The R1303Q mutation is located within the NC4 domain. (B) A previously reported 32-year-old COL17 R1303Q*/* patient (28). The arrow indicates a
mechanical blister. (C) A disorganized and duplicated basement membrane is a characteristic histopathological feature, which can be detected by anti-type
IV collagen antibodies (PHM-12+CIV22). (D) Western blotting using anti-COL17 NC16A antibodies (NC16A-3) on extracellular matrix proteins derived
from mal human epidermal keratinocytes (NHEKs) and keratinocytes from a R1303Q*/* junctional epidermolysis bullosa patient. The arrow indicates that
linear IgA bullous disorder (LABD)-97 is absent in R1303Q*/* keratinocytes, suggesting that the C-terminal cleavage of COL17 is impaired. The figures
have been partially modified from previous studies (28). LAD-1: linear IgA dermatosis type 1. Permission given by publisher.
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information on the pathomechanism behind the breaking
of tolerance to COL17.

Cleaved fragments on immune cells in bullous pemphigoid
lesional skin

The roles of IgG-class anti-COL17 autoantibodies in the
development of blisters have been studied extensively;
in contrast, the pathomechanism for urticarial erythema
has not been fully elucidated. Previous studies have re-
ported that both IgG- and IgE-class anti-COL17 NC16A
autoantibodies are present in BP sera (38, 39). Although
in vivo IgE deposition at the DEJ may be observed in BP,
the positivity rate is not high (40). Notably, Freire et al.
recently reported that IgE is rarely observed at the DEJ,
but that it is prominent on mast cells and eosinophils in
the dermis, in which COL17 ectodomain fragments co-
localized with IgE (39). This observation is consistent
with the fact that the shed COL17 ectodomain is soluble
after being cleaved from the cell surface, as described
previously.

CONCLUSION

JEB and pemphigoid diseases have proven that COL17
is a vital player in the stable adhesion between the
dermis and epidermis at the DEJ in the skin. However,
this adhesion needs to be tightly regulated in a context-
dependent manner, for basal keratinocytes to migrate,
differentiate and proliferate. Undoubtedly, the processing
of COL17 is involved in various normal physiological,
as well as pathological, settings, and will be the focus
of future study.

The author has no conflicts of interest to declare.
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Pemphigoid diseases are organ-specific autoimmune
diseases of the skin and/or mucous membranes. They
are caused by autoantibodies targeting adhesion mo-
lecules located at the dermal-epidermal junction. Whi-
le the diagnostics of pemphigoid diseases and insights
into their pathogenesis have improved significantly,
the development of novel treatments that are effective
and safe remains an unmet medical need. However,
numerous pre-clinical studies and early clinical trials
have recently been launched. This review summarizes
some pathways leading to drug development in pem-
phigoid diseases, namely: (i) hypothesis-driven drug
development; (ii) omics-based drug development; (iii)
drug repurposing; (iv) screening-based drug deve-
lopment; and (v) drug development based on careful
clinical observations. Ultimately, it is hoped that this
will lead to personalized and curative treatments.
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Muco)—cutaneous blistering is the clinical hallmark
of pemphigoid diseases (PD). They are charac-
terized and caused by autoantibodies targeting adhesion
molecules located at the dermal-epidermal junction.
Depending on clinical presentation, the specificity and
isotype of the autoantibodies in the following PD can be
distinguished (1):

* Bullous pemphigoid (BP) is the most prevalent PD
and predominantly affects elderly people. BP is caused
by autoantibodies targeting BP180 and/or BP230 (2).

* Mucous membrane pemphigoid (MMP) is defined as
a PD with autoantibodies against components of the
dermal—epidermal junction (i.e. BP180 or laminin
332) and predominant mucosal involvement (3, 4).

* Pemphigoid gestationis (PG) is a pregnancy-asso-
ciated immunobullous disease with autoantibodies
against BP180 (5).

» Linear IgA disease (LAD) is characterized by the
linear binding of IgA autoantibodies at the dermal—
epidermal junction. LAD is the most common PD in
children and clinically presents with urticarial plaques,

doi: 10.2340/00015555-3400
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SIGNIFICANCE

Despite detailed insights into the pathogenesis of pem-
phigoid diseases, their treatment still relies on unspecific
immunosuppression. Since such treatment contributes
significantly to the high patient morbidity and increased
mortality, we propose pathways that may facilitate drug
development for pemphigoid diseases. With this we aim
to foster translational research to develop new treatment
strategies for patients with pemphigoid diseases.

erosions, and blisters, frequently in a ring-shaped pat-
tern with blistering along the edge of lesions, forming
the so-called string-of-pearls sign (6).

» Epidermolysis bullosa acquisita (EBA) is a rare and
clinically very heterogeneous PD, but due to the
availability of pre-clinical model systems it is well-
studied (7, 8).

* Anti-p200/anti-laminin yl pemphigoid (p200) clini-
cally mimics BP, but patients are younger and p200
usually responds well to treatment (9).

* Lichen planus pemphigoides (LPP) is, like BP, caused
by anti-BP180 antibodies, but in LPP these occur to-
gether with lichen planus. Patients with LPP are also
younger than those with BP (10).

UNMET MEDICAL NEED IN PEMPHIGOID
DISEASES

Treatment of all PD centres on unspecific, systemic im-
munosuppression, whereby corticosteroids are usually
the first line of treatment. Among PD, PG, LAD and p200
usually respond well to treatment and long-term remis-
sions are common. Likewise, BP also responds well to
either systemic or topical corticosteroids. However, after
withdrawal of treatment, BP relapses in almost 50% of
patients within 6 months, requiring long-term corticos-
teroid treatment, which contributes to patient morbidity
and mortality. Both, MMP and EBA are notoriously
difficult to treat, and often remission is achieved only
after months of immunosuppressive therapy, usually a
combination of several drugs (1, 11-16).

This “need for better treatment options” has been
identified recently by patients and physicians in a survey
to identify the medical need in PD (17). In addition to
the current limitations regarding treatment options, the
increasing incidence of PD, especially in ageing socie-
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ties (18, 19), further contributes to the medical need to
develop novel treatment strategies for PD that are both
effective and safe. This increasing medical need has also
prompted a significant number of translational studies
and clinical trials in PD (20, 21). Unfortunately, however,
these clinical trials will not fully address the medical need
in PD. Thus, ongoing translational research is required to
continuously improve the treatment options, ultimately
aiming for personalized and curative treatment.

PATHWAYS TO NEW DRUGS FOR THE
TREATMENT OF PEMPHIGOID DISEASES

There are many pathways that may contribute to drug
development in PD (Table I, Fig. 1). While it may be
simplistic, it could be useful to categorize these pathways
to new drugs, as follows: (i) hypothesis-driven drug
development; (if) omics-based drug development; (iif)
drug repurposing; (iv) screening-based drug develop-
ment; and (v) drug development based on careful clinical
observations. Examples of each of these pathways to
novel treatments for PD are given and discussed in more
detail below. The aim of this review is to promote drug
development for patients with PD by providing these
examples. Another important aim of this article is to
initiate a discussion on how this goal is best achieved.
Hence, the authors are looking forward to comments
from the community, which it is hoped will lead to a
fruitful discussion.

Hypothesis-driven drug development: anti-Cls antibodies
in bullous pemphigoid

Complement deposition at the dermal—epidermal junc-
tion is one of the diagnostic pillars of PD (22). The fun-
ctional contribution of complement to the pathogenesis
of PD has been well documented in pre-clinical model
systems (23, 24). Recent data, however, suggests that
complement has a more complex role in pemphigoid,
whereby some complement receptors confer protection
from development of clinical disease (25), or where PD
develops independent of complement activation (26).
Nonetheless, the complement component C5a has to be
considered as one of the main drivers of autoantibody-
induced tissue damage in PD (27, 28).
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Based on these considerations, function-blocking
antibodies to Cls, which initiate the classical comple-
ment activation cascade, were developed (29). These
anti-Cls antibodies, dose-dependently inhibited the im-
mune complex-induced complement fixation on human
skin cryosections (30). More recently, a phase I clinical
trial in patients with BP was successfully completed, in
which the anti-Cls antibody TNT009/BIVV009 was
found to be safe and tolerable in this elderly popula-
tion, with only mild to moderate adverse events (31).
Furthermore, a phase II clinical trial using the dual C5/
LTB4 inhibitor coversin is currently being conducted
in BP, with promising initial data (32). What is perhaps
most striking about the clinical development of these 2
complement inhibitors is the long time needed to translate
the clinical and experimental findings on the importance
of the complement system into clinical trials. The pre-
sence of complement deposits in BP was discovered in
the late 60™ of the last century (33), and the central role
of the complement system in disease pathogenesis was
described over 20 years ago (34).

Interestingly, complement activation in PD seems to
be restricted to the skin, where C3 deposits are regularly
observed, both in patients and animal models of the di-
seases. More specifically, plasma concentrations of C3a,
C4a and C5a in patients with BP were identical to those
observed in age- and sex-matched controls. In the same
cohort of patients, concentrations of these complement
compounds did not change after clearance of skin le-
sions. In contrast, all of the patients had C3 deposits in
the skin at the time of diagnosis (30). Recently, targeted
complement therapeutics have been developed, which
preferentially bind to sites where complement is activa-
ted (35, 36). These targeted complement therapeutics
are expected to be both more effective and have fewer
adverse events compared with non-targeted complement
inhibitors.

Omics-based drug development: validation of spleen
tyrosine kinase as a target for treatment of pemphigoid
disease

With the availability of novel technologies; for ex-
ample, genetics, proteomics and RNA sequencing, an
unbiased exploitation of novel therapeutic targets can

Table I. Examples of drugs evolving from the outlined pathways to drug development in pemphigoid diseases

Pathway to drug development Target (compound)

Evidence

Development state

Hypothesis-driven Cl1s (Sutimlimab)

Pre-clinical, in vitro (30)

Phase I clinical trial completed

Phase I trial in patients with BP (31)

C5/LTB4 (Coversin)
SYK (BAY61-3606)
Doxycycline

DMF (Skilarence)
Not disclosed
Autoantibodies

Omics-based
Drug repurposing

Drug screening
Clinical observations

Pre-clinical, in vivo (67)
Pre-clinical, in vivo (37, 38)
Case report(s) (series) (15)
Pre-clinical, in vivo (47)
Pre-clinical, in vitro (69)
Case report series (59)

Ongoing Phase Ila in BP (68)

Target validated in PD mouse model

Phase III clinical trial successfully completed (43)
Phase II clinical trial in preparation (20)
Pre-clinical

Pre-clinical (60)

Pre-clinical, in vitro (60)

BP: bullous pemphigoid; DMF: dimethyl fumarate; LTB4: leukotriene B4; PD: pemphigoid disease; SYK: spleen tyrosine kinase.
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Fig. 1. Pathways to new drugs for the treatment of pemphigoid diseases. (a) Development of new pemphigoid treatments based on hypothesis-
driven research. As an example, the development of new complement inhibitors, such as anti-C1s antibodies and coversin are depicted. Based on the
clinical observation that complement deposits (in green) are highly prevalent in the skin of patients with pemphigoid disease (PD) (1) and the observation
that mice deficient (ko) in specific complement proteins are protected from the induction of experimental PD (34), targeting complement activation was
assumed to have disease-modifying effects in PD. Both (in vitro assays, middle panel) and a phase I clinical trial demonstrated that anti-C1s impairs/
reduced complement deposition along the dermal-epidermal junction. (b) Development of new pemphigoid treatments based on complex data sets and
omics. Here biological specimen, i.e. affected vs. non-affected skin from patients or pre-clinical model systems (/eft-hand image), are subjected to unbiased
measurement, for example RNA-sequencing or proteomics. In the example provided, RNA expression in the skin was contrasted between healthy mice
and mice with EBA. Subsequently (middle image), data analysis is performed, leading to the identification of potential pharmacological targets, such
as Sykb. For functional validation, in vitro systems or pre-clinical model systems (right-hand image) may be used. (Example from Samavedam et al.
(37)). (c) Development of new pemphigoid treatments based on drug repurposing. Already licensed drugs, for indications than other pemphigoid, can
be repurposed for PD. The rationale for drug repurposing in pemphigoid can either be based on clinical observations, i.e. case report series that a given
drug is also effective in pemphigoid, such as doxycycline, or be hypothesis-driven, as shown for dimethyl fumarate, which has a long history as an anti-
psoriatic agent (left-hand panel), which also ameliorates experimental PD (right-hand panel). (d) Development of new pemphigoid treatments based on
drug screening. If putative defined drug targets are not known, drug screening can be performed in in vitro model systems, which are up-scalable and
highly reproducible. In PD, examples for these assay systems are immune complex-induced release of reactive oxygen species from neutrophils, anti-CD3/
CD28-induced T cell proliferation, IL-21/antiCD40L-induced B cell proliferation and anti-BP180 IgG-induced cytokine release from keratinocytes (51). Drug
libraries, for example the Prestwick Chemical Library (66) or the FDA-approved Drug Library from Selleckchem, can be obtained commercially. After the
initial screening the identified potential drugs need to be validated in vitro and in vivo (left-hand panel). (e) Development of new pemphigoid treatments
based on clinical observations. After the identification of the pathogenic relevance of autoantibodies in PD and the clinical observation of a correlation of the
levels of the circulating autoantibody titres with disease severity, immunoadsorption/plasmapheresis were introduced to the management of PD. However,
immunoadsorption is limited because all antibodies are removed. Hence, the procedure has to be paused, and does not elute all autoantibodies from
the patients. Using the insights from detection of specific autoantibodies in PD, first attempts were made to develop antigen-specific immunoadsorption.

be performed. Regarding PD, such approaches have,
however, been sparsely used, and have been limited to
mouse models (7). In detail, contrasting cutaneous RNA
expression from mice with and without experimental
EBA, several potentially disease-promoting genes were
identified, i.e. Sykb, the gene encoding for the spleen
tyrosine kinase (SYK). To evaluate the functional role of
differential Sykb expression in EBA, experimental EBA
was induced in mice that were treated with selective
SYK inhibitors, or EBA was induced in SYK-deficient
mice. In both experiments, complete protection from
induction of experimental EBA was observed if SYK
was blocked (37). In parallel, hypothesis-driven research,
made similar observations (38). Thus, SYK has been
independently identified and validated as a potential
therapeutic target for PD.

Unfortunately, however, omics datasets are quite
sparse for PD. To the best of our knowledge, only one
GWAS has been published so far, reporting an associa-
tion of MMP with HLA-DQBI1*03:01 and rs17203398,
in which the intronic region of GALC is located (39).
Therefore, in the future, a joint community effort is
required to collect well-defined patient samples using
standardized procedures for sample acquisition and
storage. Alternatively, or in parallel, multi-omics data
from model systems (as reported for SYK) may be used
for target identification, as well as functional validation.
For translation into clinical use, expression of the identi-
fied targets may be performed in corresponding patient
samples. The advantage of such an approach is that fewer
patient samples would be required.

Drug repurposing. doxycycline and dimethyl fumarate
for bullous pemphigoid treatment

In dermatology, the use of the anti-CD20 antibody ri-
tuximab, initially developed for the treatment of B cell
malignancies (40), for the treatment of pemphigus (41)

is a good example of drug repurposing. In contrast to
“conventional” drug development, already licensed com-
pounds are evaluated for efficacy in other indications.
The already known safety profile of the licensed drugs,
the decreased time and costs of drug approval are the
main advantages of drug repurposing (42).

Regarding PD, the antibiotic doxycycline has recently
been demonstrated to be effective in the treatment of
BP (43). In a comparative clinical trial, 200 mg of
doxycycline, achieved clinical remission in 74% of
patients within 6 weeks; while prednisolone (initial
dose 0.5 mg/kg) induced remission in 91% of patients.
Regarding adverse events, 18% of doxycycline-treated
patients experienced a grade 3 or greater adverse event.
This was significantly lower, compared with predniso-
lone, where the number of adverse events was 2-fold
higher. Another compound that is currently evaluated
for repurposing in BP is dimethyl fumarate (DMF). In
Germany, the compound has a long-standing history as
an anti-psoriatic agent (44), and more recently has also
been licensed for treatment of multiple sclerosis (45).
DMF has a multitude of biological effects, including a
shift in cytokine expression, a suppression of leukocyte
extravasation, anti-oxidant properties, and many others
(46). Based on these properties, we hypothesized that
DMF may also be beneficial for the treatment of PD. In-
deed, treatment of mice with already established clinical
EBA manifestations led to a significant improvement in
disease activity, while clinical disease severity increased
in solvent-treated mice (47). On a molecular level, the
beneficial effects of DMF in EBA are mediated through
the hydroxycarboxylic acid receptor 2 (48). Based on
these findings, the DPem consortium was established to
evaluate the safety and efficacy of adjuvant DMF in BP
patients responsive to corticosteroid treatment. Centres
in France, Poland, Turkey and Germany will recruit 210
patients with BP and allocate these to DMF or placebo.
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To the authors’ knowledge there are additional drugs
soon to be published that have the potential for repurpo-
sing in PD. We expect that this pathway to novel drugs
for PD will lead to the approval of several new treatment
options for pemphigoid patients, using “old” drugs from
other indications.

Drug screening

The use of chemical libraries to identify inhibitors of spe-
cific molecules, or the use of complex, but up-scalable,
model systems is well established for drug development
(49, 50). While the use of specific (enzymatic) assays is
very well suited to identify new compounds for known
pharmacological targets, the use of complex, up-scalable
systems in chemical screens offers advantages in in-
stances where molecular defined targets are not known.
Despite the fact that up-scalable complex in vitro models
of PD are already established (51), these have, so far,
not been used for drug development in pemphigoid. Ex-
amples of these up-scalable model systems are immune
complex-induced release of reactive oxygen species
(ROS) from neutrophils, or autoantibody-induced cyto-
kine release from keratinocytes, as well as stimulation
of T cells using anti-CD3/CD28 and B cell stimulation
with IL-21 and anti-CD40L (51, 52).

An envisioned work-flow of such an approach would
be to screen compounds of a chemical library to inhibit
activation of immune cells or autoantibody-induced cy-
tokine release from keratinocytes with a relatively small
sample size. Candidate compounds would be selected
based on pre-defined cut-off criteria. Subsequently in
vitro and in vivo validation (using appropriate animal
pre-clinical model systems (53), would be employed
before clinical trials.

It is hoped that these models, as well as computational
approaches to drug development, such as the Connec-
tivity Map (54), will lead to the identification of novel
compounds suited for the treatment of PD.

Clinical observations: immunoadsorption for bullous
pemphigoid

The detection of IgG deposits along the dermal—epider-
mal junction in PD (55) and the identification and cloning
of the corresponding autoantigens (56) led to the deve-
lopment of serological test systems for the diagnosis of
PD (1). This, by itself, is a good example, of how clinical
observations and basic research can improve diagnosis.
In addition, insights into the pathogenetic role of these
autoantibodies (24) prompted the use of immunoadsorp-
tion/plasmapheresis in PD (57). More recently, 2 case
series have been published, reporting the outcome of
immunoadsorption in 26 patients with BP. Interestingly,
and in contrast to other autoimmune skin blistering di-
seases, such as pemphigus, long-lasting remissions were
observed in the majority of patients (58, 59). This data,
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however, should be interpreted within the limitations of
case series, as well as the use of concomitant treatments.

Currently, removal of autoantibodies by immuno-
adsorption is, however, limited because all antibodies
are removed, rather than selective removal of autoanti-
bodies. Hence, vigorous and prolonged removal cannot
be performed using unspecific immunoadsorption. In
mice, at least, this limitation has been overcome: by
using insights on the autoantigens in pemphigus and PD,
which are currently exclusively used for diagnosis (22),
columns specifically removing autoantibodies targeting
the NC16A domain and Dsg3 were developed, and (in
part) successfully employed in animal models (60, 61).
If these insights from pre-clinical model systems can be
translated into clinical use, immunoadsorption will most
likely become a more widely used treatment modality
for PD. Another, potentially very selective and antigen-
based, treatment is the use of chimeric autoantigen
receptor (CAAR) T cells, which have been shown to
selectively deplete specific autoreactive B cells in mouse
models of pemphigus (62).

FUTURE DIRECTION OF TRANSLATIONAL
RESEARCH IN PEMPHIGOID DISEASES

With the increasing number of clinical trials in PD (21),
approval of several new treatments for PD can be ex-
pected within the next 3—5 years. However, these trials
only recruit patients with BP. For all other PD, to the
best of our knowledge, there are currently no ongoing
clinical trials, despite the high medical need in MMP and
EBA. Therefore, specific, or maybe basket, trials that
also include these patients would be highly warranted.
Regarding curative treatments, the above-mentioned
approaches towards the development of antigen-specific
immunoadsorption for BP, or the CAAR-T-cell approach
could be tailored to each patients’ autoantibodies. In
particular, removing the autoreactive B/plasma cell po-
pulation could induce long-lasting remission, or even a
cure, for PD. While translating these interesting findings
from pre-clinical model systems into clinical use will take
considerable time, a personalized treatment for PD could
be implemented relatively quickly using established
diagnostic and therapeutic procedures: in single-centre
and retrospective studies, several biomarkers have been
identified that indicate relapse in BP; for example, the
presence of anti-type VII collagen autoantibodies, va-
riations of the glucocorticoid receptor 3, or CXCL10-
induced matrix metalloproteinase 9 secretion (63—65).
Given, that (some of) these are validated in prospective
multicentre diagnostic clinical trials, tapering of im-
munosuppression could be adjusted to the expression
of these biomarkers.

Collectively, the high medical need to develop new
treatments for PD has prompted a very exciting new area
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of translational research in this field, which is expected to
improve the treatment of patients with PD in the future.
New drug approvals, more clinical trials, and personali-
zed and curative treatments are expected.
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Dermatitis herpetiformis (DH) is an autoimmune skin
disease that causes itchy, blistering rash, typically
on the elbows, knees and buttocks. DH and coeliac
disease share the same genetic background, gluten-
dependent enteropathy and antibody response against
tissue transglutaminase. DH is currently considered a
cutaneous manifestation of coeliac disease, and the
prevailing hypothesis is that DH develops as a late ma-
nifestation of subclinical coeliac disease. The incidence
of DH is decreasing contemporarily with the increasing
incidence of coeliac disease. The IgA immune response
in DH skin is directed against epidermal transglutami-
nase, while the autoantigen in the gut is tissue trans-
glutaminase. Granular IgA deposition in the papillary
dermis is pathognomonic for DH, and is a finding used
to confirm the diagnosis. The treatment of choice for
DH is a life-long gluten-free diet, which resolves the
rash and enteropathy, increases quality of life, and of-
fers a good long-term prognosis.
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Dermatitis herpetiformis (DH) is an intensively itching
skin disease, which causes papulovesicular eruption,
predominantly on the elbows, knees and buttocks. DH
is considered an autoimmune-based disease, since pat-
hognomonic granular immunoglobulin A (IgA) response
in the dermis, directed against epidermal transglutaminase
(TG3), and circulating autoantibodies against tissue trans-
glutaminase (TG2) and TG3 existin DH (1, 2). Moreover,
the predisposing genetic background, more specifically
HLA DQ2 or DQS8 haplotypes, is a necessity for develop-
ment of the disease (3). DH is considered a specific variant
of coeliac disease, manifesting primarily in the skin, but
coeliac-type enteropathy also exists in DH, albeit more
subtle than in coeliac disease (4). Currently approximately
13% of patients with coeliac disease have DH (5, 6) and
the highest reported prevalence of DH to date has been
75 per 100,000 from Finland (5). The prevalence is lower
in some areas of the globe and in specific populations,
for example in Asia and in African-Americans (7, 8) and,
overall, the geographical differences in the prevalence of
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SIGNIFICANCE

Dermatitis herpetiformis is an itchy, blistering rash, which
occurs on the elbows, knees and buttocks. Dermatitis
herpetiformis is considered a cutaneous manifestation
of coeliac disease. Even though obvious gastrointestinal
symptoms are rare in dermatitis herpetiformis, intestinal
coeliac-type villous atrophy or inflammation is present at
diagnosis. The diagnosis is confirmed by skin biopsy revea-
ling typical IgA deposits, and the majority of patients also
have coeliac autoantibodies in the serum. The treatment of
choice for dermatitis herpetiformis is a life-long gluten-free
diet, which resolves the rash and enteropathy, increases
quality of life, and offers a good long-term prognosis.

DH and, likewise, coeliac disease, have been explained
mainly by HLA genetics and wheat consumption habits
(9). Also the incidence figures of DH have ranged from
0.4 to 3.5/100 000/year, even in different studies perfor-
med in Europe or North America (5, 10). DH is typically
diagnosed during adulthood, and the incidence of DH is
highest in females and males aged 50—69 years (5, 6).
Interestingly, the diagnostic age of DH has increased (5)
and, although the reasons for this increase remain largely
obscure, a possible explanation could be changes in die-
tary habits. Nonetheless, even though childhood diagnosis
is rare in northern Europe (5, 6, 11) it seems to be more
common in Italy and Hungary (12, 13).

The focus of this review is to describe the current,
clinically relevant, concepts of DH diagnostics, treatment
and prognosis. In addition, the close link between DH
and coeliac disease is elaborated, and unique features
of DH, the cutaneous manifestation of coeliac disease,
are presented.

SKIN MANIFESTATION OF COELIAC DISEASE

The clinical manifestations of DH were first described as
early as 1884 by Louis Duhring (14) and, 4 years later,
the classical abdominal and malabsorptive symptoms of
coeliac disease were described by Samuel Gee (15). The
link between DH and coeliac disease was found when
Marks et al. (16) detected that coeliac-type enteropathy
was also a common finding in DH, and importantly,
when gluten-free diet (GFD), the treatment of choice in
coeliac disease, was shown to heal small bowel mucosal
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changes in DH, and to alleviate DH rash (17, 18). Subse-
quent family and genetic studies have coupled DH and
coeliac disease even more convincingly together: DH
and coeliac disease have been shown to occur often in
the same families and even in monozygotic twins, and
furthermore, predominantly HLA DQ2 and, more rarely,
DQ8 haplotypes have been shown to be the predisposing
haplotypes in both (19-21). Moreover, it has been shown
that the phenotype of coeliac disease is not invariably
constant, since it can convert from classical disease into
DH, especially when dietary compliance is poor (22).

A major breakthrough occurred in coeliac disease
research in the 1990s when TG2 enzyme was identified
as the autoantigen of the disease (23). Subsequently an
enzyme-linked immunosorbent assay (ELISA)-based
method for detecting TG2 antibodies was developed
and found to be accurate in coeliac disease (24) and,
furthermore, a similar TG2 antibody reaction was shown
to occur in the serum of patients with DH (2). Moreover,
TG2-targeted autoimmune response has been detected
in the small bowel mucosa of untreated coeliac disease
and DH patients (25, 26).

DH, however, has some distinct features compared
with coeliac disease in general. DH is more rarely diagno-
sed during childhood compared with coeliac disease (11,
27). Furthermore, DH is slightly more common among
males than females (5), which contradicts the female
predominance known to exist in coeliac disease (6, 28).
Moreover, the incidence of DH has decreased, but in
coeliac disease a marked increase in the incidence figures
has been detected (5, 6, 28). One prevailing hypothesis
is that DH develops as a late manifestation of coeliac
disease, affecting individuals with subclinical or neg-
lected coeliac disease. It has, moreover, been suggested
that the TG3 immune response typical for DH develops
as an epitope spreading phenomenon from an autoim-
mune response initially targeting TG2 (29). Coeliac-type
dental enamel defects detected in adults diagnosed with
DH indicate that these individuals were already sensi-
tive to gluten in early childhood (30). Moreover, the
rarity of childhood DH and the changing phenotype of
coeliac disease during poor dietary adherence support
this hypothesis, and furthermore, the divergent trend of
incidences of DH and coeliac disease also fits well with
this hypothesis: better diagnostics of coeliac disease due
to increased awareness, availability of accurate serum
autoantibody tests, and screening of risk groups has
resulted in a smaller pool of patients with undiagnosed
coeliac disease and, consequently, fewer individuals with
potential for development of DH.

DIAGNOSING DERMATITIS HERPETIFORMIS

The suspicion of DH typically arises from the charac-
teristic skin symptoms, which are an intensely pruritic
rash with small blisters and papules affecting most com-
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monly the extensor surfaces of the elbows, knees and
buttocks (Fig. 1a, b and Table I). Occasionally other
sites, such as the scalp, face, upper back and neck, are
also affected. There is individual variation in the seve-
rity of the rash and pruritus, but commonly due to the
intense itch and scratching, the blisters are broken and
only erosions, crusts and post-inflammatory hyperpig-
mentation are consequently present. Acral purpura is
one, albeit quite rare, finding in DH and can be found
either as a sole presentation or concomitantly with the
typical DH rash (31-33). Despite the gluten-sensitive
enteropathy, obvious gastrointestinal symptoms and
signs of malabsorption are rare in DH, but some kind of
abdominal symptoms have, however, been reported in up
to one-third of patients (34, 35). Interestingly, although
the clinical picture of coeliac disease has been shown to
become milder and more heterogenic with increasingly
common non-classical symptoms (36—38), it seems that
the clinical picture and the severity of DH rash have
remained quite unchanged during recent decades (39).

Fig. 1. Clinical characteristics of dermatitits herpetiformis (DH). (a)
A typical clinical picture of dermatitis herpetiformis (DH) with excoriated
blisters and papules on the elbows and knees. (b) Intact and excoriated
blisters, papules and crusts on the elbow. (c) Direct immunofluorescence
(x40) finding in DH; granular IgA deposits in the basal membrane zone
and in the dermis.
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Table I. Diagnostic procedures in dermatitis herpetiformis (DH) and recommendations regarding when they should be applied

Procedure

Recommendation

Patient history and physical examination
Duration, severity and type of skin symptoms
Presence of gastrointestinal and malabsorptive symptoms and signs
Family history of coeliac disease and DH
Presence of associated autoimmune diseases
Diagnostic procedures
Direct immunofluorescence examination of perilesional skin biopsy
Histopathological analysis of lesional skin biopsy
Serum tissue transglutaminase or endomysial antibodies
Small bowel biopsy examination
HLA DQ2 and DQ8 typing

Always
Always
Always
Always

Always

In obscure cases

Always

Only if gastrointestinal symptoms not compatible with coeliac disease exist
Only in obscure cases

The differential diagnosis of DH includes other subepi-
dermal blistering diseases, especially linear IgA disease
and bullous pemphigoid. In addition, other itchy skin
diseases, such as atopic and nummular dermatitis, lichen
planus, urticaria and scabies may sometimes be difficult
to differentiate from scratched DH rash, although the
typical predilection sites of these diseases differ from
those of DH (40).

The gold-standard method to verify DH diagnosis
is direct immunofluorescence (IF) examination, which
shows the pathognomonic granular IgA deposits in the
papillary dermis and/or at the dermoepidermal junction
(Fig. 1c). IgA deposits are widespread, but not totally
uniformly distributed in the skin of patients with DH,
and therefore the ideal site for the diagnostic skin biopsy
is uninvolved perilesional skin, where the deposits are
found in greater amounts (41). The immune response
in DH skin is directed against TG3, an enzyme closely
related, but not identical, to TG2 (1). It has recently been
demonstrated that TG3 disappears from the dermis of
patients with DH on a GFD, in parallel with IgA, but
the disappearance is prolonged, often taking years even
on a strict diet (42). There are a few rather interesting
studies reporting that granular IgA also exists in the
skin of coeliac disease patients with healthy skin or
with inflammatory skin diseases other than DH (43, 44).
However, the number of the patients in these studies
has been small, and further research evidence is needed
before conclusions can be drawn about the existence of
granular IgA in non-DH skin. For the time being, at least,
this finding can be considered DH-specific.

In addition to the characteristic granular deposition of
IgA, mostly sporadic cases of fibrillary IgA deposits in
DH have been presented (45—47). The fibrillar pattern
of IgA appears to be more common in Japan, where it
has been reported to occur in approximately one-third
of patients with DH. However, Japanese patients with
DH also show other distinct features that differ from
Caucasian patients; the Japanese patients with DH do not
carry the predisposing HLA-DQ2 and HLA-DQS hap-
lotypes, the occurrence of gluten-sensitive enteropathy
is rare, and coeliac-disease-specific autoantibodies are
seen only in low proportion of patients. These findings
suggest that the pathogenesis of Japanese DH differs
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from that of Caucasian DH, and may not be dependent
on gluten (48, 49).

Histopathological examination of lesional skin biopsy
is not required for diagnosis of DH, but, in obscure cases,
compatible findings with DH support the diagnosis (40).
Ideal areas for histopathological biopsy specimen are
an intact vesicle or erythematous skin, and the typical
findings include non-specific subepidermal blister and
papillary microabscesses, together with neutrophil and
a few eosinophil infiltrates (50). However, the above-
mentioned findings alone do not allow the differentiation
of DH from other autoimmune bullous disorders.

A recent study from Finland demonstrates that diag-
nosis of DH is not always easy. The study investigating
the diagnostic delay of DH during the last 45 years
detected that the duration of skin symptoms before the
diagnosis was 2 years or more in one-third of patients
with DH. Female sex, villous atrophy at diagnosis, and
a DH diagnosis prior to the year 2000 were significantly
associated with long diagnostic delay. Fortunately, the
same study established that the diagnostic delay has
shortened during recent decades from 12 to 8 months
(39). Correspondingly, the diagnostic delay in coeliac
disease has become shorter (51).

SEROLOGICAL AND SMALL BOWEL MUCOSAL
FINDINGS IN DERMATITIS HERPETIFORMIS

In DH, there are often circulating IgA-class autoanti-
bodies against both transglutaminase isoenzymes, TG2
and TG3. TG2 is also the target for endomysial antibo-
dies (EmA) (52), and ELISA-based TG2- and indirect
[F-based EmA tests can equally be utilized in clinical
practice (Table I). However, the evaluation of EmA is
subjective and requires skilful laboratory personnel. TG2
antibodies have proven to be highly accurate in coeliac
disease, but in DH these antibodies are mostly confined to
those patients with small bowel mucosal villous atrophy,
and hence a negative result does not exclude DH (53).
However, together with a compatible clinical picture, TG2
antibodies are suggestive of DH, and further, indicative of
small bowel mucosal damage. If elevated, TG2 antibody
measurement can further be utilized in the follow-up of
GFD adherence after the diagnosis. Circulating TG3
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antibodies have been suggested to be DH-specific, but
surprisingly, these antibodies occasionally also occur in
the serum of coeliac disease patients without any detect-
able skin lesions (1, 54, 55). It has been shown, however,
that in coeliac disease the affinity of the antibodies to
TG3 is lower than in DH (1) and that TG3 reactivity
increases with age in coeliac disease (55). Therefore, it
can be speculated that skin symptom-free coeliac disease
patients with TG3 reactivity are susceptible to future
development of DH, especially if not compliant with a
strict GFD. However, since the exact role and value of
TG3 antibodies in DH and coeliac disease is, thus far, to
some extent obscure, these antibodies are currently mostly
used in research settings.

Small bowel mucosal biopsies obtained during up-
per gastrointestinal endoscopy are not necessary for
DH diagnosis. It is widely recognized that the majority
of the untreated DH patients have coeliac-type small
bowel mucosal villous atrophy, but at least one-quarter
of the patients evince normal villous architecture (53).
However, virtually all subjects without evident small
bowel mucosal damage evince intestinal coeliac-type
inflammation and/or immune response. Characteristic for
both DH and coeliac disease is increased densities of yo+
intraepithelial lymphocytes in the small bowel mucosa
(56), but even more specific finding is the presence of
intestinal TG2-targeted autoantibody deposits (25, 26).
However, both of these investigations require frozen
small bowel mucosal samples, which are not available in
every diagnostic centre. Importantly, even though small
bowel mucosal changes vary from inflammatory changes
to severe villous atrophy in DH, recent evidence has
shown that the severity of mucosal damage at diagnosis
does not have any effects on the long-term prognosis of
DH (57, 58), which naturally strengthens the rationale
behind the current policy of not obtaining routine small
bowel biopsies when DH is diagnosed.

GLUTEN-FREE DIET AND DAPSONE TREATMENT
IN DERMATITIS HERPETIFORMIS

The essential treatment for DH is a strict, life-long GFD.
When adhering to a GFD, wheat, rye, barley and foods
otherwise containing gluten are permanently excluded
from the daily diet, but gluten-free oats (i.e. oats not
contaminated by other cereals) are currently allowed in
most countries and tolerated by the majority of patients
with DH (59). Adherence to a GFD leads to healing of
the small bowel mucosa and alleviation of the clinical
symptoms, but total clearance of the DH rash may take
several months or even a couple of years (17, 60). There-
fore, at the beginning of GFD treatment the individuals
with widespread, active rash need additional treatment
with dapsone.

Dapsone is a sulfone drug with potent antimicrobial
and anti-inflammatory properties, which relieves the DH
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rash and itch effectively, but has no effect on the entero-
pathy. The starting dose of dapsone should be 25-50
mg/day. If needed, the dose can be increased gradually
up to 100 mg/day, and then, once the rash has disap-
peared, the dose should be slowly tapered and finally
discontinued as the GFD alone controls the rash (60).
Dapsone is usually well tolerated when recommended
doses are used, but side-effects are possible, of which
dose-dependent haemolysis is the most common and, for
example, methaemoglobinaemia, agranulocytosis and
hepatitis less frequent. Hence, clinical and laboratory
monitoring during treatment is necessary. In Finland
approximately 70% of patients with DH require dapsone
treatment after being diagnosed, and when initiated, it is
usually needed for 23 years (57, 60). In rare cases of DH,
the rash continues despite long-lasting, strict, adherence
to a GFD. Recently this condition, named refractory
DH, was found to occur in less than 2% of patients with
DH (61). The patients with refractory DH in that study
had followed a strict GFD for a mean of 16 years, but
dapsone was still essential due to the active DH rash.
Interestingly, despite the ongoing clinical symptoms,
the small bowel mucosa had recovered in all subjects,
and none had developed lymphoma, which suggests that
refractory DH probably diverges from refractory coeliac
disease, in which the small bowel mucosa does not heal
on a GFD and the risk of lymphoma is increased (62).
However, since refractory DH seems to be very rare, in
cases of non-responsive DH, intentional or accidental
dietary lapses are a more common reason and have to
be excluded by dietary consultation.

Current recommendations are that treatment with a
GFD should be life-long in DH, as in coeliac disease.
However, there are some reports suggesting that a pro-
portion of patients with DH following a GFD could
later re-introduce gluten to their diet without developing
symptoms or signs of DH (60, 63, 64). Three gluten-
challenge studies have also investigated the possible
redevelopment of gluten tolerance in DH. The first
gluten-challenge study by Leonard et al. reported 11 out
of 12 (92%) patients with DH relapsed with rash and 7
(64%) of these also with villous atrophy (65). However,
when Bardella et al. later challenged 38 GFD-treated DH
patients with gluten, they reported 7 (18%) who did not
manifest any type of relapse in the skin or small bowel
during the prolonged gluten challenge (66). Very recently,
a 12-month gluten-challenge study was performed in 19
long-term GFD-treated DH patients in Finland (67). In
this study, 18 (95%) of the patients relapsed in a mean of
6 months; 15 (79%) developed DH rash, 12 of whom also
showed small bowel villous atrophy, and 3 patients sho-
wed progression of small bowel mucosal villous atrophy
without skin symptoms or cutaneous IgA deposits. One
patient, however, did not show any skin symptoms or IgA
deposits, nor did he develop intestinal villous atrophy
or inflammation. However, a long follow-up is needed
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before it can be concluded that gluten is truly tolerated
by this patient, and at present, it seems that development
of gluten tolerance in DH is rare or even non-existent,
and life-long strict adherence to a GFD is still justified
in all patients with DH.

Long-term prognosis on a gluten-free diet

Coeliac disease is known for increased all-cause and
lymphoma mortality risk (68). Therefore it is interesting
that, in a recent Finnish DH study, the all-cause mortality
rate in DH was, in contrast, significantly decreased (stan-
dardized mortality rate 0.70), and the lymphoma mortality
was increased during the first 5 years after diagnosis, but
not thereafter (58). Similarly, a previous DH study from
the UK found a slightly, but non-significantly, reduced
mortality rate (hazard ratio 0.93) (69). In the Finnish study,
98% of patients with DH adhered to a GFD, which may
explain their excellent prognosis, whereas in the study
from the UK, data about dietary adherence was absent for
one-third of patients (58, 69). Evidence clearly confirms
that adherence to a GFD reduces the risk of lymphoma
in DH, the risk of which has been shown to be similarly
increased in DH and coeliac disease (70—72). In DH, the
risk of gastrointestinal carcinomas has not been reported
to be increased, which is in contrast to coeliac disease (69,
71, 72). Also, the increased bone fracture risk associated
with coeliac disease seems not to be a complication of
similar extent in DH, although bone complications have
been very rarely studied in DH (69, 73).

Quality of life (QoL) aspects in coeliac disease have
been widely studied, but only limited evidence of DH
and QoL exist. However, according to current know-
ledge, the QoL of patients with DH seems to be reduced,
but importantly, already after adherence to a GFD for 1
year, the QoL increases to the level of controls (35). The
positive impact of GFD on DH patients’ QoL is also sup-
ported by another study, in which the Qol of long-term
GFD-treated DH patients was equal to that of controls,
and slightly better than that of long-term treated coeliac
patients (74).

Similar to coeliac disease, DH has been associated
with other autoimmune diseases, and the associations
have mostly been explained by common genetic factors.
In DH, the frequency of autoimmune thyroid disease
has been reported to be as high as 4% and that of type 1
diabetes 1-2% (75—78). In addition, Sjogren’s syndrome,
vitiligo and alopecia areata have been reported to associ-
ate with DH, although these associations are not well do-
cumented. Most of the associated autoimmune diseases
have been reported to develop prior to the diagnosis of
DH, but subsequent development is also a possibility.
A recent Finnish register study demonstrated a rather
interesting association of DH with bullous pemphigoid
(79). In that study, patients with previously diagnosed
DH had a 22-fold risk for the later development of bul-
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lous pemphigoid, with a mean of 3 years from diagnosis
of DH to diagnosis of bullous pemphigoid. The authors
speculated that a possible mechanism of this evolvement
could be an epitope spreading phenomenon.

CONCLUSION

DH is a chronic, bullous skin disease, which is a skin
manifestation of coeliac disease. It is suggested that
long-lasting and undetected coeliac disease with TG2-
directed immune response serves as a prerequisite for
the development of DH and TG3 antibody response and,
furthermore, that more accurate and active coeliac disease
diagnostics has resulted in a declining incidence of DH (5,
6). The cutaneous symptoms of DH are troublesome and
decrease the QoL of patients (35). It is therefore fortunate
that the diagnostic delay has become shorter during recent
decades (39). However, variable prevalence figures for
DH in different countries, and delayed diagnosis in one-
third of patients with DH in a high prevalence area (39)
indicate that there is still a necessity for further improve-
ment of DH diagnostics. Recognizing the cutaneous signs
indicative of DH and IF examination of perilesional skin
biopsy remain the cornerstones of DH diagnosis (Table
I). Investigation of small bowel mucosal histology has no
further value in routine diagnostics, and TG2 antibody
testing has a supportive, but not exclusive, role in DH
diagnosis. Future studies will presumably reveal whether
measurement of TG3 antibody has additional value in
DH diagnostics or in the identification of subjects at risk
of development of DH. One future prospect is that TG3
antibody-based diagnosis of DH could be a possibility in
the long run, which would facilitate the diagnosis of DH
and enable diagnostics in centres without the possibility
of IF examination. In coeliac disease, serologically-based
diagnosis has been recommended in children since the
year 2012 (80), and is also utilized in adults in some
countries, such as Finland.

According to current knowledge, strict life-long ad-
herence to GFD is justified in all patients with DH. The
prognosis seems to be excellent in those individuals
with DH who follow the diet rigorously, but other than
adherence to a GFD, little is known about the factors
that influence the development of complications or as-
sociated diseases of DH and mortality. Instead, it has
been shown that the degree of villous atrophy has no
effect on the above-mentioned outcomes of DH (57, 58).
Factual non-responsiveness to GFD is rare in DH, but,
in general, refractory DH seems to have better prognosis
compared with refractory coeliac disease (61). However,
current knowledge of refractory DH is scarce and more
research evidence is needed in order to elaborate this en-
tity more thoroughly. In addition, the differing mortality
trends currently existing among DH and coeliac disease
patients adhering to the same diet is an interesting topic
for future studies.
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Bullous drug eruptions are infrequent, but because
they pose a challenge both to affected patients and
to treating physicians they are considered to be the
most severe cutaneous adverse reactions (SCAR). It
is important to recognize these conditions and to dif-
ferentiate them from other clinical entities involving
blister formation. There may be early signs and symp-
toms that indicate a severe bullous drug eruption even
before blisters and erosions of the skin and mucous
membranes become obvious. Once the diagnosis is su-
spected, appropriate diagnostic procedures and ade-
quate management must be initiated. The latter in-
cludes identification of the potentially inducing drug,
although it should be taken into account that not all
cases of bullous eruptions are drug-induced. In cases
with drug causality the potentially culprit agent must
be withdrawn, while in cases with other aetiology the
underlying condition, e.g. an infection, must be treated
appropriately. In addition to best supportive care, im-
munomodulating therapy may be considered.

Key words: severe cutaneous adverse reaction; Stevens-John-
son syndrome; toxic epidermal necrolysis; generalized bullous
fixed drug eruption.
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ullous drug reactions generally occur as a result of

medication use, but there are also other possible causes.
One of the major challenges is to identify at a very early
stage whether the reaction will be severe and life-threa-
tening. Once blisters are present, differentiation between
types of reaction, such as Stevens-Johnson syndrome (SJS)
and toxic epidermal necrolysis (TEN), generalized bullous
fixed drug eruption (GBFDE) and, sometimes, bullous au-
toimmune disease, is also challenging, since, for example,
conditions such as GBFDE or IgA-linear dermatosis can
mimic SJS/TEN. Differentiation is important as prognosis
and treatment modalities differ substantially.

HISTORICAL CONSIDERATIONS

In 1922, the American paediatricians Stevens & Johnson
(1) reported 2 cases of a disseminated cutaneous eruption

doi: 10.2340/00015555-3408
Acta Derm Venereol 2020; 100: adv00057

SIGNIFICANCE

Drug reactions with blisters (known as bullous drug reac-
tions) are challenging for patients and physicians. Often the-
re are early signs and symptoms that may lead to the sus-
picion of a bullous drug reaction before blisters and erosions
of the skin and mucosa appear. Once the diagnosis is sus-
pected, appropriate diagnostic and therapeutic procedures
must be initiated. A detailed history, including clinical symp-
toms, drug use and infections, is crucial. In cases with drug
causality, the potentially culprit agent must be withdrawn,
while in cases with other aetiology, the underlying condition,
e.g. infection, must be treated. In addition to best suppor-
tive care, immunomodulating therapy may be considered.

associated with erosive stomatitis and severe ocular involve-
ment. In 1956, the Scottish dermatologist Lyell (2) described
patients with epidermal loss secondary to necrosis, and
introduced the term “toxic epidermal necrolysis”. However,
Lyell did not refer to the findings of Stevens & Johnson at
that time, but in a later reappraisal evaluated the original 4
cases in his publication as SJS/TEN, staphylococcal scalded
skin syndrome (SSSS) and generalized bullous fixed drug
eruption (GBFDE) (3). The histopathological difference
between an intraepidermal subcorneal separation in one
case had already been described in his first publication, but
it took until 1971 to identify a staphylococcal exotoxin as
the cause of this reaction and to name it accordingly (4).
Around the same time Kauppinen (5) from Finland sepa-
rated a multilocular or GBFDE from SJS and TEN through
clinical features and behaviour in allergological testing.
Over the years, due to similarities in clinical and histo-
pathological features, SJS and TEN have been included in
the spectrum of erythema multiforme (EM), which was first
described by von Hebra in 1860 (6). However, several at-
tempts have been made to disentangle, regroup and rename
the reactions. Ruiz-Maldonado (7), for example, proposed
the term “acute disseminated epidermal necrosis” for SJS,
TEN and “transmission of forms”, but did not separate
EM, whereas Lyell (8) suggested the name “exanthematic
necrolysis” for SJS/TEN. Based on the original descriptions
and the observation that SJS may progress into TEN, an
international group of dermatologists developed a consensus
definition that separates these conditions from EM. Because
SJS and TEN share a clinical pattern, histopathological
findings, actiology, risk factors, and mechanisms, they are
considered as severity variants of a single disease entity
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that differs only in the extent of skin detachment related
to the body surface area (BSA) (9). Therefore, it seems
more appropriate to use the term “epidermal necrolysis”
or “epithelial necrolysis” (referring to skin and mucosa)
for both (10).

EPIDEMIOLOGY

Epidermal necrolysis (EN) is a rare condition with an over-
all incidence of 1-2 cases per million persons, estimated
using strictly validated cases of a prospective population-
based registry (11, 12). However, incidences as high as 5—6
cases per million per year derive from medical databases
not primarily designed for epidemiological analysis of
rare diseases (13). EN can occur at any age, but the risk
increases with age and the highest incidence is seen in
elderly persons over 65 years of age (14). The mean age of
patients was 53.4 years (range 1-94 years) in a cohort of
more than 2,200 patients (15). Women are more frequently
affected, with a sex ratio of 0.6. Patients infected with hu-
man immunodeficiency virus (HIV) and, to a lesser degree,
patients with collagen vascular disease (also called connec-
tive tissue disease, including rheumatoid arthritis, systemic
lupus erythematosus, Sjogren syndrome, dermatomyositis,
polymyositis, scleroderma, mixed connective tissue disease
and some types of vasculitis) and cancer are at increased
risk (11, 16). The overall mortality associated with EN is
22-25%, varying from approximately 10% for SJS to almost
50% for TEN (17-19). Several factors contribute to poor
prognosis, such as larger extent of skin detachment, older
age, and underlying comorbidity.

In contrast, the mortality for erythema (exsudativum)
multiforme majus (E(E)MM; i.e. EM with mucosal invol-
vement) is very low, affecting few individuals of older age
and underlying conditions. The majority of patients are
young (80% are younger than 40 years, 45% are under 18
years) and male (approximately 75%) (9, 20). The incidence
of cases of severe EMM leading to hospitalization is of
approximately the same order of magnitude as that of EN
(SJS-TEN), with milder cases (EM minus with only skin
involvement or cases with only mucosal involvement) oc-
curring more frequently (15, 20).

To date, estimates of the incidence of GBFDE are lacking,
since there are currently no population-based data. As with
most types of cutaneous adverse reactions, GBFDE more
frequently affects women. Of the affected patients 70% are
older than 70 years and approximately 22% of patients die
due to advanced age and disease severity (21).

CLINICAL FEATURES AND CLASSIFICATION

EN is characterized by erythematous skin, epidermal
detachment and erosions of mucous membranes. The eryt-
hematous exanthema consists of atypical flat target lesions
(these lack the typical 3-zone, target-like constellation of
so-called typical target lesions seen in EM) and/or macules

Bullous drug reactions 123

Table I. Consensus definition of epidermal necrolysis (EN) (22)

TEN TEN on large

EM SJS/TEN with erythema
Criteria majus SIS overlap maculae (without spots)
Skin detachment, % <10 <10 10-30 >30 >10
Typical target lesions  + - - - -
Atypical target lesions Raised Flat Flat Flat -
Maculae - + + + -
Distribution Mainly Wide- Wide- Wide- Widespread

limbs  spread spread spread

EM: erythema multiforme; SJS: Stevens-Johnson syndrome; TEN: toxic epidermal
necrolysis.

that frequently tend to become confluent and spread from
cranial to caudal. Blisters develop on the erythema and coa-
lesce. Usually, at least one mucous membrane is affected by
erosion in addition to the skin. Fever and malaise are very
common (10). The condition is classified according to the
consensus definition: skin detachment of less than 10% of
the BSA refers to SJS, and more than 30% of the BSA to
TEN. Skin detachment between these values is defined as
SJIS/TEN-overlap (Table I, Fig. 1) (22). In approximately
95% of cases, haemorrhagic erosions of mucous mem-
branes, including eyes, lips, mouth, vulva, glans penis,
and sometimes also trachea, bronchi, urethra and anus, are
present (Fig. 2). Due to the fact that the skin detachment
progresses, turning a case initially thought of as SJS into
TEN, and due to the fact that SJS and TEN share the same
actiology and pathogenesis, they are considered as a single
disease entity of different severity (9).

Fig. 1. Confluent macules with confluent blisters, leading to large
areas of skin detachment in epidermal necrolysis (patient’s back).

Theme issue: Blistering skin disorders



ActaDV

ActaDV

124 M. Mockenhaupt

Fig. 2. Haemorrhagic erosions of mucous membranes in epidermal necrolysis or erythema multiforme majus: (a) blepharitis, (b) erosions
of lips and oral mucosa, genital erosions in (c) a male and (d) a female patient.

Fig. 3. Typical target lesions with central blisters in erythema
multiforme majus (on the leg).

Due to the same type of mucosal involvement, EM with
mucosal involvement (erythema multiforme majus; EMM)
was assumed to be a less severe form of SJS. However,
this incorrect classification may lead to false assessment
of causal factors, which in SJIS/TEN are predominantly
medications and in EMM almost exclusively infections (9,
10, 20). Furthermore, younger patients with EMM may be
severely ill with high fever and overall poor general state
of health (20).

EMM and SJS can generally be well differentiated based
on the consensus definition (in more than 90% of cases),
especially when typical targets on the limbs are present
(Fig. 3). However, differentiation may be challenging in the
case of atypical EMM involving atypical “giant targets”.
This also accounts for the mainly truncal and generalized
distribution of typical target lesions, especially in children
and adolescents, since these lesions sometimes coalesce.
The description of a typical and atypical type of EMM
helps to better classify the various patterns of EM and their
distinction from SJS (23). Moreover, due to their demarca-
tion towards intact skin, older “giant targets” may resemble
resolving patches in GBFDE (18).

Besides EMM, GBFDE is an important differential di-
agnosis of EN. This reaction is typically characterized by
well-defined round or oval, egg-sized patches of dusky vio-
laceous or brownish colour. Blisters may develop on these
patches, but the skin remains intact between the areas of
blistering and, in most cases, skin detachment does not affect
more than 10% of the BSA (Fig. 4). However, the reaction
may also present with diffuse erythema and blisters, which
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will show demarcation during the course. There is a debate
among experts as to whether the rare cases of TEN on large
erythema are potentially severe forms of GBFDE (10, 24).

Patients with GBFDE usually do not develop fever and
malaise, but there may be mild mucous membrane invol-
vement, with the genital and/or oral mucosa affected, but
not the ocular surface. Milder eruptions are frequent in the
patient’s medical history (18, 21, 24).

To supplement the consensus definition for EN described
above (22), the RegiSCAR-group developed a score for the
diagnostic differentiation of GBFDE, which is currently in
the validation phase and has not yet been published. There
are no specific laboratory parameters to differentiate bet-
ween the various types of blistering reactions.

HISTOPATHOLOGY

The histology of EN reveals necrotic (dyskeratotic or apo-
ptotic) keratinocytes, either in a disseminated distribution
or as complete epidermal necrosis with subepidermal blister
formation. Localization and timing of sample collection are
important: if the biopsy is taken from the central blister of
an EMM target, complete epidermal necrosis may also be
visible, as well as a sparse superficial lymphocytic infiltrate
in the dermis, often in a perivascular location (25, 26).
Therefore, histopathology can only confirm the clinical
condition within the spectrum of disease but is unable to
proof the specific clinical form. The same accounts for the
histology of GBFDE, in which a distinction is sometimes
possible in the course of the disease. If a biopsy is taken
at a later stage, a deep perivascular infiltrate containing

Fig. 4. Well-demarcated erythematous patches with blisters in
generalized bullous fixed drug eruption (on the back).
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neutrophils and eosinophils may be seen, and potentially
also pigment deposits (26, 27).

FURTHER DIFFERENTIAL DIAGNOSES

EN and GBFDE must be differentiated from staphylococ-
cal scalded skin syndrome (SSSS), which histologically
shows intraepidermal, subcorneal separation (4). Bullous
autoimmune dermatoses, such as bullous pemphigoid, linear
IgA dermatosis, pemphigus vulgaris, and paraneoplastic
pemphigus, should be included in the differential diagnosis
(10). Therefore, if one of these diseases is suspected, a direct
immunofluorescence test as well as serological autoimmune
parameters (e.g. anti-BP 180-, 230-, desmoglein antibodies)
should be performed (10). Linear IgA bullous dermatosis
(LABD) can imitate SIS/TEN, as has been described in
several case reports and case series (28, 29). Some authors
reported a more severe pattern with larger areas of skin de-
tachment in cases that were drug-induced, with vancomycin
being a frequent cause (29). Other disorders that should be
considered in the differential diagnosis include widespread
drug eruptions, erythroderma, exfoliative dermatitis, and
subacute cutaneous lupus erythematosus (10, 18). Acute
generalized exanthematous pustulosis (AGEP) may mimic
EN, when confluence of pustules appears to reveal a positive
Nikolsky’s sign. However, AGEP does not turn into EN,
since there is no primary epidermal necrosis, but there is
rapid healing of the subcorneal lesions. Bullae may occur
in body areas with oedema, leading to widespread intra-
epidermal blister formation and secondary necrosis of the
blister roof (30). If tension blisters appear due to oedema
in drug reaction with eosinophilia and systemic symptoms
(DRESS), EN might be suspected, but early histopathology
will show that there is no full-thickness necrosis leading to
epidermal detachment and that the subepidermal separation
occurs first followed by secondary necrosis of epidermal
cells (18). In addition, atypical target lesions on the limbs and
erosions of the lips may raise the suspicion of EN, although
features such as facial oedema and erythema with inflam-
matory infiltration of the skin point to DRESS. Therefore,
it is important to monitor specific laboratory values relevant
for a diagnosis of DRESS, e.g. eosinophilia, liver enzymes,
kidney parameters, etc. Liver involvement, indicated by
at least a 2-fold increase in transaminases, on 2 different
days may occur when eosinophilia has already turned to
normal values. When the skin eruption heals, widespread
post-inflammatory desquamation is frequently observed and
sometimes mistaken for skin detachment in EN (18, 31).

Other differential diagnoses vary with the clinical pat-
tern and during the course of the reaction. In the early stage
of the disease, maculo-papular, multiforme- or target-like
drug eruptions, which can also present with oral lesions
and conjunctivitis, must be considered, especially in elderly
patients (Table IT) (32). Varicella and other viral exanthems
are important differential diagnoses when the first signs and
symptoms occur in children (10, 18, 33).
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Table II. Differential diagnoses of epidermal necrolysis (EN) (10)

Most likely
« Limited EN (SJS)
- Erythema multiforme majus
- Varicella
* Widespread EN (SJS/TEN overlap and TEN)
- Acute generalized exanthematous pustulosis
- Generalized bullous fixed drug eruption
- Drug reaction with eosinophilia and systemic symptoms

Consider

« Paraneoplastic pemphigus

¢ Linear IgA bullous dermatosis

* Pressure blisters after coma

« Tension blisters due to oedema

* Phototoxic reaction

* Graft-versus-host disease

« Staphylococcal scalded skin syndrome

* Thermal burns

« Skin necrosis from disseminated intravascular coagulation or
« Chemical toxicity (e.g. colchicine intoxication, methotrexate overdose)

CLINICAL COURSE OF EPIDERMAL NECROLYSIS

EN typically begins with unspecific prodromal symptoms,
such as sore throat, runny nose, cough, headache, fever, and
malaise, preceding mucocutaneous lesions by 1-3 days.
These symptoms are followed by the appearance of erythe-
matous macules and atypical targets of the skin that may be
confluent and on which blisters occur. Burning or stinging
of the eyes, and pain when swallowing or urinating, develop
progressively, heralding mucous membrane involvement.
Most reactions start with non-specific symptoms, followed
either by cutaneous or mucosal involvement, but some may
begin directly with specific lesions of the skin and mucous
membranes. The rapid progression of such symptoms, the
addition of new signs, severe pain, and rapid decline in the
patient’s general state of health should prompt the suspicion
of a severe disease (10, 33).

In the majority of EN-cases the eruption initially shows
a symmetrical distribution on the face, the upper trunk,
and the proximal parts of the limbs. The distal parts of the
arms and legs are often spared, but the eruption may extend
rapidly to the entire body within a few days or even within a
couple of hours. The initial skin lesions are characterized by
erythematous, dusky-red, irregularly-shaped, purpuric ma-
cules, which coalesce progressively (Fig. 1). Atypical target
lesions with dark centres are often observed. Confluence of
necrotic lesions leads to extensive erythema, and Nikolsky’s
sign (dislodgement of the epidermis by lateral pressure) is
positive on erythematous areas. Flaccid blisters that burst
easily are present at this stage, and the necrotic epidermis
is easily detached at pressure points or by frictional trauma,
revealing large areas of exposed, red, sometimes oozing
dermis, whereas the epidermis may remain in other areas
(10, 15, 18, 33).

In terms of severity, cases are classified according to
the consensus definition (Table I) based on the total area
in which the epidermis is detached or detachable (positive
Nikolsky’s sign). Correct evaluation of the extent of detach-
ment is difficult, especially in areas with spotty lesions and
small blisters. Therefore, it may be helpful to remember
that the surface area that can be covered by one hand (the
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patient’s hand in children) represents approximately 1% of
the patient’s BSA (10, 15).

Mucous membrane involvement (in most cases on at least
2 sites) is observed in approximately 90% of patients (Fig.
2). It typically begins with erythema, followed by painful
erosions of the oral, ocular, genital, nasal, anal and, someti-
mes, tracheal or bronchial mucosa. These symptoms usually
lead to impaired alimentation, photophobia, conjunctivitis
and painful urination. The oral cavity is almost invariably
affected and reveals painful haemorrhagic erosions, often
with greyish white pseudomembranes. The lips are covered
with haemorrhagic crusts. Approximately 80% of patients
have conjunctival lesions accompanied by pain, photophobia,
lacrimation, redness and discharge. Severe forms may lead
to epithelial defect and corneal ulceration, anterior uveitis,
and purulent conjunctivitis and blepharitis. Synechiae often
occur between eyelids and conjunctiva, and eyelashes may
be shed. Genital erosions are frequent in men and women,
but may be more easily overlooked in females, especially
in young girls.

To detect such distinct features requires a thorough
clinical examination of the patient’s entire body, involving
further specialists in the examination of eyes, deep throat
and genital mucosa in women. Ophthalmological consul-
tation, in particular, is an urgent requirement to prevent
complications and long-lasting sequelae (10, 15, 18, 33).

AETIOLOGY AND MEDICATION RISK

Although more than 100 different drugs have been reported
in the literature as inducers of EN, less than a dozen have
been identified to carry a high risk, and these account for
more than half of the cases occurring in Europe according

to 2 multinational case-control studies (16, 34). These
high-risk drugs are allopurinol, antibacterial sulphonami-
des, certain antiepileptic drugs, such as carbamazepine,
lamotrigine, phenobarbital and phenytoin, non-steroidal
anti-inflammatory drugs (NSAIDs) of the oxicam-type,
and nevirapine. The risk appears to be confined to the first
8 weeks of treatment and most reported EN cases started
after the first continuous use of the medication between 4
and 28 days (16, 34, 35, 36). For lamotrigine and the anti-
HIV-drug nevirapine, it was thought that a slow titration
of the dosage could prevent such severe adverse reactions,
since slow dose escalation had been shown to decrease the
rate of mild eruptions. However, there is no evidence for a
decreasing risk of EN (37-39). Oxcarbazepine, a 10-keto
derivative of carbamazepine, which was considered to have
a far lower risk, seems to cross-react with carbamazepine,
revealing a lower, but substantial, risk of causing EN. Al-
lopurinol, an old drug used to treat hyperuricaemia and gout,
is widely believed to be a very safe medication; however, it
was identified as the major cause of EN in Europe and Israel
more than a decade ago and remains as such to date (40, 41).

Often the entire group of NSAIDs is suspected to induce
EN, but there is a huge difference in risk among the various
groups: oxicam derivatives carry the highest risk, acetic acid
derivatives (e.g. diclofenac) moderate risk, and propionic
acid derivatives (e.g. ibuprofen) no increased risk (Table
III) (34, 36).

Among anti-infective agents, a significant, but much
lower, risk than for antibacterial sulphonamides has been
shown for different groups of antibiotics, such as cepha-
losporins, quinolones, tetracyclines and aminopenicillins.
For other medications, such as corticosteroids, proton
pump inhibitors or tramadol, the calculated risk was

Table III. Drugs and recommendations in epidermal necrolysis (EN) (34)

A. Drugs with a high risk of inducing EN

Use of these drugs should be evaluated carefully and they should be suspected promptly.

e Allopurinol

Carbamazepine

Co-trimoxazole (and other anti-infective sulphonamides and sulfasalazine)
Lamotrigine

Nevirapine

NSAIDs (oxicam type, e.g. meloxicam)

Phenobarbital

Phenytoin

An interval of 4-28 days between start of drug use and onset of adverse reaction is most suggestive of an association between the medication and SJS/TEN.
When patients are exposed to several medications with high expected benefits, the timing of administration is important to determine which one(s) must be stopped

and if some may be continued or re-introduced.

The risks of various antibiotics to induce EN are within the same order of magnitude, but substantially lower than the risk of anti-infective sulphonamides.

. Drugs with a moderate (significant but substantially lower) risk of EN
Cephalosporins
Macrolides
Quinolones
Tetracyclines
NSAIDs (acetic acid type, e.g. diclofenac)

e o 0 0 e m

. Drugs with no increased risk of EN
Beta-blockers
ACE inhibitors
Calcium channel blockers
Thiazide diuretics (with sulphonamide structure)
Sulfonylurea anti-diabetics (with sulphonamide structure)
Insulin
NSAIDs (propionic acid type, e.g. ibuprofen)
Valproic acid

e o o 0 0 0 0 0

NSAIDs: non-steroidal anti-inflammatory drugs; ACE inhibitors: angiotensin-converting-enzyme inhibitors.
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strongly affected by confounding (16, 34). In comparison
with the results of 2 case-control studies, recent analysis
of systematically ascertained registry data on EN using
ALDEN (algorithm for causality assessment in EN) (42)
demonstrated that the proportion of validated cases that
could be explained by medications with a significant (high
and moderate) risk was stable (65-68%) over a period of
more than 2 decades (16, 34, 42). ALDEN provides struc-
tured help for identifying the most likely culprit drug and
is based on the following criteria: time latency between
start of drug use and index-day (i.e. onset of the adverse
reaction), drug present in the body before index-day (taking
into account the drug’s half-life as well as the patient’s
liver and kidney function), information on prechallenge/
rechallenge and dechallenge (if available), type of drug/
notoriety (based on drug lists that require a regular update)
and alternative causes. Numerical score values lead to a
causality assessment for each individual drug a patient has
taken or was administered, ranging from “very unlikely”,
“unlikely”, “possible”, “probable” to “very probable (43).
For approximately one-third of cases of EN, no patent drug
cause could be identified by using 2 completely different
epidemiological methods. Even if new drugs or combi-
nations of old drugs are taken into account as triggers of
EN, at least 25% of all cases remain without a plausible
drug cause, whereas this proportion reaches 50% among
children and adolescents with EN. In these cases other
eliciting factors must be saught:

An important non-drug risk factor is infections within one
month before reaction onset. Most often these infections are
diagnosed by clinical means, but positive serology related to
certain well-known infectious agents, such as Epstein-Barr
virus, cytomegalovirus, adenovirus or Mycoplasma pneumo-
niae, are rare. In some cases a preceding infection cannot be
distinguished from the prodromal symptoms of EN; in others
the reaction occurs suddenly with no prior signs or symptoms
and must be labelled as “idiopathic” (10, 24).

EN has also been reported in the context of bone marrow
transplantation, some eruptions of which may be induced
by medication use, others are rather a maximal variant of
acute graft-versus-host disease (GVHD). However, clinical
and histological findings in EN and extensive acute GVHD are
often indistinguishable, but depending on reaction onset after
transplantation and the presence of non-cutaneous symptoms
of GVHD, this diagnosis seems to be more likely (44). Lupus
erythematosus (systemic LE or subacute cutancous LE) is as-
sociated with an increased risk of EN. Often drug causality is
doubtful in such cases and keratinocyte necrosis and subsequent
skin detachment may be an extreme phenotype of cutaneous LE
that must be considered as a differential diagnosis of EN (45).

For drug analysis in epidemiological studies, as well
as for causality assessment in an individual case of EN,
the correct determination of the day of reaction onset
(so-called index-day) is of major importance (10, 15, 33,
34). All medications taken within a month preceding the
index-day should be listed with their first and last day of
use. Furthermore, information on prior use is very im-
portant, since it is rather unlikely for a medication to be
the cause of EN if it was taken and tolerated in the past. A
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drug inducing EN is typically taken as the first continuous
use, most often for 1-4 weeks, but sometimes for up to 8
weeks, without prior exposure (34). Thus, the mechanism
differs from the classical sensitization in allergic condi-
tions (10, 15, 37, 38, 39).

Frequently, and especially when no obvious drug cause is
identifiable, medications taken to treat the prodromal symp-
toms are suspected of having induced the reaction. This
mainly concerns antipyretics, analgesics, and secretolytics,
sometimes summarized as “cough and cold medicines.”
When looking more closely at the use of these medications,
they have usually been taken and tolerated previously and/or
were started after the onset of prodromal symptoms of EN
(“protopathic bias”). Neither of these patterns is typical for
drug exposure causing EN (15, 33, 46). In contrast, medi-
cations causing EN have not been used previously and their
exposure represents the first continuous use that started 4
weeks to at least 4 days before reaction onset. Furthermore,
these substances do not belong to the drug groups for which
an increased risk was estimated in epidemiological studies
(34, 35). Differentiation between infection and drugs as the
triggering agent can be challenging in the case of antibio-
tics used to treat infections (“confounding by indication”),
but it helps to consider the type of infection, since classic
bacterial infections alone do not seem to have an increased
risk of causing EN (33).

For GBFDE, there are numerous case reports in the
literature providing information on possible drug triggers
(47-50); however, no analyses have been conducted on large
patient numbers. The range of triggers include antimicro-
bial sulphonamides (especially cotrimoxazole), analgesics
(especially metamizole, but also paracetamol), and, less
frequently, antibiotics, allopurinol, and antiepileptic drugs
(especially carbamazepine) (47—50). The latency between
the start of drug use and reaction onset ranges from a few
hours to a few days. In contrast to EN, the triggering agent
has often been used and tolerated in the past (18). Sensitiza-
tion happens over time, meaning that a reaction consistent
with a fixed drug eruption occurs rapidly upon renewed use
of the drug. Thus, GBFDE is a classic allergic reaction that
must be differentiated from EN.

RISK OF RECURRENCE

The risk of recurrence in EN appears to be rather low, as
Kirsti Kauppinen had already observed in 1972 (5). In the
multinational RegiSCAR study, few individual patients
experienced a second event of EN after accidental exposure
to the same drug that had induced the first event. The time
latency between the start of drug use and reaction onset
was very similar and not necessarily shorter, as reported
repeatedly in the literature.

In contrast, fixed drug eruption, including GBFDE, has a
high risk of recurrence, which may be explained by memory
T cells remaining in the affected skin (51). In many cases
there has been a previous, often less severe, event, but cases
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with extensive skin detachment may also occur de novo
and re-occur with the same amount of involvement (49).
EMM appears to be almost exclusively triggered by
infections, especially M. pneumoniae in children and adol-
escents, and herpes simplex virus in adults. Recurrence has
been observed, in up to 10% of cases, and in some patients
even several times, before the reaction resolves (20). Inte-
restingly, infection-induced EN cases do not seem to recur,
and it may be assumed that the viral triggers change so
rapidly that they are not recognized again as an antigen (52).

PATHOGENESIS AND GENETICS

A T-cell reaction comparable to GVHD is believed to be
the pathogenetic mechanism in EN, since immunohisto-
chemical investigations identified primarily CD4" cells
in the dermis and CD8" cells in the epidermis (53, 54).
In contrast to what was postulated in earlier years, these
cytotoxic T cells are usually specifically directed against
the native form of the drug rather than against reactive
metabolites (55). The acute necrosis of keratinocytes
in EN is attributed to an extensive process of apoptosis
(54, 56). Cytotoxic T-cells are able to initiate apoptosis,
enhanced by the release of perforin and cytokines, such
as TNF-a or granzyme B (57, 58). It is also assumed that
proteins such as Fas antigen (CD 95) and the P55 TNF-a
receptor enhance apoptosis in keratinocytes (59). Howe-
ver, it was demonstrated that Fas and Fas ligand are not
the most important cytokines in the acute phase of EN,
but rather the cationic protein granulysin (60). It showed
the strongest cytotoxicity in the blister fluids of patients
with EN compared with other blistering diseases, with its
concentration correlating with the severity of the clinical
reaction (60). Therefore, it was concluded that granulysin
is a severity marker in EN and provides a target for possible
immunomodulating treatments. It has also been shown
that IL-15 is associated with the severity of the reaction
as well as the risk of mortality (61).

It has been known for many years that there is a genetic
predisposition to develop EN. As early as 1987, different
human leukocyte antigen (HLA) loci were found for TEN
associated with sulphonamides or with oxicam-NSAIDs
(62). Almost 20 years later, a strong association between
HLA-B*1502 and carbamazepine was observed in patients
with EN who were of Han Chinese descent (63). This as-
sociation could not be detected in European patients, where
HLA-B*5701 was identified to confer genetic susceptibility
to carbamazepine-induced SJS/TEN (64). Interestingly,
HLA-B*5701 had previously been demonstrated to be asso-
ciated with abacavir hypersensitivity, which is characterized
by fever, rash and constitutional, gastrointestinal, and/or
pulmonary symptoms different from SJS/TEN and DRESS
(52). A second strong association with HLA-B*5801 was
observed in Han Chinese patients with allopurinol-induced
disease, not only for EN, but also for DRESS (65). For
this allele an association of 55% was found in allopurinol-
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induced EN cases of European descent (66). Clearly, genetic
predisposition is not the only important factor for develo-
ping a certain type of severe cutaneous adverse reaction
due to a specific drug, but also the patient’s ethnicity, as
was shown for patients of southeast Asian, European and
African descent (52).

To date, there have been no systematic investigations into
the genetic pattern of infection-induced EN cases. Howe-
ver, some reports on specific HLA alleles in cases thought
to be triggered by antipyretics and secretolytics appear to
be ultimately associated with infection-induced reactions
(46). Although a large genome-wide association study in
European patients with EN demonstrated that the relevant
alleles/genetic variants are all located in the HLA locus on
chromosome 6, the variability in the European population
appears to be too large to deploy a medication-specific
predictive test to prevent EN (67). In contrast, this has been
successfully demonstrated in Southeast Asian subjects, at
least in the case of carbamazepine, for which the predictive
test has led to a marked reduction in carbamazepine-induced
EN cases (68).

Although no systematic investigations into the patho-
genesis of GBFDE have yet been undertaken, there are
analyses on the T-cell population in fixed drug eruption. T
cells play an important role here, since they remain in the
affected areas of skin as “memory cells”, which explains
why a reaction re-occurs at the same site. The term “fixed
drug eruption” takes this fact into account, although the
reaction may expand if it recurs (51). Furthermore, several
cytokines, such as FAS/FAS-L, perforin and granzyme
B, are equally expressed in GBFDE and EN, whereas the
concentration of granulysin is much lower in GBFDE
compared with EN (27).

THERAPY

Taking a detailed and thorough medication history is crucial.
Assuming a medication rather than an infection triggered
the reaction, the most likely culprit drug should be iden-
tified and discontinued. Thus, it is essential to know the
time latency between the start of drug use and onset of the
reaction, as well as the drugs that have a high-to-moderate
risk of the type of reaction in question. It may be helpful
to create a timeline diagram, into which the chronological
sequence of clinical symptoms is entered on the x-axis
and the medications taken or applied are entered on the
y-axis (Fig. 5). Based on the diagram and the information
on duration of use (start and end of use), it is possible to
narrow down or even identify the inducing agent. It then
becomes obvious that not all drugs, some of which may be
vital for life, need to be withdrawn. Medications that were
administered to treat prodromal symptoms and that are
often suspected as the cause of EN, can also be excluded
as triggers. If an infection is thought to have induced the
reaction, patients should receive adequate antibiotic or
antimicrobial treatment; reluctance to provide medication
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Medication history

Medication 1

Drug exposure

—: . i . i Regular use;

long-term medication

Medication 2

Irregular or

Medication 3

Medication 4

Medication 5

unknown use
Regular use;
new medication

Single dose
medication use

Regular use;
new medication

01.07.19 08.07.19 15.07.19

Clinical course

* First onset of blisters or erosions

.

22.07.19 29.07.19
Sore throat, T Hospital admission
red eyes

Fever

exanthema

Skin blisters

Fig. 5. Timeline diagram with chronologic sequence of clinical symptoms (x-axis) and medication use (y-axis).

in a medical condition frequently caused by drugs may be
detrimental (15, 33). The following supportive care and

topical treatment is recommended:

In order to assess a patient’s prognosis and to decide on the app-
ropriate therapeutic options, the SCORTEN (severity-of-illness
score for EN) has been developed (69). Seven independent, but
equally significant, factors are used for the calculation of score
points: (i) age (=40 years), (ii) heart rate (> 120/min), (iif) ma-
lignancy, (iv) percentage of detachment relative to BSA on day
1 (=10 %), (v) serum urea (> 10 mmol/l), (vi) serum bicarbonate
(<20 mmol/l), and (vii) serum glucose (> 14 mmol/1) (69). The
positive score points are added and the higher the value, the
higher is the risk of death and the lower the chance of survival
(69-71) (Table IV).

Only patients with limited skin involvement, and a SCORTEN
value of 0 or 1, and a disease that is not rapidly progressing
can be treated in non-specialized wards. Depending on the
local or national facilities, patients who do not need intensive
care may remain in dermatology units or hospitals (in many
European countries), others should be transferred to intensive
care facilities or burn units (72, 73). Supportive care is still the
cornerstone of treatment and includes maintaining haemodyna-
mic equilibrium and preventing life-threatening complications.
Due to significant fluid loss in patients with large amount of skin
detachment, hypovolaemia and electrolyte imbalance must be
adjusted on a daily basis. Infusion volumes are usually lower
than for burns of a similar extent of skin detachment (approx-
imately 1/3—/4 of the infusion volume in burns) because inter-
stitial oedema is absent. In order to select the correct amount

Table IV. SCORTEN (69) (severity-of-illness score for epidermal

necrolysis) to assess a patient’s prognosis

Factor Score Weight/score value
Age, years =40 1

Malignancy Yes 1

Body surface area detached (day 1), % =10 1

Tachycardia, /min >120 1

Serum urea, mmol/| >10 1

Serum glucose, mmol/I >14 1

Serum bicarbonate, mmol/| <20 1

Possible score 0-7

of fluid replacement, correct estimation of the denuded BSA is
important (74). Peripheral venous lines should be used, if pos-
sible, since the sites of insertion of central lines are far more
prone to infection. Increasing the environmental temperature
to 25-30°C is important to compensate for loss of thermo-
regulation in patients with extensive skin detachment (72).
Air-fluidized beds may help to increase the patient’s comfort.
To reduce the risk of infection, aseptic and careful handling is
required. Skin, blood, and urine specimens should be cultured
for bacteria and fungi at frequent intervals. Prophylactic use
of antibiotics should be avoided, and instead patients with
EN should receive antibiotics when an infection is suspected
based on clinical features and laboratory results. Prophylactic
anticoagulation is needed and early nutritional support should
be provided through nasogastric tubes in order to promote
healing and decrease the risk of bacterial translocation from
the gastrointestinal tract (10, 18, 72, 73). For adequate enteral
nutrition, intensive care guidelines (e.g. ESPEN guidelines)
should be followed (75).

Topical treatment plays a special role in bullous reactions.
Antiseptic solutions or gels, as well as non-medicated and non-
adhesive gauze dressings are used. There is no standard policy
concerning the use of antiseptics and wound dressings, which
remains a matter of experience in each centre. Careful handling
and skilful wound care, performed by experiences nurses, in ad-
dition to adequate pain management, are essential (10, 72, 73).

Some experts recommend leaving the blister roof in place
as a natural cover to protect the dermis, while others recom-
mend complete removal of detached skin and the consecutive
use of biosynthetic dressings in order to protect against infec-
tion. Although this remains a topic of debate, it was recently
suggested that aggressive debridement is neither necessary in
superficial burns nor in EN, because superficial necrosis is not
an obstacle to re-epithelialization and might even accelerate the
proliferation of stem cells due to inflammatory cytokines (76).

In the case of erosive mucous membrane involvement, local
antiseptic treatment is recommended and the appropriate medi-
cal specialist should be consulted. In terms of eye involvement,
an experienced ophthalmologist should examine the patient
immediately after admission. Preservative-free emollients,
antibiotic or antiseptic eye drops, often alternating with anti-
inflammatory (e.g. corticosteroid) eye drops are recommen-
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ded every 2 h in the acute phase. In case of early synechiae,
mechanical disruption is indicated and graft of cryopreserved
amniotic membrane has been proposed to decrease the rate of
severe ocular sequelae. In any case, severe ocular involvement
requires daily consultation with an ophthalmologist (73, 77).

Disinfectant mouthwash can be used for treatment of oral
erosions, whereas erosions of the lips should be treated with
bland ointment, e.g. dexpanthenol. Genital erosions in male and
female patients may lead to adhesions or strictures. To avoid
such complications wet dressings or a sitz bath are helpful.
If deeper vaginal involvement is suspected in young girls, a
gynaecological examination should also be performed, since
carly adhesions must be carefully disrupted. To avoid these,
dilators covered with ointment can be applied (78).

Since GBFDE is considered to be a self-limiting disease that
ceases to progress shortly after discontinuation of the triggering
drug, supportive care alone is adequate. However, complications
requiring intensive care can occur, especially in older patients
and patients with extensive skin detachment. Topical treatment
is the same as in EN. Since the mucous membranes are most
often unaffected, interdisciplinary consultations are not man-
datory, but can be helpful in some cases (24, 48).

Immunomodulating treatment. Because of the immunological
mechanisms with involvement of cytotoxic T-cells and release
of cytokines, several immunosuppressive and anti-inflammatory
treatments have been tried to halt the progression of the disease.
Data on therapeutic approaches largely derive from uncontrolled
case series and case reports. Due to the rarity of SIS/TEN and
the resulting low patient numbers, as well as the unexpected
onset and rapid progression of the reaction, it remains a huge
challenge to conduct a controlled randomized study on treat-
ment efficacy. Therefore, existing data on treatment of EN must
be evaluated with care:

* Glucocorticosteroids are the most frequently used immuno-
modulating treatment in patients with EN (18), but their use
is controversial, since they may increase the risk of infection
and septicaemia and delay wound healing (79). However, a
recently published meta-analysis on the treatment of EN that
investigated publications in the period 1990-2012 demonstra-
ted that the administration of systemic glucocorticosteroids
conferred a survival benefit compared with supportive care
alone (odds ratio (OR) 0.54; 95% confidence interval (95%
CI) 0.29-1.01) (80). A number of smaller case series on the
administration of glucocorticosteroid pulse therapy with
methylprednisolone or dexamethasone (100 mg/day for 3
days) demonstrated a benefit when comparing the expected
number of deaths by SCORTEN with the actually observed
death rate (81, 82). A case series of 5 patients reported on the
positive effect of methylprednisolone pulse therapy (500 mg/
day for 3 days) in massive eye involvement on the develop-
ment of ocular sequelae; this effect could not be confirmed
in larger observational studies (82, 83). Thus, individual case
reports and small case series should be viewed with caution.
Nevertheless, if administered short-term at a medium dose
(50-250 mg) for only a few days, glucocorticosteroids are a
treatment option with a positive effect on swollen and painful
mucous membranes, but little impact on the progression of
skin detachment (80, 84).

Intravenous immunoglobulins (IVIG) have been suggested
as therapy option based on the assumption that Fas-induced
keratinocyte apoptosis is blocked by antibodies present in
human IVIG (85). Their use remains a subject of controversy,
given that some reports described a positive effect (85, 86),
whereas others were unable to show any benefit (80, 84, 87,
88). However, a number of methodological weaknesses and
problems were found in the studies showing a positive effect
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for IVIG (89). Furthermore, the effect of IVIG dose is often the
focus of the discussion. In studies that showed a disadvantage
for IVIG, the dose was mostly <2 g/kg BW, whereas it was
at least 2.8 g/kg BW in positive studies (88). Nevertheless,
using SCORTEN for comparison, a more recent retrospective
study of 64 patients revealed that the administration of IVIG
did not have a positive effect on survival, not even at a higher
dose (90). Two extensive meta-analyses also found no survival
benefit for patients with EN who received treatment with IVIG
compared with supportive therapy (80, 91).

Cyclosporine A has strong immunomodulating capacity and
thus has been used in the treatment of EN. Its mechanism
may, on the one hand, be activation of T-helper cells and cy-
tokines, and, on the other hand, inhibition of CD8+ cytotoxic
mechanisms followed by an anti-apoptotic effect of several
cytokines. The first larger retrospective case series, in which
11 patients were treated with 2x3 mg/kg BW/day, was publis-
hed as early as 2000 (92). The progression in skin detachment
stopped and wound healing was faster in the patient group
receiving cyclosporine A compared with the control group,
which received cyclophosphamide and glucocorticosteroids
(92). In the following years, individual case reports and case
series were published, all showing a survival benefit in pa-
tients treated with cyclosporine A compared with SCORTEN
values and/or other systemic therapies (93-95). A recent
larger study was conducted in Madrid and used 3 different
approaches to assess the effect of cyclosporine A. Again, re-
epithelialization began earlier than in the comparison group
(IVIG, glucocorticosteroids, supportive care only), and the
observed mortality was lower than expected by applica-
tion of SCORTEN, whereas in the comparison group more
patients than estimated died (96). Children and adolescents
were not included in many of these studies, but cyclosporine
A has been used successfully in children with EN in smal-
ler case series (97). The 2 meta-analyses mentioned above
concluded that cyclosporine A is a very promising treatment,
because first, re-epithelialization begins earlier and, second
the observed mortality is lower than expected (80, 91). The
recommended dose is 3—5 mg/kg BW/day for a total of 10
days, but adjustment of the dose may be needed in patients
with impaired renal function (98). Therefore, it is necessary to
monitor creatinine levels during treatment. Close surveillance
of creatinine levels is advisable in the case of higher doses
and renal insufficiency, but not necessarily mandatory in other
cases. Strict contraindications to short-term treatment with
cyclosporine A at the suggested doses are rare, but there are
only a few reports on the treatment of elderly patients (>70
years) with EN (98).

TNF-a inhibitors have also been tried for treatment of EN,
since elevated TNF-a levels were found in blister fluids, se-
rum, and skin samples of patients with EN, and the level cor-
related with the severity of the reaction (99, 100). Therefore,
the use of TNF-a inhibitors appeared as a potential treatment
approach in EN. In 1998, a randomized double-blind placebo-
controlled treatment study using thalidomide in patients with
EN was terminated early, because significantly more patients
in the thalidomide group died than in the placebo group (100).
Paradoxical high levels of TNF-a were detected in the serum
of patients in the treatment arm of the study. However, later
studies used other TNF-a inhibitors, e.g. infliximab and
etanercept, for the treatment of EN, but only scant reports of
treatment success have been published (101, 102). In a ran-
domized treatment study that was published recently a lower
mortality in patients with EN treated with etanercept compared
with the achieved SCORTEN values was observed. Wound
healing started earlier and the inhibitor reduced the levels of



ActaDV

ActaDV

TNF-a and granulysin in serum and blister fluids compared
with the glucocorticosteroid-treated control group (103). The
prospective randomized study design can be regarded posi-
tively, since treatment studies of that kind are lacking in the
area of severe skin reactions. However, most results are not
significant and this study also had a number of methodologi-
cal problems. The delayed re-epithelialization in the control
group could be due to the prolonged use of corticosteroids.

 Other immunomodulatory treatment options. Other therapies
have been used to treat EN, but the reliability of the findings is
very low due to the small number of patients treated. In some
cases, these options are no longer, or only rarely, used, as in
the case of cyclophosphamide (80). Other treatments, such as
plasmapheresis, which is based on the removal of cytokines
involved in apoptosis, are still used, although they were not
able to demonstrate verifiable positive results (104, 105).

To date, there are no data from clinical trials on the benefit
of systemic immunomodulating therapy in the treatment of
GBFDE. Systemic glucocorticosteroids are also used in some
patients, but it appears that their short-term use does no harm
and does not result in faster healing (18, 49).

COMPLICATIONS AND SEQUELAE

During the acute stage of the disease, EN may be accom-
panied by hepatitis, tubular nephritis, or tracheobronchial
mucosal involvement, which usually resolve rather quickly
(10, 73). The most common complications include nosoco-
mial infection and septicaemia, frequently caused by central
venous catheters. Therefore, peripheral catheters should be
preferred wherever possible and specific hygiene measures
are advised, e.g. reverse isolation, etc. (72, 73).

The majority of EN survivors experience long-term se-
quelae of varying severity, affecting primarily the skin and
mucous membranes (106, 107). Whereas skin lesions gene-
rally heal without scarring, hyper- and hypo-pigmentation
of the skin as a result of the inflammatory reaction often
persist for months to years. Reversible loss of hair and nails,
as well as nail growth disorders are frequently observed.
Mucosal adhesions that may cause strictures in, for example,
the urethra or oesophagus, represent a greater problem. By
far the most hazardous and, for the patient, most dramatic,
sequelae affect the eyes by symblepharon formation with
entropium and trichiasis, which can even cause blindness
(10, 15, 77, 106, 107).

Many patients still experience somatic as well as psycho-
logical sequelae years after their reaction. These sequelae
may range from symptoms of post-traumatic stress, sleep
disorders, and nightmares, to fear of using any medications.
A large survey, performed 5 years after EN, revealed that
many patients and their relatives are inadequately informed
about their reaction, its sequelae, and how to deal with these
in the long term (107).

ALLERGY WORK-UP

EN is not an allergic reaction in the strict sense, since there is
no classic sensitization as in other delayed hypersensitivity
reactions. In the latter, initial use of the substance is well
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tolerated, with a reaction developing only upon renewed
exposure. EN differs in that it typically occurs during the
first course of treatment with a drug (34).

GBFDE, on the other hand, is a true allergic reaction,
since previous exposure to the triggering drug has usually
occurred, and repeated use often causes localized fixed drug
eruptions. While renewed administration of a triggering
drug in patients with GBFDE can be expected to cause a
rapid onset, and possibly even more extensive, repeated
reaction, EN was rarely observed following similar re-
exposure (5).

Skin tests, such as the patch test, are generally safe, but
most often are not helpful for confirming the suspected trig-
ger in EN. The success of testing depends, to a great extent,
on the type of reaction and the T-cell populations involved,
as well as on the drug to be tested. In a study performed a
few years ago in France, for example, the triggering agent
was confirmed by patch testing in less than 25% of patients
with EN (108). One should also bear in mind that allopuri-
nol, a very common trigger of EN, is not suitable for skin
testing due to the lack of lipophilicity and skin penetration
(108, 109).

In vitro tests were the most suitable instrument to identify
the inducing agent in bullous drug reactions; however, their
use is yet not part of routine diagnostics and remains rather
experimental. This may, in part, be due to the fact that the
specificity of the various tests, e.g. the lymphocyte proli-
feration test, the lymphocyte stimulation test, and cytokine
assays, is high, while their sensitivity is much lower (109).

ACKNOWLEDGEMENT

The German Registry of Severe Skin Reactions (dZh), represen-
ting the German part of the multinational RegiSCAR-study since
2003, was mainly funded by a research grant from the European
Commission (QLRT-2002-01738) and by a grant from the Federal
Ministry for Education and Research (Bundesministerium fiir
Bildung und Forschung (BMBF); grant no. 01KG1018). The dZh
also received a grant / donation by Erika- and Werner Messmer-
Foundation for clinical research (grant no. 1020.0355.01a),
a private donation (C.H.R., Nailsea, UK) for SCAR-research
(grant no. 1020.0355.01b) and a grant/donation by the German
Dermatology Foundation (Deutsche Stiftung zur Férderung wis-
senschaftlicher Arbeit auf dem Gebiet der Dermatologie; grant no.
1020.0355.01c). A minor part of financial support was provided
by several pharmaceutical companies (Bayer vital, Boehringer-
Ingelheim, Cephalon, GlaxoSmithKline, Griinenthal, MSD Sharp
and Dome, Merck, Novartis, Pfizer, Sanofi-Aventis, Servier,
Tibotec-Janssen) between 2003 and 2012. The author received the
Else Kroner Memorial Stipendium for support of clinical research
through Else Kroner-Fresenius-Foundation. Methodological consi-
derations were partly supported by German Research Foundation
(Deutsche Forschungsgemeinschaft; FOR 534).

REFERENCES

1. Stevens AM, Johnson FC. A new eruptive fever associated
with stomatitis and ophthalmia: report of two cases in
children. Am J Dis Child 1922; 24: 526-533.

2. Lyell A. Toxic epidermal necrolysis: an eruption resembling
scalding of the skin. Br J Dermatol 1956; 68: 355-361.

Theme issue: Blistering skin disorders



ActaDV

ActaDV

132

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

M. Mockenhaupt

. Lyell A. Toxic epidermal necrolysis (the scalded skin syn-

drome): a reappraisal. Br J Dermatol 1979; 100: 69-86.

. Melish ME, Glasgow LA. The staphylococcal scalded skin

syndrome: development of an experimental model. N Engl
J Med 1970; 282: 114-119.

. Kauppinen K. Cutaneous reactions to drugs. With special

reference to severe bullous mucocutaneous eruptions and
sulphonamides. A clinical study. Acta Derm Venereol 1972;
Suppl 68: 1-89.

. Hebra von F. Erythema exsudativum multiforme. Atlas der

Hautkrankheiten. Vienna: Kaiserliche Akademie der Wis-
senschaften, 1866; 6: p. 54-55.

. Ruiz-Maldonado R. Acute disseminated epidermal necrosis

types 1, 2, and 3: study of sixty cases. J Am Acad Dermatol
1985; 13: 623-635.

. Lyell A. Requiem for toxic epidermal necrolysis. Br J Der-

matol 1990; 122: 837-838.

. Auquier-Dunant A, Mockenhaupt M, Naldi L, Correia O,

Schréder W, Roujeau JC, SCAR Study Group. Severe Cu-
taneous Adverse Reactions. Correlations between clinical
patterns and causes of erythema multiforme majus, Ste-
vens-Johnson syndrome, and toxic epidermal necrolysis:
results of an international prospective study. Arch Dermatol
2002; 138: 1019-1024.

Mockenhaupt M, Roujeau JC. Epidermal necrolysis (Ste-
vens-Johnson syndrome and toxic epidermal necrolysis).
In: Kang S, Amagai M, Bruckner A, Enk AH, Margolis DJ,
McMichael AJ, et al., editors. Fitzpatrick’s dermatology, 9.
Edition, chapt 44. New York: McGraw Hill Education, 2019:
p. 733-748.

Rzany B, Mockenhaupt M, Baur S, Schréder W, Stocker U,
Mueller J, et al. Epidemiology of erythema exsudativum
multiforme majus, Stevens-Johnson syndrome, and toxic
epidermal necrolysis in Germany (1990-1992): structure
and results of a population-based registry. J Clin Epidemiol
1996; 49: 769-773.

Naegele D, Sekula P, Paulmann M, Mockenhaupt M. Inci-
dence of epidermal necrolysis (Stevens-Johnson syndrome/
toxic epidermal necrolysis): results of the German Registry.
accepted by J Invest Dermatol (in press).

Frey N, Jossi J, Bodmer M, Bircher A, Jick SS, Meier CR,
et al. The epidemiology of Stevens-Johnson syndrome and
toxic epidermal necrolysis in the UK. J Invest Dermatol
2017; 137: 1240-1247.

Mockenhaupt M, Sekula P, Liss Y, Schumacher M. Frequency
and incidence of severe cutaneous adverse reactions in
different age groups. Pharmacoepidemiol Drug Safe 2011;
20: 34.

Mockenhaupt M. Introduction: Classification, terminology,
epidemiology, and etiology of cutaneous adverse drug
reactions. In: Shear NH, Dodiuk-Gad RP, editors. Advan-
ces in diagnosis and management of cutaneous adverse
drug reactions: current and future trends. Springer Nature
Singapore Pte Ltd, Singapore, 2018: chapt.1, p. 3-23.
Roujeau JC, Kelly JP, Naldi L, Rzany B, Stern RS, Anderson
T, et al. Medication use and the risk of Stevens-Johnson
syndrome or toxic epidermal necrolysis. N Engl J Med 1995;
333: 1600-1607.

Sekula P, Dunant A, Mockenhaupt M, Naldi L, Bouwes Ba-
vinck JN, Halevy S, et al. Comprehensive survival analysis
of a cohort of patients with Stevens-Johnson syndrome
and toxic epidermal necrolysis. J Invest Dermatol 2013;
133: 1197-1204.

Paulmann M, Mockenhaupt M. Severe drug-induced skin
reactions: clinical features, diagnosis, etiology, and therapy
(English online version). J Dtsch Dermatol Ges 2015; 13:
625-645.

Risser J, Lewis K, Weinstock MA. Mortality of bullous skin
disorders from 1979 through 2002 in the United States.
Arch Dermatol 2009; 145: 1005-1008.

Roujeau JC, Mockenhaupt M. Erythema multiforme. In:
Kang S, Amagai M, Bruckner A, Enk AH, Margolis DJ, Mc-
Michael AJ, et al., editors. Fitzpatrick’s dermatology, 9th
edition. New York: McGraw Hill Education, 2019: chapt.
43, p. 723-732.

Theme issue: Blistering skin disorders

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Lipowicz S, Sekula P, Ingen-Housz-Oro S, Liss Y, Sassolas
B, Dunant A, et al. Prognosis of generalized bullous fixed
drug eruption: comparison with Stevens-Johnson syndrome
and toxic epidermal necrolysis. Br J Dermatol 2013; 168:
726-732.

Bastuji-Garin S, Rzany B, Stern RS, Shear NH, Naldi L,
Roujeau JC. Clinical classification of cases of toxic epider-
mal necrolysis, Stevens-Johnson syndrome, and erythema
multiforme. Arch Dermatol 1993; 129: 92-96.

Schréder W, Mockenhaupt M, Schlingmann J, Schneck B,
Hering O, Schopf E. Clinical re-classification of severe skin
reactions and evaluation of their etiology in a population-
based registry. In: Victor N, et al., editors. Medical infor-
matics, biostatistics and epidemiology for efficient health
care and medical research: contributions from the 44th
annual conference of the GMDS. Heidelberg: Urban & Vogel,
1999: p. 107-110.

Baird BJ, De Villez RL. Widespread bullous fixed drug erup-
tion mimicking toxic epidermal necrolysis. Int J Dermatol
1988; 27: 170-174.

Rzany B, Hering O, Mockenhaupt M, Schroder W, Goertt-
ler E, Ring J, et al. Histopathological and epidemiological
characteristics of patients with erythema exudativum
multiforme majus, Stevens-Johnson syndrome and toxic
epidermal necrolysis. Br J Dermatol 1996; 135: 6-11.
Ziemer M, Mockenhaupt M. Severe drug-induced skin
reactions: clinical pattern, diagnostics and therapy. Skin
Biopsy - Perspectives 2011. Available from: https://doi.
org/10.5772/22335.

Cho YT, Lin JW, Chen YC, Chang CY, Hsiao CH, Chung WH,
et al. Generalized bullous fixed drug eruption is distinct
from Stevens-Johnson syndrome/toxic epidermal necrolysis
by immunohistopathological features. J Am Acad Dermatol
2014; 70: 539-548.

Schneck B, Termeer C, Mockenhaupt M, Augustin M, Schopf
E. IgA-lineare Dermatose im Erwachsenenalter mit klini-
schen Zeichen eines Stevens-Johnson-Syndroms. Hautarzt
1999; 50: 288-291.

Chanal J, Ingen-Housz-Oro S, Ortonne N, Duong TA,
Thomas M, Valeyrie-Allanore L, et al. Linear IgA bullous
dermatosis: comparison between the drug-induced and
spontaneous forms. Br J Dermatol 2013; 169: 1041-1048.
Peermohamed S, Haber R. Acute generalized exanthe-
matous pustulosis simulating toxic epidermal necrolysis.
A case report and review of the literature. Arch Dermatol
2011; 147: 697-701.

Kardaun SH, Sekula P, Valeyrie-Allanore L, Liss Y, Chu CY,
Creamer D, et al for the RegiSCAR study group. Drug Reac-
tion with Eosinophilia and Systemic Symptoms (DRESS):
an original multisystem adverse drug reaction. Results
from the prospective RegiSCAR study. Br J Dermatol 2013;
169: 1071-1080.

Ziemer M, Wiesend CL, Vetter R, Weiss ], Blaschke S,
Norgauer J, Mockenhaupt M. Cutaneous adverse drug
reactions to valdecoxib distinct from Stevens-Johnson
syndrome and toxic epidermal necrolysis. Arch Dermatol
2007; 143: 711-716.

Paulmann M, Mockenhaupt M. Fever in Stevens-Johnson
syndrome and toxic epidermal necrolysis in pediatric cases:
laboratory work-up and antibiotic therapy. Pediatr Infect
Dis J 2017; 36: 513-515.

Mockenhaupt M, Viboud C, Dunant A, Naldi L, Halevy S,
Bouwes Bavinck JN, et al. Stevens-Johnson syndrome and
toxic epidermal necrolysis: assessment of medication risks
with emphasis on recently marketed drugs. The EuroSCAR-
study. J Invest Dermatol 2008; 128: 35-44.

Levi N, Bastuji-Garin S, Mockenhaupt M, Roujeau JC,
Flahault A, Kelly JP, et al. Medications as risk factors of
Stevens-Johnson syndrome and toxic epidermal necroly-
sis in children: a pooled analysis. Pediatrics 2009; 123:
e297-304.

Mockenhaupt M, Kelly JP, Kaufman D, Stern RS. The risk
of Stevens-Johnson syndrome and toxic epidermal ne-
crolysis associated with nonsteroidal anti-inflammatory
drugs: a multinational perspective. J Rheumatol 2003;

I e BN

YEARS



ActaDV

ActaDV

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

30: 2234-2240.

Fagot JP, Mockenhaupt M, Bouwes Bavinck JN Naldi L,
Viboud C, Roujeau JC. Nevirapine and the risk of Stevens-
Johnson syndrome or toxic epidermal necrolysis. AIDS
2001; 15: 1843-1848.

Mockenhaupt M, Messenheimer J, Tennis P, Schlingmann
J. Risk of Stevens-Johnson and toxic epidermal necroly-
sis in new users of antiepileptics. Neurology 2005; 64:
1134-1138.

Diederich S, Paulmann M, Mockenhaupt M. Lamotrigine
and the risk for Epidermal Necrolysis (Stevens-Johnson
syndrome /toxic epidermal necrolysis): analysis of the Ger-
man Registry. 35. Philadelphia: International Conference on
Pharmacoepidemiology & Therapeutic Risk Management,
August 24-27, 2019; Pharmacoepidemiol Drug Safe. On-
line. www.pharmacoepi.org.

Halevy S, Ghislain PD, Mockenhaupt M, Fagot JP, Bouwes
Bavinck JN, et al. Allopurinol is the most common cause of
Stevens-Johnson syndrome and toxic epidermal necrolysis
in Europe and Israel. J Am Acad Dermatol 2008; 58: 25-32.
Mockenhaupt M. Allopurinol is the most frequent cause of
Stevens-Johnson syndrome and toxic epidermal necrolysis.
Expert Rev Dermatol 2012; 7: 213-215.

Mockenhaupt M, Dunant A, Paulmann M, Sekula P, Schu-
macher M, Kardaun SH, et al. for the RegiSCAR-group. Drug
causality in Stevens-Johnson syndrome/toxic epidermal
necrolysis in Europe: analysis of 10 years RegiSCAR study.
Pharmacoepidemiol Drug Safe 2016; 25 (Suppl. 3).
Sassolas B, Haddad C, Mockenhaupt M, Dunant A, Liss Y,
Bork K, et al. ALDEN, an algorithm for assessment of drug
causality in Stevens-Johnson Syndrome and toxic epider-
mal necrolysis: comparison with case-control analysis. Clin
Pharmacol Ther 2010; 88: 60-68.

Stone N, Sheerin S, Burge S. Toxic epidermal necrolysis
and graft versus host disease: a clinical spectrum but a
diagnostic dilemma. Clin Exp Dermatol 1999; 24: 260-262.
Ziemer M, Kardaun SH, Liss Y, Mockenhaupt M. Stevens-
Johnson syndrome and toxic epidermal necrolysis in pa-
tients with lupus erythematosus: a descriptive study of 17
cases from a national registry and review of the literature.
Br J Dermatol 2012; 166: 575-600.

Roujeau JC, Dunant A, Mockenhaupt M. Epidermal necro-
lysis, ocular complications, and “cold medicines”. J Allergy
Clin Immunol Pract 2018; 6: 703-704.

Kauppinen K, Stubb S. Fixed eruptions: causative drugs
and challenge tests. Br J Dermatol 1985; 112: 575-578.
Dharamsi FM, Michener MD, Dharamsi JW. Bullous fixed
drug eruption masquerading as recurrent Stevens Johnson
syndrome. J Emerg Med 2015; 48: 551-554.

Paulmann M, Mockenhaupt M. Unerwiinschte Reexposition:
Generalisiertes bulléses Arzneiexanthem bei zwei &lteren
Patientinnen. Hautarzt 2017; 68: 59-63.

de Argila D, Angeles Gonzalo M, Rovira I. Carbamazepine-
induced fixed drug eruption. Allergy 1997; 52: 1039.
Shiohara T, Mizukawa Y. Fixed drug eruption: a disease
mediated by selfinflicted responses of intraepidermal T
cells. Eur J Dermatol 2007; 17: 201-208.

White KD, Abe R, Ardern-Jones M, Beachkofsky T, Bouchard
C, Carleton B, et al. STS/TEN 2017: Building multidiscipli-
nary networks to drive science and translation. J Allergy
Clin Immunol Pract 2018; 6: 38-69.

Correia O, Delgado L, Ramos JP, Resende C, Torrinha JA.
Cutaneous T-cell recruitment in toxic epidermal necrolysis:
further evidence of CD8+ lymphocyte involvement. Arch
Dermatol 1993; 129: 466-468.

Paul C, Wolkenstein P, Adle H, Wechsler ], Garchon HJ,
Revuz J, et al. Apoptosis as a mechanism of keratinocyte
death in toxic epidermal necrolysis. Br J Dermatol 1996;
134: 710-714.

Nassif A, Bensussan A, Bachot N, Bagot M, Boumsell L,
Roujeau JC, et al. Drug specific cytotoxic T-cells in the
skin lesions of a patient with toxic epidermal necrolysis. ]
Invest Dermatol 2002; 118: 728-733.

. Morel E, Escamochero S, Cabainas R, Diaz R, Fiandor A,

Bellon T. CD94/NKG2C is a killer effector molecule in pa-

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Bullous drug reactions 133

tients with Stevens-Johnson syndrome and toxic epidermal
necrolysis. J Allergy Clin Immunol 2010; 25: 703-710.
Paquet P, Nikkels A, Arrese JE, Vanderkelen A, Pierard
GE. Macrophages and tumor necrosis factor alpha in toxic
epidermal necrolysis. Arch Dermatol 1994; 130: 605-608.
Nassif A, Moslehi H, Le Gouvello S, Bagot M, Lyonnet L,
Michel L, et al. Evaluation of the potential role of cytokines
in toxic epidermal necrolysis. J Invest Dermatol 2004;
123: 850-855.

Abe R, Shimizu T, Shibaki A, Nakamura H, Watanabe H,
Shimizu H. Toxic epidermal necrolysis and Stevens-Johnson
syndrome are induced by soluble Fas Ligand. Am J Pathol
2003; 162: 1515-1520.

Chung WH, Hung SI, Yang J]Y, Su SC, Huang SP, Wei CY,
et al. Granulysin is a key mediator for disseminated ke-
ratinocyte death in Stevens-Johnson syndrome and toxic
epidermal necrolysis. Nat Med 2008; 14: 1343-1350.

Su SC, Mockenhaupt M, Wolkenstein P, Dunant A, Le
Gouvello S, Chen CB, et al. Interleukin-15 Is associated
with severity and mortality in Stevens-Johnson Syndrome/
toxic epidermal necrolysis. J Invest Dermatol 2017; 137:
1065-1073.

Roujeau JC, Huynh TN, Bracq C, Guillaume JC, Revuz J,
Touraine R. Genetic susceptibility to toxic epidermal necro-
lysis. Arch Dermatol 1987; 123: 1171-1173.

Chung WH, Hung SI, Hong HS, Hsih MS, Yang LC, Ho HC,
et al. Medical genetics: a marker for Stevens-Johnson
syndrome. Nature 2004; 428: 486.

Mockenhaupt M, Wang CW, Hung SI, Sekula P, Schmidt AH,
Pan RY, et al. HLA-B*57:01 confers genetic susceptibility
to carbamazepine induced SJS/TEN in Europeans. Allergy
2019; 74: 2227-2230.

Hung SI, Chung WH, Liou LB, Chu CC, Lin M, Huang HP,
et al. HLA-B*5801 allele as a genetic marker for severe
cutaneous adverse reactions caused by allopurinol. Proc
Natl Acad Sci U S A 2005; 102: 4134-4139.

Lonjou C, Borot N, Sekula P, Ledger N, Thomas L, Halevy S,
et al. A European study of HLA-B in Stevens-Johnson syn-
drome and toxic epidermal necrolysis related to five high-
risk drugs. Pharmacogent Genomics 2008; 18: 99-107.
Genin E, Schumacher M, Roujeau J, Naldi L, Liss Y, Kazma R,
et al. Genome-wide association study of Stevens-Johnson
syndrome and toxic epidermal necrolysis in Europe. Orp-
hanet J Rare Dis 2011; 6: 52.

Chen Z, Liew D, Kwan P. Effects of a HLA-B*15:02 screening
policy on antiepileptic drug use and severe skin reactions.
Neurology 2014; 83: 2077-2084.

Bastuji-Garin S, Fouchard N, Bertocchi M, Roujeau JC,
Revuz J, Wolkenstein P. SCORTEN: a severity-of-illness
score for toxic epidermal necrolysis. J Invest Dermatol
2000; 115: 149-153.

Guégan S, Bastuji-Garin S, Poszepczynska-Guigné E, et
al. Performance of the SCORTEN during the first five days
of hospitalisation to predict the prognosis of epidermal
necrolysis. J Invest Dermatol 2006; 126: 272-276.
Cartotto R, Mayich M, Nickerson D, Gomez M. SCORTEN
accurately predicts mortality among toxic epidermal ne-
crolysis patients treated in a burn center. J Burn Care Res
2008; 29: 141-146.

Ghislain PD, Roujeau JC. Treatment of severe drug reac-
tions: Stevens-Johnson syndrome, toxic epidermal necro-
lysis and hypersensitivity syndrome. Dermatol Online ]
2002; 8: 5.

Creamer D, Walsh SA, Dziewulski P, Exton LS, Lee HY, Dart
JK, et al. U.K. guidelines for the management of Stevens-
Johnson syndrome/toxic epidermal necrolysis in adults
2016. Br J Dermatol 2016; 174: 1194-1227.

Shiga S, Cartotto R. What are the fluid requirements in
toxic epidermal necrolysis? J Burn Care Res Off Publ Am
Burn Assoc 2010; 31: 100-104.

Kreymann KG, Berger MM, Deutz NEP, Hiesmayr M, Jolliet P,
Kazandjiev G, et al. ESPEN guidelines on enteral nutrition:
intensive care. Clin Nutr Edinb Scotl 2006; 25: 210-223.
Dorafshar AH, Dickie SR, Cohn AB, Aycock JK, O’Connor
A, Tung A, et al. Antishear therapy for toxic epidermal ne-

Theme issue: Blistering skin disorders



ActaDV

ActaDV

134

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

M. Mockenhaupt

crolysis: an alternative treatment approach. Plast Reconstr
Surg 2008; 122: 154-160.

Chronopoulos A, Pleyer U, Mockenhaupt M. Augenbeteili-
gung bei Stevens-Johnson- Syndrom und Toxic epidermaler
Necrolysis. Klin Monatsbl Augenheilkd 2012; 229: 534-539.
Mockenhaupt M, Ziemer M. Erythema multiforme majus,
Stevens-Johnson syndrome, toxic epidermal necrolysis
and graft-versus-host disease. In: Kirtschig G, Cooper S,
editors. Gynecologic dermatology. London: Medical Publis-
hers; 2016: p. 79-88.

Halebian PH, Corder V], Madden MR, Finklestein JL, Shires
GT. Improved burn center survival of patients with toxic
epidermal necrolysis managed without corticosteroids. Ann
Surg 1986; 204: 503-512.

Zimmermann S, Sekula P, Venhoff M, Motschall E, Knaus
J, Schumacher M, et al. Systemic immunomodulating th-
erapies for Stevens-Johnson syndrome and toxic epidermal
necrolysis: a systematic review and meta-analysis. JAMA
Dermatol 2017; 153: 514-522.

Kardaun SH, Jonkman MF. Dexamethasone pulse therapy
for Stevens-Johnson syndrome/toxic epidermal necrolysis.
Acta Derm Venereol 2007; 87: 144-148.

Hirahara K, Kano Y, Sato Y, Horie C, Okazaki A, Ishida T, et
al. Methylprednisolone pulse therapy for Stevens-Johnson
syndrome/toxic epidermal necrolysis: clinical evaluation
and analysis of biomarkers. J Am Acad Dermatol 2013;
69: 496-498.

Araki Y, Sotozono C, Inatomi T, Ueta M, Yokoi N, Ueda E, et
al. Successful treatment of Stevens-Johnson syndrome with
steroid pulse therapy at disease onset. Am J Ophthalmol
2009; 147: 1004-1011.

Schneck ], Fagot J-P, Sekula P, Sassolas B, Roujeau JC,
Mockenhaupt M. Effects of treatments on the mortality of
Stevens-Johnson syndrome and toxic epidermal necrolysis:
a retrospective study on patients included in the prospective
EuroSCAR Study. J Am Acad Dermatol 2008; 58: 33-40.
Viard I, Wehrli P, Bullani R, Schneider P, Holler N, Salomon
D, et al. Inhibition of toxic epidermal necrolysis by blockade
of CD95 with human intravenous immunoglobulin. Science
1998; 282: 490-493.

Trent JT, Kirsner RS, Romanelli P, Kerdel FA. Analysis of
intravenous immunoglobulin for the treatment of toxic epi-
dermal necrolysis using SCORTEN: the University of Miami
Experience. Arch Dermatol 2003; 139: 39-43.

Bachot N, Revuz J, Roujeau JC. Intravenous immunoglo-
bulin treatment for Stevens-Johnson syndrome and toxic
epidermal necrolysis: a prospective noncomparative study
showing no benefit on mortality or progression. Arch Der-
matol 2003; 139: 33-36.

Shortt R, Gomez M, Mittman N, Cartotto R. Intravenous
immunoglobulin does not improve outcome in toxic epider-
mal necrolysis. J Burn Care Rehabil 2004; 25: 246-255.
Faye O, Roujeau JC. Treatment of epidermal necrolysis with
high-dose intravenous immunoglobulins (IVIG). Clinical
experience to date. Drugs 2005; 65: 2085-2090.

Lee HY, Lim YL, Thirumoorthy T, Pang SM. The role of
intravenous immunoglobulin in toxic epidermal necroly-
sis: a retrospective analysis of 64 patients managed in a
specialized centre. Br J Dermatol 2013; 169: 1304-1309.
Huang YC, Li YC, Chen TJ. The efficacy of intravenous im-
munoglobulin for the treatment of toxic epidermal necroly-
sis: a systematic review and meta-analysis. Br J Dermatol
2012; 167: 424-432.

Arévalo JM, Lorente JA, Gonzalez-Herrada C, Jiménez-Reyes
J. Treatment of toxic epidermal necrolysis with cyclosporin
A. J Trauma 2000; 48: 473-478.

Valeyrie-Allanore L, Wolkenstein P, Brochard L, Ortonne N,

Theme issue: Blistering skin disorders

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Maitre B, Revuz J, et al. Open trial of ciclosporin treatment
for Stevens-Johnson syndrome and toxic epidermal necro-
lysis. Br J Dermatol 2010; 163: 847-853.

Kirchhof MG, Miliszewski MA, Sikora S, Papp A, Dutz JP.
Retrospective review of Stevens-Johnson syndrome/toxic
epidermal necrolysis treatment comparing intravenous
immunoglobulin with cyclosporine. J Am Acad Dermatol
2014; 71: 941-947.

Singh GK, Chatterjee M, Verma R. Cyclosporine in Stevens
Johnson syndrome and toxic epidermal necrolysis and re-
trospective comparison with systemic corticosteroid. Indian
J Dermatol Venereol Leprol 2013; 79: 686-692.
Gonzalez-Herrada C, Rodriguez-Martin S, Cachafeiro L,
Lerma V, Gonzalez O, Lorente JA, et al. Cyclosporine use in
epidermal necrolysis is associated with an important mor-
tality reduction: evidence from three different approaches.
J Invest Dermatol 2017; 137: 2092-2100.

St John J, Ratushny V, Liu KJ, Bach DQ, Badri O, Gracey LE,
et al. Successful use of cyclosporin A for Stevens-Johnson
syndrome and toxic epidermal necrolysis in three children.
Pediatr Dermatol 2017; 34: 540-546.

Roujeau JC, Mockenhaupt M, Guillaume JC, Revuz J. New
evidence supporting cyclosporine efficacy in epidermal
necrolysis. J Invest Dermatol 2017; 137: 2047-2049.
Cho YT, Chu CY. Treatments for severe cutaneous adverse
reactions. J Immunol Res 2017; doi/org/10.1155/2017/
1503709.

Wolkenstein P, Latarjet J, Roujeau JC, Duguet C, Boudeau
S,Vaillant L, et al. Randomised comparison of thalidomide
versus placebo in toxic epidermal necrolysis. Lancet 1998;
352: 1586-1589.

Kreft B, Wohlrab J, Bramsiepe I, Eismann R, Winkler M,
Marsch WC. Etoricoxib-induced toxic epidermal necrolysis:
successful treatment with infliximab. J Dermatol 2010;
37: 904-906.

Paradisi A, Abeni D, Bergamo F, Ricci F, Didona D, Didona
B. Etanercept therapy for toxic epidermal necrolysis. J Am
Acad Dermatol 2014; 71: 278-283.

Wang CW, Yang LY, Chen CB, Ho HC, Hung SI, Yang CH,
et al. Randomized, controlled trial of TNF-a antagonist in
CTL-mediated severe cutaneous adverse reactions. J Clin
Invest 2018; 128: 985-986.

Narita YM, Hirahara K, Mizukawa Y, Kano Y, Shiohara T.
Efficacy of plasmapheresis for the treatment of severe
toxic epidermal necrolysis: Is cytokine expression analysis
useful in predicting its therapeutic efficacy? J Dermatol
2011; 38: 236-245.

Giudice G, Maggio G, Bufano L, Memeo G, Vestita M. Ma-
nagement of toxic epidermal necrolysis with plasmaphe-
resis and cyclosporine A: our 10 years’ Experience. Plast
Reconstr Surg Glob Open 2017; 5: e1221.

Yang CW, Cho YT, Chen KL, Chen YC, Song HL, Chu CY.
Long-term sequelae of Stevens-Johnson syndrome/
toxic epidermal necrolysis. Acta Derm Venereol 2016; 96:
525-529.

Paulmann M, Kremmler C, Sekula P, Valeyrie-Allanore L,
Naldi L, Kardaun S, Mockenhaupt M for the RegiSCAR Gro-
up. Long-term sequelae in patients with Stevens-Johnson
syndrome and toxic epidermal necrolysis: a 5-year analysis.
Clin Transl Allergy 2016, 6 (Suppl 3): 31 (P34).

Barbaud A, Collet E, Milpied B. A multicentre study to
determine the value and safety of drug patch tests for
the three main classes of severe cutaneous adverse drug
reactions. Br J Dermatol 2013; 3: 555-562.
Ardern-Jones M, Mockenhaupt M. Making a diagnosis in
severe cutaneous drug reactions. Curr Opin Allergy Clin
Immnunol 2019; 19: 283-293.





