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Abstract
Background Severe skin reactions, mostly following
medication use, are rare and can be associated with
high mortality. A suitable treatment approach that is
able to reduce mortality is needed.
Methods Recent publications on this topic were re-
viewed and evaluated.
Results In the case of the self-limiting diseases acute
generalized exanthematous pustulosis (AGEP) and
generalized bullous fixed drug eruption (GBFDE),
there is no clear indication for systemic immunomod-
ulating treatment, and supportive care remains the
gold standard. The situation is less clear in the case of
drug reaction with eosinophilia and systemic symp-
toms (DRESS); nevertheless, primarily in the case of
severe organ involvement, systemic glucocorticos-
teroids are recommended. This is associated with
complications and often also with virus reactivation,
which may delay healing. The evidence on various
immunomodulating therapies in Stevens-Johnson
syndrome (SJS)/toxic epidermal necrolysis (TEN) is
controversial. Recent publications favor steroid pulse
treatment, the tumor necrosis factor (TNF)-α in-
hibitor etanercept, as well as the calcineurin inhibitor
cyclosporine A, with the latter representing the most
promising approach.
Conclusion The rarity and unpredictability of the re-
actions make a randomized double-blind therapeutic
trial extremely difficult. Usingmeta-analyses, it is pos-
sible to trace a trend in the use of systemic treatment
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options. Supportive care remains the most important
treatment strategy for all clinical entities.

Keywords AGEP · Cyclosporine A · DRESS · GBFDE ·
Glucocorticosteroids · SJS/TEN

Abbreviations
AGEP Acute generalized exanthematous pustu-

losis
ANA Antinuclear antibodies
BSA Body surface area
BW Body weight
CI Confidence interval
CMV Cytomegalovirus
DIHS Drug-induced hypersensitivity syndrome
DRESS Drug reaction with eosinophilia and sys-

temic symptoms
EBV Epstein-Barr virus
EM Erythema multiforme
EMM Erythema multiforme majus
GBFDE Generalized bullous fixed drug eruption
HHV-6 Human herpesvirus 6
Ig Immunoglobulin
IL Interleukin
IVIG Intravenous immunoglobulins
NSAID Non-steroidal anti-inflammatory drugs
OR Odds ratio
PCR Polymerase chain reaction
SCORTEN Severity-of-illness score for TEN
SJS Stevens-Johnson syndrome
SSSS Staphylococcal scalded skin syndrome
Teffs Effector T cells
TEN Toxic epidermal necrolysis
Th T helper cells
TNF Tumor necrosis factor
Treg Regulatory T cell
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Fig. 1 Erythema/exanthema
and non-follicular pustules
in AGEP

Introduction

Severe skin reactions generally occur as a result of
medication use, but can also have other causes. While
they differ in terms of clinical picture, they share their
rarity. Some types of reaction are life-threatening and
carry a high mortality rate [1]. With an incidence of
between one and two cases per million inhabitants
per year, Stevens-Johnson syndrome (SJS) and toxic
epidermal necrolysis (TEN) are the most feared types
of reaction [2]. Differentiating between SJS/TEN and
generalized bullous fixed drug eruption (GBFDE) is
often challenging, particularly in the case of GBFDE
with extensive skin detachment. In addition to the
above-mentioned bullous skin reactions, there are
also reactions that are primarily non-bullous: acute
generalized exanthematous pustulosis (AGEP) and
drug reaction with eosinophila and systemic symp-
toms (DRESS), formerly referred to as hypersensitivity
syndrome. Although these reactions appear to be less
dangerous, organ involvement, particularly in DRESS,
should not be underestimated [3, 4]. This article pro-
vides an overview of reaction types, their diagnostic
work-up, and their treatment.

Clinical picture, diagnostic work-up, and
differential diagnoses

AGEP

Acute-onset erythema, which may cause an itchy or
burning sensation and is accompanied by fever, is
characteristic for AGEP. This is followed by the ap-
pearance of multiple, non-follicular pustules, which
are often more pronounced in the flexures, whereas

the erythema is usually more generalized (Fig. 1). In
addition to widespread erythema, there may be mac-
ular, target-like and patchy redness. In a small num-
ber of cases, confluent pustules may mimic a positive
Nikolsky sign, often resulting in misdiagnosis as TEN.
The reaction resolves within a few days with the typi-
cal post-pustular desquamation [3].

Approximately 20% of AGEP patients exhibit mild,
non-erosive mucosal involvement. Organ involve-
ment is seen in less than 20% of cases, with this
usually resolving within a few days after discontinua-
tion of the trigger. The liver, kidneys, lungs, and bone
marrow are the organs most frequently affected [5].

Histology typically reveals spongiosis, subcorneal
and/or intraepidermal pustules with a perivascular in-
filtrate containing neutrophils, as well as edema of the
papillary dermis [6, 7].

To improve diagnostics, an AGEP validation score
was formulated as part of a multinational case control
study [3], enabling cases to be classified as “definite,”
“probable,” “possible,” and “no AGEP” (Table 1).

In addition to the laboratory tests included in the
score (in particular a differential blood count to detect
neutrophilia), a swab of the pustules should be taken,
which is a typically sterile.

Numerous diseases are associated with pustular
skin reactions. Follicular diseases such as acne, acne-
form dermatitis, bacterial/fungal folliculitis, furun-
culosis, as well as impetiginized eczema, impetigo,
localized pustular contact dermatitis, pemphigus fo-
liaceus, immunoglobulin (Ig) A pemphigus, Sweet
syndrome, and varicella infection can be readily dif-
ferentiated from AGEP on the basis of laboratory
parameters and histology. In contrast, differentiation
from generalized pustular psoriasis (von Zumbusch
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Table 1 Validation score for AGEP. (Modified from [3])

Morphology and course Observation Score
Pustules Typical +2

Compatible +1

Insufficient 0

Erythema Typical +2

Compatible +1

Insufficient 0

Distribution pattern Typical +2

Compatible +1

Insufficient 0

Post-pustular desquamation Yes +1

No/
insufficient

0

Mucosal involvement Yes –2

No 0

Acute onset (≤10 days) Yes 0

No –2

Resolution (≤15 days) Yes 0

No –4

Fever (≥38°C) Yes +1

No 0

Neutrophils in differential blood count (≥7000/mm3) Yes +1

No 0

Histology

Other diseases – –10

Not representative/no histology – 0

Exocytosis of peripheral neutrophil granulocytes – +1

Subcorneal and/or intraepidermal non-spongiform
pustules or not otherwise specified pustules with
papillary edema or subcorneal and/or intraepider-
mal spongiform pustules or not otherwise specified
pustules without papillary edema

– +2

Spongiform subcorneal and/or intraepidermal pus-
tules with papillary edema

– +3

Score: ≤0 no AGEP, 1–4 possible, 5–7 probable, ≥8 definite
AGEP acute generalized exanthematous pustulosis

Fig. 2 Infiltrated erythema
and post-inflammatory
desquamation in DRESS

type) is often challenging [3, 7]. In a small number of
cases, AGEP may be mistaken for SJS/TEN, erythema
necrolyticum migrans, or staphylococcal scalded skin
syndrome (SSSS). This often happens in cases with
confluent pustules that imitate a positive Nikolsky
sign [3].

DRESS

The clinical picture of DRESS—referred to as drug-in-
duced hypersensitivity syndrome (DIHS) in Japan—is
heterogeneous and often varies over its course, mean-
ing that the diagnosis is primarily one of exclusion
[4]. The initial manifestation is usually a maculopapu-
lar exanthema, spreading from the face to the rest
of the body, sometimes progressing to erythroderma
(Fig. 2). The eruptions may also be urticarial, target-
like, or purpuriform. Pustules are also described. The
primary skin lesions develop over the disease course
from infiltrated plaques to exfoliative dermatitis. The
exanthema is accompanied by fever, facial edema, and
frequently lymphadenopathy. Cheilitis, discrete oral
mucosal erosions, or pharyngeal redness may also be
seen [8, 9]. In terms of organ involvement, interstitial
inflammation of the liver, kidneys, and lungs occur
most often, but arthralgia, myositis, and cardiac in-
volvement are also observed [8, 10].

Due to the heterogeneous clinical picture, histolog-
ical findings are also non-specific. There may be pre-
dominantly perivascular lymphocytic infiltration and
spongiotic, pustular lesions with an inflammatory in-
filtrate, dyskeratosis, single-cell necrosis, or interface
dermatitis [11, 12].

A DRESS validation score, which was formulated as
part of a multinational registry study [4], enables cases
to be classified as “definite,” “probable,” “possible,”
and “no DRESS” (Table 2).

Laboratory values should be checked carefully and
regularly, since pathological values persist for several
days. For example, liver involvement can only be
deemed positive if liver transaminases are elevated
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Table 2 Validation score
for DRESS. (Modified from
[4])

Symptoms, course, and diagnostic testing No Yes Unknown

Fever (≥38.5°C) –1 0 –1

Enlarged lymph nodes (≥two body regions, ≥1cm) 0 1 0

Eosinophilia 700–1499/µl or 10–19.9% – 1 –

Eosinophilia ≥1500/µl or ≥20% – 2 –

Skin involvement >50% 0 1 0

≥2 of the skin lesions compatible with DRESS (edema, infiltration, purpura, desqua-
mation)

–1 1 0

Histology compatible with DRESS –1 0 0

1 Organ involveda – 1 –

≥2 Organs involveda – 2 –

Resolution (≥15 days) –1 0 –1

≥3 Negative laboratory tests performed to exclude other diseases
Serology/PCR (hepatitis A, B, C; EBV; CMV; mycoplasma/chlamydia)
Blood culture
ANA

0 1 0

Score: <2 no DRESS, 2–3 possible, 4–5 probable, >5 definite
ANA antinuclear antibodies, CMV cytomegalovirus, DRESS drug reaction with eosinophilia and systemic symptoms,
EBV Epstein-Barr virus, PCR polymerase chain reaction
aExclusion of other diseases

by a factor of two on at least 2 days, and kidney in-
volvement is only positive if creatinine values are at
least 1.5 times above the patient’s normal values. Fur-
thermore, the characteristic features often do not ap-
pear simultaneously, but rather in a delayed manner.
For example, eosinophilia may develop several days
after the appearance of skin lesions, while elevated
liver or kidney values become evident several days af-
ter changes in blood count. Serological analysis for
human herpesvirus 6 (HHV-6) should also be carried
out in order to identify prognostically relevant reacti-
vation. If this is negative, repeating the investigation
after 2–3 weeks is recommended. HHV-6 has been as-
sociated with a protracted course as well as flare-ups
of fever and hepatitis [13].

Maculopapular drug eruption is often suspected
at the onset of the reaction, and AGEP if pustules
are present. Depending on infiltration of the skin,
lymphoma and pseudolymphoma need to be con-
sidered in the differential diagnosis. Other differen-
tial diagnoses primarily include hematological disor-
ders, angioimmunoblastic lymphadenopathy, hypere-

Fig. 3 Confluent macules and atypical target lesions with blister formation in SJS/TEN

osinophilic syndrome, as well as adult-onset Still’s dis-
ease, viral infections, and SJS/TEN if there are edema-
related tension blisters [14].

SJS/TEN

Clinically, one sees erythematous exanthema com-
prising atypical flat target lesions (these lack the
typical three-zone, target-like constellation of so-
called typical target lesions seen in erythema multi-
forme (EM)) and/or macules that frequently spread
from cranial in a caudal direction, with the eruptions
becoming confluent. Blisters form on the erythema
and coalesce (Fig. 3). At least one mucous membrane
is affected by erosion in addition to the skin. Fever
and a marked deterioration in general condition are
very common [1]. SJS/TEN is assigned to the spec-
trum of EM, since the eruptions are similar and the
histology barely distinguishable from one another,
particularly when biopsies are taken from bullous
lesions. Nevertheless, it was shown that SJS/TEN and
EM majus (EMM; EM with mucosal involvement) are
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Fig. 4 Hemorrhagic ero-
sions of mucous mem-
branes in SJS/TEN

two distinct entities with differing clinical picture and
etiology [15].

EMM and SJS/TEN are classified according to the
skin lesions and the extent of blister formation rela-
tive to body surface area (BSA) [14, 16]. Hemorrhagic
erosions affecting one or more mucous membranes
(in particular oral, ocular, and genital, but also nasal,
anal, and tracheobronchial) are seen in virtually all
cases (Fig. 4; [15]). Skin detachment is limited to <10%
BSA in SJS, while it is 10–30% BSA in SJS/TEN over-
lap and >30% BSA in TEN with macules. In case of the
rare TEN on widespread erythema, detachment barely
exceeds 10% BSA (Table 3; [1, 16]). There is a discus-
sion among experts as to whether the latter cases are
potentially severe forms of GBFDE.

Histologically, one sees necrotic (dyskeratotic or
apoptotic) keratinocytes in a disseminated distribu-
tion or as complete epidermal necrosis with subepi-
dermal fissure formation. The localization and timing
of sample collection play an important role, since,
if the sample is taken from the central blister of
an EMM target, complete epidermal necrosis may
also be visible here. One also sees a sparse super-
ficial lymphocytic infiltrate in the dermis, often in
a perivascular location [17, 18].

Table 3 Consensus definition of EMM and SJS/TEN. (Modified from [16])

EMM SJS SJS/TEN overlap TEN with macules TEN on widespread erythema

Skin detachment <10% <10% 10–30% >30% >10%

Typical targets Yes No No No No

Atypical targets Raised Flat Flat Flat No

Macules No Yes Yes Yes No

Distribution Mainly limbs Truncal/generalized Truncal/generalized Truncal/generalized Truncal/generalized

EMM erythema multiforme majus, SJS Stevens-Johnson syndrome, TEN toxic epidermal necrolysis

GBFDE

There are two variants of GBFDE: one reveals oval,
egg-sized livid patches that are distributed over the
body in a generalized manner (Fig. 5a; [14, 19–21]);
the other manifests as diffuse erythema that only be-
comes demarcated from healthy skin in the further
course (Fig. 5b; [14, 20]). In both variants, flaccid blis-
ters form on the erythema, whereby the skin remains
intact between the areas of blistering. Therefore, blis-
ter formation often affects less than 10% BSA (Fig. 5).
There may be mild erosive mucous membrane in-
volvement, with the genital and/or oral mucosa often
affected, but not the ocular mucous membrane [14,
19–21].

Histologically, one sees the same features as in
SJS/TEN, with a distinction sometimes being possible
in the course of the disease. If a biopsy is taken at
a later stage, a deep perivascular infiltrate contain-
ing neutrophils and eosinophils may be seen, and
potentially also pigment deposits [14].

Diagnosis and differential diagnoses of SJS/TEN
and GBFDE

There is no published score system yet to distinguish
SJS/TEN and GBFDE. To supplement the consen-
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Fig. 5 Erythematous patches and blister formation inGBFDE

sus definition for SJS/TEN described above [16], the
RegiSCAR group developed a score for the diagnos-
tic differentiation of GBFDE; this score is currently
in the validation phase and has not yet been pub-
lished. There are no specific laboratory parameters to
differentiate between the various types of blistering
reactions.

Diagnosis is based on the clinical picture, histology,
immunofluorescence where appropriate, and patient
history (e.g., known previous reactions). SJS/TEN
and GBFDE need to be differentiated from staphy-
lococcal scalded skin syndrome (SSSS), which shows
intraepidermal, subcorneal separation on histology.
Bullous autoimmune dermatoses such as bullous
pemphigoid, linear IgA dermatosis, pemphigus vul-
garis, and paraneoplastic pemphigus should be in-
cluded in the differential diagnosis. Therefore, if one
of these is suspected, performing an immunofluo-
rescence test is recommended. Other disorders that
should be considered in the differential diagnosis
include generalized drug eruptions, erythroderma,
exfoliative dermatitis, and subacute cutaneous lupus
erythematosus [1, 14]. EMM is an important differen-
tial diagnosis to SJS and can generally be well differ-
entiated based on the consensus definition (Table 3;
[16]). However, differentiation may be challenging in
the case of untypical EMM involving atypical “giant
targets” in addition to the mainly truncal and general-
ized distribution of typical target lesions, since these
lesions sometimes coalesce. Moreover, due to their
demarcation to intact skin, older “giant targets” that
are already resolving have the appearance of resolving
patches in GBFDE [14].

Epidemiology and etiology

AGEP

The incidence of AGEP cannot be reliably determined
due to the lack of population-based data and the use
of non-standardized nomenclature. The EuroSCAR
study estimated it to be 1–5 cases per million inhab-
itants/year [22]. AGEP can occur at any age, with
women being more commonly affected [22–25]. Mor-
tality is estimated to be less than 5% [5, 22, 26].

More than 90% of cases are drug-related, with an-
tibiotics representing the most frequent trigger [3,
22]. High-risk drugs include aminopenicillins, an-
tibacterial sulfonamides, quinolones, pristinamycin
(a macrolide antibiotic not approved in Germany),
(hydroxy-)chloroquine, terbinafine, as well as dilti-
azem. Other substances with a lower but nevertheless
significant risk include antiepileptic agents, gluco-
corticosteroids, macrolides, and non-steroidal anti-
inflammatory drugs (NSAIDs) of the oxicam type [22].
Furthermore, there are numerous case reports in the
literature on other medications, including topical,
systemic, and plant-based substances, while contact
with mercury, viral infections, spider bites, and pre-
existing underlying diseases have also been described
as AGEP triggers [5, 24, 25, 27–29].

The reaction typically occurs in the first cycle of use,
and the latency period between the start of drug use
and the onset of the skin reaction depends on the trig-
gering agent: median latency is 1 day for antibiotics
and 11 days for other medications [22]. However, it
has been suggested that previous use of, e.g., peni-
cillin, could cause a reaction to aminopenicillins, for
instance, of more rapid onset.

DRESS

The term “hypersensitivity syndrome” was used for
a long time, but it encompassed a number of dis-
orders due to a lack of criteria. Therefore, criteria
were defined in 1996 and the term “drug rash with
eosinophilia and systemic symptoms” (DRESS) was
coined, which was later modified by the authors to
“drug reaction with eosinophilia and systemic symp-
toms” [9]. In Japan, the term “drug-induced hyper-
sensitivity syndrome” (DIHS) is used with slightly dif-
ferent definition criteria [30].

As with AGEP, it is virtually impossible to deter-
mine the incidence of DRESS, since the disease of-
ten goes unidentified and the definition has not yet
found its way into all textbooks. DRESS can occur at
any age, with women more frequently affected. An
analysis of 117 strictly validated cases revealed a mor-
tality of less than 2% compared to earlier observa-
tions of 10% [8, 31]. The same analysis showed that
a drug was identified as the definite or probable trig-
ger in 79% of all cases. Drugs that bear a high risk for
DRESS include: allopurinol, carbamazepine, lamot-
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Table 4 Drugs bearing a risk for SJS/TEN. (Modified from
[33])

Drugs with high risk

Antileptics Carbamazepine

Lamotrigine

Phenobarbital

Phenytoin

Anti-infective drugs Anti-infective sulfonamides and sulfasalazine

Nevirapine

Others Allopurinol

Oxicam NSAIDs (e.g., piroxicam)

Drugs with moderate (still significant, but substantially lower) risk

Antibiotics Cephalosporins

Macrolides

Quinolones

Tetracyclines

Others NSAIDs of the phenylacetic acid type (e.g., di-
clofenac)

NSAIDs non-steroidal anti-inflammatory drugs, SJS Stevens-Johnson
syndrome, TEN toxic epidermal necrolysis

rigine, oxcarbazepine, phenobarbital, phenytoin, dap-
sone, antimicrobial sulfonamides, minocycline, nevi-
rapine, and vancomycin [8]. The reaction occurs in
the first cycle of use and, depending on the trigger,
two latency periods may be seen: on average, 30 days
for antiepileptic drugs and 20 days for allopurinol and
antimicrobial drugs. However, in certain cases, the la-
tency between initiation of use and reaction onset can
extend over up to 8 weeks [8, 31].

SJS/TEN

The incidence of the rare SJS/TEN reaction is 1.5–1.8
per million inhabitants/year [2]. Women are more fre-
quently affected and the reaction can occur at any
age, with children, adolescents, and young adults be-
ing less often affected compared to older individuals
[1, 15]. The age of the patient and the severity of the
reaction both affect mortality. Approximately 9% of

Table 5 Comparison of
the skin reactions

Changes AGEP DRESS SJS/TEN GBFDE

Onset of skin reaction after start of drug
use

Few days 2–6 Weeks 1–4 Weeks Few days

Typical length of reaction (acute phase) Approximately
1 week

Several weeks 1–3 Weeks 1–2 Weeks

Fever +++ +++ +++ (+)

Facial edema ++ +++ – –

Pustules +++ + – –

Skin blisters +a +a +++ +++

Target lesions ± ± +++ – (Large patches)

Mucosal involvement ± ± +++ ±

AGEP acute generalized exanthematous pustulosis, DRESS drug reaction with eosinophilia and systemic symptoms,
GBFDE generalized bullous fixed drug eruption, SJS Stevens-Johnson syndrome, TEN toxic epidermal necrolysis
a blisters due to edema, i.e. tension blisters

SJS patients, 29% of patients with SJS/TEN overlap,
and 48% of those with TEN die [1].

Although SJS/TEN is considered a severe adverse
drug reaction, two case control studies showed that
only 65% of cases were associated with a high- or
moderate-risk drug. Medications previously not
known to carry a risk, as well as new substances, are
suspected in around another 10% of cases, and there
is no drug cause in approximately 25% of all cases
[32]. Allopurinol, antimicrobial sulfonamides (but not
sulfonamide diuretics and antidiabetic drugs), as well
as antiepileptic agents are the commonest triggers;
Table 4 provides an overview of SJS/TEN triggers.
The reaction occurs during the first cycle of use and
the latent period is generally 4 days to 4 weeks [33].
Especially in children and adolescents, only around
50% of cases can be explained by a medication, with
antiepileptic drugs and antimicrobial sufonamides,
including sulfasalazine, most commonly detected as
the cause [33–35]. The severe skin and mucous mem-
brane reaction is often preceded by an infection that
may be causal, while other cases need to be regarded
as idiopathic [1, 32].

GBFDE

It is currently not possible to determine the incidence
of GBFDE, since there are no population-based data
yet. As with most types of severe skin reactions,
GBFDE affects women more frequently and patients
are older than 70 years in 70% of cases. Approximately
22% of patients die due to advanced age and disease
severity [21]. There are numerous case reports in
the literature providing information on possible drug
triggers; however, no analyses have been conducted
on large patient numbers so far.

The range of triggers includes antimicrobial sulfon-
amides (especially cotrimoxazole), analgesics (espe-
cially metamizole), rarer antibiotics, allopurinol, and
antiepileptic drugs (especially carbamazepine) [14, 19,
20, 36–38]. The latency between the start of drug use
and reaction onset is between a few hours to a few
days and, in contrast to the reactions described above,
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Table 6 Comparison of
the skin reactions in relation
to their high-risk drugs

AGEP DRESS SJS/TEN GBFDE

Pristinamycin Antiepileptics
Carbamazepine

Allopurinol Cotrimoxazole

Aminopenicillins Allopurinol Antiepileptics
Lamotrigine
Carbamazepine

Metamizole

Quinolones Antibacterial sulfonamides
Sulfasalazine

Antibacterial sulfonamides
Cotrimoxazole

Paracetamol (ac-
etaminophen)

Antibacterial Sulfon-
amides

Antibiotics
Vancomycin
Minocycline

Oxicam-NSAIDs Carbamazepine

(Hydroxy-)chloroquine – Nevirapine –

Terbinafine – – –

Diltiazem – – –

AGEP acute generalized exanthematous pustulosis, DRESS drug reaction with eosinophilia and systemic symptoms,
GBFDE generalized bullous fixed drug eruption, NSAIDs non-steroidal anti-inflammatory drugs, SJS Stevens-Johnson
syndrome, TEN toxic epidermal necrolysis

the triggering agent has often been used and tolerated
in the past [14]. Sensitization occurs over time, mean-
ing that a reaction consistent with a fixed drug erup-
tion rapidly occurs upon renewed use of the drug. One
or more previous events are often seen in the patient
history [14, 20, 21, 39]. As such, GBFDE is a classic
allergic reaction—in contrast to the forms of severe
skin reaction discussed above.

An overview of the skin reactions in relation to their
clinical characteristics and most frequent inducers is
shown in Tables 5 and 6.

Pathogenesis

The severe skin reactions described above are gener-
ally regarded as T cell-mediated reactions, although
the different T cell populations vary considerably de-
pending on the type of reaction.

AGEP

It is assumed in AGEP that substance-specific cyto-
toxic T cells and cytotoxic proteins, such as granzyme B
and perforin, induce keratinocyte apoptosis and
that the migration of neutrophil granulocytes causes
subcorneal pustules [40]. In addition, the specific
T cells produce interleukin (IL)-8 (CXCL8), which,
as a chemokine, plays a central role in recruiting
neutrophils. Other proinflammatory cytokines and
chemokines are induced besides IL-8 (e.g., IL-17, IL-
22, and tumor necrosis factor (TNF)-α), which lead to
further neutrophil recruitment [41, 42].

Genetic investigations in AGEP have shown that
there are variations in the IL36RN gene, which en-
codes the IL-36 receptor antagonist IL-36Ra, as also
found in generalized pustular psoriasis and other pus-
tular skin reactions. Therefore, it is postulated that
a proportion of AGEP cases are associated with IL-
36Ra dysfunction and a subsequently stronger IL-36
signal [41].

DRESS

A number of immunological mechanisms are involved
in the development of DRESS. Activation of CD 4+ and
CD 8+T cells results in the release of various cytokines
that have cytotoxic potential and cause inflammation.
The release of IL-5 is also important, since it promotes
eosinophil activation, one of the essential character-
istics of DRESS [43].

The pathogenesis of DRESS has not been defini-
tively elucidated, but there are various hypotheses re-
garding regulatory T cells (Tregs) and effector T cells
(Teffs). Tregs expand in the acute phase of DRESS,
which might promote herpes reactivation. The cell
count normalizes again in the resolution phase and
T helper (Th)-17 cell differentiation appears to take
place, which could possibly explain the development
of autoimmune diseases following DRESS [44]. How-
ever, the extent to which the reactivation of viruses in
the herpes group is actually involved in the pathogen-
esis of DRESS is a subject of controversy, since, on one
hand, immunostimulation that occurs as part of the
disease could be causal in the reactivation of the lym-
photropic viruses, while on the other, the virus reac-
tivation itself might be an additional stimulus for the
immune system, leading to a chronic disease course
[43].

Furthermore, a link has been observed between
HLA subtypes and the occurrence of DRESS. For ex-
ample, a Taiwanese study showed that HLA-B*5801
is a genetic marker for allopurinol-induced cases of
DRESS in the Han Chinese population [45]. This is
the same allele for which a link between allopurinol
and SJS/TEN was identified (see below) [45, 46].

SJS/TEN

Since immunohistochemical investigations in SJS/TEN
detected primarily CD4+ cells in the dermis and CD8+
cells in the epidermis, a T cell reaction comparable
to graft-versus-host disease is assumed. The acute
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necrosis of keratinocytes in SJS/TEN is attributed to
an extensive process of apoptosis. Cytotoxic T cells are
able to initiate apoptosis, enhanced by the release of
perforin and cytokines such as TNF-α or granzyme B.
It is also assumed that proteins such as Fas antigen
(CD 95) and the P55 TNF-α receptor enhance apop-
tosis in keratinocytes [46]. However, it was shown
that Fas and Fas ligand are not the most important
cytokines in the acute phase of SJS/TEN, but rather
the cationic protein granulysin. This showed the
strongest cytotoxicity in the blister fluids of SJS/TEN
patients compared to other blistering diseases, with
its concentration correlating to the severity of the
clinical picture [47]. From this, one can conclude
that granulysin is a marker for SJS/TEN severity and
provides a target for possible immunomodulating
treatments. It has also been shown that IL-15 is asso-
ciated with the severity of the reaction as well as the
risk of mortality [48].

Genetic analyses revealed a predisposition to
SJS/TEN that is specific not only for particular drugs
but also ethnic factors [46]. For example, the highly
significant link between carbamazepine-induced
SJS/TEN cases and HLA-B*1502 in Han Chinese pa-
tients was not confirmed in European patients [49,
50]. In allopurinol-induced SJS/TEN cases, on the
other hand, HLA-B*5801 was demonstrated in Han
Chinese (100%) as well as European subjects (55%)
[45, 51]. To date there have been no systematic in-
vestigations into the genetic pattern of infection-
induced SJS/TEN cases. However, some reports on
specific HLA alleles in cases presumed to be triggered
by antipyretics and secretolytics appear to be ulti-
mately associated with infection-induced reactions
[52]. Although a large genome-wide association study
in European SJS/TEN patients demonstrated that the
relevant alleles/genetic variants are all located in the
HLA locus on chromosome 6 [53], the variability in
the European population seems to be too large to
deploy a medication-specific predictive test to pre-
vent SJS/TEN. In South East Asians,in contrast, this is
possible at least in the case of carbamazepine, which
has led to a substantial reduction in carbamazepine-
induced SJS/TEN cases [46, 54].

GBFDE

Although systematic investigations into the pathogen-
esis of GBFDE are lacking so far, 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 ex-
plains why a reaction re-occurs at the same site. The
name “fixed drug eruption” takes this fact into ac-
count, although the reaction may expand if it re-oc-
curs [55, 56]. The cases of GBFDE studied to date in
the RegiSCAR study appear to fall into two groups: in
the first, GBFDE is preceded by one or more localized
or less extensive events, while in the second, GBFDE

onset is sudden and without previous event (data not
yet published).

Treatment

Identifying the triggering agent

The first important step in all severe skin reactions
is to discontinue the inducing drug, assuming one is
dealing with a drug cause rather than an infectious
trigger. In order to identify the trigger, it is crucial to
know the latency period from the start of drug use up
to the onset of the reaction, as well as the drugs that
have a high to moderate risk for the type of reaction
in question. Taking a detailed and thorough medica-
tion history is essential. This includes information on:
(1) start of use, (2) discontinuation, (3) frequency of
use, (4) prior use and whether this was tolerated. Cre-
ating a timeline diagram may be helpful here, where
the chronological sequence of clinical symptoms is
entered on the x-axis and the drugs used or applied
are listed on the y-axis (Fig. 6). Based on the diagram
and the information on duration of use (start and dis-
continuation), it is possible to narrow down, and in
the best case identify, the trigger, meaning that not
all drugs—some of which may be vital for life—need
to be discontinued. Substances administered to treat
prodromal symptoms and often suspected of being
the trigger for severe skin reactions (propathic bias)
can also be excluded as such (Fig. 6, medication 5).

Differentiation in the case of antibiotics used to
treat infections can be challenging, since either the
drug or the infection may be causal [1, 14]. Whereas
AGEP and DRESS are virtually always drug-induced,
one must bear in mind that around 25% of all cases of
SJS/TEN and as much as 50% of all cases in children
and adolescents are not drug-induced. If an infec-
tion is identified as the trigger in such cases, patients
should receive adequate antibiotic or antimicrobial
treatment [32].

AGEP

AGEP is a self-limiting disease, i.e., progression ceases
shortly after discontinuation of the triggering factor.
Although the use of systemic steroids is often rec-
ommended in AGEP patients, a number of case se-
ries demonstrate that the use of topical glucocorticos-
teroids in addition to symptomatic antipruritic and
antipyretic treatment is often sufficient and that sys-
temic administration confers no benefit in terms of
resolution [1, 5, 23, 25].

DRESS

There are to date no controlled clinical studies on the
treatment of DRESS. Nevertheless, pruritus and fever
should always prompt antipruritic and antipyretic
treatment. If exfoliative dermatitis develops in the
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Medication history

01.01.18 08.01.18 22.01.1815.01.18 29.01.18

Medication1

Medication 2

Medication 4

Medication 3

--------------------

--------------------

Clinical course

Exposure

First onset of blisters or erosions in cases that 
developed prior to admission

Regular use; 
long-term medication

Irregular or unknown use

Regular use; 
new medication

Single use

Inpatient admission
or day of first blister/
erosion in cases
developed during
hospitalization

Medication 5 Regular use; 
new medication

Sore throat, eye 
redness

Fever, 
exanthema

Fig. 6 Timeline diagram showing medication history

further course, the ambient temperature should be
raised, electrolytes administered, and sepsis preven-
tion undertaken [14, 57]. In a handful of case series,
patients were treated purely symptomatically, in some
cases in comparison to patients that were treated with
highly potent topical steroids or systemic steroids.
There were no differences between the groups that
revealed one approach to be superior to the other
[58, 59]. The use of systemic glucocorticosteroids at
a dose of 0.5–2.0mg/kg body weight (BW) is often
recommended, particularly in the case of severe in-
volvement of internal organs [14, 60, 61]. The steroid
dose should be reduced gradually over a period of
weeks, sometimes even months, since abrupt or very
rapid discontinuation can promote immune recon-
stitution syndrome with excessive inflammation and
cause a flare-up of the reaction [9, 14, 60]. How-
ever, patients receiving systemic steroids appear to
develop infections, septicemia, disease relapses, and
HHV-6 reactivation more frequently [61]. Case se-
ries show that HHV-6 reactivation can be associated
with a prolonged course [61, 62]. Individual case
reports and smaller case series on the treatment of
DRESS patients have also used other treatment op-
tions, such as intravenous immunoglobulins (IVIG),
cyclosporine A, cyclophosphamide, and rituximab;
however, no clearly positive effect could be demon-
strated [57, 60].

SJS/TEN

Topical treatment plays a special role in bullous re-
actions. Antiseptic solutions or gels, as well as non-
medicated and non-adhesive gauze dressings are
used. Some experts recommend leaving the blister
roof in situ as a “natural plaster” to protect the der-
mis, while others recommend complete removal of
detached skin in order to protect against infection,
as well as the use of biosynthetic dressings [63, 64].
In addition to wound treatment and adequate pain
management, it is important to monitor fluid require-
ments, nutrition, electrolyte balance, as well as kidney
and liver function and make appropriate adjustments
where required [60]. It may be necessary to increase
room temperature to 25–28°C in order to compensate
for loss of thermoregulation in the case of extensive
skin detachment [63].

Intravenous fluids need to be adjusted to the in-
dividual case, with daily monitoring of urine output
serving as a basis for this [63, 65]. Depending on the
extent of detachment, nutrients should also be pro-
vided. Enteral feeding (oral, transnasal) should always
be preferred over parenteral in order to prevent gastric
ulcers and the translocation of gut bacteria [63, 66].

In the case of erosive mucous membrane involve-
ment, local antiseptic treatment is recommended and
the relevant medical specialist should be consulted.
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Severe ocular involvement should prompt daily con-
sultation of an ophthalmologist, since symblepharon
prophylaxis is often required. In the worst case, amni-
otic membranes need to be used. Anti-inflammatory
and/or antibiotic eye drops should be administered as
a general rule in the case of ocular involvement [63,
67].

Due to the rarity of SJS/TEN and the resulting low
patient numbers, as well as the unexpected onset and
rapid progression of the reaction, conducting a ran-
domized controlled trial on treatment efficacy is chal-
lenging. Nevertheless, there are a number of case re-
ports and case series in which the use of systemic
and/or immunomodulating substances in SJS/TEN is
discussed controversially.

SCORTEN
SCORTEN (severity-of-illness score for TEN) makes
it possible, at the onset of a reaction, to determine
a patient’s chances of survival. Seven independent
but equally significant factors are used in the calcu-
lation: (a) age (≥40 years), (b) heart rate (≥120/min),
(c) malignancy, (d) percentage of detachment relative
to BSA on day 1 (≥10%), (e) serum urea (>10mmol/l),
(f) serum bicarbonate (<20mmol/l), (g) serum glucose
(>14mmol/l) [68]. SCORTEN is often used as a factor
of comparison to assess therapeutic effect.

Glucocorticosteroids
Glucocorticosteroids are the most frequently used
form of systemic treatment in SJS/TEN patients [60].
Having said that, their use is controversial, since
they increase the risk of infection and sepsis and
may slow down healing [69, 70]. However, a recently
published meta-analysis on the treatment of SJS/TEN
that investigated publications in the period 1990–2012
showed that the administration of systemic glucocor-
ticosteroids conferred a survival benefit compared
to supportive care (odds ratio (OR) 0.54; 95% con-
fidence interval (CI) 0.29–1.01) [71]. A number of
smaller case series on the administration of gluco-
corticosteroid pulse therapy with methylprednisolone
or dexamethasone (100mg/day for 3 days) demon-
strated a benefit on the basis of the SCORTEN [70,
72]. A case series with five patients reported on the
positive effect of methylprednisolone pulse therapy
(500mg/day for 3 days) in massive eye involvement on
the development of ocular sequelae; this effect could
not be confirmed in larger observational studies [73].
For this reason, individual case reports and small
case series should be viewed with caution. Never-
theless, if administered short-term at a medium dose
(50–250mg) for several days, glucocorticosteroids rep-
resent a treatment option that, although having little
impact in terms of arresting the progression of skin
detachment, often has a positive effect on swollen
and painful mucous membranes [60, 71, 74].

IVIG
The potential effect of intravenous immunoglobulin
(IVIG) therapy is based on the assumption that Fas-
induced keratinocyte apoptosis is blocked by antibod-
ies present in human IVIG [75]. But here too, its use is
the subject of controversy, given that some reports de-
scribe a positive effect [75, 76], while others were un-
able to show any benefit for patients [74, 77, 78]. How-
ever, a number of methodological weaknesses were
found in the studies showing a positive effect for IVIG
[79]. Moreover, the effect of IVIG dose is often the
subject of discussion. In studies that showed a dis-
advantage for IVIG, the dose was mostly ≤2g/kg BW,
whereas it was at least 2.8g/kg BW in positive stud-
ies [60]. However, using the SCORTEN, a recent ret-
rospective study on 64 patients showed that the ad-
ministration of IVIG generally did not positively affect
survival, not even at a higher dose [80]. Two exten-
sive meta-analyses also found no survival benefit for
patients undergoing IVIG treatment compared to sup-
portive therapy [71, 81].

Cyclosporine A
Due to its immunosuppressive properties, cy-
closporine A is used to inhibit cytotoxic T cells, which
play a role in SJS/TEN [82]. The first larger retrospec-
tive case series, in which 11 patients were treated with
2× 3mg/kg BW/day, was published as early as 2000.
The progression in skin detachment ceased earlier
in the patient group receiving cyclosporine A treat-
ment and wound healing was faster compared to
the control group, which received cyclophosphamide
and glucocorticosteroids [83]. In the years that fol-
lowed, individual case reports and case series were
published, all showing a survival benefit in patients
treated with cyclosporine A compared to SCORTEN
values and/or other systemic therapies [82, 84, 85].
A recently published study conducted in Madrid used
three different approaches in order to assess the ef-
fect of cyclosporine A. Here again, re-epithelialization
began earlier than in the comparison group (IVIG,
glucocorticosteroids, supportive care only), and the
observedmortality was below that expected according
to SCORTEN, whereas more patients than anticipated
died in the comparison group [86]. Children and
adolescents were not included in many of these stud-
ies, but cyclosporine A has been used successfully in
children with SJS/TEN in smaller case series [87].

The meta-analyses mentioned above come to the
conclusion that cyclosporine A is a very promising
treatment: firstly, re-epithelialization begins earlier
and, secondly, the observed mortality is below the
expected rate [71, 86]. The recommended dose is
3–5mg/kg BW/day for a total of 10 days, whereby
a dose adjustment based on kidney functionmay need
to be made. Therefore, it is necessary to monitor cre-
atinine levels during treatment. The determination
of cyclosporine A levels is advisable in case of higher
doses and renal insufficiency, but not mandatory in
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other cases. Strict contraindications to short-term
treatment with cyclosporine A at the dose mentioned
here are rare, but there are barely any reports on the
treatment of older patients with SJS/TEN (>70 years)
[88].

TNF-α inhibitors
Elevated levels of TNF-α were found in the blister
fluids, serum, and skin samples from SJS/TEN pa-
tients, with the level correlating to the severity of the
reaction [60, 89]. Therefore, the use of TNF-α in-
hibitors appeared to represent a possible treatment
approach in SJS/TEN. At the end of the 1990s, a ran-
domized double-blind placebo-controlled treatment
study using thalidomide was conducted in patients
with SJS/TEN. However, it was necessary to stop the
study early, since significantly more patients died in
the thalidomide group compared to the placebo group
[89]. Paradoxically high levels of TNF-α were found
in the serum of patients in the treatment arm of the
study. Nevertheless, later studies used other TNF-α in-
hibitors, e.g., infliximab and etanercept, for the treat-
ment of SJS/TEN, but only scant reports of treatment
success have been published [90, 91].

A recently published randomized treatment study
showed lower mortality for etanercept compared to
the achieved SCORTEN values. Wound healing started
earlier with etanercept, but the administration of
steroids for 2–3 weeks may have been responsible for
the delayed wound healing in the comparison group.
In the in-vitro investigation, the inhibitor reduced the
levels of TNF-α and granulysin in serum and blister
fluids compared to the glucocorticosteroid-treated
control group [92]. The prospective randomized
study design can be viewed positively, since treat-
ment studies of this kind in the area of severe skin
reactions are lacking. However, the results are mostly
non-significant and this study too has a number of
methodological problems.

Other immunomodulating treatment options
Although other therapies have been used for the
treatment of SJS/TEN, the reliability of findings
is extremely low due to the small number of pa-
tients treated. In some cases, these options are no
longer—or only rarely—used, as in the case of cy-
clophosphamide [71, 83]. Other therapies such as
plasmapheresis, which is based on the removal of
cytokines involved in apoptosis, are still used despite
not having shown verifiable success [93, 94].

GBFDE

Much like AGEP, GBFDE is also a self-limiting dis-
ease that ceases to progress shortly after discontin-
uation of the inducing drug. Therefore, supportive
care alone is adequate, particularly since there are no
data on the benefit of systemic immunomodulating
therapy in the treatment of GBFDE [20]. However,

complications requiring intensive care can occur, es-
pecially in older patients and patients with very exten-
sive skin detachment. Topical treatment is the same
as in SJS/TEN. Since the mucous membranes are gen-
erally unaffected, interdisciplinary consultations are
not mandatory, but can be helpful in some cases. Sys-
temic glucocorticosteroids are also used in some pa-
tients, whereby their short-term use does no harm,
nor does it result in faster healing [1, 14].

Complications and sequelae

Whereas AGEP generally resolves without complica-
tions, protracted courses may be seen in DRESS, with
recurrent flare-ups of the reaction on the skin and
internal organs. Late sequelae involving the devel-
opment of autoimmune reactions such as thyroiditis
have been described in DRESS [10].

Over the disease course, SJS/TEN may be accom-
panied by hepatitis, tubular nephritis, or tracheo-
bronchial mucosal involvement; however, these re-
solve relatively fast [14, 57]. The most common com-
plications include nosocomial infection and sepsis,
not infrequently caused by central venous catheters.
For this reason, peripheral catheters should be pre-
ferred wherever possible and specific hygiene mea-
sures undertaken, e.g., reverse isolation, etc. [14].

The majority of patients that survive SJS/TEN suf-
fer long-term sequelae of varying severity, affecting
primarily the skin and mucous membranes [95, 96].
Whereas skin lesions generally heal without scarring,
hyper- and hypopigmentation of the skin as a result
of the inflammatory reaction often persist for months
to years. Reversible effluvium, nail loss, and nail
growth impairment have also been observed. Mu-
cosal adhesions that can cause strictures in, e.g., the
urethra or esophagus, represent a greater problem.
The by far the most hazardous—and for the patient
dramatic—sequela is symblepharon formation with
entropium and trichiasis, which can cause blindness
[1, 14, 67, 95, 96].

Many patients still suffer somatic as well as psycho-
logic sequelae years after their reaction, with the lat-
ter ranging from symptoms of post-traumatic stress,
sleep disorders, and nightmares to fear of using any
medications. Many patients and their relatives are in-
adequately informed about their reaction, its seque-
lae, and how to behave in the future [96].

Allergy testing

The severe skin reactions SJS/TEN, DRESS, and AGEP
are not allergic reactions in the strictest sense, since
there is no classic sensitization as in delayed allergic
reactions. Here, initial exposure to the substance is
well tolerated, with a reaction only developing upon
renewed use. The severe reactions discussed here dif-
fer in that they typically occur during the first course
of treatment with a drug [33]. However, it is possi-
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ble in the case of AGEP induced, e.g., by commonly
prescribed antibiotics such as penicillin, that the sub-
stance has been used previously, which could explain
the rapid onset of AGEP upon renewed exposure [22].
On the other hand, the half-life of a substance also ap-
pears to play a role in the temporal latency between
beginning of use and reaction onset. For example, the
half-life as well as the latency period from start of use
to the onset of a reaction are very short for aminopeni-
cillins in AGEP, whereas both are significantly longer
for hydroxychloroquine [22, 26].

GBFDE, on the other hand, is a true allergic reac-
tion, since previous exposure to the triggering drug
has usually taken place and renewed use often causes
localized fixed drug eruptions. While renewed admin-
istration of a triggering drug in GBFDE patients can
be expected to cause a rapid-onset and possibly even
more extensive repeat reaction, SJS/TEN were rarely
observed following similar re-exposure [97].

Skin tests such as the patch test are generally safe,
but not always helpful in terms of confirming the sus-
pected triggering agent in severe skin reactions. 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. For example, the triggering
agent was confirmed by patch testing in a high per-
centage of AGEP and DRESS cases (up to 58% in AGEP;
32–64% in DRESS depending on the drug), but in only
less than 25% of SJS/TEN cases [98]. One should also
bear in mind that allopurinol, a very common trigger
of SJS/TEN and DRESS, is not suitable for skin testing
due to the lack of lipophilicity and skin penetration
[26, 98, 99].

Although in vitro tests were the most suitable in-
strument to identify the inducing drug in severe skin
reactions, their use has been more in an experimen-
tal vein to date and has not yet found its way into
routine diagnostics. This may be due in part to the
fact that the specificity of the various tests, e.g., the
lymphocyte proliferation test, the lymphocyte stimu-
lation test, and cytokine assays, is high, while their
sensitivity is much lower [99].

Conclusion

Severe skin reactions such as AGEP, DRESS, SJS/TEN,
and GBFDE, although rare, are associated with a high
mortality rate. Therefore, it is important to diagnose
these disorders promptly in order to initiate the nec-
essary treatment steps. To this end, other diseases
need to be excluded and the suspected diagnosis con-
firmed by means of a targeted clinical, histological,
and laboratory diagnostic work-up. Diagnostic scor-
ing systems, like those available for AGEP and DRESS,
as well as a consensus definition in the case of bullous
reactions, are helpful here. Once the correct diagno-
sis has been made, it is important to assess which
drugs or, where appropriate, other factors have in-
duced the reaction. Data from epidemiological stud-

ies that have calculated the risk of particular sub-
stances for a specific type of reaction and the relevant
time window of use are helpful. If a drug is identified
as the triggering factor, it should be discontinued im-
mediately. Should infectious triggers, e.g., in the case
of SJS/TEN, be a possibility, appropriate anti-infective
treatment needs to be initiated. Symptomatic sup-
portive care plays a particularly important role. This
includes simultaneous ophthalmological care, partic-
ularly in SJS/TEN; in general, severe skin reactions
require interdisciplinary care by a multiprofessional
team.

Immunomodulating therapies can also be consid-
ered: these consist primarily of the systemic admin-
istration of glucocorticosteroids in the case of AGEP
and DRESS and the systemic administration of cy-
closporine A in the case of SJS/TEN. Since the fre-
quency of long-term sequelae is extremely high in
surviving patients, follow-up examinations should be
carried out.
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