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Abstract

Purpose of Study Immune-mediated adverse drug reactions occur commonly in clinical practice and include mild, self-limited
cutaneous eruptions, I[gE-mediated hypersensitivity, and severe cutaneous adverse drug reactions (SCAR). SCARs represent an
uncommon but potentially life-threatening form of delayed T cell-mediated reaction. The spectrum of illness ranges from acute
generalized exanthematous pustulosis (AGEP) to drug reaction with eosinophilia with systemic symptoms (DRESS), to the most
severe form of illness, Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN).

Recent Findings There is emerging literature on the efficacy of cyclosporine in decreasing mortality in SJIS/TEN.

Summary The purpose of our review is to discuss the typical presentations of these conditions, with a special focus on identifying
the culprit medication. We review risk factors for developing SCAR, including HLA alleles strongly associated with drug
hypersensitivity. We conclude by discussing current strategies for the management of these conditions.

Keywords Severe cutaneous adverse drugreaction (SCAR) - Acute generalized exanthematous pustulosis (AGEP) - Drug reaction
with eosinophilia and systemic symptoms (DRESS) - Stevens-Johnson syndrome (SJS) - Toxic epidermal necrolysis (TEN) -

HLA-associated drug hypersensitivity

Introduction

Adverse drug reactions occur commonly in clinical prac-
tice and range from mild, self-limited reactions to severe,

This article is part of the Topical Collection on Allergic Skin Diseases

>4 S. Shahzad Mustafa
shahzad.mustafa @rochesterregional.org

David Ostrov
ostroda@pathology.ufl.edu

Daniel Yerly
daniel.yerly @allergy.unibe.ch

Allergy and Clinical Immunology, Rochester Regional Health
System, Rochester, NY, USA

University of Rochester School of Medicine and Dentistry,
Rochester, NY, USA

Department of Pathology, Immunology and Laboratory Medicine,
University of Florida College of Medicine, Gainesville, FL, USA

Department of Rheumatology, Immunology and Allergology,
University Hospital and University of Bern, Bern, Switzerland

life-threatening medical emergencies. Depending on the
presentation, adverse drug reactions are managed by a host
of clinical specialties, including pediatricians and primary
care physicians as well as dermatologists and allergists and
clinical immunologists. Adverse drug reactions vary from
expected side effects and non-immune mediated intoler-
ances, to immune-mediated reactions, including IgE-
mediated immediate hypersensitivity and non-IgE-
mediated immune reactions. Severe cutaneous adverse re-
actions (SCAR) encompass a spectrum of delayed type
hypersensitivity reactions mediated by the adaptive im-
mune system. A universal feature of these conditions is
the integral role of T cells, which infiltrate skin lesions
and are key effector cells in the pathogenesis of end-
organ damage. Unlike IgE-mediated reactions, sensitiza-
tion is not necessary, and drug reacting T cells can expand
upon their initial encounter with the culprit drug and lead
to clinical manifestations [1]. Given the severity of these
reactions, early recognition and treatment is essential in
improving clinical outcomes. We will review the most
common forms of SCAR, discuss genetics and predictive
tests to minimize the risk of reactions, and discuss the most
recent evidence to guide management.
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AGEP

Acute generalized exanthematous pustulosis (AGEP) is the
mildest form of SCAR and develops rapidly after the initiation
of medical therapy, typically within a few hours and up to
5 days. Although information on epidemiology is poorly un-
derstood, prevalence is estimated to be between 0.35-5/mil-
lion [2]. In AGEP, non-follicular pustules appear on the
subcorneal skin or intraepidermally, often on the face but also
on the trunk. The palms and soles are rarely affected. The
pustules are sterile, i.c., they are not contaminated by bacterial
or fungal infection and contain large numbers of neutrophils.
Pustules can be accompanied by neutrophilia and fever. CD4+
T cells have been identified at the periphery of lesions and
secrete high levels of CXCLS8, which is a strong
chemoattractant of neutrophils [3]. Withdrawal of the culprit
drug typically leads to resolution of symptoms within days to
2 weeks. AGEP is associated with a favorable prognosis with
rare long-term sequelae and minimal mortality.

DRESS

Drug reaction with eosinophilia and systemic symptoms
(DRESS) presents with a skin rash, along with immune-
mediated end-organ damage. According to prospective sur-
veys from the hospital setting, the prevalence of DRESS is
estimated to be between 1/1000 to 1/10,000 drug exposures
[4, 5]. Patients typically present with a maculopapular skin
eruption along with fever, lymphadenopathy, peripheral eosin-
ophilia, and evidence of end-organ involvement. The
RegiSCAR study group proposed patients meet at least three
of the following criteria to make a diagnosis of DRESS: (1)
acute skin rash, (2) fever (> 38 °C), (3) lymphadenopathy of at
least two sites, (4) involvement of at least one internal organ,
(5) lymphocytosis (>4 x 10°/uL) or lymphocytopenia (<
1.5 x 10%/uL), (6) blood eosinophilia (>10% or 700/uL),
and (7) thrombocytopenia (< 120 x 10°/uL). Based on this
scoring system, patients were classified into definite, proba-
ble, possible, or no diagnosis of DRESS [6]. The timely diag-
nosis of DRESS can be difficult because of the late onset of
symptoms after the introduction of the culprit drug. Although
symptoms usually develop after 2 to 8 weeks of treatment, a
delay of up to 3 months between initiation of therapy and
presentation of symptoms has been reported. Affected organs
can include the liver, kidney, lungs, and heart. Organ damage
is the major cause of morbidity and mortality, and in severe
cases, organ transplantation should be considered [7]. In af-
fected organs, CD3+ lymphocytes and eosinophils are felt to
contribute to lesions. CD8+ and CD4+ infiltrating T cells have
been shown to release inflammatory and cytotoxic mediators
within lesions. Moreover, reactivation of herpes viruses (EBV,
HHV-6, HHV-7, and HSV) can occur shortly after the start of
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the disease. The role of this viral reactivation in the pathogen-
esis of DRESS remains debatable. DRESS requires long-term
observation of the patient because unlike other SCARs,
DRESS can recur after initial stabilization of the disease [8,
9]. Mortality rates of up to 10% have been reported in DRESS,
and this is frequently due to liver failure or secondary infec-
tion. Higher mortality rates may also be associated with cer-
tain medications, such as allopurinol [10].

SJS/TEN

Stevens-Johnson syndrome (SJS) and toxic epidermal
necrolysis (TEN) represent a spectrum of the most severe
form of SCAR. In these cases, large areas of epidermis be-
come rapidly necrotic with resulting skin detachment. In
SJS, there is less than 10% epidermal detachment, whereas
TEN involves more than 30% of body surface area. SJS/TEN
overlap is used to describe cases in between these two ex-
tremes. Depending on the country of origin, the overall inci-
dence of SJIS/TEN ranges from 1.9 cases per million in
Europe [11] to 6.5 cases per million in Asia [12] to approx-
imately 12 cases per million in the USA [3]. The main fea-
tures of SJS and TEN are as follows: (i) dark purple macular
lesions, (ii) blister formation and skin detachment (Nikolsky
sign), (iii) involvement of mucosal surfaces. Histologically,
SJS and TEN are both characterized by extensive cell death
in the epidermis with a surprisingly sparse infiltration of
inflammatory cells in the underlying dermis. Large numbers
of CD8+ T cells and other cytotoxic cells (NK, NKT) are
found within lesions [13]. SJIS/TEN is also characterized by
large concentrations of cytotoxic molecules in lesions, such
as perforin, granzyme B, and granulysin [14—16]. Other in-
flammatory markers, such as IFNy, TNF«, soluble Fas li-
gand, and NK-activating molecules, can also be found within
lesions [17]. It is important to clinically distinguish SJS from
erythema multiforma majus (EMM), which is associated
with underlying microbial infection, rather than due to a drug
hypersensitivity reaction. EMM has a different pathophysi-
ology resulting in necrosis occurring below the epidermis
[11]. Unlike SJS/TEN, recurrence of EMM is fairly com-
mon. SJS and TEN are life-threatening conditions that re-
quire immediate medical care. Studies suggest SJS has a
mortality of 10%, with global mortality rates as high as
30—40% in patients with TEN [18]. Mortality rates in the
USA have been shown to be as high as 19.4% [19]. In ad-
dition to mortality, survivors also often experience a myriad
of long-term sequelae, including changes in pigmentation
and scarring of the skin, sicca symptoms, visual impairment,
including blindness, periodontal disease, gastrointestinal ul-
ceration, and vaginal and urethral stenosis, as well as in-
creased autoimmunity [19, 20°].
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SCAR-Associated Drugs and Non-Genetic Risk
Factors

Although many medications have been reported to induce
SCAR, and all medications must be considered, certain drugs
are associated with a higher risk of reaction. Historically, anti-
epileptic agents have been associated with a higher risk of
inducing SCAR. In the European SCAR registry
(REGISCAR), carbamazepine has been identified as the most
common cause of DRESS [10] and the second most common
cause of SJIS/TEN [21]. Other anti-epileptics such as phenyt-
oin have also been associated with SCAR. The risk of SCAR
associated with various medications depends on multiple var-
iables, including both genetic (discussed below) and non-
genetic risk factors. Host factors that increase the risk of
SCAR include underlying malignancy or the presence of sys-
temic lupus erythematous, along with underlying infections
such as tuberculosis and HIV. Individuals with HIV infection
have a 1000-fold increased risk of SCAR as compared to the
general population [22]. Underlying infection not only in-
creases the risk of SCAR, but may also lead to a more severe
phenotype of illness, including an increased likelihood of oph-
thalmological complications [23]. Additionally, prescribing
habits also affect the risk of SCAR. For example, doses of
allopurinol greater than or equal to 200 mg daily have been
associated with a higher risk of developing SJS/TEN [21]. In
addition to allopurinol and aromatic anti-epileptic agents, oth-
er commonly associated drugs with SCAR include antimicro-
bial agents (cotrimoxazole, vancomycin, aminopenicillin,
minocycline, sulfasalazine, dapsone) and NSAIDs (celecoxib,
ibuprofen) (Table 1).

Genetics and Predictive Tests

Clinical data suggests that many SCAR reactions involve im-
mune mechanisms, and genetic association studies have iden-
tified strong linkage between drug hypersensitivity reactions
to several drugs and specific HLA alleles (Table 2). The stron-
gest of HLA associations are HLA-B*57:01 with abacavir
hypersensitivity syndrome (odds ratio = 960) [24, 25], HLA-
B*15:02 with carbamazepine-induced SJS and TEN in Asian
populations (OR > 1000) [26, 27], and HLA-B*58:01 with
allopurinol-induced hypersensitivity syndrome and SJIS/TEN
(OR =580) [28]. Carbamazepine DRESS/drug-induced hy-
persensitivity syndrome (DIHS) was associated with HLA-
A*31:01 in European Caucasians (OR =58) [29]. Dapsone
DRESS/DIHS was associated with HLA-B*13:01 in Han
Chinese (OR =20) [30].

HLA alleles associated with SCAR that exhibit high odds
ratio values show high negative predictive Values (NPV >
99%), indicating that the adverse reaction occurs almost ex-
clusively in individuals expressing a specific HLA allele (e.g.,

Table 1 Commonly associated drugs with SCAR
AGEP DRESS SIS/TEN
Latency periods
Hours to days 2-6 weeks 1-4 weeks
Medications
Penicillins Allopurinol Allopurinol
Macrolides Carbamazepine Carbamazepine
Diltiazem Lamotrigine Lamotrigine
Antimalarial agents Phenytoin Nevirapine
Sulfasalazine NSAIDs
Vanvomycin Phenobarbital
Minocycline Phenytoin
Dapsone Sulfamethoxazole
Sulfamehtoxazole Sulfasalazine

HLA-B*58:01 for allopurinol) [31¢°]. However, positive pre-
dictive values are significantly lower (PPV ranging from 0.9 to
55%). These data suggest that specific HLA alleles are neces-
sary, but not sufficient to predict drug-specific SCAR with
100% accuracy (sensitivity and specificity). Genes encoding
proteins involved in drug metabolism have been associated
with SCAR, although with significantly lower levels of asso-
ciation. Genetic variants associated with SCAR that influence
drug metabolism include P450 genes such as CYP34A [32],
CYP2C9 [33], myeloperoxidase [34], and glutamate-cysteine
ligase catalytic subunit gene GCLC [35].

Since individuals at high levels of risk can be identified
(e.g., HLA-B*57:01 for abacavir), there are several examples
in which pharmacogenomic testing and drug avoidance have
been successful to prevent SCAR. A double-blind, prospec-
tive, randomized study involved 1956 HIV infected patients
from 19 countries who had not previously received abacavir
[36°°]. Patients were given cither standard of care (including
therapy with abacavir) or HLA-B*57:01 screening, with ex-
clusion of HLA-B*57:01-patients from abacavir treatment. In
addition to clinical diagnosis of hypersensitivity reaction to
abacavir, epicutaneous patch testing was also used as immu-
nological confirmation of abacavir hypersensitivity. The study
demonstrated that HLA-B*57:01 screening and drug avoid-
ance effectively decreased toxicity by preventing hypersensi-
tivity. The number needed to screen to avoid one abacavir-
induced drug hypersensitivity reaction was 13. The FDA has
indicated the need to add a Boxed Warning about the recom-
mendation to test all patients for the HLA-B*57:01 allele be-
fore starting or restarting therapy with abacavir or abacavir-
containing medications [37]. This screening practice is cost
effective, reliable, and has quick turn-around time, and has
thus been widely adopted by prescribing providers.

The Singapore Health Sciences Authority evaluated two
common HLA allele-drug pairs associated with SCAR.
Genotyping for HLA-B*15:02 for new users of
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Table 2 Specific HLA alleles associated with SCAR
Drug and syndrome HLA HLA carriage rate Disease prevalence OR NPV PPV NNT to
allele prevent
“»
Abacavir ABC HSR B*57:01 5-8% Caucasian 8% (3% true HSR and 960 100% for patch test 55% 13
< 1% African 2—7% false-positive confirmed
2.5% African diagnosis)
American
Allopurinol SJIS/TEN B*58:01 9-20% Han Chinese  0.1-0.4% > 800 100% in Han Chinese 3% 250
and DRESS/DIHS 1-6% Caucasian
Carbamazepine B*15:02 10-15% Han <0.1-0.6% > 1000 100% in Han Chinese 3% 1000
SJIS/TEN Chinese (with other B75
<0.1% Caucasian serotype)
Dapsone DRESS/DIHS B*13:01 2-20% Chinese 1-4% Han Chinese 20 99.8% 7.8% 84

28%

Specific HLA alleles have been strongly associated with SCAR. However, there may be a low probability that subjects with a positive screening test for
the associated HLA allele will develop SCAR (e.g., PPV 3% for allopurinol). Statistics from (White et al. 2018)

carbamazepine in patients of Southeast Asian descent/
ethnicity became a diagnostic standard in 2013 and wide-
spread screening reduced the number of cases in Singapore
from 18 per year to one case in the 4 years since implementa-
tion [31e¢]. Genotyping for HLA-B*58:01 for new users of
allopurinol was not mandated due to lower efficacy and/or
higher costs of alternative gout medications. It is expected that
HLA types will be better integrated into electronic medical
records in a manner that alerts physicians of patients at high
risk for specific drug induced SCAR.

Management—General Principles

There is significant heterogeneity in the management of
SCAR between treating specialties as well as regionally be-
tween institutions. Given the high rates of morbidity and mor-
tality, early admission to a specialty intensive care unit that
can provide a multidisciplinary approach to patient care
should be considered. Burn units are often considered the
preferred site of management of SCAR because of their ex-
pertise in managing skin involvement. Appropriate manage-
ment of the affected skin can minimize temperature dysregu-
lation, insensible fluid loss, and hemodynamic instability.
Palmieri et al. demonstrated differences in treatment of TEN
between burn centers and non-burn facilities. Burn centers
provided more enteral nutrition, while using less prophylactic
antibiotics and systemic corticosteroids. This study and others
suggest that early referral to a burn center leads to improved
outcomes in the management of TEN [38—41].

Identification and immediate discontinuation of the culprit
drug remains the most important step in the management of
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SCAR. Early withdrawal of the offending agent has been
shown to decrease mortality in both SJS and TEN [42].
Although one can focus on common offending agents of
SCAR (Table 1), all medications initiated within 8 weeks must
be considered, including over-the-counter preparations.
Validated drug causality assessment tools exist for all adverse
drug reactions, as well as specifically for SJS/TEN, and may
help with identification of the culprit medication [43, 44].
Additional principles of management include IV fluid resus-
citation, providing adequate nutrition, pain control, and pro-
phylaxis against thromboembolic complications and ulcer for-
mation. Attempts at prevention of long-lasting sequelae, such
as strictures of mucosal surfaces, may include early urologic/
gynecologic examination, and possible use of urinary cathe-
terization and/or vaginal molds/dilators [45]. If possible, oral
feeding is preferred to parenteral nutrition and may help pre-
vent esophageal adhesions. Prophylactic antibiotics are not
recommended. For SJIS/TEN, SCORTEN is a validated
severity-of-illness score that should be calculated for all pa-
tients on days 1 and 3 of hospitalization. In addition to
predicting prognosis and mortality, the SCORTEN can help
triage patients to the correct inpatient setting [46¢] (Fig. 1).

Management of AGEP

Approximately 90% of cases of AGEP are caused by medica-
tions, most commonly antibiotics. The remaining 10% are
caused by underlying infection or thought to be idiopathic.
Since AGEP is a self-limited condition with a favorable prog-
nosis, management is based on withdrawal of the culprit drug,
which typically leads to rapid resolution of symptoms, followed
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by conservative management aimed at controlling symptoms.
Despite the absence of supporting studies, expert recommenda-
tions suggest using topical corticosteroids with or without sys-
temic antihistamines [47, 48]. Systemic corticosteroids have not
been shown to shorten disease duration and are generally not
recommended in AGEP [49].

Management of DRESS

Mild cases of DRESS may be successfully treated with
topical corticosteroids [50]. Although systemic corticoste-
roids do not appear to have detrimental effects and have
not been demonstrated to increase the risk of infection, no
randomized trials have shown a mortality benefit in the
setting of DRESS. It remains unclear if systemic steroids
decrease end-organ involvement or shorten disease dura-
tion in DRESS. Nevertheless, given the favorable
risk/benefit analysis, most clinicians routinely use system-
ic corticosteroids for more severe cases or if there is evi-
dence of end-organ involvement [10, 51]. There are case
reports of IVIg in DRESS, but the utility remains uncer-
tain, and most experts therefore do not recommend use of
IVIg in DRESS [52, 53]. Lastly, given the notable safety
concerns associated with antiviral agents (ganciclovir,
forcarnet, cidofovir), and the lack of supporting literature
regarding efficacy, antiviral agents are not recommended in
the treatment of DRESS.

Management of SJS/TEN

Like all clinical phenotypes of SCAR, discontinuation of the
culprit agent is the most important step of management in SJS/
TEN. These patients require a multidisciplinary approach by
clinicians well versed in the management of these potentially
life-threatening conditions.

Organ Specific Therapy

There is no consensus on the optimal management for skin
and wound care, and different institutions use different
approaches. A conservative and more commonly used ap-
proach recommends leaving denuded skin intact, since this
serves as a natural barrier and biologic dressing. Surgical
debridement is typically only considered in the presence of
infection or if conservative management fails. A more ag-
gressive surgical approach involves early debridement to
remove detached epidermis that may become infected,
followed by physiologic wound closure using dressings
and/or grafting. Dorafshar et al. showed both strategies
have similar mortality outcomes [54]. There was no infor-
mation on whether one approach is superior to the other in
regard to duration of illness or prevention of long-term
sequelae. For additional skin care, large bullac may be
aspirated and expressed. The application of emollients to
the skin may help support barrier function and therefore
decrease insensible fluid loss while facilitating re-
epithelialization [55].

Up to 74% of patients with SJS/TEN experience ocular
involvement in the acute phase, with others experiencing
long-term ocular complications [56]. Patients with ocular in-
volvement should have an ophthalmology consultation.
Ocular and conjunctival lubrication and hygiene should be
maintained for the duration of therapy. Topical corticosteroids
are routinely used to manage acute inflammation and have
been suggested to improve ocular outcomes as compared to
ocular lubrication alone [57]. Broad spectrum topical antibi-
otics are also commonly used and should be based on local
resistance patterns. To date, there is no convincing evidence to
show that systemic steroids or IVIg improve ocular outcomes
in SJS/TEN. Additionally, although a small, retrospective
study, Yip et al. showed no difference in ocular outcomes with
IVIg as compared to patients treated with systemic steroids
[58]. Lastly, there is literature to support the use amniotic
membrane transplant to improve ocular outcomes in the acute
phase of SJIS/TEN [59, 60¢]. Potential benefits include
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decreased inflammation, leading to enhanced re-
epithelialization and decreased scarring. At specialized centers,
this procedure can be performed at the bedside under local
anesthesia. Although not technically challenging, it is time
consuming and can take up to 90 min per eye.

Systemic Therapy

There are no therapeutic regimens with unequivocal benefits
in SJS/TEN. Given the difficulty of conducting large, random-
ized trials in these relatively uncommon yet life-threatening
conditions, most of the literature is limited to case reports and
case series. Numerous therapies have been reported to provide
benefit, and these include G-CSF [61-63], plasmapheresis
[64-66], N-acetylcysteine [67—69], and cyclophosphamide
[70]. Thalidomide was studied in a double-blind, randomized,
placebo-controlled study, but the study was stopped early due
to increased mortality in the thalidomide group [71].
Thalidomide should therefore not be used in SJS/TEN.
Tumor necrosis factor « agents (etanercet and infliximab)
have also been reported to improve outcomes in TEN [72].
Paradisi et al. reported a case series of ten patients [73¢].
Although there was no control group, the average
SCORTEN for the group was 3.6, and seven of ten patients
had a SCROTEN > 3, suggesting a predicted mortality of
50%. These ten patients were treated with a single dose of
subcutaneous etanercept 50 mg and experienced average re-
epithelialization by 8.5 days. Importantly, despite the 50%
predicted mortality, no patients died. Based on this case series,
therapy with tumor necrosis factor o antagonists deserves fur-
ther investigation.

There an increasing emerging literature on the use of cy-
closporine in SJS/TEN. Several case series and case-
controlled studies suggest a likely mortality benefit of cyclo-
sporine in SJS/TEN. Singh et al. first suggested decreased
time to re-epithelialization and decreased hospital length of
stay [74]. Recently conducted critical reviews have reaffirmed
the mortality benefit of cyclosporine in SJIS/TEN [75¢, 76°¢].
Roujeau et al. conclude that the time has come to integrate
cyclosporine into early management of SJIS/TEN, possibly in
conjunction with systemic steroids [77¢].

Although systemic corticosteroids are frequently used in
SJS/TEN, their mortality benefits and clinical utility remain
debatable. Again, the entire body of literature on systemic
steroids consists of case reports and case series, with no
well-designed randomized trials, and results are equivocal. A
recent retrospective case series of 70 patients found a lower
than expected mortality rate in patients treated with systemic
corticosteroids [78]. Advocates suggest using high-dose sys-
temic steroids early in the course of illness, while being cau-
tious regarding adverse effects, most notably the increased
risk of infection and resulting septicemia. Lastly, IVIg is also
commonly used in SJIS/TEN. IVIg is believed to work through
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inhibition of Fas-Fas ligand interaction, thus leading to de-
creased cellular apoptosis through anti-Fas activity.
Although multiple case series have suggested mortality bene-
fit of IVIg in SJIS/TEN, meta-analyses have not confirmed
these findings [79, 80]. The lack of mortality benefit of
IVIG persisted regardless of using a low-dose (<3 g/kg) ver-
sus high-dose (>3 g/kg) regimen. Other studies have sug-
gested morality benefits when combining systemic corticoste-
roids and IVIG [81]. Again, critical appraisal of the literature
regarding combination therapy with IVIg and systemic ste-
roids has led to equivocal results [82, 83¢].

In summary, despite several case reports and case series,
there is a paucity of high-quality data to confidently guide
systemic therapy in SJS/TEN. To date, systemic steroids,
and particularly cyclosporine, are the most promising thera-
pies for SIS/TEN. Well-designed, controlled studies would be
beneficial, but are difficult to conduct in these conditions.
Management should continue to primarily focus on prompt
identification and withdrawal of the culprit drug, followed
by a multidisciplinary approach to supportive therapy in a
facility well versed in these conditions.

Drug Re-Challenge

Once a medication has been identified to cause SCAR, typical
management consists of strict avoidance. Most conditions
have alternative therapies utilizing medications with a dissim-
ilar chemical structure. With that being said, in special cases,
re-challenge may be considered. There is minimal existing
literature to address many questions, such as the utility of
diagnostic testing (patch testing, lymphocyte transformation
assays), along with the appropriate timing and dosing sched-
ule of a re-challenge. Nevertheless, there is emerging literature
suggesting re-challenge may be feasible even in life-
threatening SCAR [84]. Drug re-challenge may be particularly
safe with good outcomes in children, since many initial reac-
tions are due to the underlying illness, rather than medication
itself [85]. If drug re-challenge is considered, it must be pur-
sued in a controlled environment by physicians experienced in
the management of adverse reactions to medications.

Conclusions

Severe cutaneous adverse drug reactions have a range of clin-
ical presentations, ranging from AGEP to DRESS, with the
most severe form being SJS/TEN. There are well defined risk
factors for SCAR, including certain commonly associated
medications and genetic predispositions. Management of
SCAR is based on prompt withdrawal of offending drug and
a multi-disciplinary approach. To date, there is minimal high-
quality data to make definitive recommendations regarding
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optimal therapeutic regimens. Although systemic steroids
and/or [VIg are commonly used, there is emerging literature
regarding the efficacy of cyclosporine in SJIS/TEN, and this
warrants further investigation.

Compliance with Ethical Standards

Conflict of Interest The authors declare no conflicts of interest relevant
to this manuscript.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:

» Of importance

= Of major importance

10.

11.

Adam J, Wuillemin N, Watkins S, Jamin H, Eriksson KK, Villiger
P, et al. Abacavir induced T cell reactivity from drug naive individ-
uals shares features of allo-immune responses. PLoS One.
2014;9(4):¢95339.

Dodiuk-GAD RP, Laws PM, Shear NH. Epidemiology of severe
cutaneous drug hypersensitivity. Semin Cutan Med Surg.
2014;33(1):2-9.

Schaerli P, Britschgi M, Keller M, Steiner UC, Steinmann LS,
Moser B, et al. Characterization of human T cells that regulate
neutrophilic skin inflammation. J Immunol. 2004;173(3):2151-8.
Fiszenson-Albala F, Auzerie V, Mahe E, Farinotti R, Durand-
Stocco C, Crickx B, et al. A 6-month prospective survey of cuta-
neous drug reactions in a hospital setting. Br J Dermatol.
2003;149(5):1018-22.

Knowles SR, Shapiro LE, Shear NH. Anticonvulsant hypersensi-
tivity syndrome: incidence, prevention and management. Drug Saf.
1999;21(6):489-501.

Kardaun SH, Sidoroff A, Valeyrie-Allanore L, Halevy S,
Davidovici BB, Mockenhaupt M, et al. Variability in the clinical
pattern of cutaneous side-effects of drugs with systemic symptoms:
does a DRESS syndome really exist? Br J Dermatol. 2007;156(3):
609-11.

Mennicke M, Zawodniak A, Keller M, Wilkens L, Yawalkar N,
Stickel F, et al. Fulminant liver failure after vancomycin in a
sulfasalazine-induced DRESS syndrome: fatal recurrence after liver
transplantation. Am J Transplant. 2009;9(9):2197-202.
Jorg-Walther L, Schnyder B, Helbling A, Helsing K, Schuller A,
Wochner A, et al. Flare-up reactions in severe drug hypersensitivity:
infection or ongoing T-cell hyperresponsiveness. Clin Case Rep.
2015;3(10):798-801.

Pichler WJ, Srinoulprasert Y, Yun J, Hausmann O. Multiple drug
hypersensitivity. Int Arch Allergy Immunol. 2017;172(3):129-38.
Cacoub P, Musette P, Descamps V, Meyer O, Speirs C, Finzi L,
et al. The DRESS syndrome: a literature review. Am J Med.
2011;124(7):588-97.

Rzany B, Hering O, Mockenhaupt M, Schroder W, Goerttler E,
Ring J, et al. Histopathological and epidemiological characteristics
of patients with erythema exudativum multiforme major, Stevens-

12.

13.

15.

16.

17.

18.

19.

20.¢

21.

22.

23.

24.

25.

26.

27.

Johnson syndrome and toxic epidermal necrolysis. Br J Dermatol.
1996;135(1):6-11.

Yang MS, Lee JY, Kim J, Kim GW, Kim BK, Kim JY, et al.
Incidence of Stevens-Johnson syndrome and toxic epidermal
necrolysis: a Nationwide population-based study using National
Health Insurance Database in Korea. PLoS One. 2015;11(11):
¢0165933.

Cote B, Wechsler J, Bastuji-Garin S, Assier H, Revuz J, Roujeau
JC. Clinicopathologic correlation in erythema multiforme and
Stevens-Johnson syndrome. Arch Dermatol. 1995;131(11):1268—
72.

Posadas SJ, Padial A, Torres MJ, Mayorga C, Leyva L, Sanchez E,
et al. Delayed reactions to drugs show levels of perforin, granzyme
B, and Fas-L to be related to disease severity. J Allergy Clin
Immunol. 2002;109(1):155-61.

Schlapbach C, Zawodniak A, Irla N, Adam J, Hunger RE, Yerly D,
et al. NKp46+ cells express granulysin in multiple cutaneous ad-
verse drug reactions. Allergy. 2011;66(11):1469-76.

Chung WH, Hung SI, Yang JY, Su SC, Huang SP, Wei CY, et al.
Granulysin is a key mediator for disseminated keratinocyte death in
Stevens-Johnson syndrome and toxic epidermal necrolysis. Nat
Med. 2008;14(12):1343-50.

Morel E, Escamochero S, Cabanas R, Diaz R, Fiandor A, Bellon T.
CD94/NKG2C is a killer effector molecule in patients with
Stevens-Johnson syndrome and toxic epidermal necrolysis. J
Allergy Clin Immunol. 2010;125(3):703—-10. 710 ¢701-710 €708
Sekula P, Dunant A, Mockenhaupk M, Naldi L, Bouwes-Bavinck
IN, 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(5):1197-204.

Hsu DY, Brieva J, Silverberg NB, Silverberg JI. Morbidity and
mortality of Stevens-Johnson syndrome and toxic epidermal
necrolysis in United States adults. J Invest Dermatol.
2016;136(7):1387-97.

Peter JG, Lehloenya R, Diamini S, Risma K, White KD, Konvinse
KC. Severe delayed cutaneous and systemic reactions to drugs: a
global perspective on the science and art of current practice. J
Allergy Clin Immunol Pract. 2017;5(3):547-63. A review on
SCAR focusing on global epidemiology, clinical phenotypes,
diagnostic considerations, and special considerations, including
drug re-challenge and SCAR in pregnancy.

Halevy S, Ghislain PD, Mockenhaupt M, Fagot JP, Bouwes
Bavinck JN, Sidoroff A, 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(1):25-32.
Coopman SA, Johnson RA, Platt R, Stern RS. Cutaneous disease
and drug reactions in HIV infection. NEJM. 1993;328(23):1670-4.
Okamoto-Uchida Y, Nakamura R, Sai K, Imatoh T, Matsunaga K,
Aihara M, et al. Effect of infectious diseases on the pathogenesis of
Stevens-Johnson syndrome and toxic epidermal necrolysis. Biol
Pharm Bull. 2017;40(9):1576-80.

Hetherington S, Hughes AR, Mosteller M, Shortino D, Baker KL,
Spreen W, et al. Genetic variations in HLA-B region and hypersen-
sitivity reactions to abacavir. Lancet. 2002;359(9312):1121-2.
Mallal S, Nolan D, Witt C, Masel G, Martin AM, Moore C, et al.
Association between presence of HLA-B*5701, HLA-DR7, and
HLA-DQ3 and hypersensitivity to HIV-1 reverse transcriptase in-
hibitor abacavir. Lancet. 2002;359(9308):727-32.

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(6982):486.

Man CB, Kwan P, Baum L, Yu E, Lau KM, Cheng AS, et al.
Association between HLA B*1502 allele and antiepileptic drug-
induced cutaneous reactions in Han Chinese. Epilepsia.
2007;48(5):1015-8.

@ Springer



26

Page 8 of 9

Curr Allergy Asthma Rep (2018) 18: 26

28.

29.

30.

3].ee

32.

33.

34.

35.

36.ee

37.

38.

39.

40.

41.

42.

43.

44,

Hung SI, Chung WH, Jee SH, Chen WC, Chang YT, Lee WR, et al.
Genetic susceptibility to carbamazepine-induced cutaneous adverse
drug reactions. Pharmacogenet Genomics. 2006;16(4):297-306.
Genin E, Chen DP, Hung SI, Sekula P, Schumacher M, Chang PY,
et al. HLA A*31:01 and different types of carbamazepine-induced
severe cutaneous adverse reactions: an international study and me-
ta-analysis. Pharmacogenomics J. 2014;14(3):281-8.

Zhang FR, Liu H, Irwanto A, Fu XA, Li Y, Yu GO, et al. HLA-
B*13:01 and the dapsone hypersensitivity syndrome. New Engl J
of Med. 2013;369(17):1620-8.

White KD, Abe R, Ardern-Jones M, Beachkofsky T, Bouchard C,
Carleton B, et al. SJS/TEN 2017: building multidisciplinary net-
works to drive science and translation. J Allergy Clin Immunol
Pract. 2018;6(1):38-69. A review on SJS/TEN discussing global
epidemiology and pharmacogenomics networks of SJS/TEN,
management, with a focus on special populations, including
children, pregnant women, and the elderly, and potential focus
of future research.

Denisov IG, Grinkova YV, Baylon JL, Tajkhorshid E, Sligar SG.
Mechanism of drug-drug interactions mediated by human cyto-
chrome P450 CYP3A4 monomer. Biochemistry. 2015;54(13):
2227-39.

Ota T, Kamada Y, Hayashida M, Iwao-Koizumi K, Murata S,
Kinoshita K. Combination analysis in genetic polymorphisms of
drug-metabolizing enzymes CYP1A2, CYP2C9, CYP2C19,
CYP2D6 and CYP3AS in the Japanese population. Int J Med Sci.
2015;12(1):78-82.

Ogese MO, Jenkins RE, Maggs JL, Meng X, Whitaker P, Peckham
D, et al. Characterization of peroxidases expressed in human anti-
gen presenting cells and analysis of the covalent binding of nitroso
sulfamethoxazole to myeloperoxidase. Chem Res Toxicol.
2015;28(1):144-54.

Lu SC. Glutathione synthesis. Biochim Biophys Acta.
2013;1830(5):3143-53.

Mallal S, Phillips E, Carosi G, Molina JM, Workman C, Tomazic J,
et al. HLA-B*5701 screening for hypersensitivity to abacavir. N
Engl J Med. 2008;358(6):568—79. Double-blind, prospective,
randomized trial that showed HLA-B*57:01 screening de-
creased the risk of drug hypersensitivity to abacavir. This was
a key study leading to the recommendation of genetic screening
prior to the administration of certain medications.

Phillips E, Mallal S. Successful translation of pharmacogenetics
into the clinic: the abacavir example. Mol Diagn Therapy.
2009;13(1):1-9.

Palmieri TL, Greenhalgh DG, Saffle JR, Spence RJ, Peck MD, Jeng
JC, et al. A multicenter review of toxic epidermal necrolysis treated
in U.S. burn centers at the end of the twentieth century. J Burn Care
Rehab. 2002;23(2):87-96.

Schulz JT, Sheridan RL, Ryan CM, MacKool B, Tompkins RG. A
10-year experience with toxic epidermal necrolysis. J Burn Care
Rehab. 2000;21(3):199-204.

Mcgee T, Munster A. Toxic epidermal necrolysis syndrome: mor-
tality rate reduced with early referral to regional burn center. Plast
Reconstive Surg. 1998;102(4):1018-22.

Mabher PD, Wasiak J, Hii B, Cleland H, Watters DA, Gin D, et al. A
systemic review of the management and outcome of toxic epider-
mal necrolysis treated in burn centres. Burns. 2014;40(7):1245-54.
Garcia-Doval I, LeCleach L, Bocquet H, Otero XL, Roujeau JC.
Toxic epidermal necrolysis and Stevens-Johnson syndrome: does
early withdrawal of causative drugs decrease the risk of death. Arch
Dermatol. 2000;136(3):323-7.

Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts EA,
et al. A method for estimating the probability of adverse drug reac-
tions. Clin Pharma Ther. 1981;30(2):239-45.

Sassolas B, Haddad C, Mockenhaupt M, Dunant A, Liss Y, Bork K,
et al. ALDEN an algorithm for assessment of drug causality in

@ Springer

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.¢

Stevens-Johnson syndrome and toxic epidermal necrolysis: com-
parison with case-control analysis. Clin Pharma Ther. 2010;88(1):
60-8.

Paulmann M, Mockenhaupt M. Severe drug-induced skin reactions:
clinical features, diagnosis, etiology, and therapy. English online
version of J Dtsch Dermatol Ges. 2015;13(7):625-45.

Guegan S, Bastuji-Garin S, Poszepczynska-Guigne E, Roujeau JC,
RevuzJ. Performance of the SCORTEN during the first five days of
hospitalization to predict the prognosis of epidermal necrolysis. J of
Investigative Derm. 2006;126(2):272—6. Study showing the valid-
ity of the SCORTEN score, a severity-of-illness tool to predict
mortality in SJS/TEN.

Lee HY, Chou D, Pang SM, Thirumoorthy T. Acute generalized
exanthematous pustulosis: analysis of cases managed in a tertiary
hospital in Singapore. Int J Dermatol. 2010;49(5):507-12.
Ingen-Housz-Oro S, Hotz C, Valeyrie-Allanore L, Sbidian E,
Herery F, Chosidow O, et al. Acute generalized exanthematous
pustulosis: a retrospective audit of practice between 1994 and
2011 at a single centre. Br J Dermatol. 2015;172(5):1455-7.
Chang SL, Huang YH, Yang CH, Hu S, Hong HS. Clinical mani-
festations and characteristics of patients with in acute generalized
exanthematous pustulosis in Asia. Acta Derm Venereol.
2008;88(4):363-5.

Funck-Bretano E, Duong TA, Bouvresse S, Bagot M, Wolkenstein
P, Roujeau JC, et al. Therapeutic management of DRESS: a retro-
spective study of 38 cases. J] Amer Acad Dermatol. 2015;72(2):
246-52.

Chen YC, Chiu HC, Chu CY. Drug reaction with eosinophilia and
systemic symptoms. Arch Dermatol. 2010;146(12):1373-9.
Singer EM, Wanat KA, Rosenbach MA. A case of recalcitrant
DRESS syndrome with multiple autoimmune sequelae treated with
intravenous immunoglobulins. JAMA Dermatol. 2013;149(4):
494-5.

Joly P, Janela B, Tetart F, Rogez S, Picard D, D’Incan M, et al. Poor
benefit/risk balance of intravenous immunoglobulins in DRESS.
Arch Dermatol. 2012;148(4):543-4.

Dorafshar AH, Dickie SR, Cohn AB, Avcock JK, O’Connor A,
Tung A, et al. Antishear therapy for toxic epidermal necrolysis: an
alternative treatment approach. Plast Reconstr Surg. 2008;122(1):
154-60.

Abela C, Hartmann CE, De Leo A, de Sica CA, Shah H, Jawad M,
et al. Toxic epidermal necrolysis (TEN): the Chelsea and
Westminster hospital wound management algorithm. J Plas
Reconstr Aestet Surg. 2014;67(8):1026-32.

Gueudry J, Roujeau JC, Binaghi M, Soubrane G, Muraine M. Risk
factors for the development of ocular complications of Stevens-
Johnson syndrome and toxic epidermal necrolysis. Arch
Dermatol. 2009;145(2):157-62.

Sotozano C, Ueta M, Koizumi N, Inatomi T, Shirakata Y, Ikezawa
Z, et al. Diagnosis and treatment of Stevens-Johnson syndrome and
toxic epidermal necrolysis with ocular complications.
Ophthalmology. 2009;116(4):685-90.

Yip LW, Thong BY, Tan AW, Khin LW, Chng HH, Heng WJ. High-
dose intravenous immunoglobulin in the treatment of toxic epider-
mal necrolysis: a study of ocular benefits. Eye. 2005;19(8):846-53.
Hsu M, Jayaram A, Verner R, Lin A, Bouchard C. Indications and
outcomes of amniotic membrane transplantation in the management
of acute Stevens-Johnson syndrome and toxic epidermal necrolysis:
a case-control study. Cornea. 2012;31(12):1394-402.

Sharma N, Thenarasun SA, Kaur M, Pushker N, Khanna N,
Agarwal T, et al. Adjuvant role of amniotic membrane transplanta-
tion in acute ocular Stevens-Johnson syndrome: a randomized con-
trol trial. Ophthalmology. 2016;123(3):484-91. Prospective, ran-
domized, controlled trial showing amniotic membrane trans-
plantation improves ocular outcomes in the acute phase of SJS/
TEN.



Curr Allergy Asthma Rep (2018) 18: 26

Page 90of9 26

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73..

74.

de Sica-Chapman A, Williams G, Soni N, Bunker CB.
Granulocyte-colony stimulating factor in toxic epidermal
necrolyisis (TEN) and Chelsea & Westminster TEN protocol. Br
J Dermatol. 2010;162(4):860-5.

Pallesen KA, Robinson S, Toft P, Andersen KE. Successful treat-
ment of toxic epidermal necrolysis/Stevens-Johnson syndrome
overlap with human granulocyte colony stimulating factor: a case
report. Acta Derm Venereol. 2012;92(2):212-3.

Ang CC, Tay YK. Hematological abnormalities and the use of
granulocyte-colony-stimulating factor in patients with Stevens-
Johnson syndrome and toxic epidermal necrolysis. Int J Dermatol.
2011;50(12):1570-8.

Han F, Zhang J, Guo Q, Feng Y, Gao Y, Guo L, et al. Successful
treatment of toxic epidermal necrolysis using plasmapheresis: a
prospective observational study. J Crit Care. 2017;42:65-8.

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(3):236-45.

Kostal M, Blaha M, Lanska M, Kostalova M, Blaha V, Stepanova
E, et al. Beneficial effect of plasma exchange in the treatment of
toxic epidermal necrolysis: a series of four cases. J Clin Apher.
2012;27(4):215-20.

Yavuz H, Emiroglu M. Toxic epidermal necrolysis treated with N-
acetylcysteine. Pediatr Int. 2014;56(5):e52—4.

Velez A, Moreno JC. Toxic epidermal necrolysis treated with N-
acetylcysteine. J Am Acad Dermatol. 2002;46(3):469-70.
Redondo P, de Felipe L, de la Pena A, Aramendia JM, Vanaclocha
V. Drug-induced hypersensitivity syndrome and toxic epidermal
necrolysis. Treatment with N-acetylcysteine. British J Dermatol.
1997;136(4):645-6.

Frangogiannis NG, Boridy I, Mazhar M, Matthews R,
Gangopadhyay S, Cate T. Cyclophosphamide in the treatment of
toxic epidermal necrolysis. South Med J. 1996;89(10):1001-3.
Wolkenstein P, Latarjet J, Roujeau JC, Duguet C, Boudeau S,
Vailant L. Randomized comparison of thalidomide versus placebo
in toxic epidermal necrolysis. Lancet. 1998;352(914):1586-9.
Wojtkiewicz A, Wysocki M, Fortuna J, Chrupek M, Matczuk M,
Koltan A. Beneficial and rapid effect of infliximab on the course of
toxic epidermal necrolysis. Acta Derm Venereol. 2008;88(4):420—
1.

Paradisi A, Abeni D, Bergamo F, Ricci F, Didona D, Didona B.
Etanercept therapy for toxic epidermal necrolysis. J] Am Acad
Dermatol. 2014;71(2):278-83. Case series of ten patients with
TEN treated with a tumor necrosis factor o antagonist
(etanercept). Despite a predicted mortality of 50%, all patients
responded promptly to a single treatment. The use of anti- TNF
o agents therefore warrants further study in TEN.

Singh GK, Chatterjee M, Verma R. Cyclosporine in Stevens-
Johnson syndrome and toxic epidermal necrolysis and retrospective
comparison with systemic corticosteroid. Indian J Dermatol
Venereol Leprol. 2013;79(5):686—792.

75.

76.00

T1.

78.

79.

80.

81.

82.

83..

84.

85.

Gonzalez-Herrada C, Rodriguez-Martin S, Cachafeiro L, Lerma V,
Gonzalez O, Lorenta JA, et al. Cyclosporine use in epidermal
necrolysis is associated with an important mortality reduction: ev-
idence from three different approaches. J Invest Dermatol.
2017;137(10):2092-100. By comparing outcomes in TEN at dif-
ferent centers using predominately different forms of immuno-
modulatory therapy (typically cyclosporine versus IVIg), cyclo-
sporine was consistently shown to improve mortality in TEN.
Zimmerman S, Sekula P, Venhoff M, Motschall E, Knaus J,
Schumacher M, et al. Systemic immunomodulating therapies for
Stevens-Johnson syndrome and toxic epidermal necrolysis, a sys-
tematic review and meta-analysis. JAMA Dermatol. 2017;153(6):
514-22. A review and meta-analysis of systemic
immunomodulating therapies in SJS/TEN that shows cyclo-
sporine to have the most promise in decreasing mortality.
Roujeau JC, Mockenhaupt M, Guillaume JC, Revuz J. New evi-
dence supporting cyclosporine efficacy in epidermal necrolysis. J of
Invest Derm. 2017;137(10):2047-9. A review of recently pub-
lished literature and presentation of expert opinion that cyclo-
sporine is effective in decreasing mortality in TEN and should
possibly considered as first line systemic therapy in this life
threating condition.

Liu W, Nie X, Zhang L. A retrospective analysis of Stevens-
Johnson syndrome/toxic epidermal necrolysis treated with cortico-
steroids. Int J Dermatol. 2016;55(12):1408—13.

Huang YC, Li YC, Chen TJ. The efficacy of intravenous immuno-
globulin for the treatment of toxic epidermal necrolysis: a system-
atic review and meta-analysis. Br J Dermatol. 2012;167(2):424-32.
Lee HY, Lim YL, Thirumoorthy T, Pang SM. The role of intrave-
nous immunoglobulin in toxic epidermal necrolysis: a retrospective
analysis of 64 patients managed in a specialized Centre. Br J
Dermatol. 2013;169(6):1304-9.

Athara M, Kano Y, Fujita H, Kambara T, Matsukura S, Katayama I,
et al. Efficacy of additional IV immunoglobulin to steroid therapy in
Stevens-Johnson syndrome and toxic epidermal necrolysis. J
Dermatol. 2015;42(8):768-77.

Zhu QY, Ma L, Luo XQ, Huang HY. Toxic epidermal necrolysis:
performance of SCORTEN and the score-based comparison of the
efficacy of corticosteroid therapy and intravenous immunoglobulin
combined therapy in China. J Burn Care Res. 2012;33(6):e295—
308.

Creamer D, Walsh SA, Dziewulski P, Exton LS, Lee HY, Dart JK.
UK guidelines for the management of Stevens-Johnson syndrome/
toxic epidermal necrolysis in adults. Br J of Derm. 2016;174(6):
1194-227. Guidelines from the United Kingdom on the diagno-
sis and management of SJS/TEN.

Lehloenya RJ, Todd G, Badri M, Dheda K. Outcomes of
reintroducing anti-tuberculosis drugs following cutaneous adverse
drug reactions. Int J Tuberc Lung Dis. 2011;15(12):1649-57.
Gomes ER, Brockow K, Kuyucu S, Saretta F, Mori F, Blanca-
Lopez N, et al. Drug hypersensitivity in children: report from the
pediatric task force of the EAACI drug allergy interest group.
Allergy. 2016;71(2):149-61.

@ Springer



	Severe Cutaneous Adverse Drug Reactions: Presentation, Risk Factors, and Management
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	AGEP
	DRESS
	SJS/TEN
	SCAR-Associated Drugs and Non-Genetic Risk Factors
	Genetics and Predictive Tests
	Management—General Principles
	Management of AGEP
	Management of DRESS
	Management of SJS/TEN
	Organ Specific Therapy
	Systemic Therapy

	Drug Re-Challenge
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



