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This article is a summary of a meeting that was held on March 2, 2017. You may view the presentations from the meeting and earn additional

Stevens-Johnson syndrome/toxic epidermal necrolysis (S]JS/
TEN) is a life-threatening, immunologically mediated, and
usually drug-induced disease with a high burden to individuals,
their families, and society with an annual incidence of 1 to 5 per
1,000,000. To effect significant reduction in short- and long-
term morbidity and mortality, and advance clinical care and
research, coordination of multiple medical, surgical, behavioral,
and basic scientific disciplines is required. On March 2, 2017, an
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investigator-driven meeting was held immediately before the
American Academy of Dermatology Annual meeting for the
central purpose of assembling, for the first time in the United
States, clinicians and scientists from multiple disciplines
involved in SJS/TEN clinical care and basic science research. As a
product of this meeting, this article summarizes the current state
of knowledge and expert opinion related to SJS/TEN covering a
broad spectrum of topics including epidemiology and
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This article represents a summary of a meeting, SJIS/TEN 2017, that was held on
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Abbreviations used
ADR- Adverse drug reaction
AMT- Amniotic membrane transplantation
BSA- Body surface area
CPNDS- Canadian Pharmacogenomics Network for Drug
Safety
DIHS- Drug-induced hypersensitivity syndrome
DRESS- Drug reaction with eosinophilia and systemic
symptoms
DSC- Drug safety communication
EMM- Erythema multiforme majus
EHR- Electronic health record
FAERS- Food and Drug Administration Adverse Event
Reporting System
FDA- Food and Drug Administration
GBFDE- Generalized bullous fixed drug eruption
HAS- Health Sciences Authority
HCP- Healthcare professional
HIV- Human immunodeficiency virus
HLA- Human leukocyte antigen
ICD- International Classification of Diseases
IM-ADR- Immunologically mediated adverse drug reaction
ITCH- International Consortium on Drug Hypersensitivity
IVIG- Intravenous immunoglobulin
MIRM- Mycoplasma-induced rash and mucositis
NATIENS- North American Therapeutics in Epidermal Necrolysis
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SDH- Society of Dermatology Hospitalists
SJS/TEN- Stevens-Johnson syndrome/toxic epidermal necrolysis
TB- Tuberculosis
TCR- T-cell receptor
TEN- Toxic epidermal necrolysis
TNF- Tumor necrosis factor
Treg- Regulatory T

pharmacogenomic networks; clinical management and com-
plications; special populations such as pediatrics, the elderly,
and pregnant women; regulatory issues and the electronic
health record; new agents that cause SJS/TEN; pharmacoge-
nomics and immunopathogenesis; and the patient perspec-
tive. Goals include the maintenance of a durable and
productive multidisciplinary network that will significantly
further scientific progress and translation into prevention,
early diagnosis, and management of SJS/TEN. © 2017
American Academy of Allergy, Asthma & Immunology (J
Allergy Clin Immunol Pract 2018;6:38-69)

Key words: Stevens-Johnson; Toxic epidermal necrolysis; HLA;
Networks, Pharmacogenomics;, Pharmacovigilance; Electronic
health record; T cells; Granulysin
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PMR- Postmarketing requirements
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PTSD- Posttraumatic stress disorder
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SCORTEN- Severity of illness score for TEN
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INTRODUCTION

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis

(TEN) are the severest in the spectrum of immunologically medi-
ated adverse drug reactions (IM-ADRYs) that are considered to be
primarily T-cell-mediated. SJS/TEN is characterized by a painful
blistering skin rash that is often associated with multiorgan
involvement, commonly fever, hematologic abnormalities, and
ophthalmologic and genitourinary involvement. Early dermato-
logic findings may include erythematous or dusky colored macules
that evolve to become fluid-filled bullae and/or denuded skin.
Involved nonblistered skin often sloughs with direct lateral pressure
(Nikolsky sign) and demonstrates interface dermatitis with necrotic
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keratinocytes and epidermal separation on histopathologic exami-
nation (Table I). SJS and TEN are thought to be the same disease
across a spectrum of severity defined by the percentage of skin
detachment related to the body surface area (BSA) comprising SJS
(<10%), SJS/TEN overlap (10%-30%), and TEN (>30%)
(Table I). The mortality associated with TEN in the setting of
aggressive supportive care at experienced centers is approximately
30%; however, in the elderly and immunocompromised pop-
ulations this can exceed 50%. The short-term morbidity associated
with SJS/TEN is well recognized and includes sepsis, respiratory
complications, gastrointestinal and genital tract mucositis, and eye
disease. However, long-term morbidity is also considerable and
includes vision loss, urogynecological complications, chronic res-
piratory disease, depression and posttraumatic stress, disfigured
painful skin, restricted therapeutic choices, and shortened life span.
Over the last 10 to 15 years, there have been significant advances in
our understanding of the immunogenomics of IM-ADRs.” For
SJS/TEN this has included several strong associations from
Southeast Asia between HLA class I alleles and drug-associated SJS/
TEN including HLA-B*15:02 and carbamazepine SJS/TEN and
HLA-B*58:01 and allopurinol SJS/TEN. This has led not only to
successful HLA-B*15:02 screening programs in Taiwan, Singapore,
and other parts of Southeast Asia that have almost eliminated
carbamazepine-associated SJS/TEN, but also furthered our un-
derstanding of the immunopathogenesis of SJS/TEN. Despite this
progress there are still a large number of clinical and research gaps. A
few highlights of these gaps include the lack of (1) an evidence-
based approach to guide therapeutic interventions above aggres-
sive supportive care in acute SJS/TEN, (2) predictive biomarkers for
early diagnosis and prognosis, (3) genetic predictors for most drugs
that cause SJS/TEN, and (4) an explanation for why only a small
proportion (<10%) of those carrying an HLA risk allele will
develop SJS/TEN following drug exposure.”

To explore gaps and unmet needs for further research into the
epidemiology, pathogenesis, treatment, and prevention of SJS/
TEN, the National Human Genome Research Institute, along
with the Food and Drug Administration and 5 other National
Institutes of Health institutes and centers (the National Center
for Advancing Translational Sciences, the National Institute on
Drug Abuse, the National Institute of Allergy and Infectious
Diseases, the National Institute of Arthritis, Musculoskeletal and
Skin Diseases, and the National Institute of Diabetes and
Digestive and Kidney Diseases), brought together 30 interna-
tional experts in severe cutaneous adverse reactions, pharmaco-
genomics, and related fields for a 2015 workshop titled “Research
directions in genetic predispositions to SJS/TEN.”.>* This 2-day
workshop reviewed the current state of knowledge of surveil-
lance, pathogenesis, and treatment of SJS/TEN, examined the
role of genomics in the etiology, treatment, and eradication of
preventable cases of SJS/TEN, and identified gaps, unmet needs,
and priorities for future research to work toward the global
elimination of genetically mediated SJS/TEN. A primary
conclusion of this meeting was that although there have been
great research strides in SJS/TEN with compelling examples of
implementation of personalized medicine, there is continued
need to broaden these discoveries for translation and imple-
mentation across diverse populations and causative drugs.
Opverarching and facilitative research goals were set and 3 high
priority areas were identified and targeted: clinical care, phar-
macovigilance and epidemiology, and basic research. An
important outcome of the meeting was recognition of the need,
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because of the overall rarity and diverse epidemiology of SJS/
TEN, to develop a large global collaborative network and a
supportive funding infrastructure to further all aspects of SJS/
TEN research.

An ongoing dialogue among an SJS/TEN working group
comprising members from academia and government followed
this meeting and has led to new initiatives that have included the
establishment of an SJS/TEN phenotyping group that published
a standardized case report form for SJS/TEN,” a subgroup
evaluating SJS/TEN causality assessment tools, and a national
survey of dermatologists, burn surgeons, and ophthalmologists
who care for patients with SJS/TEN that identified knowledge
gaps, priorities, unmet needs, and unresolved controversies in
SJS/TEN clinical care and research. More than 50% of survey
respondents were interested in the opportunity for further
engagement in all aspects of SJS/TEN research.’

The fundamental clinical, epidemiological, and basic research
questions identified in the 2015 National Institutes of Health
workshop served as a catalyst for further efforts toward organized
collaboration. To engage a broad constituency of stakeholders in
this effort, a meeting “Stevens-Johnson-syndrome/Toxic
epidermal necrolysis 2017: Building Multidisciplinary Networks
to Drive Science and Translation” was held on March 2, 2017.
This meeting had representation across allergy-immunology,
dermatology, ophthalmology, burns surgery, gynecology, clin-
ical pharmacology, basic science (immunobiology, genetics),
epidemiology, informatics, regulatory science, patients and their
families, and government and included 142 participants from 6
continents (Figure 1). A major goal of this meeting was to bring
together established and new investigators to create a durable
network of SJS/TEN clinicians and scientists to discuss and
prioritize achievable short- and long-term research objectives.
This meeting was charged with presentation of the most current
and cutting-edge research relevant to SJS/TEN, provision of
mentorship for new investigators of disparate backgrounds to
become future leaders in SJS/TEN, and, importantly, to provide
a multdisciplinary and interactive forum where the most
controversial areas of SJS/TEN clinical care and research could
be discussed. The meeting highlighted key areas amenable to
network building and clinical translation. Representatives from 3
National Institutes of Health institutes—the National Human
Genome Research Institute, the National Institute of Allergy and
Infectious Diseases, and the National Institute of Arthritis,
Musculoskeletal and Skin Diseases—provided updates on
funding mechanisms relevant to SJS/TEN with a focus on newer
RO1/R21 funding related to serious IM-ADRs.”*

This article is a summary of the proceedings of the meeting
that includes the new and evolving science, key controversies,
outputs of the meeting, and proposed future directions.

GLOBAL EPIDEMIOLOGY AND
PHARMACOGENOMICS NETWORKS*
Key Points:

e SJS/TEN is a life-threatening mainly drug-induced disease
with considerable short- and long-term morbidity and

"Bruce Carleton, PharmD; Robert G. Micheletti, MD; Maja Mockenhaupt, MD;
Munir Pirmohamed, MBChB (Hons), PhD; Jean-Claude Roujeau, MD; Hirohiko
Sueki, MD; Chonlaphat Sukasem, BPharm, PhD; Jason A. Trubiano, MD;
Brandon Worley, MD, MSc
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TABLE I. Phenotypic characteristics of SUS/TEN and severe cutaneous syndromes

Characteristic SJS/TEN

Target lesions Flat, atypical target
lesions present
Yes
<10%: SJS; 10%-30%: SIS/

TEN overlap; >30%: TEN

Blisters and erosions

Distribution Widespread
Well-demarcated, erythematous No

patches (>5 cm)
Erosions of mucosa (eye/lip/genital) Yes
Recurrent history Rare

Prognosis Mortality depends on risk
factors (SCORTEN')
Etiology Usually drug-induced

EMM GBFDE

Typical or raised atypical No

target lesions
Yes, in the center Yes

of targets
Mainly limbs or acral Localized
No Yes
Yes Yes or no
Occasional Common
Favorable Generally favorable but

Suspected infection not drug

associated with higher morality with
>20% BSA involvement and in elderly

Usually drug-induced

EMM, Erythema multiforme majus; GBFDE, generalized bullous fixed drug eruption.
SCORTEN: Age < 40y (0), >40y (+1); Associated malignancy: no (0), yes (+1); Heart rate (beats/min): <120 (0), >120 (+1); serum blood urea nitrogen (mg/dL): <28 (0), >28
(+1); detached or compromised body surface: <10% (0), >10% (+41); Serum bicarbonate (mEq/L): >20 (0), <20 (+1); Serum glucose (mg/dL): <252 (0), >252 (+1).
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FIGURE 1. Participants representing 14 countries from 6 medical subspecialties, SJS/TEN advocacy groups, the US government, and the
SJS/TEN research community gathered in Orlando, Florida, on March 2, 2017, for the inaugural SUS/TEN 2017: Building Multidisci-
plinary Networks to Drive Science and Translation meeting. Thirty predoctoral and postdoctoral trainees attended and presented original
research at this meeting. A, Subspeciality distribution of participants. B, Global distribution of participants. PGx, Pharmacogenomics.

mortality that poses a burden to health care systems and
families disproportionate to its prevalence.

® The rarity of SJS/TEN has created challenges for the genera-
tion of evidence-based treatment.

o Collaborative pharmacogenomic studies have been successful
in determining HLA associations in SJS/TEN and provide the
promise for more associations to be delineated in the future.

e The development of networks that include an SJS/TEN
phenotype adjudication committee as well as centralized bio-
logical sample collection and repositories would provide a
platform to study pathogenesis and predictors.

A number of collaborative networks exist that study the
epidemiology and pharmacogenomics of SJS/TEN across
genetically diverse populations, seek to discover pathogenic
mechanisms and other mediators of disease risk, and allow for the
development of clinical trials to evaluate therapeutic in-
terventions. Session one of SJS/TEN 2017: Building Multidisci-
plinary Networks to Drive Science and Translation featured
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representatives from some of these international collaborative
networks. The strength of these networks lies in the rigorous
definitions for clinical diagnosis, causality assessment at the in-
dividual case level, estimation of risk factors for each severe
cutaneous adverse reaction (SCAR) entity, and centralized
collection of samples to facilitate investigation of the mechanisms
and search for new therapeutic options.

The Society of Dermatology Hospitalists SJS/TEN
Study Group (United States)

The Society of Dermatology Hospitalists (SDH) is a US-
based organization dedicated to the care of complex dermato-
logical patients in the inpatient setting. In an effort to describe
the SJS/TEN experience of dermatology hospitalists in the
United States and explore ongoing management controversies
in SJS/TEN, the SDH retrospectively collected information on
the disease course, management, and outcomes of patients
treated for SJS/TEN at member institutions. As a collaborative
research effort of 18 tertiary care centers, the SDH has
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compiled a database of 405 US SJS/TEN cases between 2000
and 2015, with most patients treated from 2010 onward.
Medications were the most common cause of SJS/TEN in this
cohort, accounting for 91.3% of cases and trimethoprim/sul-
famethoxazole was most often implicated (26.0%). Sixty-six
percent of patients met criteria for TEN (>30% BSA
denuded) or SJS/TEN overlap (10%-30% BSA denuded) at
the time of admission. The severity of illness score for TEN
(SCORTEN)' predicted mortality for the cohort at the time of
admission to be 20.0%. Sixty-seven percent of patients were
managed in a specialized burn or intensive care unit and 70%
received pharmacotherapeutic intervention in addition to
supportive care, most commonly corticosteroids, intravenous
immunoglobulin (IVIG), or both steroids and IVIG. Only 4
patients in this cohort received cyclosporine and 1 patient
received the TNF-a inhibitor etanercept. Actual mortality of
patients in the cohort was 13.7%, for a standardized mortality
ratio of 0.69 (95% CI, 0.57-0.78). The improved survival of
patients in this cohort compared with SCORTEN-predicted
mortality is notable and likely multifactorial. Preliminary an-
alyses showed an overall lack of consensus regarding the
management of SJS/TEN and no clear evidence of benefit from
any particular pharmacotherapeutic intervention compared
with supportive care alone. Additional work to account for
relevant confounding factors and choice of pharmacotherapy is
ongoing. Future work of the SDH will include evaluation of
the updated SCORTEN algorithm to predict SJS/TEN mor-
tality, longitudinal analyses of SJS/TEN survivors to determine
sequelae and quality of life following recovery, and a pro-
spective SJS/TEN cohort study and, ultimately, randomized
controlled trial.

The North American Therapeutics in Epidermal
Necrolysis Syndrome Trial Network (North America)

Composed of 24 academic institutions and burn centers in the
United States and Canada, the North American Therapeutics in
Epidermal Necrolysis Syndrome (NATIENS) Trial Network
brings together expertise in burn surgery, dermatology, eye, and
mucosal complications and leaders in immunogenetic science to
create the feasibility for a multicenter, translational clinical trial
comparing cyclosporine, etanercept, and supportive care.” The
NATIENS Trial Network’s mission is to enhance the quality and
standardization of care for patients with SJS/TEN through
accelerating scientific discovery. The NATIENS Trial Network
also includes 3 scientific centers with expertise in immunoge-
netics, next-generation genomic sequencing, cellular immu-
nology, and pharmacokinetics. A double-blind randomized
controlled trial assessing standardized supportive care and
immunomodulatory therapeutics in SJS/TEN is planned to
begin in 2019 and will be the first to rigorously study SJS/TEN
in a multicenter setting. Its members have developed tools for
standardized assessment of skin involvement and reepitheliali-
zation to measure response to therapy, a comprehensive sup-
portive care protocol, and immunogenetic and cellular analyses
to study the underlying pathophysiology. Outcomes from the
NATIENS Trial Network’s clinical trial will include a rigorous
and objective assessment of a standardized supportive care model
and immunomodulatory therapies in acute SJS/TEN, longitu-
dinal patient follow-up for standardized assessment of short-
and long-term sequelae, systemic and tissue-specific genetic and
immunologic analyses to define pathogenic mechanisms and
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provide mechanistic support for immunomodulatory therapies in
acute disease, as well as the infrastructure and clinical and sci-
entific partnerships for the future study of unexplored thera-
peutic targets and markers of SJS/TEN risk in North American
populations.

The Canadian Pharmacogenomics Network for Drug
Safety

The Canadian Pharmacogenomics Network for Drug Safety
(CPNDS) consists of more than 65 multidisciplinary expert col-
laborators from 26 pediatric and adult academic health centers in
Canada that recruit patients via active surveillance and collect
genomic samples and clinical information on drug outcomes.
Currently, the CPNDS active surveillance clinical database
includes detailed clinical information for various drugs
from more than 9,313 adverse drug reaction cases and 84,082
drug-exposure—matched controls. More patients are recruited
networkwide each day. The CPNDS has used this methodology to
study the pharmacogenomics of several severe adverse drug
reactions (ADRs) and was the first to confirm the role of
HLA markers for carbamazepine-related skin reactions in
children.” The CPNDS is actively addressing the problem of these
severe reactions by using diverse approaches such as (1) discovery/
replication through collaboration. This approach is used to confirm
previously identified pharmacogenomic biomarkers as well as
identify novel genomic variation associated with these reactions,
which, given the rarity of SJS/TEN, requires collaboration between
international consortia. Further collaboration with the EpiPGX
Consortium (Europe) has led to the identification of more than 80
cases of severe cutaneous ADRs associated with anticonvulsants. A
genomewide assessment of these cases using both genotyping arrays
and exome sequencing is in process. Collaborations with additional
international consortia are underway. (2) Knowledge translation
and commercialization. A key outcome is translation of pharma-
cogenomics into clinical practice. The CPNDS has published
clinical practice guidelines for carbamazepine-related ADRs'” and
is currently working with the Clinical Pharmacogenetics Imple-
mentation Consortium to update relevant guidelines and develop
commercial pediatric pharmacogenomic panels that will include
ADR pharmacogenomic markers (for more information, please
visit hteps://cpicpgx.org/).

The International Consortium on
Hypersensitivity network

The International Consortium on Drug Hypersensitivity
(ITCH) network, coordinated in Liverpool, UK, and funded by
the International Serious Adverse Event Consortium, was estab-
lished for the recruitment of patients with SCAR and now includes
1,500 precisely phenotyped cases from 12 countries with associ-
ated genetic data.'' Analyses using the ITCH cohort have
concentrated on identifying drug-specific genetic predisposing
factors and genetic factors predisposing to SJS/TEN irrespective of
drug etiology. Genomewide association studies from 1,260 SCAR
cases in the I'TCH cohortrely on careful quality control procedures
that include controlling for population stratification, imputation
using the latest releases of genomic data, and validation of imputed
genetic variants, where appropriate.

The ITCH database includes 177 SJS/TEN cases that are
derived from Caucasian patients from 3 ethnic groups: Spanish,
Italian, and Northern European. Analysis of all 177 SJS/TEN
cases identified an HLA-B allele that is associated with SJS/TEN
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irrespective of drug. This HLA-B allele is present at 0.02% of the
general Caucasian population (n = 9,237 not exposed to drug)
but is found at 100-fold higher frequency among SJS/TEN cases
(M. Pirmohamed, MBChB, PhD, unpublished data, March
2017). Interestingly, this association seems to be largely limited
to Iralian patients. Replication in Italian patients will be chal-
lenging given the rarity of SJS/TEN and new patients will need
to be recruited for this analysis.

Drug-specific analysis in the ITCH cohort has also led to
replication of HLA allele associations that have been previously
identified in other populations. For instance, in 13 European
patients with allopurinol-induced SCAR of whom 9 had SJS,
HLA-B*58:01 was identified at a genomewide significance level
with an odds ratio of 36. Although the association of
HLA-B*58:01 with SJS was just below genomewide significance
in this population, the odds ratio was higher at 45 (M. Pirmo-
hamed, MBChB, PhD, unpublished data, March 2017). This is
consistent with previous data that suggest that HLA-B*58:01 is
present in approximately 60% of allopurinol patients of Euro-
pean ancestry with SJS/TEN.

The ITCH network also includes African recruitment sites.
Work in this cohort has identified the association of HLA-C*04:01
carriage and SJS/TEN secondary to the antiretroviral drug nevira-
pine. Further analysis of the interaction of HLA-C*04:01 with the
endoplasmic reticulum aminopeptidase genes that influence peptide
processing showed that endoplasmic reticulum aminopeptidase 2 may
have a potentially protective effect.'”

The RegiSCAR Network and sample repository

The RegiSCAR project was born out of experience with
multiple epidemiological studies on SCAR that have been un-
dertaken in Europe during the past 3 decades. Early studies
included large retrospective case compilations performed in the
1980s and published in the early 1990s, followed by a large case-
control study that provided the best available evidence for drug
causality at the time (SCAR study).'”"” In parallel, a population-
based registry on SJS/TEN was started in Germany to assess
disease incidence and demography, using the same criteria for
case validation and ascertaining medication history.'® Later, a
second case-control surveillance (EuroSCAR study, 1997-2001)
was undertaken that could confirm results on drug risk of the
previous study and provide new data on recently marketed
drugs.'”*" These studies were followed by a multinational reg-
istry (RegiSCAR study) that was founded to systematically collect
biological samples of patients with SCAR and patients were
followed longitudinally after hospital discharge.”””> These
studies required that investigators establish and maintain a
network of hospitals and departments likely to treat SCAR,
determine precise definitions of clinical entities (phenotypes),
and determine methods for systematic case ascertainment, stan-
dardized case validation, and data management and statistical
analysis. Case ascertainment was done by trained investigators
(health care professionals) using a standardized questionnaire in
direct conversation with the patient and in cases of severe illness,
the patient’s relatives, treating physicians, family physician, and
medical records.

The RegiSCAR project is a registry of SCAR cases in several
European and non-European countries that combines a protocol
for systematic blood sampling and centralized biobanking of
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PBMCs, plasma, and DNA and cohort studies investigating
outcome, sequelae, and treatment.”*>! Earlier studies focused on
SJS/TEN, whereas RegiSCAR includes a broader spectrum of
reactions including drug reaction with eosinophilia and systemic
symptoms, acute generalized exanthematous pustulosis, and
generalized bullous fixed drug eruption (GBFDE). Continuous
surveillance of SJS/TEN in this cohort shows that approximately
67% of strictly validated cases had a probable or very probable
drug cause as determined by the algorithm for assessment of drug
causality in epidermal necrolysis score (Table II ; M. Mock-
enhaupt, MD, unpublished data, March 2017), 20% were sec-
ondary to a possible drug cause, and 13% were unlikely or not at
all drug-induced. Genetic studies of SJS/TEN in European cases
in the RegiSCAR cohort have led to the identification of risk
alleles differing from other ethnic groups and genomewide as-
sociation study analysis demonstrated that the HLA region on
chromosome 6 is of major importance.”””” A RegiSCAR cohort
study of several hundred patients with SJS/TEN revealed that the
vast majority of survivors are left with sequelae persisting over
months and years.

Thai-SCAR and the Southeast Asian
Pharmacogenomics Research Network

In Thailand and other parts of Southeast Asia drugs that
commonly cause SCAR have been marketed since 1980, an era of
less socioeconomic development and limited clinical research
capacity in the region, and this resulted in a lack of pharmacovi-
gilance and an increase in SCAR incidence during this time frame.
In 1984, Thailand developed Thai VigiBase, a database and
spontaneous reporting system for SJS/TEN and other serious
ADRs administered by the Thailand Food and Drug Adminis-
tration. Thai VigiBase receives approximately 50,000 reports each
year of which approximately 20% are serious immune-mediated
ADRs and 70.4% of these cases are SJS/TEN. Using this
resource, multiple predictive genomic markers that may be used to
identify patients at elevated risk for the most common drug-
specific SJS/TEN in the Thai population were discovered by the
international ~ collaborative  research  team. For example,
HLA-B*15:02 and HLA-B*58:01 are common alleles among
Southeast Asian populations and are strongly associated
with carbamazepine- and allopurinol-induced SJS/TEN, respec-
tively.”* " In Thailand, the Ramathibodi Hospital in Bangkok has
effectively incorporated pharmacogenomics practice into health
care settings through the use of preprescription genetic testing that
has been reimbursed by the Thai universal health coverage scheme
since 2014 (cost per test equates to 985.7 Thai baht or ~US $30
per patient). As a result of the proactive approach, the incidence of
SJS/TEN has decreased sharply and the country is now working to
eradicate SJS/TEN and the associated morbidity and mortality
(Figure 2). Thailand and other Southeast Asian countries have
further organized a collaborative approach to overcoming geneti-
cally mediated SJS/TEN by forming the Southeast Asian Phar-
macogenomic Network that includes 10 nations and
approximately 560 million Southeast Asians. The mission of this
network is for these countries to work together to collaborate on
sustainable pharmacogenomic research among regions with similar
genetic backgrounds that will lead to further discovery and clinical
translation. There is a critical need to identify and determine the
population frequencies of genetic variants and implement
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TABLE Il. The algorithm for assessment of drug causality in epidermal necrolysis score (ALDEN)

Criterion Values Rules to apply Score
Delay from initial drug component intake to Suggestive +3 From 5 to 28 d —3t03
onset of reaction (index day)
Compatible +2 From 29 to 56 d
Likely +1 From 1 to 4 d
Unlikely —1 >56 d
Excluded —3 Drug started on or after the index day

In case of previous reaction to the same drug,
only changes for:
Suggestive: +3: from 2 to 4 d
Likely: +1: from 5 to 56 d
Drug present in the body on the index day Definite 0 Drug continued up to the index day or stopped at —3 to 0
a time point less than 5 times the elimination
half-life* before the index day
Doubtful —1 Drug stopped at a time point before the index day
by more than 5 times the elimination half-life*
but liver or kidney function alterations or
suspected drug interactionst are present
Excluded —3 Drug stopped at a time point before the index day
by more than 5 times the elimination half-
life,* without liver or kidney function
alterations or suspected drug interactions
Prechallenge/rechallenge Positive specific for disease and drug: 4 SJIS/TEN after use of same drug —2to4
Positive specific for disease or drug: 2 SIS/TEN after use of similarf drug or other
reaction with the same drug

Positive unspecific: 1 Other reaction after use of similar} drug
Not done/unknown: 0 No known previous exposure to this drug
Negative —2 Exposure to this drug without any reaction
(before or after reaction)
Dechallenge Neutral 0 Drug stopped (or unknown) —2o0r0
Negative —2 Drug continued without harm
Type of drug (notoriety) Strongly associated 3 Drug of the “high-risk” list according to previous —1 to 3
case-control studies§
Associated 2 Drug with definite but lower risk according to
previous case-control studies§
Suspected 1 Several previous reports, ambiguous
epidemiology results (drug “under
surveillance™)
Unknown 0 All other drugs including newly released ones
Not suspected —1 No evidence of association from previous

epidemiology study with sufficient number of
exposed controls
Intermediate score = total of all previous criteria —11 to 10
Other cause Possible —1 Rank all drugs from highest to lowest in —1
intermediate score
If at least 1 has an intermediate score of >3,
subtract 1 point from the score of each of the
other drugs taken by the patient (another cause
is more likely)
Final score —12 to 10

NSAID, Nonsteroidal anti-inflammatory drug.

<0, Very unlikely; 0-1, unlikely; 2-3, possible; 4-5, probable; >6, very probable.

This table is reprinted with permission from Sassolas et al.>* The legend has been modified from the original text.

*Drug (or active metabolite) elimination half-life from serum and/or tissues (according to pharmacology textbooks and in Sassolas et al**), taking into account kidney function
for drugs predominantly cleared by kidney and liver function for those with high hepatic clearance.

FSuspected interaction was considered when more than 5 drugs were present in a patient’s body at the same time.

tSimilar drug = same ATC (anatomical therapeutic chemical) code up to the fourth level (chemical subgroups™); see Sassolas et al** for methods.

§See Mockenhaupt et al'® for definitions of “high risk,” “lower risk,” and “no evidence of association.” “High-risk” drugs include sulfamethoxazole-trimethoprim, sulfonamide
anti-infectives, allopurinol, carbamazepine, phenytoin, phenobarbital, oxicam-NSAIDs. “Lower risk” drugs include acetic acid NSAIDs, macrolides, quinolones, cephalo-
sporins, tetracyclines, aminopenicillins. Drugs with “no evidence of association” with SIS/TEN include beta blockers, angiotensin-converting enzyme inhibitors, calcium
channel blockers, thiazide diuretics, furosemide, propionic acid NSAIDs, sulfonylurea antidiabetics, insulin.
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Carbamazepine and HLA-B*15:02

Allopurinol and HLA-B*58:01

Subsidy for genotyping

75% (for subsidized class of patients)

Not available

Drug label update

Genotyping is highly recommended

Pharmacogenomic association is

reported

Laboratories with validated assays identified and cost and turn-around times shared

Genotyping facilities with healthcare professionals

Annual number of SCAR cases
unchanged (1 year data)

1 case of carbamazepine-SIS/TEN in
genotyped patients in 4 years following
implementation of pre-prescription
screening

Compared to 18 per year prior to 2013
implementation

~1000 cases typed per year

Outcome

FIGURE 2. Pharmacogenomic testing to prevent SJS/TEN in Thailand and Singapore. A, Thai VigiBase and implementation. Following the
incorporation of pharmacogenomics testing at Ramathibodi Hospital in Bangkok, Thailand, the number of pharmacogenomics tests
performed rose from fewer than 500 in 2011 to more than 2,000 in 2015. Concurrently, with financial reimbursement supplied by the
Thai universal health coverage scheme from 2014 onward, the number of reported cases of SJS/TEN collected through Thai-VigiBase fell,
demonstrating the efficacy of genetic testing to prevent SJS/TEN in this population. B, Pharmacovigilance in Singapore. Carbamazepine
and allopurinol are 2 of the most common causes of SCARs in Singapore and the risk alleles associated with carbamazepine- and
allopurinol-SCARs (HLA-B*15:02 and HLA-B*58:01, respectively) occur at high frequency in the Singapore population. In 2013, the
primary regulatory body in Singapore, the HSA, in conjunction with the Ministry of Health recommended HLA-B*15:02 genotyping before
initiation of carbamazepine as standard of care for new patients of Asian ancestry. Following this recommendation, only 1 case of
carbamazepine-associated SJS/TEN in 4 years has been reported, a marked reduction in incidence from the pretesting baseline of
approximately 18 cases per year. For allopurinol, because of the low (2%) PPV of HLA-B*58:01 testing and lower efficacy or higher cost
of alternative medications, genotyping was not recommended for routine standard of care for patients with chronic gout initiating drug
therapy, although testing facilities were identified so that physicians have the option to conduct genotyping for high-risk patients such as
those with renal impairment. PGx, Pharmacogenomics.

knowledge of genetic variation in pharmacogenomics in Thailand
and other Southeast Asian populations to construct prescribing
guidelines that will further facilitate SJS/TEN prevention.

The Japanese Research Committee on Severe
Cutaneous Adverse Reactions

To date, no epidemiologic data of SJS/TEN have been re-
ported in Japan, a population of 120 million. In Japan, drug-
related adverse events are adjudicated by the Ministry of
Health, Labor, and Welfare and patient medical costs are
partially covered without revealing the localization of legal re-
sponsibility by the Japanese Post Marketing Adverse Event Relief
System.”’ To investigate the epidemiology of SJS/TEN, the

Japanese Research Committee on Severe Cutaneous Adverse
Reactions collected a total of 370 cases (258 cases of SJS and 112
cases of TEN) using registration forms obtained from 2005 to
2007. The incidence of SJS/TEN per million per year is similar
to that in other countries (3.1 for SJS, 1.3 for TEN, and 4.4 for
SJS/TEN combined), with a relative SJS-to-TEN ratio of 2.3:1.
Incidence was highest among Japanese individuals in the seventh
decade of life (23.3% of all SJS cases, 19.8% of all TEN cases
occurring among persons ages 60-69 years), and there was no
obvious sex bias observed. The mortality rates for SJS and TEN
were 3% and 19%, respectively. The rates of mortality and short-
or long-term sequelae were significantly higher for TEN than for
SIS (mortality P = 4.39 x 1077 sequelae P = 1.04 X 1078,
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chi-square test). The most frequently suspected agents were an-
tibiotics (16.3% for SJS and 19.5% for TEN), nonsteroidal anti-
inflammatory drugs (14.6% for SJS and 16.8% for TEN), and
anticonvulsants (14% for SJS and 9.9% for TEN). The period
from the start of anticonvulsant treatment to the onset of the rash
was significantly longer than that of antibiotics or nonsteroidal
anti-inflammatory drugs (onset of 70%-80% of cases was 4
weeks for anticonvulsants and 2 weeks for antibiotics and
nonsteroidal anti-inflammatory drugs). Eye involvement was
documented in 26% of SJS cases and 77% of patients with TEN,
and mucous membrane involvement was significandy more
frequent in TEN than in SJS.*”

Variants in pharmacogenes associated with carbamazepine and
allopurinol SJS/TEN in the Japanese population were also
examined in this study. HLA-B*15:02, the risk allele most
commonly associated with carbamazepine-SCAR in South East
Asians, was not identified among 61 patients with SCAR,
whereas HLA-B*15:11, which, along with HLA-B*15:02, be-
longs to the B75 serotype, was recognized in 4 of 14 patients
with carbamazepine-SCAR.> In contrast and in keeping with
previously published data from Japanese and Europeans, HLA-
A*31:01 was present in 45 of 77 patients with carbamazepine-
induced SCAR, including 21 of 36 patients with drug reaction
and eosinophilia and systemic symptoms and 5 of 6 patients with
SJS/TEN, relative to 54 of 420 carbamazepine-tolerant controls
(odds ratio [OR], 10.8; P = 3.64 x 1071234 Regarding allo-
purinol, HLA-B*58:01 was found in 10 of 18 patients with
SCAR (OR, 62.8; P = 5.39 x 10~ "%).

SPECIAL POPULATIONS AND CONSIDERATIONS *
Key Points:

SJS/TEN survivors frequently suffer from psychological
complications and decreased health-related quality of life.
Prompt recognition and treatment is needed to address the
psychological sequelae of SJS/TEN.

Drugs that are commonly suspected to cause SJS/TEN in
children are similar to causative drugs in adults although
non—drug-related diseases that mimic SJS/TEN such as ery-
thema multiforme majus (EMM) are common, making diag-
nosis challenging. SJS/TEN mortality is low in children
compared with adults.

The risk of developing SJS/TEN and particularly drug-related
SJS/TEN is significantly higher among the elderly and short-
and long-term morbidity and mortality are higher as compared
with younger adults.

Pregnant women and especially HIV and/or HIV-TB coin-
fected pregnant women are at risk to receive drugs that more
commonly cause SJS/TEN. Available data demonstrate that
maternal SJS/TEN does not transmit to the fetus. However,
maternal SJS/TEN is associated with higher than expected
intrauterine death and sequelae may affect future reproductive
capacity.

Session 2 of SJS/TEN 2017: Building Multidisciplinary

Networks to Drive Science and Translation focused on SJS/TEN
in special populations including survivors, the young, the

" Roni P. Dodiuk-Gad, MD; Jennifer L. Goldman, MD, MS; Rannakoe J. Lehloenya,
MBChB, FCDerm(SA); Maja Mockenhaupt, MD; Elena Pope, MD, MSc,
FRCPC; Arturo P. Saavedra, MD, PhD, MBA
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elderly, pregnant females, and individuals with infectious
comorbidities.

Psychological complications and quality of life in
SJS/TEN

Long-term psychological sequelae, posttraumatic stress disor-
der (PTSD), and fear of taking drugs in the future are important
morbidities associated with SJS/TEN.?>>*” Two studies that
explored patients’ perspectives of surviving SJS/TEN found that
ADRs had a persisting impact on survivors’ lives physically and
psychologically long after the event.”®”” Survivors of drug re-
action with eosinophilia and systemic symptoms were found to
suffer from psychological symptoms of anxiety, depression, and
PTSD."

A recent study characterized the psychological complica-
tions and health-related quality of life of SJS/TEN survivors
treated at a tertiary care burn center.”” The Toronto study was
conducted between 1995 and 2015 and included 17 adults
(>18 years) with biopsy-proven SJS/TEN at a mean of 51.6 +
74.7 months (median, 9 months; range, 1-228 months)
following acute disease who were capable of participating in
follow-up and answering questionnaires. Participants were
assessed by validated emotional and health-related quality-of-
life questionnaires.”’“® Participants were also evaluated by a
health-related quality-of-life questionnaire specially designed
for this study and by a medical interview conducted with a
structured detailed questionnaire. Eleven out of 17 (65%)
were found to have symptoms of PTSD (Impact of Events
Scale-Revised, mean = 22.4 £ 19.9) and 5 (29%) met the
criteria for PTSD. Twelve (71%) had psychological distress
(General Health Questionnaire, mean total score = 4.6 + 4.2)
and 11 (65%) had symptoms of a psychiatric clinical disorder
(Hospital Anxiety and Depression Scale, mean total score =
14.5 £ 8.4). History of past psychiatric disorder was not
significantly associated with scores in the psychological
assessment questionnaires. The dermatology quality-of-life
index indicated a moderate to extremely large effect on the
lives of 9 (53%) participants (mean total score, 6.9 + 7.6).
Skindex-29 indicated a mild to severe effect on health-related
quality of life in 10 (59%) participants (mean, 24.6 £+ 21.5).
Participants rated their general health at a mean of 66.2/100 &
18.1 (EuroQol five-dimensional questionnaire Visual analogue
scale).”” Fourteen out of 17 (82%) participants reported that
SJS/TEN decreased their current quality of life, 12 (71%)
reported that SJS/TEN influenced their current emotional
status, and only 29% were employed following SJS/TEN.
Participants wrote statements in the open text area, expressing
their perspectives: “I have difficulty coping with stress and
anxiety,” “My emotions are out of whack. It is so easy to be
introverted but that makes me depressed, so I keep a journal to
record my thoughts and emotions,” “The first years of my
recovery were very agonizing and very depressing.” Despite
most survivors having psychological complications, only 4
were assessed by a mental health professional during the period
following SJS/TEN.”’

The high burden of psychological sequelac and impact of
SJS/TEN on health-related quality of life suggest that all pa-
tients and their families should be offered psychological support
during hospitalization, before discharge, and throughout follow-
up, and should be offered contact with a support group. Several
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support groups have been established in different countries (see
Box I).

SJS/TEN in children

Estimating the true incidence of SJS/TEN is hampered by the
fact that non—drug-related diseases such as EMM may be
confused with SJS/TEN, particularly in children. The skin lesions
in EMM are often targetoid in appearance with central dusky or
blistering skin surrounded by erythematous inflammation and an
outer ring of pale edematous skin (Table ).”” In children a high
percentage of SJS/TEN may be non—drug-related and infectious
causes are associated in up to 30%. Mycoplasma pneumoniae and
herpes simplex virus have been associated with EMM in children.
In the case of Mycoplasma pneumoniae, a distinct syndrome called
Mycoplasma-induced rash and mucositis (MIRM) has recently
been defined.** *"MIRM, which may represent an atypical form of
EMM, can result in severe mucosal involvement. MIRM differs
from typical SJS/TEN because of sparse cutaneous involvement.
In addition, Mycoplasma-associated disease tends to affect
younger patients and is not commonly associated with long-term
complications. However, recurrence of mucosal and skin lesions
has been observed.

Drugs that are commonly suspected to cause SJS/TEN in
children are similar to drugs in adults and include sulfa antimi-
crobials and aromatic anticonvulsants (phenobarbital, carba-
mazepine, phenytoin, and lamotrigine).”'”* Overall mortality is
lower in children with SJS/TEN compared with adults,” sug-
gesting that algorithms used in adults to predict SJS/TEN
mortality are not applicable to children and the existing models
that predict outcomes need to be modified or redesigned for
pediatric patients.”

Children with SJS/TEN require high-acuity hospital care, and
up to 50% have long-term sequelae including blindness, which
can occur many years after the initial acute SJS/TEN episode.
Ophthalmologic disease may impact children less frequently and
preferentially affect those children with more severe disease:
100% of children with TEN had evidence of ocular involve-
ment.”” Ophthalmologic conditions were more common among
children with concurrent infectious diseases than among children
with noninfectious diseases, with the highest proportion seen
among those with MIRM. ® Because both short- and long-term
ophthalmologic complications can occur in children with SJS/
TEN, involvement of a pediatric ophthalmologist should occur
early upon diagnosis. In children, recurrence of SJS is well
reported, occurring in up to 20% of cases.’’

In summary, compared with adults, children have lower rates
of mortality, but their survival comes with high rates of long-
term complications. Further work is needed to define SJS/
TEN in children and determine the most optimal treatment
strategies.

SJS/TEN in the elderly

The incidence of drug-associated SJS/TEN in patients older
than 64 years is twice as high when compared with that in
patients aged 20 to 64 years (9.4 per 10° vs 4.6 per 10° person-
years).”” Whether this is due to polypharmacy or other
age-associated factors is unclear. Older adults also appear to be at
a greater risk of a cutaneous disease similar to SJS or TEN,
referred to as GBFDE. The skin lesions seen in GBFDE appear
very similar to those of SJS/TEN, consisting of large erythema-
tous, often violaceous patches with overlying fluid-filled bullae,
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but GBFDE is typically considered less severe than SJS/TEN
because constitutional symptoms are absent and lesions are well
demarcated and usually limited to the skin without mucosal
involvement (Table 1).”® Despite its more benign presentation,
GBFDE when associated with BSA involvement of more than
20% can be associated with mortality rates of more than 20%,
which highlights the significance of cutaneous reactions in older
adults.”®

Advanced age is also a predictor of SJS/TEN mortality. Age
more than 40 years is an independent risk factor for death in
adults with SJS/TEN and mortality rates as high as 70% have
been described in those older than 65 years." Underlying diseases
(eg, severe kidney or liver disease and malignancy) are also
associated with higher rates of mortality from 90 days to 1 year
following the SJS/TEN presentation.”’ Complications such as
multiorgan failure, nosocomial infections, and septicemia may
lead to death, even following initial healing of skin lesions.
Sekula et al”' found that 25% of patients with a serious
comorbidity or who were older than 70 years who survived the
first 3 months following a SJS/TEN diagnosis died during the
subsequent 9 months.

As the older population continues to grow globally, the
number of geriatric patients who develop SJS/TEN will also
likely continue to increase. Given the paucity of data on thera-
peutic approaches to treat SJS/TEN in the geriatric population
and the high rate of associated mortality among this group,
further studies are needed to determine optimal treatment stra-
tegies and decrease the risk of death in both the short-term and
long-term following a SJS/TEN diagnosis.

SJS/TEN in pregnancy and in HIV-infected pregnant
women

SJS/TEN during pregnancy has potential consequences for
both the mother and the fetus. There is limited epidemiological
data on SJS/TEN in pregnant women and existing evidence is
derived mainly from case reports. A review of published literature
up to 2010 identified only 36 cases of SJS/TEN in pregnant
women. The authors concluded that SJS/TEN mortality in
pregnant women is lower than expected and this finding was
likely attributable to younger age and lower SCORTEN among
pregnant patients compared with other SJS/TEN cohorts.”
Certain antiretroviral drugs are strongly associated with SJS/
TEN and other IM-ADRs in certain genetic backgrounds (ie,
nevirapine/HLA-C*04:01 SJS/TEN and abacavir/HLA-B*57:01
hypersensitivity syndrome).®”**

In the developing world, nevirapine is used to treat
HIV-infected pregnant women. Studies that have examined
mother-to-child transmission of HIV have documented cases of
maternal SJS/TEN""*>% and nevirapine has been identified as
a causative drug in multiple cases (Figure 3).°*’ However,
since 2012, nevirapine has been replaced with efavirenz as the
nonnucleoside reverse transcriptase inhibitor of choice for the
prevention of mother-to-child HIV transmission (PMTCT) in
South Africa. Between January 2013 and December 2015, the
incidence rate of SJS/TEN in the same population dropped to
0 cases per year compared with 3.4 cases per year for the
preceding 7 years.”*®” Although an earlier case-control study of
antiretroviral-associated SCAR suggested that pregnancy was
independently associated with SCAR after controlling for ne-
virapine exposure,”® these new data suggest that nevirapine
might be associated with a higher incidence of SJS/TEN in
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FIGURE 3. Epidemiology of SJS/TEN in special populations. A, All cases of SUS/TEN seen at Groote Schuur Hospital in South Africa
between 2005 and 2015 showing the proportion of offending drugs. The proportion attributable to nevirapine for that year is shown as a
percentage. B, All cases of pregnant women with SJS/TEN seen at Groote Schuur Hospital between 2005 and 2015 showing the

proportion of offending drugs.

pregnancy but that pregnancy does not itself seem to predis-
pose to S]S/TEN.(’Q In a case series of HIV-infected women,
no maternal deaths from SJS/TEN were seen during preg-
nancy, a finding that supports the findings by Struck et al that
SJS/TEN  mortality in pregnant women is lower than
expected.”? 087!

Despite the observation that pregnant women with SJS/TEN
have lower than expected mortality, fetal outcomes are worse,
with higher than expected intrauterine death. Five of the 36 cases
(14%) published by Struck et al delivered stillbirths and in a
separate series of HIV-infected pregnant women this was 11%,
higher than expected.””*®”" Tt remains uncertain whether
maternal TEN, the more severe form of the disease, is associated
with poorer fetal outcomes. Rarely, SJS/TEN can affect the fetus
and there are 2 published cases of fetal SJS/TEN, one concur-
rently affecting the mother and the fetus and the other the fetus
alone.”*”? It may be difficult to differentiate between SJS/TEN
and fetal maceration because maceration-associated desquama-
tion starts within 6 hours of intrauterine death.”* However, the
finding of irregular purpuric macules in the case presented by
Rodriguez et al’” supported a diagnosis of SJS/TEN. The case
published by Sweetnam et al”® healed with keloidal scarring, an
unusual feature in SJS/TEN in the absence of secondary infec-
tion, immobility, sustained pressure, or delayed reepithelializa-
tion.”” Despite the extensive use of nevirapine in PMTCT, there
are disproportionately few cases, if any, of neonatal S]S/TEN.(’i
We can safely conclude that SJS/TEN rarely, if at all, affects
newborns. In the context of PMTCT in HIV-infected mothers
with SJS/TEN, concerns regarding the interruption of an anti-
retroviral causative drug and the potential risk of neonatal HIV
infection have been evaluated in only a few instances. Most
published reports on SJS/TEN in pregnant women, including
those designed for PMTCT, do not address the risk of maternal
HIV transmission to the fetus.®>®° Reassuringly, in 12 children
who had received PMTCT and were born to mothers with SJS/
TEN during pregnancy, all were found to be HIV uninfected at
6 wecks following delivery.®®

Consideration for the method of delivery in the current and
subsequent pregnancies is important because long-term sequelae
of genital mucositis in SJS/TEN, including structural changes
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secondary to adhesions, stenosis, hematocolpos, adenosis, and
endometriosis, may impact future reproductive health and
modes of delivery.”” Both vaginal and cesarian section deliveries
have been reported in the setting of past and current SJS/
TEN.””® The extent to which vaginal delivery is contra-
indicated is difficult to establish because of the rarity of SJS/
TEN in pregnancy, the lack of a standardized case definition for
genital disease, incomplete reporting of vaginal complications,
and breadth and variability of indication for cesarian section
based on hospital practice.””® Awareness of sequelae and pre-
ventive strategies in acute SJS/TEN should reduce the incidence
of vaginal fibrosis and consequently the number of cesarian
sections performed.*®

CLINICAL MANAGEMENT*
Key Points:

Cessation of the implicated drug and intensive supportive care
with early multidisciplinary involvement is key to the man-
agement of SJS/TEN.

Up to 77% of patients with SJS/TEN have genitourinary
involvement in the acute phase and of these up to 25% go on
to have some form of chronic complications. Early genito-
urinary examination and acute management are likely to be
key in avoiding chronic complications.

Ocular disease often precedes skin involvement and patients
should be evaluated by an ophthalmologist if there is suspicion
of SJS/TEN. Early interventions such as amniotic membrane
transplantation (AMT) have been key to preventing long-term
ocular morbidity. For patients who survive the acute phase,
ocular complications are the most common and debilitating
chronic sequelac and blindness can occur decades after the
acute episode, which necessitates lifelong follow-up.

* Michael Ardern-Jones, DPhil (PhD), FRCP (MD); Thomas Beachkofsky, MD;
Charles Bouchard, MD, MA; James Chodosh, MD, MPH; Roni P. Dodiuk-Gad,
MD; James H. Holmes IV, MD, FACS; Rannakoe J. Lehloenya, MBChB,
FCDerm; Caroline M. Mitchell, MD, MPH; Misha Rosenbach, MD; Jean-Claude
Roujeau, MD; Hajirah N. Saeed, MD; Neil H. Shear, MD
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General Care

(Level
11B/11IB)

Obtain thorough history including all medications received within the previous two months
Clinical drug causality assessment (e.g., ALDEN)
Stop suspected culprit drug(s) immediately
Laboratory tests:
+ Baseline blood tests
* Chest radiograph
+ Perform testing for infectious etiology in cases where no drug cause is identified
(mycoplasma antigen testing, HSV PCR swab)
Document degree of involvement with standardized body map and photographs
Intensive supportive care including wound care, fluids, airway management, nutrition,
analgesics
Wound culture and blood culture for patients with suspected infection; systemic antibiotics
used in necessary cases
Consider patient transfer to tertiary SIS/TEN specialist or Burn center early in disease course
Benefit of therapeutic interventions in SIS/TEN has not been established (see text)
* There is no evidence base to support the use of IVIG
+ Observational studies and a systematic review support some benefit of pulsed
corticosteroids, cyclosporine, and the anti-TNF agent etanercept

b

IEngage | pecialties early

Dermatology

(Level 111B)

Skin biopsies for histology (at border of a bullous lesion) and direct immunofluorescence
(from peri-blister nonlesional skin) to rule-out other bullous dermatoses

Provide general skin care including wound management with silver impregnated dressings
Avoid aggressive debridement. Remove necrotic or unrecoverable tissue. Lyse blisters for
comfort only.

Ophthalmology
(Level I1B/IIA)

Slit lamp examination

Grade 0: No ocular
involvement

Prophylactic AT 4x/day and escalation of management
as necessary

Grade 1: Conjunctiva
hyperemia; no corneal,
conjunctival, or eyelid margin
defects

MF 3x/day, PA 6x/day, FML ointment to eyelids
6x/day, AT every 1 hour

Grade 2: Corneal,
conjunctival, or eyelid margin
defects without membranes

MF 3x/day, PA 6x/day, FML ointment to eyelids
6x/day, AT every 1 hour

If only corneal and/or bulbar conjunctival
involvement, may place ProKera, otherwise perform
AMT

Grade 3: Corneal,
conjunctival, or eyelid margin
defects with membranes

MF 3x/day, PA 6x/day, FML ointment to eyelids
6x/day, AT every 1 hour
Perform AMT

Urogynecology
(Level IV)

J ALLERGY CLIN IMMUNOL PRACT

Vulvar skin involvement: apply bland petrolatum-type emollient and high potency steroid
ointment (0.05% clobetasol)

Vaginal involvement: vaginal mold/dilator coated in high potency steroid ointment applied
daily (12-24 hours at a time)

Consider menstrual suppression to reduce the risk of vaginal adenosis

Consider systemic or topical antifungal to decrease risk of vaginal candidiasis if steroids used

vy)

Early Recovery Late Recovery felo
(<6 months) (6-12 months)

General Care

+ Connect with SJS Foundation + Address ongoing patient needs and concerns as they arise

* MedicAlert Bracelet

Dermatology

Scar care and revision as needed
Treat mottling or in it

emollients for previously involved

+ General skin care including ‘

skin

Ophthalmology

- Continue topical steroids for several | Regular, lifelong follow-up is required for SIS/TEN survivors

months with slow taper

* Monitor intraocular pressure
frequently

* Tailor interventions to individual
case

Gynecology

Urology

inflammation of penile skin

* Follow-up exam within 3 months
« If vaginal mucosa involved, continue
dilator daily for 2 weeks and then at

Ongoing follow-up for urological, gynecologic, and/or obstetric complications

least twice weekly for 2-3 months

* Switch to estrogen cream for vaginal
mucosa for use with the dilator

« Calcineurin inhibitor for ongoing

Psychiatry * Evaluate for psychological sequelae of SJS/TEN including depression, anxiety, post-traumatic stress disorder and fear of taking

medications

Offer individual and group support resources

Respirology: Consider pulmonary function testing as a baseline within the first 6 months after discharge for those with lung
involvement. Ongoing pulmonary rehabilitation may be required depending on severity of involvement.
Gastroenterology: Follow-up dictated by gastroi inal i (e.g. stricture, GERD, resolved Gl bleed)

Future

Consider ex vivo (peripheral blood ELispot, flow cytometry) and in vivo (patch testing) drug causality assessments
Genetic testing for known risk alleles in patient and family
Expert guidance on safe medications for patient and family

JANUARY/FEBRUARY 2018

FIGURE 4. Suggested multidisciplinary approach to the management of (A) acute- and (B) recovery-phase SJS/TEN. Key points high-
lighted include the necessity to (1) recognize and stop the offending medication quickly, (2) provide care for SUS/TEN in a tertiary critical
care center (most often a burn center), (3) consider all organ systems involved in SUS/TEN and consult relevant subspecialists early in the
disease course, and (4) provide posthospital and long-term follow-up for patients to manage complications of SJS/TEN. ALDEN, Algo-
rithm for assessment of drug causality in epidermal necrolysis; A7, artificial tears; FML, fluorometholone 0.1% ophthalmic ointment;
GERD, gastroesophageal reflux disease; G/, gastrointestinal; HSV, herpes simplex virus; MF, moxifloxacin 0.5% ophthalmic solution; PA,
prednisolone acetate 1% ophthalmic solution.
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o Although IVIG has been widely applied, there is no evidence
base to support its use.

Improved evidence-based data to support specific clinical
management and therapeutic intervention remains a priority

need for SJS/TEN.

Although characterized by predominant epidermal and mu-
cous membrane involvement, SJS/TEN is a multisystem disease.
Session 3 of S/S/TEN 2017: Building Multidisciplinary Networks
to Drive Science and Translation featured discussion and expert
recommendations from clinicians in dermatology, burn surgery
and critical care medicine, ophthalmology, and gynecology. The
state of current practices in the clinical management of SJS/TEN,
unmet clinical research needs, and future directions were dis-
cussed (Figure 4).

Management and clinical guidelines

SJS/TEN causes both acute and chronic complications across
a diverse group of patient populations.”® Although early inter-
vention is considered key to minimizing short- and long-term
sequelae, international consensus and treatment guidelines for
the management of SJS/TEN are lacking. A comprehensive,
systematic review of the management of SJS/TEN in adults was
undertaken in the United Kingdom in 2016 and included
accreditation from the British Association of Dermatologists, the
British Association of Plastic, Reconstructive and Aesthetic
Surgeons, and the National Institutes for Health and Care
Excellence.”””® The most important initial step in the man-
agement of SJS/TEN is to immediately discontinue any poten-
tial culprit drug (Figure 4). In many cases, the culprit drug is
obvious from the exposure timeline, but in some cases, several or
no culprits may be apparent. Where many possible culprits exist,
all suspected drugs need to be stopped and, if needed, a struc-
turally disparate alternative therapy with low risk for cross-
reactivity with the culprit drug should be initiated. Any drug
that has been tolerated for more than 3 months can safely be
continued. The algorithm for assessment of drug causality in
epidermal necrolysis causality score (Table II), particularly
designed and validated for SJS/TEN, is an important tool to
help aid in the causality assessment of potential culprit drugs.”
Other drug causality assessments have also recently been devel-
oped.”” In the cases where no drug is suspected, then infection
may be implicated and screening tests are indicated (eg, Myco-
plasma PCR, Herpes simplex swab PCR, and Enterovirus PCR).
Furthermore, it is important to consider that other dermatoses
such as linear IgA disease, staphylococcal scalded skin syndrome,
GBFDE, pemphigus vulgaris and other autoimmune bullous
diseases, and graft-versus-host disease can sometimes be difficult
to distinguish from SJS/TEN by clinical appearance. Therefore,
skin biopsy for routine histology and direct immunofluorescence
is an important tool. Despite the urgency of the acute care for
SJS/TEN, immediate consideration of postrecovery morbidities
such as those involving the eyes and genitourinary mucosa is
critical. This requires early input from the relevant specialties
(Figure 4).

Optimal therapeutic intervention in SJS/TEN is controversial.
Since the first report of a small case series showing response to
IVIG, interest in the role of this therapy has been maintained.
Recent surveys confirm that many physicians who treat SJS/TEN
continue to support its use.”*"*" One systematic analysis of the
published literature of IVIG in SJS/TEN included 17 case series
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from different countries where comparison with supportive care
alone could be made. Although the number of publications
showing benefit was greater than those showing no benefit,
comparison of the total number of patients reported demon-
strated no benefit of IVIG.'?8%:829¢ 1 addition, methodological
concerns exist because of evidence of duplicated cases, variable
dosing, and combined treatment with corticosteroids in many of
the published case series. Thus, the benefit of treatment of SJS/
TEN with IVIG is uncertain. Although review of the literature
shows no evidence of harm, overall, there is no convincing evi-
dence of benefit.”””*

Treatment of SJS/TEN with corticosteroids (eg, prednisolone,
methylprednisolone, and dexamethasone) versus supportive care
was also examined systematically. Only 3 studies out of 10
showed benefit of this treatment and the number of cases treated
in studies where no benefit was seen was again higher than in
those showing benefit (273 vs 78).'”%77%" One small case
series not included in this review suggested that pulsed dexa-
methasone given at a dose of 1.5 mg/kg for 3 days was helpful
when given near the time of disease onset.'”’ The weight of this
evidence is small in comparison to the larger systematic review.
However, methodological criticisms highlighting poor case vali-
dation and variable dosing suggest that some caution in data
interpretation is required. A separate recent meta-analysis of
observational studies for immunomodulating therapies of
SJS/TEN (including IVIG, pulsed dose corticosteroids, and
cyclosporine) showed that corticosteroids were associated with a
survival benefit in 3 different analyses (aggregated study data:
OR, 0.5; 95% CI, 0.3-1.01; individual patient data unstratified:
OR, 0.7; 95% CI, 0.5-0.97; individual patient data stratified:
OR, 0.8; 95% CI, 0.4-1.3). Despite low patient numbers,
cyclosporine was associated with a promising significant result in
the feasible unstratified individual patient data analysis (OR, 0.1;
95% CI, 0.0-0.4). IVIG was not beneficial in this meta-
analysis." "

The published evidence of cyclosporine treatment of SJS/
TEN showed evidence of a therapeutic benefit in case series
and an open-label phase II trial.'’*""" No deaths were re-
ported in the trial and the arrest of disease progression as well
as reepithelialization was hastened. The meta-analysis above'””
also showed both study and patient-level benefit. However,
the overall sample sizes reported are low, represent single-
center experiences, or lack control groups. Lack of case vali-
dation in the reported case series should create caution against
overinterpreting the data. G-CSF and anti-TNF receptor an-
tagonists also have some reasonable evidence to suggest further
examination of these therapies for SJS/TEN but as yet,
experience remains limited with these treatments.’'”'"” A
recent phase II randomized controlled trial showed benefit in
mortality of the anti-TNF agent etanercept over steroids
(relative risk reduction, 50% vs 20%) and reduction of time to
reepithelialization in the etanercept group.''” Thalidomide,
which was trialed in the late-1990s because of its anti-TNF
activity, is the only treatment to have undergone a placebo-
controlled randomized controlled trial. This study, however,
was stopped early because thalidomide was associated with
higher day 2 plasma TNF concentrations and increased
mortality." '

For all therapeutic interventions to date, the inevitable delay
between the onset of the rash and interventional treatment
caused by the time taken for transfer to specialist centers means
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that early intervention has yet to be thoroughly examined.
Cyclosporine and etanercept have shown benefit in their
respective trials when initiated up to approximately 5 days after
the onset of skin signs of disease.

Ocular involvement and management

Acute ocular involvement in SJS/TEN occurs in up to 100%
of patients and ranges from conjunctival hyperemia to near-total
sloughing of the ocular surface and eyelid margins."'”"*" Acute
pathology can result in chronic complications including corneal
epithelial stem cell deficiency and eyelid margin keratinization,
which, in turn, lead to corneal neovascularization and opacity,
persistent corneal epithelial defects, severe dry eye, and ulti-
mately blindness. Blindness can also occur in the acute phase as
a result of corneal perforation, largely a result of inadequate care.
There is incomplete correlation between the severity of SJS/
TEN illness and ocular complications and the degree of ocular
involvement in SJS/TEN is highly variable.''®"'*!?!"1%3
Furthermore, the immunopathogenesis of how SJS/TEN af-
fects the eye, which is an immune-privileged site, is also largely
unknown. Literature from specific populations has supported
potential associations between specific HLA class I alleles and
ocular involvement,'**'*

The single best predictor of chronic corneal complications is
acute eyelid margin involvement. Acute eyelid margin deep-
ithelialization and ulceration leads to eventual eyelid margin
keratinization, which causes corneal disease through various
mechanisms and a window of opportunity exists in the acute
phase to mitigate the severity of eyelid margin disease through
the use of AMT."””"** Early treatment is the key to manage-
ment and this reduces the risk of blindness. Dissemination of this
message is urgently needed because in the United States alone,
only 66% of burn intensive care units routinely consult
ophthalmology on patients with SJS/TEN during their hospital
stay.”

The critical period for ophthalmological care is within 7 days
of disease onset, beyond which a crucial window of opportu-
nity for ocular intervention is lost, and irreversible damage can
occur. Further challenges and constraints on this time window
exist because of delays in diagnosis and hence delayed transfer
of patients to an appropriate care environment. Further delays
may be incurred by aspects of clinical management such as
waiting for skin biopsy results or for clinical signs to fully
manifest. Importantly, ocular disease often precedes skin
involvement and patients should be evaluated by an ophthal-
mologist even if there is any suspicion of SJS/TEN, while
awaiting confirmation.

The ocular examination consists of examining the eyelid skin,
eyelid margin, conjunctiva, and cornea, assessing for epithelial
sloughing, defects, ulceration, and inflammation. The acute care
involves the use of lubrication with artificial tears and ointments,
topical antibiotics for infection prophylaxis, topical corticoste-
roids to control inflammation, and AMT in moderate to severe
ocular disease to decrease inflammation, speed healing, and
prevent keratinization.'”’ The exact mechanism by which AMT
improves outcomes is unknown. Treatment regimens depend on
the severity of disease and can be found in Figure 4, A. Adjunct
therapies are used on a case-by-case basis and include the use of
bandage and scleral contact lenses for persistent epithelial defects
of the cornea. Follow-up in the acute phase depends on the
severity of ocular involvement, but at the very least, patients

135

J ALLERGY CLIN IMMUNOL PRACT
JANUARY/FEBRUARY 2018

should be seen 24 to 48 hours after initial ophthalmologic ex-
amination because ocular involvement can progress quickly over
time. Once acute disease has stabilized, follow-up can be tailored
to the individual.

There is no defined protocol for the management of chronic
ocular disease after hospital discharge, with few prospective
studies and no randomized clinical studies. The consensus from
experts in the field is that patients should be maintained on
topical corticosteroids for several months, tapering slowly while
monitoring the intraocular pressure. Close follow-up by an
ophthalmologist is essential because new ocular signs can
manifest over time, which also have limited windows during
which interventions can be sight saving. These interventions
include punctal occlusion, retinoic acid ointment to the eyelid
margin, specialized scleral contact lenses, and oral mucous
membrane grafting to the eyelids. End-stage disease may
require a keratoprosthesis/artificial cornea for visual rehabili-
tation. A role for topical cyclosporine for the treatment of
chronic dry eye following SJS/TEN may be limited by patient
intolerance for the drug formulation.'” Patients with SJS/
TEN should be followed by an ophthalmologist for life because
worsening symptoms and vision loss can occur decades after
disease onset.

Genitourinary disease

The acute genitourinary manifestations of SJS/TEN in fe-
males include erosions and ulcerations of the vulva and vagina.
These acute manifestations occur in up to 77% of patients and
can lead to chronic complications in the form of vulvar adhesions
and vaginal stenosis, resulting in hematocolpos, dyspareunia,
chronic pain and bleeding, and difficulty conceiving.”*'** Data
are limited, but it is thought that urogynecological complications
are common, and that they occur in up to 77% of female pa-
tients with SJS/TEN of which 9% to 25% of survivors go on to
have chronic complications.'*”'*® An additional complication is
vaginal adenosis, where stratified squamous epithelium is
replaced with columnar glandular epithelium.'”” Adenosis can
increase the risk of vaginal malignancy. To prevent the compli-
cations above, all female patients should have a gynecologic ex-
amination at the time of admission for suspected SJS/TEN and
should be followed closely in the early stages of SJS/TEN because
mucosal disease can develop and spread rapidly. Any vulvar pa-
thology should prompt an evaluation by a gynecologist for
possible vaginal involvement.

Special patient categories in this respect include pediatric and
pregnant patients. For the former, cooperation with examinations
and treatments can be difficult and they may be deemed invasive.
For the latter, decisions about mode and timing of delivery can be
complicated by the presence of vaginal or vulvar erosions,
abdominal skin pathology, or vaginal stenosis. In younger patients,
evaluation may need to be done under sedation or anesthesia.
General anesthesia may be difficult to accomplish in the acute
phase when the patient is too unstable to be taken to the operating
room. These determinations should be made on a case-by-case
basis, taking patient cooperation and hospital resources into ac-
count. The goal of treatment in the acute phase is to decrease
inflammation and prevent the development of adhesions. The
following treatment recommendations are not all-inclusive and
have not been proven through clinical trials but serve as a foun-
dation for treatmentas our understanding and study of gynecologic
pathology in SJS/TEN grows.
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Vulvar skin involvement can be treated with a bland
petrolatum-type emollient. A high-potency steroid ointment,
such as 0.05% clobetasol, can also be used to decrease
inflammation and discomfort. If increased irritation occurs
with such products, emollients alone should be used. Consider
decreasing the frequency of steroid use after initial treat-
ment.'?® Vaginal disease should be treated with twice-daily use
of a soft, small vaginal mold/dilator or a tampon/roll of gauze
covered with a nonlubricated condom. The device should be
coated in high-potency steroid ointment before it is applied.
This intervention is to provide anti-inflammatory treatment to
the mucosa and to physically separate the mucosa to prevent
adhesions, rather than to dilate the vagina, and the device
should just be large enough to accomplish these ends. The
vaginal mold can be left in place for 12 to 24 hours at a time,
but should be removed at least once daily for cleaning of the
device with soap and water and for application of additional
anti-inflammatory medication. Even for those patients without
visible disease, prophylactic treatment as above should be
considered for several hours a day.

Patients uncomfortable with using a vaginal dilator/mold,
particularly pediatric patients, can apply medication twice daily
with a vaginal applicator. Even for virginal and/or pediatric pa-
tients, use of a small mold or a condom-covered tampon should
be encouraged if the patient is emotionally and physically
comfortable with the regimen. Other general considerations
include menstrual suppression to reduce discomfort and to
possibly decrease the risk of vaginal adenosis. Systemic and/or
topical antifungal medication may be considered to decrease the
risk of vaginal candidiasis in the setting of vaginal steroid use.
The medication on the dilator can be changed to, or alternated
with, estrogen cream to help promote healing of the vaginal
mucosa. Lidocaine 5% ointment can also be used at the vaginal
introitus, once open sores have healed, to reduce discomfort with
the use of vaginal dilators. In pregnant women, usual obstetric
care should continue and decisions about delivery made in
consultation with the obstetrical team.

As with complications associated with SJS/TEN, outpa-
tient follow-up after discharge from the hospital is essential.
All patients should be scheduled for follow-up with a gyne-
cologist within 3 months of discharge. Patients who had
active vaginal disease in the acute phase should continue to
use a dilator at least 2 times a week for 2 to 3 months after
discharge.

Additional acute and recovery management of respiratory and
gastrointestinal complications in SJS/TEN may be required as
outlined in Figure 4. Although limited data suggest that urologic
manifestations are common in SJS/TEN, aside from acute sup-
portive measures and catheterization, there is limited research in
this area and currently no clear guidelines or expert consensus on
the management of acute urethral involvement or long-term
urethral complications.'”” This represents an important area of

future work in the field.

Clinical management summary

Rapid withdrawal of the culprit drug and intensive supportive
care from a multidisciplinary team is the central priority in the
management of acute SJS/TEN. There is no conclusive evidence
that IVIG or corticosteroids are harmful or beneficial in the
context of SJS/TEN. Smaller studies have shown some benefit,
but the weight of evidence does not currently support their use.
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It may be that initiation of therapy close to the time of skin signs
is needed with loss of efficacy within a few days. Although
accumulating evidence exists for the use of cyclosporine and
other immunomodulatory therapies such as etanercept from
small studies and now phase II trials, sufficient experience with
these treatments to recommend their use is lacking. In addition,
it is currently unknown whether patients would present early
enough at most centers for these treatments to be beneficial.
Regardless of therapeutic intervention, there should be efforts to
move toward a harmonized strategy of aggressive supportive care.
Multidisciplinary collaboration is required in the acute care
setting and in follow-up to identify and manage potential chronic
sequelae early.

PHARMACOVIGILANCE AND THE ELECTRONIC
HEALTH RECORD*
Key Points:

e The Food and Drug Administration (FDA) Adverse Event
Reporting System (FAERS), a database of spontaneous
adverse event reports, is the primary tool used by the FDA to
detect safety signals of SJS/TEN in the postmarketing setting,

o The Singapore Health Sciences Authority (HSA) has evalu-
ated 2 common (~15%-20% carriage) HLA allele-drug
pairs associated with SJS/TEN:

o Genotyping for HLA-B*15:02 for new users of carba-
mazepine in patients of Southeast Asian descent/ethnicity
became a diagnostic standard in 2013 and widespread
screening has reduced the number of associated cases of
SJS/TEN from approximately 18 per year to 1 case in the
4 years since implementation.

o Genotyping for HLA-B*58:01 for new users of allopurinol
was not mandated because of lower efficacy or higher costs
of alternative gout medications. However, clinicians were
notified of a laboratory where testing was available.

e Mining electronic health records (EHRs) can reliably identify
common disease phenotypes for genomic studies. Rare drug
adverse events have also been successfully studied using this
technique.
© 12% of general medicine patients in a large EHR were

exposed to 1 of 5 SJS/TEN-associated drugs. Combining
this information with genetic data could be used to pre-
vent SJS/TEN in persons at high risk.

Session 4 of SJS/TEN 2017: Building Multidisciplinary Net-
works to Drive Science and Translation centered on pharmaco-
surveillance mechanisms and sources of large data sets and
bioinformatic methods for the detection and validation of SJS/
TEN cases and predictors of risk.

Regulatory science and pharmacosurveillance: US
Food and Drug Administration

The FDA’s Division of Pharmacovigilance uses a number of
tools and processes for the detection and evaluation of safety
signals for SJS/TEN."*” The FAERS is the primary tool used in
the postmarketing setting (Figure 5). FAERS is a database of
spontaneous adverse event reports that supports FDA’s post-
marketing surveillance program for drugs and therapeutic

“ Robert Davis, MD, MPH; Joshua C. Denny, MD, MS; Jeffery P. Struewing, MD;
Cynthia Sung, PhD; Jessica Weintraub, PharmD, BCPS
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reports FAERS
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Dear HCP letter
or DSC
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FIGURE 5. Regulatory mechanisms in the United States. A, The FAERS is a spontaneous adverse event reporting database that is the
primary tool used for the detection of safety signals by the FDA. Reports are generated on a voluntary basis by patients, consumers, and
health care providers. Reports may be submitted to the FAERS either directly by the consumer through the FDA MedWatch event
reporting system or by drug manufacturers as determined by regulatory requirements. B, When a safety signal is identified, there are a
number of possible regulatory actions that may be issued by the FDA. Regulatory actions highlighted in blue represent options for drug
label modifications to reflect the adverse event. Drug-associated SJS/TEN is most often reported in the Warnings and Precautions section
but may also appear as a Boxed Warning or in the Postmarketing Experience section of the drug label. Other potential regulatory actions
are highlighted in green. These include (1) manufacturer issuance of a Dear Healthcare Professional (HCP) letter or a Drug Safety
Communication (DSC), (2) use of postmarketing requirements (PMRs) or postmarketing commitments (PMCs) to further evaluate the
event, (3) use of risk evaluation and mitigation strategies (REMS) to manage risk while enabling continued access to the drug, and (4)
drug withdrawal. DSC, Drug safety communication; FAERS, Food and Drug Administration adverse event reporting system; HCP,
healthcare professional; PMC, postmarketing commitments; PMR, postmarketing requirements; PV, pharmacovigilance; REMS, risk

evaluation and mitigation strategies.

biologics. The data files, which are updated quarterly, can be
downloaded from the FDA’s Web site,"*! and individual case
safety reports can be requested by submitting a Freedom of In-
formation Act request. Adverse event reports can be submitted to
the FDA from the Web site, or through MedWatcher, a free
mobile application. Case reports for SJS/TEN should include
patient characteristics such as age, sex, medical history, and all
descriptors of the event including diagnostic information and the
time to onset of symptoms from initiation of drug therapy to
onset of disease should also be included. A comprehensive list of
drugs including concomitant and recently discontinued prod-
ucts, including over-the-counter products and supplements, and
time of initiation should also be included. The specific action
taken for the suspect and concomitant products (continuation,
discontinuation) should be reported. The reporter contact in-
formation should be included and if significant additional in-
formation becomes available after a report has been submitted, a
follow-up report should be considered.

Adverse events that are reported to a drug manufacturer are
required to be submitted to the FDA within 15 days of receipt if
they are serious and unexpected by regulatory definition. Rele-
vant to SJS/TEN, serious adverse events are defined as those that
result in death, are life-threatening, result in initial or prolonged
hospitalization, are associated with persistent or significant
disability or incapacity, congenital anomalies, or other serious
events. Expectedness is based on what currently appears in the
FDA-approved labeling for that product. Events that are serious
and expected as well as nonserious events can be submitted to the
FDA on a quarterly basis for the first 3 years after product
approval, and then annually.

Health care professionals review incoming FAERS reports.
These safety reviewers receive a list of incoming reports for SJS,

TEN, and other selected serious adverse events to ensure that
those reports are prioritized. They use case definitions and cau-
sality assessment tailored to spontanecous reports to evaluate
potential safety signals. Examples of regulatory actions that may
be taken when a safety signal is identified include (1) updating
the product labeling, (2) issuing a Drug Safety Communication,
(3) postmarketing requirements or commitments to evaluate the
event, (4) implementing risk evaluation and mitigation strategies
to manage serious risks while enabling patients to have continued
access to the product, or (5) market withdrawal (Figure 5).

In addition to FAERS, safety reviewers use VigiBase, a global
database of adverse event reports maintained by the World
Health Organization-Uppsala Monitoring Centre. Data mining
in FAERS and VigiBase can be used to identify events that are
disproportionately reported for a drug. Reports for the event are
then reviewed to determine whether there is a potential safety
signal. The medical literature is another important data stream
because some published cases may not have been previously re-
ported to regulatory authorities or manufacturers. The National
Electronic Injury Surveillance System-Cooperative Adverse Drug
Event Surveillance database is another useful resource. It uses
trained abstractors to collect data on adverse drug events diag-
nosed and treated in a nationally representative sample of
emergency departments.

Postmarketing pharmacoepidemiology studies using prospec-
tive data collection, such as registries, can be useful in providing
specific patient information, such as genetic information and
ethnicity. Important limitations include underascertainment of
cases and the need for large numbers of enrolled patients to identify
rare events. Pharmacoepidemiology studies involving retrospective
data collection, for example, from large administrative databases,
have the advantage of providing large numbers of patients with
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FIGURE 6. Use of EHR data to identify rare disease cases and for the discovery of genetic associations. A, For a phenotype of interest, an
iterative algorithm incorporating multiple aspects of patient data is developed and validated to identify cases in the medical record. The pre-
dictive algorithm is deployed at the test site and replicated across additional sites. Identification of allelic variants associated with the phenotype
of interest is achieved using genetic analysis of biobanked DNA linked to the research EHR. B, A predictive algorithm with high PPV relies on
the incorporation of multiple forms of patient data including billing codes, medication history, clinic notes, and laboratory and test results. CPT,
Current Procedural Terminology; /CD-9, International Classification of Diseases, Ninth Revision; NLP, Natural language processing.

longitudinal follow-up in “real-world” settings, but cases may not
be captured by billing codes alone and there may be incomplete
capture of certain information such as ethnicity.

Finally, Sentinel is an active surveillance system sponsored by
the FDA that uses administrative and claims data. The Active
Risk Identification and Analysis System is a component of
Sentinel comprising predefined analytic tools that enable rapid
querying of the database.'* Although evaluating SJS/TEN in
Sentinel would be challenging at this time, research is ongoing.

In summary, FAERS is the primary tool used by the Division
of Pharmacovigilance for the detection of safety signals for SJS/
TEN and submission of high-quality reports by health care
providers is essential. Supplementary tools include VigiBase, data
mining, the medical literature, National Electronic Injury Sur-
veillance System-Cooperative Adverse Drug Event Surveillance,
pharmacoepidemiologic studies, and Sentinel/Active Risk Iden-
tification and Analysis.

Finding rare diseases such as SJS/TEN in the EHR
EHR data have proven to be an effective and efficient resource
for studying common diseases and drug response phenotypes (eg,
drug efficacy or adverse drug responses). The genetic basis for
hundreds of diseases has been uncovered, mcludmg replicating
many known, expected genetic associations.'*>'** However,
finding these discases in the EHR is not a trivial effort. EHRs
represent a longitudinal record of diseases with records generated
for various purposes along the course of illness."*>"** Thus, they
Accurate disease phenotypes
typically require some combination of multiple types of EHR data
including billing codes, laboratory data, medications prescribed to
the patlent and narrative data such as in clinical reports
(Figure 6)."* Algorithms leveraging scores, Boolean logic, natural
language processing, and machlne learning approaches typically

produce reliable algorithms.'*® These algorithms typically are

can contain inaccurate data.'”
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usually developed with clinical experts working in concert with
biomedical informaticians. Several example algorithms were pre-
sented, including autoimmune hypothyroidism'*’ (as an example
of one of many disease phenotypes) and 2 drug adverse events
phenotypes, angiotensin-converting enzyme inhibitor—associated
cough'” and heparin-induced thrombocytopenia,'”" for which
significant novel genetic associations were discovered using EHR
data. The latter example demonstrates the potential for using
EHRSs for rare drug adverse events, such as SJS/TEN.

In a recent study of 12 research units and managed care orga-
nizations in the United States covering almost 60 million lives,
electronic medical record databases were used to identify potential
cases of SJS/TEN using International Classification of Diseases
(ICD), Ninth Revision codes. Medical records were abstracted and
standardized criteria applied by board-certified dermatologists to
adjudicate diagnoses. Multivariate models were developed to
identify factors independently associated with validated SJS/TEN
case status. The likelihood of case status increased with the length
of hospitalization and with the use of new /CD codes specific to
SJS/TEN. The positive predictive value (PPV) of International
Classification of Diseases, Ninth Revision codes 695.12 to 695.15
was 50% among hospitalized cases. Among patients hospitalized
for 3 or more days, the PPV of these codes was even higher, and
ranged from 57% to 92%. These results suggest that case finding
using EHR data can be carried out using a combination of search
codes and search terms.'

At Vanderbilt, manual chart reviews were used to investi-
gate the potential identification of SJS/TEN in the EHR
(Figure 6) including before 2008 when specific SJS/TEN
billing codes, an important part of most algorithms, did not
exist. Preliminary data suggest that SJS/TEN-specific /CD
codes have a PPV of around 29%. Use of drug-specific /CD
codes in combination with SJS/TEN or the more general
erythema multiforme codes improve performance, increasing
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THE GLOBAL EPIDEMIOLOGY OF SEVERE CUTANEOUS ADVERSE DRUG REACTIONS

COMMON OFFENDERS
Allopurinol (highest single offending agent in Europe, China and USA) - Aromatic anticonvulsants (phenytoin, carbamazepine, lamotrigine
and phenobarbitol) - Anti-infectives (co-trimoxazole, quinolones and cephalosporins) - Sulphonamides - Oxicam NSAIDs

HLA allele frequency: HLA-B*57:01 (abacavir) - HLA B*58:01 (allopurinol) - HLA B*15:02 (carbamazepine)
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FIGURE 7. Global epidemiology of SJS/TEN and frequency of known risk HLA alleles. Incidence of SJUS/TEN and other SCARs is rep-
resented for populations around the globe. Known common HLA risk allele frequencies are shown and color-coded to match the asso-
ciated drug. AGEP, Acute generalized exanthematous pustulosis; DRESS, drug reaction with eosinophilia and systemic symptoms;
NSAIDs, nonsteroidal anti-inflammatory drugs; SSLR, serum-sickness like reaction. Reproduced with permission from Peter et al."®®

the PPV to 38% and maintaining a 99.8% negative predictive
value for phenytoin-related SJS/TEN. Given the rarity and
severity of SJS/TEN, EHR-based algorithms designed to find
SJS should focus on being able to identify most cases (ie, with
a high senisitivity and high negative predictive value) with
reasonable PPV. Another challenge in finding SJS/TEN cases
in the EHR is confirming the phenotype because it can be
difficult to verify the true diagnosis and clinical details of the
cases if clinical details such as BSA involved, presence of
mucosal involvement, pathology results, pictures, and other
materials that are faxed into the EHR in a PDF format are
not accessible by automated search methods. Many cases
called “SJS” or “TEN” by treating physicians may not be SJS/
TEN. The presence of a high-risk drug given in the appro-
priate time frame significantly increases the probability of a
case identified through the EHR being SJS/TEN. In addition
to difficulties finding true cases of SJS/TEN in the EHR, it is
challenging to ascertain drug causality particularly if multiple
drugs were started in a short time frame.

To estimate the potential number of individuals at risk, pre-
scribing records of nearly one hundred thousand individuals at
Vanderbilt University Medical Center “medical home” patients
were analyzed for exposure to 5 drugs associated with severe
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delayed hypersensitivity syndromes including but not limited to
SJS/TEN with known genomic predictors (allopurinol, lamo-
trigine, phenytoin, carbamazepine, and abacavir). Twelve percent
of patients took at least 1 of these 5 medications, all of which
except abacavir are known to be associated with SJS/TEN, and
6% took more than 1 drug. These numbers demonstrate the
potential for prospective genotyping programs to potentially
avert SJS/TEN events for these medications.

Regulatory perspective on pharmacogenomic
screening for SJS/TEN in Singapore: Experience
with implementation and cost-effectiveness

The experience of the drug regulatory authority of Singapore,
the HSA, illustrates some of the benefits and challenges of
implementing genetic screening to reduce the incidence of SJS/
TEN. Two genetic associations with drug-induced SJS/TEN are
relevant to this experience: HLA-B*15:02 with carbamazepine
and HLA-B*58:01 with allopurinol. DNA collection of SJS/
TEN cases and drug-tolerant controls confirmed strong genetic
associations in the Singapore population (for carbamazepine:
OR, 181; 95% ClI, 8.7-3785; for allopurinol: OR, 100; 95% CI,
3.5-2820). Given the population frequency of these alleles



TABLE lll. Adverse drug reactions with well-defined HLA associations

Drug ADR

HLA Allele

Allele frequency and
carriage rate*

Disease
prevalence OR

NPV

NNT to

PPV prevent “1”

HLA screening

Abacavir
Hypersensitivity
27.61-64
syndrome””®"¢

Allopurinol SJIS/TEN

and DRESS/
DIHS23-27-28.164.167.168

Carbamazepine
27.163,165,169-
SJS/TENZ7-163.165.169-171

B*57:01

B*58:01

B*15:02

Oxcarbazepine SIS/TEN'"? B*15:02

Carbamazepine
DRESS/DIHS' '™

A*31:01

Allele frequency (%):
1.6-7.1 European Caucasoid
<3 Sub-Sahara African
<3 Southeast Asian
0.3-2.4 African American
1-4 Thai

Carriage rate (%):
1.4-11.2 European Caucasoid*
<1 Sub-Sahara African
0-2 Southeast Asian

0-2 African American
Allele frequency (%):
0.5-6 European Caucasoid
2-8 Sub-Sahara African
0.5-17 Southeast Asian
2.6-6.4 African American
6-8.4 Thai

Carriage rate (%):

0-6.7 European Caucasoid
5.5-14 Sub-Sahara African
2-22 Southeast Asian
>5.3 African American
Allele frequency (%):

<1 European Caucasoid
<3 Sub-Sahara African
1-36 Southeast Asia

<0.2 African American

8 Thai

Carriage rate (%):

<1.2 European Caucasoid
Up to 34 Southeast Asia
As above

Allele frequency (%):
1-6 European Caucasoid
<2 Sub-Sahara African
0.5-6 Southeast Asian
<1 African American
7%-12% Japanese

Up to 9.2% European Caucasoid*

5.5% Korean

8% (3% true HSR 960
and 2%-7% false-
positive diagnosis)

1/250-1/1,000 580

<1-6/1,000

279

0.05% 57.6

100% for patch
test confirmed

100%
(Han Chinese)

>1000 100% in Southeast
Asian (with other

B75 serotype)

99.9%
(Han Chinese)
99.9%

55% 13

3% 250
(Han Chinese)f

2%-8% 1,000

0.73%
(Han Chinese)

0.89% 3,334

Yes

Not in wide use (see section

“ Regulatory Perspective on
Pharmacogenomic Screening for
SJS/TEN in Singapore: Experience
With Implementation and Cost-
effectiveness”)

No

Not in wide use
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Carriage rate (%):

Up to 6 European Caucasoid
<1 Sub-Sahara African
Allele frequency (%):

B*13:01

Dapsone DRESS/DIHS' "

<2 European Caucasoid
1-28 Southeast Asian
0 African American

28 Papuans/Australian Aboriginals

1.5 Japanese
2-4 Thai

Carriage rate (%):

Up to 3.8 European Caucasoid
2-52 Southeast Asian

As above

0.12% 13,819 No

99.99%

81

8.5/100,000

B#57:01

Flucloxacillin DILI'"®

DIHS, Drug-induced hypersensitivity syndrome; DILI, drug-induced liver injury; DRESS, drug reaction with eosinophilia and systemic symptoms; HSR, hypersensitivity reaction; NNT, number needed to treat; NPV, negative predictive value.

es.net.'”” Allele frequency describes the total number of copies of the allele in the relevant population. Allele carriage rate refers to the percentage of individuals who

have the allele in the population including both homozygous and heterozygous carriers. For carbamazepine-induced SJIS/TEN and abacavir hypersensitivity, there is no current evidence to suggest a gene-dose effect (ie, homozygosity or

uenci
heterozygosity for an HLA risk allele) appear equally associated with risk of SIS/TEN.

*Allele frequencies and carriage rates were obtained from allelefreq

FAlthough the NPV has been 100% for both HLA-B*15:02 and carbamazepine and HLA-B*58:01 and allopurinol SJS/TEN across Southeast Asian population, there has been variability in the PPV (2%-8% for Southeast Asians for

carbamazepine and 2% for allopurinol SIS/TEN in Singapore).
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(14.9% for HLA-B*15:02 and 18.5% for HLA-B*58:01),
specificity and sensitivity of the tests,'””'”* and incidence of
the reaction, the PPV of the genetic tests in Singapore is
approximately 6% for HLA-B*15:02 and approximately 2% for
HLA-B*58:01. Both tests have nearly a 100% negative predictive
value across Southeast Asian populations.

Patients testing positive for HLA-B*15:02 have a number of
alternative drugs to treat epilepsy or neuropathic pain. Cost-
effectiveness analyses conducted from a health-systems perspec-
tive showed that genotyping for HLA-B*15:02 for new users of
carbamazepine falls below a commonly used incremental cost-
effectiveness ratio of US $50,000 per quality-adjusted life-
year."”” Before implementation, discussion sessions with clinicians
and stakeholders highlighted 2 key concerns: genotyping test costs
and turnaround time. Centralization of testing achieved a 40% to
50% cost reduction to US $146 and a turnaround time of 3 days.
In April 2013, the Singapore Ministry of Health and the HSA
issued a joint Dear Health Care Professional Letter stating that
genotyping for HLA-B*15:02 would be the standard of care before
prescribing carbamazepine to new users with a 75% subsidy to
low-income patients for the HLA-B*15:02 test.'”® Orders for the
HLA-B*15:02 test have since reached a steady rate of 250 tests per
quarter. In the 3 years after the Dear Health Care Professional
Letter, there were no reported cases of carbamazepine-induced
SJS/TEN in genotyped patients in Singapore. In the fourth
year, HSA received 1 report of SJS in a HLA-B*15:02—negative
patient. Overall, genotyping has led to a significant reduction of
carbamazepine-SJS/TEN from the historical incidence of 18 cases
per year obtained from voluntary reporting. Similar national
health policy programs for genotype reimbursement have been in
place in Taiwan since 2010 and in Hong Kong since 2008 and
have successfully reduced HLA-B*15:02—associated carbamaze-
pine SJS/TEN in both settings.'”'*®

The case for HLA-B*58:01 genotyping for allopurinol has
been more challenging because of limited options for the
treatment of chronic gout. At 2% PPV, many HLA-
B*58:01—positive patients would be given second-line or more
expensive gout drugs. A similar cost-effectiveness analysis as
done for carbamazepine was done for HLA-B*58:01 in the
setting of new users of allopurinol and included an option for
an enhanced safety monitoring program. At a test cost below
US $90, genotyping would become cost-effective if test-positive
patients are given probenecid and nonresponders are switched
to allopurinol with an enhanced safety program. An enhanced
safety program for all patients with gout without genotyping
would become cost-effective at a program cost of less than US
$39 per patient.lw In March 2016, the Singapore Ministry of
Health and the HSA issued another Dear Health Care Profes-
sional Letter stating that routine genotyping for HLA-B*58:01
was not required as standard of care but could be considered for
patients who have other preexisting risk factors such as renal
impairment.'®” Information on the availability of an HLA-
B*58:01 genotyping test at a similar price as the HLA-
B*15:02 test was communicated. Additional measures to
mitigate the risk are publication of clinician and consumer
guides for earlier recognition of different types of severe cuta-
neous adverse reactions, design of a low-cost safety program,
and targeted genotyping for a higher risk subgroup of patients
with gout, !¢

In summary, systems-wide implementation of genotyping
requires weighing a multiplicity of factors: from the strength of
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SJS/TEN PATHOGENESIS
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FIGURE 8. Proposed model of SJS/TEN immunopathogenesis.
SJS/TEN affects the epidermis following interaction of pathogenic
immune effector cells with drug-modified epitopes presented by
HLA on the surface of keratinocytes. Cytotoxic CD8+ T cells, NK
cells, and NK T cells that recognize HLA-drug epitopes produce
cytolytic proteins such as granulysin and other mediators of
inflammation. The result is widespread keratinocyte death, the
formation of fluid-filled bullae containing immune cells, and, ulti-
mately, epidermal necrosis and sloughing.

the genetic association and prevalence of the allele in the pop-
ulation to the PPV and availability of alternative drugs or
treatment plans for test-positive patients.l(’l

SJS/TEN PREVENTION, PREDICTION, AND
PATHOGENESIS: WHAT’S NEW AND WHAT'S

NEXT*
Key Points:

e HLA-associated SCARs including SJS/TEN have provided
models for T-cell-mediated ADRs and a roadmap for
assessment  and  implementation of pharmacogenomic
screening that can be applied in clinical use for the prevention

" Riichiro Abe, MD, PhD; Wen-Hung Chung, MD, PhD; Shuen-Iu Hung, PhD;
Mario E. Lacouture, MD; David A. Ostrov, PhD; Rebecca Pavlos, PhD; Alec
Redwood, PhD; Michael D. Rosenblum, MD, PhD; Katie D. White, MD, PhD
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TABLE IV. Frequencies of immune subsets in blister fluid

obtained from patients with acute SJUS/TEN

Surface CD expression Case 1 Case 2 Case 3 Case4 Case b5

CD3+ 46%  10% 33%  68% 61%
CD4+ 4% 0% 0% 9% 0%
CD8+ 42%  70% 33%  59% 61%
CD20+ 0% 0% 0% 0% 0%
CD56+ 48%  170% 100% 100%  72%
CD3+, CD56— (T cells) 2%  30% 0% 0%  30%

CD3—, CD56+ (NK cells) 44%  30% 66%  32% 41%
CD3+, CD56+ (NK T cells) 4%  44% 33%  68% 31%
CD4+-, CD56+ 0% 0% 0% 9% 0%
CD8+, CD56+ (NKT cells) 4%  44% 3%  59% 31%

Unpublished data (Hung S.-L, PhD, March 2017), and Chung et al.'®"

TABLE V. Rapid immunochromographic test for granulysin

Blister fluid granulysin

Syndrome concentration

SJS/TEN
Bullous fixed drug eruption

High: 100 ng/mL
High: 100 ng/mL
Moderate: 50 ng/mL
Low: 10-20 ng/mL
Low: 10-20 ng/mL
Negative: <5 ng/mL

Bullous erythema multiforme
Hand-foot-and-mouth disease bullae
Chemotherapy hemorrhagic bullae
Pemphigus

Bullous pemphigoid Negative: <5 ng/mL

Acute generalized exanthematous pustulosis Negative: <5 ng/mL

Chung et al,"®" Su et al,'®® and unpublished data (Chung W.-H., MD, PhD, March
2017).

of drug hypersensitivity. Despite strong HLA associations,
PPVs remain relatively low and many other factors contribute
to the development of disease and present opportunities for
further research into mechanism and pathogenesis.

e SJS/TEN and other cutaneous reactions secondary to immune
checkpoint inhibitors of cytotoxic T-lymphocyte—associated
protein 4 and programmed cell death protein 1 (PD-1)/pro-
grammed cell death protein ligand 1 during treatment of
cancer are increasing as the use of these agents rises. The
severity of adverse cutaneous reactions to immunotherapies
correlates with improved cancer outcomes and survival, sug-
gesting that patients most likely to benefit are also those most
likely to develop toxicity. This provides potentially important
clues to the immunopathogenesis of these reactions and un-
derscores the need to manage these toxicities so that patients
can benefit from anticancer therapies. In addition, gene
expression analyses have shown similarities between lichenoid
rash associated with immune checkpoint inhibitors and SJS/
TEN to noncancer agents.

e In SJS/TEN there is currently much focus on effector memory

CD8" T-cell responses. However, suppressor immune re-

sponses, such as those conferred by regulatory T (Treg) cells,

play a key role in the maintenance of immune homeostasis in
the skin and are notably diminished early in the course of SJS/

TEN. Augmenting regulatory immune responses might pro-

vide alternative or complementary treatment modalities for

SJS/TEN.

Blister fluid cells from the skin lesions in patients with SJS/TEN

are characterized by the infiltration of CDS8" T cells, natural
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TABLE VI. Cutaneous adverse events and SJS/TEN associated with immune checkpoint inhibitors

Drug name Target Indication Severe rash (%) SJS/TEN reported’ 9+ "9
Ipilimumab CTLA-4 Melanoma 2.4 Yes
Nivolumab PD-1 Melanoma, NSCLC, RCC, HL, HNSCC, UC, CRC 1.2 Yes
Ipilimumab + nivolumab CTLA-4+ Melanoma 5.0% Yes
PD-1
Pembrolizumab PD-1 Melanoma, NSCLC, HNSCC, HL, dMMR tumors 1.7% Yes
Atezolizumab PD-L1 Bladder cancer, NSCLC 1.3% No
Avelumab PD-L1 Merkel cell carcinoma 0% Yes

CRC, Colorectal cancer; dMMR, defective mismatch repair; CTLA-4, cytotoxic T-lymphocyte—associated protein 4; HL, Hodgkin lymphoma; HNSCC, head and neck squamous
cell carcinoma; PD-LI, programmed cell death protein ligand 1; NSCLC, non—small cell lung cancer; RCC, renal cell carcinoma; UC, urothelial carcinoma.

killer (NK) cells, and NK T cells. A public T-cell receptor
(TCR) o clonotype has been found in blister fluid and PBMCs
from Taiwanese patients with HLA-B*15:02—restricted car-
bamazepine SJS/TEN. Binding assays with this TCR recom-
binant protein support a pharmacological interaction with
immune proteins model for carbamazepine SJS/TEN. The
applicability of this model to other class I HLA-restricted drug-
induced SJS/TEN is currently being explored.

o Virtual modeling predicts that carbamazepine binds to HLA-
B*15:02 at a higher affinity in the absence of peptide and
contacts both HLA and TCR.

o T-cell, NK cell, and NK T-cell—derived granulysin is a key
mediator of tissue damage and disease in SJS/TEN. Serum
granulysin levels, as well as IL-15, may prove useful as prog-
nostic markers during acute SJS/TEN. Targeting granulysin as
well as pathogenic T cells may provide additional therapeutic
interventional strategies to join other biologics such as anti-
TNF (etanercept) therapy.

o In some patients, a generalized exanthema develops following
antibiotic treatment for gastrointestinal infection. It is hy-
pothesized that the risk for cutaneous ADRs may be influ-
enced by the gut microbiome or potentially other bacterial
pathogens.

Understanding the immunopathogenesis of SJS/TEN is cen-
tral to the development of pretherapy screening strategies and
effective SJS/TEN treatment regimens. Critical to this is deci-
phering and linking the influences of host genetics and structural,
biochemical, and functional interactions between drugs and/or
pathogens and the immune system. Session 5 of SJS/TEN 2017:
Building Multidisciplinary Networks to Drive Science and Trans-
lation reviewed seminal advances in our understanding of the
pharmacogenomics and immunology of SJS/TEN and other T-
cell—mediated severe ADRs and ongoing basic and translational
science research in this field.

SJS/TEN is an IM-ADR influenced by genes that affect
pharmacokinetics, pharmacodynamics, and immune responses.
Additional influences include comorbid disease such as renal
impairment and external factors such as environmental exposures
and viral infection.'®” Class I associations that have also provided
key insights to IM-ADR pathogenesis include carbamazepine
and HLA-B*15:02 in SJS/TEN and allopurinol and HLA-
B*58:01 in SCARs.'*'® Many other HLA associations with
drugs that cause SCARs including SJS/TEN are documented and
incidence varies across ADR phenotypes and across populations,
reflecting risk allele carriage (Figure 7). However, for most drugs
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to achieving the objective

S * Established networks of
clinicians and researchers
engaged with collective
capacity of large number of
cases

Informatic and genetic
tools available

Molecular and cellular
research tools available

W * Need for additional
organized global networks

Lack of evidence based

guidance to support clinical
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* Harmonize clinical protocols

External origin
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FIGURE 9. Strengths, weaknesses, opportunities, and threats
(SWOT) analysis for SUS/TEN clinical management and research.
Participants at SJS/TEN 2017: Building Multidisciplinary Net-
works to Drive Science and Translation contributed to a SWOT
analysis to define unmet needs in SJS/TEN clinical care and
research and to identify approaches to address these needs.

that are implicated in SJS/TEN there remains no known HLA
association, and for up to 20% of SJS/TEN cases no causative
drug is identified.

Carriage of a given risk HLA allele is permissive but insuffi-
cient for the development of drug hypersensitivity as evidenced
by the small percentage of individuals carrying the risk alleles
who develop an ADR when exposed to the drug (Table III).
Identifying additional factors that contribute to the development
of ADRs will be important in understanding mechanisms of
pathogenesis and also help guide pharmacogenomic screening in
the future. Drug dose, metabolism, and clearance rate are known
to be independent pharmacological factors in the development of
SJS in some settings and may account for part of the PPV gap.
For example, variants in the allele coding for the metabolic
enzyme CYP2C9*3 are significantly associated with phenytoin
SCAR in Taiwan, Japan, Malaysia, and Thailand.'”®'? In
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FIGURE 10. Integrated—omics approaches as part of personalized medicine in SJS/TEN. There exist multiple opportunities to apply
personalized medicine approaches for the prevention and treatment of SJS/TEN. Part of these approaches will include integrated—omics
platforms that link genetic, immunologic, ecologic, and other data within an individual patient to estimate risk of disease, facilitate precise
and rapid diagnosis, inform prognosis and response to therapy, and predict which medications are safe for future use. Aggregation of these
data may allow us to define the general principals of immunopathogenesis and genetics that may be applied more broadly to larger

populations.

addition to HLA and metabolic-based genetic factors, potential
roles for risk-enhancing TCR clonotypes, tissue-specific memory
T-cell subsets, NK cells, and NK T cells are under investigation.
Finally, the nature of HLA and peptide alterations following
drug exposure as determined by genetic factors within the pro-
teasome pathway and peptide processing machinery may
potentially contribute to disease pathogenesis and are under
study.

Studies showing a strong association between HLA class I alleles
and drug-induced SJS/TEN disease support the concept that
class I—restricted antigen-driven CD8™ T cells are of fundamental
importance in immunopathogenesis (Figure 8).'°*'®> Hung et al
have shown that cells recruited to the blisters in SJS/TEN are
predominantly T cells, NK cells, and NK T cells, and that the
percentage of each cell subset varies between patients (Table IV).
Using blister fluid as a source of potentially pathogenic
effector cells, T cells identified in blister fluid from individuals with
SJS/TEN are characterized by a dominant clonotype(s), defined
as a population of CD8" T cells that express the same TCR
sequence. This suggests that T cells bearing this TCR are able to
bind and be stimulated by peptides from the eliciting drug. These
T cells also express granulysin and granzyme-B consistent with a
cytotoxic T lymphocyte phenotype. Similar shared TCRs were not
found in patients with allopurinol SCAR, although some evidence
of clonal expansion within individual patients was seen in blister
fuid."®'

Surface plasmon resonance experiments have demonstrated
that carbamazepine (and carbamazepine metabolites) are capable
of binding directly to HLA-B*15:02 and residues important in
the HLA-carbamazepine interaction have been mapped to the
HLA peptide-binding groove using site-directed mutagenesis
studies.'*>"** Ostrov et al'®* and Tlling et al'®* previously solved
the crystal structure of abacavir bound to HLA-B*57:01 that
defined the altered peptide repertoire model for drug-HLA
interaction. More recent work by Ostrov et al has focused on
determining whether known HLA and drug structures can be
used to predict which drug will bind a particular HLA protein.
Modeling algorithms of drug-binding affinities predicted that
abacavir would bind to HLA-B*57:01 with higher affinity in the
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presence of a self-peptide. This is consistent with known crys-
tollagraphy data and represents proof-of-concept for this type of
in silico approach to predicting drug-HLA interactions. Using
this approach, carbamazepine binding was not predicted to bind
a site within the antigen-binding cleft (under the peptide, as
abacavir interacted with the F pocket of HLA-B*57:01). Based
on the crystal structures of HLA-B*15:02, TCR complexes with
HLA-B molecules and atomic models of HLA-B*15:02 com-
plexed with peptides corresponding to HLA-B*15:02 elution
studies and TCRo.B sequences of the shared TCR discovered in
Taiwanese patients mentioned above, carbamazepine was pre-
dicted to bind complexes of peptide and HLA-B*15:02 in a TCR
contact site located at the interface of the trimolecular HLA-
B*15:02-peptide-TCR complex (D. Ostrov, PhD, unpublished
data, March 2017).

Cytotoxic protein and cytokine mediators are important in SJS/
TEN pathogenesis and have potentially important applications as
diagnostic and predictive markers and therapeutic targets. Chung
et al'® discovered that the cytolytic protein granulysin, produced
by CD8™" T cells, NK cells, and NK T cells, is a primary mediator
of keratinocyte cell death in SJS/TEN. Granulysin is found at high
concentration in serum and blister fluid from patients with SJS/
TEN and plasma levels correlate with disease severity and prog-
nosis.'*>"** Chung et al have developed a rapid immunochro-
mographic test to measure blister fluid granulysin concentration
and this assay measured over multiple time points appears to
distinguish SJS/TEN and bullous fixed drug eruption from other
blistering skin diseases such as bullous erythema multiforme,
bullous pemphigus, and viral infection (Table V). His group has
also identified that systemic IL-15, a cytokine that activates NK
cells and cytotoxic T cells, is also correlated with SJS/TEN severity
and both IL-15 and granulysin may be used as prognostic markers
during acute SJS/TEN.'®

Chung et al have also conducted an open, prospective, ran-
domized trial evaluating the efficacy of immunomodulatory
therapies for the treatment of SJS/TEN. This study included 48
patients randomized to receive the TNF-o inhibitor etanercept
and 45 patients to receive corticosteroid therapy. This study
demonstrated that etanercept reduced time to reepithelialization
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Box I. The SJS Foundation and Patient Perspectives

FIGURE 11A.

Julie McCawley.

Julie McCawley. Jean and Julie McCawley, Katie
Niemeyer, and the family of Angela Anderson attended
SJS/ITEN 2017: Building Multidisciplinary Networks to
Drive Science and Translation on behalf of patients and
families around the world who have been affected by
SJS/TEN.

Julie McCawley, now aged 23 years, developed SJS/TEN
at age 11 months and as a result suffers from severe sight
impairment (Figure 11, A). In March of 1995, her mother,
Jean, founded the Stevens-Johnson Syndrome Foundation
(http://sjsupport.org), a grassroots nonprofit patient support
and advocacy group that aims to bring public awareness to
this devastating and life-threatening illness. In 1997, the SJS
Foundation launched its first Web site that included an on-
line chat room for patients and families affected by SJS. Their
network quickly brought together numerous patients and
families affected by SJS/TEN from around the world. In
1999, the SJS Foundation collaborated with physicians at
Johns-Hopkins to create an SJS fact sheet that has now been
distributed to more than 100,000 hospitals and pharmacies

and to the general public through awareness campaigns. The
SJS Foundation now supports a voluntary case registry, has
championed the establishment of August as SJS Awareness
month, actively supports SJS/TEN research, and maintains a
Facebook page with more than 5,000 followers. Julie
McCawley is now an elementary school teacher and creator of
SJS Kids Support (www.freewebs.com/sjskidssupport), a Web
site for children affected by SJS/TEN that explains the disease
and its complications in accessible terminology with content
focused on the concerns of young victims and of children
with loved ones affected by SJS/TEN.

FIGURE 11B. Angela Anderson.

“Angela was unique. She was a trendsetter ... one in a
million. The disease that took her was one in a million. Even
in death, she stood out from the crowd.” —Eulogy for Angela
Anderson (Figure 11, B). Paul Anderson shared the story of
his daughter Angela’s vibrant 22-year life and tragic 4-day
hospitalization with SJS/TEN that ended in her death on
December 28, 2015. In memory of Angela, he and his wife,
Wanpen, and son, Tim, established the Angela Anderson SJS
Research Fund to promote SJS/TEN research. The Anderson
family recruited support from family, friends, and the general
public through awareness events, media communications, and
a GoFundMe campaign to raise $22,000 for SJS/TEN
research. This is an especially significant contribution because
it represents $1000 in research funding for each year of
Angela’s life. Angela’s story has been reported in numerous
media outlets, further raising community awareness of SJS/
TEN. The Angela Anderson SJS Research Fund continues to
receive donations to further research efforts and her family
and friends continue to work tirelessly to disseminate her
story as education for the public and medical communities.

and reduced mortality. This work and other eatly studies suggest
the potential efficacy of etanercept as a therapeutic option for
SJS/TEN and provide a mechanism to explain therapeutic re-
sponses with this drug.''>"">"*""*® Future work that may
translate into targeted therapy is focused on developing and
testing novel inhibitors to pathogenic mediators in SJS/TEN
including an mAb targeting granulysin and an mAb targeting the
TCROB subunits to disrupt TCR signaling.'*”'”"  Another
insight into the immunopathogenesis of SJS/TEN has come
from studies demonstrating that interaction of annexin Al with
the formyl peptide receptor 1, expressed on the surface of kera-
tinocytes obtained from patients with SJS/TEN but not present
on control keratinocytes, is a key mediator of keratinocyte nec-
roptosis in SJS/TEN."”!
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More recently Abe et al (R. Abe, MD, PhD, unpublished dara,
March 2017) have examined the role of the microbiome in the
development of severe cutaneous ADRs. Using PBMCs obtained from
patients who developed a generalized exanthema within 1 to 3 days
after completing treatment for gastrointestinal bacterial infection, they
have shown that CD4" cells express the activation marker CD154
following exposure to whole, killed bacteria. Cell culture supernatants
from these experiments contain elevated levels of inflammatory cyto-
kines compared with cultures derived from PBMCs obtained from
normal donors. Abe et al are investigating the hypothesis that treat-
ment of bacterial gastrointestinal infection generates bacterial products
that stimulate an immune response. This raises the interesting possi-
bility that the risk for cutaneous ADRs may be influenced by the
microbiome and in particular bacterial pathogens in the gut.
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FIGURE 11C. Katie Neimeyer with SJS/TEN survivor and
PGA champion Gene Sauers.

Katie Niemeyer is a survivor of SJS/TEN as a teenager
and now works as a certified nurse anesthetist, entrepreneur,
mother, and philanthropist to promote SJS/TEN awareness
and research (Figure 11, C). Left with chronic eye irritation
that hindered her training as a distance runner, Katie
created a high-performance wristband, Handana, to keep
sweat from burning her already sensitive eyes. Handana was
the first runner up in the 2015 Under Armour Future
Show. Katie has donated proceeds from her business en-
deavors to supporting research in the treatment of acute and
chronic SJS/TEN eye disease and established the Katie
Niemeyer Research Fund at the Massachusetts Eye and Ear
clinic. Katie is also the founding member of the SJ Syn-
drome of Texas (www.sjsyndrome.com) and frequently
shares her story with health care and general audiences
around the country to educate and inspire hope within and
outside the SJS/TEN community.

These stories underscore major threats associated with
SJS/TEN, a disease that (1) affects previously healthy in-
dividuals in an unpredictable manner in the absence of
validated screening mechanisms, (2) is characterized by
sequelae that are numerous, severe, and lifelong, (3) lacks
highly specific diagnostic modalities that often results in
delayed recognition of acute disease, and (4) in its severest
form, moves quickly and with high mortality.

Severe cutaneous syndromes associated with novel cancer
immunotherapeutics have provided significant insights into the
potential immunopathogenesis of SJS/TEN. First approved for
clinical use in 2011, the immune checkpoint inhibitors are a
class of drugs that block inhibitory receptors such as PD-1
(nivolumab) and cytotoxic T-lymphocyte—associated protein
4 (ipilimumab) on the surface of T cells promoting T-cell
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activation and effector functions.'”” This class of therapy has
shown tremendous efficacy in the treatment of certain cancers
including stage IV melanoma, lymphoma, and cancers of the
head and neck, lung, bladder, and kidney.w3 Cutaneous
eruptions occur in approximately one-third of patients treated
with checkpoint blockade (Table VI). Most often these erup-
tions are clinically benign, do not limit treatment, and respond
to topical corticosteroids. A small proportion of patients
receiving checkpoint inhibitor blockade develop SJS/TEN.'”"
198 Importantly, the severity of the cutaneous ADR related to
checkpoint inhibitor therapy correlates with improved tumor
response and patient survival.'””*?"  Similarities in gene
expression profiling among the various phenotypes of cutaneous
reactions associated with anti—PD-1/programmed cell death
protein ligand 1 therapy that resemble those associated with
SJS/TEN suggest that PD-1 may be important in specifically
regulating epidermal integrity.”' Lacouture et al'”® have
shown that serum IL-6 is elevated in patients with early mac-
ulopapular rash secondary to checkpoint inhibitor therapy.
Furthermore, they are investigating whether therapeutics that
target T-cell activation pathways and inflammation, such as
Janus kinase inhibitors and/or IL-6 inhibition, might provide
benefit for the treatment of checkpoint inhibitor blockade-
associated cutaneous reactions.

Another key in the immunopathogenesis of many immu-
nologically mediated diseases including SJS/TEN is thought to
be an imbalance of effector/autoreactive and regulatory im-
mune responses. Extensive research supports the scientific
premise that autoimmune disease reflects a disruption of this
balance. Treg cells are defined as CD4" T cells that express
the transcription factor FoxP3 that drives the suppressor
phenotype. Tissue-resident Treg cells are highly abundant in
the skin and gut tissues of mice and humans. Individuals who
lack functional Treg-cell responses succumb at an early age to
fulminant systemic autoimmune disease, highlighting the
critical role these cells play in immune regulation.””**%> Treg-
cell suppressor function is mediated via various mechanisms
including IL-10 secretion, surface expression of the inhibitory
receptor cytotoxic T-lymphocyte—associated protein 4, and
through IL-2 consumption by the high-affinity IL-2 receptor
CD25. Rosenblum et al”* have developed a murine model of
cutaneous autoimmune disease that demonstrated that mice
spontaneously suppress skin inflammatory responses over time
despite ongoing antigen exposure but that depletion of Treg
cells in these mice leads to prolonged disease and death. These
data support a mechanistic role for Treg cells in maintaining
immune homeostasis in the skin. Furthermore, it has been
shown that (1) Treg cells are less abundant in skin from
patients with SJS/TEN compared with erythema multi-
forme,””” (2) that circulating Treg cells obtained from patients
with SJS/TEN display impaired suppressor function,””® (3)
that Treg cells can prevent epidermal injury in animal TEN
model systems,”’” and (4) that Treg-cell-mediated suppres-
sion decreases cytotoxic T-cell responses to drugs in in vitro
systems.””® Data from human trials have shown that therapies
that augment Treg-cell function (including adoptive transfer of
expanded autologous Treg cells and low-dose systemic IL-2)
ameliorate alopecia areata, chronic graft-versus-host disease,
and systemic lupus erythematosus.””” "> As noted above,
immunohistochemistry experiments have shown that Treg cells
are present at significantly reduced numbers in skin from
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patients with SJS/TEN compared with EMM and this can be
used to differentiate these 2 disease phenotypes.””” The use of
strategies to boost regulatory immune responses in acute SJS/
TEN is intriguing and warrants further study.

DISCUSSION AND FUTURE DIRECTIONS

SJS/TEN is a life-threatening disease that in adults is usually
drug related and in children in particular, both SJS/TEN and
its mimickers (Table I) can create unique diagnostic challenges
in the absence of an apparent causative agent. The low inci-
dence of SJS/TEN of 1 to 5 per 1,000,000 and high mortality
rate have highlighted the need for research and clinical net-
works to drive research, translation, consensus guidelines, and
evidence-based approaches. This 1-day meeting highlighted
that there has been significant progress to strengthen SJS/TEN
research efforts over the last decade. Harnessing strengths and
opportunities and proactively addressing weaknesses and threats
will be crucial to these research efforts moving forward
(Figure 9). Key strengths have included the establishment of
epidemiological and pharmacogenomic networks, the ability to
use informatics tools to find SJS/TEN cases in the EHR, and
access to genetic tools to analyze the data. With these research
strengths has come the opportunity to establish and access
DNA and cellular biobanks to facilitate further genetic and
mechanistic discovery science. The preexisting networks also
create a unique platform for the establishment of larger
multidisciplinary networks where clinical protocols can be
harmonized and therapeutic approaches studied. Addressing
weaknesses and threats will be equally important. Lack of
evidence-based treatment guidelines and consensus on stan-
dardized clinical care has been a hurdle to the creation of very
large global networks to study treatment interventions. In
addition, many studies have been strictly epidemiologically
based and have not had the resources or infrastructure to collect
and cryopreserve valuable research samples. Ultimately creative
strategies will be needed to maximize and coordinate research
efforts and may require creative funding mechanisms from
multiple governments and other sources. It is also predicted
that the patient-centered integrated -omics approaches that are
part of the personalized medicine of the future will be key to
not only understanding the mechanistic basis of SJS/TEN but
also furthering preventive efforts and facilitating earlier diag-
nosis and treatment (Figure 10).

You may view the Abstracts presented at this meeting at:
hetps://medsites.mc.vanderbilt.edu/sjsmeeting/home.
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Drug hypersensitivity may manifest ranging from milder skin reactions (e.g., maculopapular exanthema and urticaria) to severe
systemic reactions, such as anaphylaxis, drug reactions with eosinophilia and systemic symptoms (DRESS)/drug-induced
hypersensitivity syndrome (DIHS), or Stevens-Johnson syndrome (SJS)/toxic epidermal necrolysis (TEN). Current
pharmacogenomic studies have made important strides in the prevention of some drug hypersensitivity through the identification
of relevant genetic variants, particularly for genes encoding drug-metabolizing enzymes and human leukocyte antigens (HLAs).
The associations identified by these studies are usually drug, phenotype, and ethnic specific. The drug presentation models that
explain how small drug antigens might interact with HLA and T cell receptor (TCR) molecules in drug hypersensitivity include the
hapten theory, the p-i concept, the altered peptide repertoire model, and the altered TCR repertoire model. The broad spectrum of
clinical manifestations of drug hypersensitivity involving different drugs, as well as the various pathomechanisms involved, makes
the diagnosis and management of it more challenging. This review highlights recent advances in our understanding of the
predisposing factors, immune mechanisms, pathogenesis, diagnostic tools, and therapeutic approaches for drug hypersensitivity.

1. Introduction

Drug hypersensitivity reactions are an important public
health problem due to their potential to cause life-
threatening anaphylaxis and rare severe cutaneous adverse
reactions (SCAR). Drug hypersensitivity can be induced
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by immunologically mediated reactions (referred as drug
allergies) as well as nonallergic direct mast cell-mediated
drug reactions. Immunologic reactions have been divided
into four categories according to the classical Gell and
Coombs system: type I reactions, which are immediate in
onset and mediated by IgE and mast cells and/or basophils;
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type II reactions, which are delayed in onset and caused by
antibody- (usually IgG) mediated cell destruction; type III
reactions, which are delayed in onset and caused by IgG drug
immune complex deposition and complement activation;
and type IV reactions, which are delayed in onset and are T
cell mediated [1]. According to the World Allergy Organiza-
tion (WAO), drug hypersensitivity reactions can also be cat-
egorized into immediate reactions and delayed reactions
based upon the timing of the appearance of symptoms [2].

Immediate-type reactions usually occur within minutes
or hours of drug exposure. The clinical manifestations range
from pruritus, urticaria, angioedema, and bronchospasm to
anaphylaxis. Type I reactions require the presence of drug-
specific IgE or the portion of the drug that forms a hapten
complex. Drug-specific IgE is produced upon the first expo-
sure to the drug antigen, and then, it binds to basophils or
mast cells with the high-affinity Fc receptor. Upon the next
exposure to the same drug, two or more IgE molecules on
the basophil or mast cell surface may then bind to one
multivalent antigen molecule, initiating a series of cellular
activation events. This activation causes the extracellular
release of granules with preformed inflammatory mediators,
including histamine, leukotrienes, prostaglandins, heparin,
and other cytokines [3]. IgE-mediated immunologic drug
allergy represents a smaller fraction of drug hypersensitivity
compared with nonimmunologic drug hypersensitivity [4].
According to the WAO classification system, immunologic
anaphylaxis can be caused by an IgE-mediated or non-IgE-
mediated mechanism, whereas nonimmunologic anaphy-
laxis involves direct mast cell activation [2]. Regardless of
the underlying mechanism, however, the clinical symptoms
of both types of anaphylaxis are similar and often indistin-
guishable. The mechanism of immediate-type reactions is
explained more fully later in this article. In this review, the
terminology used to categorize “immediate” or “delayed”
drug hypersensitivity is in accordance with the WAO
classification system. At the same time, the immediate-type
reactions discussed herein are composed of both IgE-
mediated reactions as defined by the Gell and Coombs
system, as well as non-IgE-mediated and nonimmunologic
anaphylactic reactions.

Delayed-type reactions consist primarily of type IV
reactions, which are T cell-mediated delayed-type drug
hypersensitivity reactions. These reactions usually take sev-
eral days or even weeks to manifest following drug exposure.
These manifestations range from mild maculopapular
exanthema (MPE), contact dermatitis, chronic allergic
rhinitis, chronic asthma, nephritis, hepatitis, and fixed drug
eruptions (FDEs) to life-threatening SCAR. SCAR includes
drug reactions with eosinophilia and systemic symptoms
(DRESS)/drug-induced hypersensitivity syndrome (DIHS),
Stevens—Johnson syndrome (SJS) and toxic epidermal necro-
lysis (TEN), and acute generalized exanthematous pustulosis
(AGEP) [5]. The MPE phenotype consists of self-limited
diffuse erythematous macules and papules without systemic
involvement [6]. DRESS syndrome, meanwhile, is character-
ized by cutaneous involvement with typical skin eruptions
(e.g., exfoliative dermatitis and generalized maculopapular
exanthema), fever, atypical lymphocytosis, eosinophilia,
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lymphadenopathy, and systemic involvement (e.g., liver
involvement and kidney involvement). This hypersensitivity
syndrome was first named after many different terms had
already been used to describe the syndrome, with those
terms, such as “anticonvulsant hypersensitivity syndrome,”
“allopurinol hypersensitivity syndrome,” and “sulfone syn-
drome,” primarily depending on the culprit drug involved
[7, 8]. The term “DRESS” was initially proposed by Bocquet
et al. in 1996 in order to provide a more concise description
of the syndrome and decrease the ambiguity resulting
from the various terms previously used to refer to it [9].
That said, it should be noted that DRESS is also termed
“DIHS” by Japanese experts, with the criteria of DRESS
as defined by the RegiSCAR group and the criteria of
DIHS as defined by Japanese experts being similar, except
that HHV-6 reactivation is included in the diagnostic cri-
teria for DIHS [10]. This nosology is somewhat confusing;
however, there is a consensus that DRESS and DIHS are
likely within the same disease spectrum. Specifically,
patients with typical DIHS may represent a severe form
of DRESS syndrome [11]. SJS and TEN (SJS/TEN) are
characterized as a rapidly progressing blistering exanthema
of purpuric macules and target-like lesions accompanied
by mucosal involvement and skin detachment. SJS is
defined as involving less than 10% body surface area skin
detachment, SJS-TEN overlap as involving 10-29%, and
TEN as involving more than 30% [12]. AGEP, meanwhile,
typically presents as a sudden eruption of small nonfollicular
pustules on a background of erythema with systemic involve-
ment along with fever and neutrophilia [13].

Most forms of drug hypersensitivity involve T cell-
mediated immune responses against specific drug/peptide
antigens, leading to various clinical phenotypes. T cell
receptor (TCR), CD4", and CD8" T cells are involved in
the different delayed-type drug hypersensitivity reactions
[14]. The molecular mechanisms and checkpoints for drug
hypersensitivity include T cell activation and immune
responses, cytotoxic proteins and cytokine/chemokine secre-
tion, specific TCR clonotypes, impaired drug metabolism or
clearance (e.g., the strong association of cytochrome P450
family 2 subfamily C member 9*3 (CYP2C9*3) with
phenytoin-induced SCAR), and the cell death mechanisms
(e.g., miR-18a-5p-induced apoptosis and annexin Al and
formyl peptide receptor 1-induced necroptosis in keratino-
cytes). In addition, genetic polymorphisms and specific
HLA loci also play an important role (e.g., HLA-B*15:02
for carbamazepine- (CBZ-) induced SJS/TEN, HLA-B*58:01
for allopurinol-induced SCAR, and HLA-B*57:01 for
abacavir-induced hypersensitivity reactions). Moreover,
environmental factors, autoimmune disorders, and patients
with a prior medical history of viral infection have
also been reported to be implicated in susceptibility to drug
hypersensitivity.

2. Clinical Perspectives and Variabilities in
Severe Drug Hypersensitivity

2.1.  Immediate-Type Hpypersensitivity. Immediate-type
hypersensitivity reactions may range from urticaria and
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angioedema to severe fatal reactions, such as bronchospasm
and anaphylaxis. Anaphylaxis is a life-threatening systemic
hypersensitivity reaction mainly mediated by mast cells and
basophil activation via IgE-mediated, non-IgE-mediated, or
nonimmunologic mechanisms. Drugs are the most common
anaphylaxis triggers in adults, while foods are the most com-
mon triggers in children and teenagers [15]. The incidence of
drug-induced anaphylaxis has been reported to range from
0.04 to 3.1%, with a mortality rate of around 0.65% [2].
NSAIDs are the main culprits, followed by beta-lactam anti-
biotics [16, 17]. Perioperative anaphylaxis also remains an
issue due to the administration of various combinations of
neuromuscular blocking agents (NMBAs), induction agents
(e.g., propofol, etomidate, midazolam, and ketamine), and
antibiotics [18, 19]. Nonsteroidal anti-inflammatory drugs
(NSAIDs) (with the exception of pyrazolones) are believed
to rarely be among the causes of IgE-mediated anaphy-
laxis, but such anaphylaxis is more commonly related to an
aberrant arachidonic acid metabolism [20-22]. The non-
IgE-mediated immunologic mechanisms can be mediated
by IgG antibodies, as well as by complement or contact
system activation, but non-IgE-mediated anaphylaxis is
clinically indistinguishable from IgE-mediated anaphylaxis
[23, 24]. The causes of non-IgE-mediated immunologic
anaphylaxis include biologics, lipid incipients, and dextran
[2]. In contrast, nonimmunologic anaphylaxis, previously
regarded as a form of pseudoallergic drug reaction, involves
the direct stimulation of mast cell degranulation. These
reactions are limited to certain groups of drugs, including
NSAIDs, such as aspirin, as well as opiates, vancomycin,
quinolones, and NMBAs [24, 25]. For radiocontrast media-
induced anaphylaxis, the mechanisms are not entirely clear
and several mechanisms may be involved, including
IgE-mediated or direct stimulating histamine release or
the activation of the complement cascades [24, 26, 27].

Due to the complexity of NSAID-induced drug hyper-
sensitivity, a panel of experts from the European Academy
of Allergy and Clinical Immunology (EAACI) has proposed
a classification and practical approach to cases of drug
hypersensitivity caused by NSAIDs [28]. The most frequently
occurring type of these cases is cross-reactive hypersensitiv-
ity, for which the mechanism is not immunological but,
rather, is primarily linked to cycloxygenase-1 inhibition. This
immunological type of NSAID-induced hypersensitivity
includes NSAID-exacerbated respiratory disease (NERD),
NSAID-exacerbated cutaneous disease (NECD), and NSAID-
induced urticaria/angioedema (NIUA) [28]. NSAIDs can also
induce immunological (noncross-reactive) hypersensitivity
reactions, including IgE-mediated single-NSAID-induced
urticaria/angioedema or anaphylaxis (SNIUAA), and T
cell-mediated single-NSAID-induced delayed hypersensi-
tivity reactions (SNIDHR). Both cross-reactive reactions
and SNIUAA are immediate-type reactions [28].

2.2. Delayed-Type Hypersensitivity

2.2.1. Drug Reactions with Eosinophilia and Systemic
Symptoms (DRESS)/Drug-Induced Hypersensitivity Syndrome
(DIHS). There have been no large epidemiologic studies of

DRESS/DIHS, a shortcoming which could be due to the fact
that the term “hypersensitivity syndrome” was instead used
before [5]. It could also be explained by the difficulty of diag-
nosing DRESS/DIHS, which presents with a complex natural
course, a wide diversity of manifestations, and various labora-
tory abnormalities, and also because there is no specific code
for this condition [29]. The incidence of anticonvulsant-
related DRESS/DIHS is about one per 1000 to one per
10,000 new users [30]. DRESS/DIHS can occur in pediatric
patients, but is more common in adults [31]. Antiepileptic
agents and allopurinol are the most commonly reported
offending medications [32]. The symptoms often begin 2 to
6 weeks after drug incubation [9]. Damage to multiple sys-
temic organs may occur during the course of DRESS/DIHS
syndrome. The liver is most commonly involved among
the organs, with liver involvement having been found in
51-84% of patients [33, 34]. Renal involvement also occurs
frequently, having been reported in 10-57% of patients
[33, 34]. Lung involvement is the third most common type
of systemic involvement and may present in various forms
ranging from nonspecific symptoms to interstitial pneumo-
nitis, pleuritis, and acute respiratory distress syndrome
[35, 36]. Cardiac involvement, meanwhile, has been reported
in 4-27% of patients with DRESS/DIHS [37]. This compli-
cation is likely associated with the fatal outcomes of the
condition, especially when acute necrotizing eosinophilic
myocarditis occurs [38]. Several other systemic organs can
also be involved in DRESS/DIHS, including the gastrointes-
tinal tract, pancreas, central nervous system, and thyroid,
while multiple organ failure associated with disseminated
intravascular coagulation or hemophagocytic syndrome
may also occur [31, 39]. The overall mortality rate of
DRESS/DIHS is around 10% [32]. The likelihood of mortal-
ity in cases of DRESS/DIHS is primarily determined by the
degree of systemic involvement [35]. Tachycardia, leukocy-
tosis, tachypnea, coagulopathy, gastrointestinal bleeding,
and systemic inflammatory response syndrome (SIRS) have
also been found to be associated with poor outcomes in
DRESS/DIHS patients [33].

2.2.2. Stevens-Johnson Syndrome (S]S)/Toxic Epidermal
Necrolysis (TEN). Large epidemiologic investigations of
SCAR, especially SJS/TEN, have been performed in Europe
beginning 30 years [40, 41]. The reported incidence rates of
SJS/TEN for various countries and ethnicities have included
0.93-1.89 cases (Germany), 1.2 cases (France (TEN)), 1.4
cases (Italy), 5.76 cases (United Kingdom), 8.0 cases (Han
Chinese), and 12.7 cases (United States) per million people
per year [5, 40-45]. The large variation among these rates
of incidence might be due to differences in the studies report-
ing them, including differences in the populations studied,
generational differences, differing diagnostic criteria, and
differing methodologies (such as the use of registration data-
bases or electronic nationwide healthcare databases). SJS/
TEN can occur in different age groups, but the incidences
of SJS, SJS-TEN, and TEN appear to be lower in US children
than in adults [46]. Racial disparities in SJS/TEN incidence
were first reported by a large population-based study,
which found that SJS/TEN is more strongly associated
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with people of nonwhite ethnicities, particularly Asians
and blacks [42]. Pharmacogenetic studies, meanwhile, have
pointed out that the strength of genetic associations is
related to the prevalence with which susceptibility alleles
are carried in different ethnic populations, such as HLA-
B*15:02 and HLA-B*58:01 in Asians [47, 48]. Although
the above classical examples partially explain the phenom-
enon of specific drug hypersensitivity in specific ethnicities
with specific genetic factors, not all cases of drug hyper-
sensitivity can be fully elucidated using this approach.

Cases of SJS/TEN are primarily induced by medications,
but Mycoplasma pneumonia infection, viral infection, and col-
lagen vascular diseases have also been found to account for a
small portion of such cases [49-52]. The European ongoing
case-control surveillance of the SCAR (EuroSCAR) group
used a case-control study to identify the drugs carrying a high
risk of such reactions and found that they included sulfon-
amides, aromatic convulsants, allopurinol, oxicam nonsteroi-
dal anti-inflammatory drugs, and nevirapine [53]. Newly
developed drugs, such as anticancer target therapies, also have
the potential to induce SJS/TEN [54]. SJS/TEN induced by
monoclonal antibodies targeting the coinhibitory immune
checkpoint with antiprogrammed death-1 (PD-1) (nivolu-
mab) and anticytotoxic T-lymphocyte-associated protein 4
(CTLA-4) (ipilimumab) has likewise been reported [55, 56].
Proton pump inhibitors, meanwhile, have been known to
induce type I hypersensitivity reactions, but they carry some
risk of inducing life-threatening type IV hypersensitivity reac-
tions as well [57]. That risk, however, is mostly confined to the
first 8 weeks drug exposure, after which the onset of SCAR is
much less likely [53]. Meanwhile, the ALDEN (ALgorithm
for Drug causality in Epidermal Necrolysis) has been used to
provide structured assistance for the assessment of culprit
drugs in SJS/TEN patients [58].

The mortality rates of the various forms of SJS/TEN are
high, at approximately 10% for SJS, 30% for overlapping
SJS/TEN, and 50% for TEN, for an overall rate of about
25% [34, 59]. Indeed, the mortality rate for cases of TEN
has remained high, with reported rates of 15.8%-49.0%, even
with the overall improvements to health care in recent
decades [42, 44, 60]. A disease severity scoring system called
SCORTEN (SCORe of Toxic Epidermal Necrolysis) built on
seven independent variables (age>40 years; presence of
malignancy; body surface area involved > 10%; serum urea
nitrogen level >28 mg/dL; glucose level >252 mg/dL; bicar-
bonate [HCO,] level <20 mEq/L; and heart rate > 120 beats
per minute) can be used to help predict mortality in individ-
ual cases of SJS/TEN [61, 62]. Modified versions of this
scoring system may be needed for specific populations, like
pediatric patients [63].

2.2.3. Acute Generalized Exanthematous Pustulosis (AGEP).
The annual incidence of AGEP is estimated to be one to
five per million [64]. The EuroSCAR group conducted a
large case cohort study of 97 validated cases of AGEP
[13]. The mean age of the patients was 56 years (range:
4-91 vyears) [13]. The list of drugs reported to have been
involved is extensive, but certain medications such as amino-
penicillins, pristinamycin, quinolones, terbinafine, diltiazem,
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antimalarials, and Chinese herbs are known to be associated
with higher risks of AGEP [13, 65]. The mortality rate of
AGEDP has been reported to be about 4%, a relatively low rate
compared to those of SJS/TEN and DRESS/DIHS [13].

3. Genetic Factors in Drug Hypersensitivity

3.1. Genetic Factors in Immediate-Type Drug Hypersensitivity.
Genetic predisposing factors have been reported in cases
of immediate-type drug hypersensitivity resulting from the
use of beta-lactams, aspirin, and other NSAIDs. Interestingly,
HLA class II genes (HLA-DRA and the HLA-DRA|HLA-
DRBS5 interregion) have been linked to immediate reactions
to beta-lactams (Table 1) [66]. The genetic variants of proin-
flammatory cytokines (IL4, IL13, IL10, IL18, TNF, and
IFNGRI), the cytokine receptor (IL4R), the genes involved
in the IgE/FceRI pathway (the galectin-3 gene (LGALS3)),
and nucleotide-binding oligomerization domain (NOD) gene
polymorphisms are also strongly associated with beta-
lactam-induced immediate reactions (Table 2) [67-73].

The involvements of HLA-DRA, ILR4, NOD2, and
LGALS3 have also been further validated by a replication
study [72]. HLA-DRBI*13:02 and HLA-DRBI*06:09 are
associated, meanwhile, with aspirin-induced urticaria/angio-
edema [74]. In addition, HLA-B44 and HLA-Cw5 have also
been reported to be associated with chronic idiopathic urti-
caria associated with aspirin- and/or NSAID-induced hyper-
sensitivity [75]. Several genetic predisposing factors have
been reported to be associated with immediate-type aspirin
hypersensitivity, with those factors involving cytokines
(TGFBI1, TNF, and IL18) and the production and release of
mediators (LTC4S, TBXA2R, PTGER4, FCERIA, MS4A2,
FCERIG, and HNMT) [76, 77]. Immediate-type hypersensi-
tivity to NSAIDs has also been reported to be associated with
genes belonging to the arachidonic acid pathway (ALOX5,
ALOX5AP, ALOXI15, TBXAS1, PTGDR, and CYSLTRI)
[72, 78]. However, the association of common genetic varia-
tions in histamine receptor genes was not found in patients
with hypersensitivity to NSAIDs [79].

3.2. Genetic Factors in Delayed-Type Drug Hypersensitivity.
Recently, the number of pharmacogenetic studies of HLA-
associated drug hypersensitivity and related drug-induced
syndromes, such as fixed drug reaction, delayed rash, lupus
erythematosus, drug-induced liver disease, DRESS/DIHS,
SJS, and TEN, has been increasing. These associations are
usually drug and ethnic specific (Table 1), which implies that
specific HLA molecules may have higher binding affinities
for specific drug antigens and present the drug antigens to
specific TCRs, causing a series of T cell activations and
adverse immune responses.

3.2.1. Aromatic Anticonvulsants. Aromatic anticonvulsants,
such as carbamazepine (CBZ), phenytoin (PHT), oxcarbaze-
pine (OXC), and lamotrigine (LTG), are known to carry
higher risks of inducing SCAR. A strong genetic association
between HLA-B*15:02 and CBZ-induced SJS/TEN was found
in 2004 in Han Chinese (corrected P value=3.1x107%,
odds ratio (OR)=2504, and 95% confidence interval
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TasLE 1: HLA association with various phenotypes of drug hypersensitivity in different populations.

Associated drug HLA allele Hypersensitivity reactions Ethnicity Reference
Aromatic anticonvulsants
Han Chinese, Thai, Indian,
B*15:02 SJS/TEN Malaysian, Vietnamese, [45, 82, 83,
. 226-230]
Singaporean, Hong Kongese
A*31:01 DRESS Han Chinese, European, (86, 87, 231]
Spanish
Carbamazepine A*31:01 DRESS/SJS/TEN Northern European, (88-90]
Japanese, Korean
B*15:11 SJS/TEN Han Chinese, Japanese, (89, 232, 233]
Korean
B*59:01 SJS/ITEN Japanese [234]
B*38:01 SJS/ITEN Spanish [231]
B*15:02 SJS/TEN Han Chinese, Thai [81, 84]
B*15:02 SJS/TEN Han Chinese, Thai [81, 83]
B*15:02, B*13:01, B*51:01 SJS/TEN Han Chinese, Japanese, [91]
Malaysian
. A*33:03, B*38:02, B*51:01, .
Oxcarba;epme B*56:02, B* 58:01, C* 14:02 SJS/TEN Thai [235]
Phenytoin .
B*51:01 DRESS Thai [235]
B*15:13 DRESS/SJS/TEN Malaysian [236]
CYP2C9*3 DRESS/SJS/TEN Han Chinese, Japanese, [91]
Malaysian
CYP2C9*3 SJS/TEN Thai [235]
B*15:02 SJS/ITEN Han Chinese (81, 85, 237]
) B*38; B*58:01, A*68:01, Cw*07:18 SJS/TEN European [93, 238]
Phenobarbital B*38:01 SJS/TEN Spanish (231]
Lamotrigine
A*31:01 SJS/TEN Korean [239]
A*24:02 DRESS/SJS/TEN Spanish [231]
Allopurinol B*58:01 DRESS/SJS/TEN Han Chinese, Thai, Japanese, [92-96]
Korean, European
Antiretroviral drugs
Abacavir B*57:01 HSS European, African [98, 99]
DRBI1*01:01 DRESS Australian [240]
o B*35:05 DRESS Thai [101]
Nevirapine .
B*14:02, Cw*08:01, Cw*08:02 HSS Sardinian, Japanese [102, 241]
C*04:01 DRESS/SJS/TEN Malawian [242]
Antibiotics
DR9, DR14.1, DR17, DR4 Immediate-type drug Chinese [243]
hypersensitivity
Beta-lactam I diat d
DRA 157192, DRA rs8084 mmeciate-type drug Spanish, Ttalian [66]
hypersensitivity
Cotrimoxazole B*15:02, C*06:02, C*08:01 SJS/TEN Thai [244]
Dapsone B*13:01 HSS Han Chinese [105]
Sulfamethoxazole B*38:02 SJS/ITEN European [93]
Sulfonamide A*29,B*12, DR*7 TEN European [245]
NSAID:s
Aspirin DRB1*13:02, DRBI1*06:09 Urticaria/angioedema Korean [74]
Aspirin and other . Urticaria/angioedema and .
NSAIDs DRBI"11 hypotension/laryngeal edema Spanish [246]
Aspirin and other B*44, Cw*5 Chronic idiopathic urticaria Italian [75]

NSAIDs
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TaBLE 1: Continued.

Associated drug HLA allele Hypersensitivity reactions Ethnicity Reference
Oxicam NSAIDs B*73:01 SJS/TEN European [93]
Other drugs

Methazolamide B*59:01, CW*01:02 SJS/TEN Korean, Japanese [108]

DRESS: drug reaction with eosinophilia and systemic symptoms; HSS: hypersensitivity syndrome; MPE: maculopapular exanthema; NSAIDs: nonsteroidal
anti-inflammatory drugs; SJS: Stevens-Johnson syndrome; TEN: toxic epidermal necrolysis.

TaBLE 2: Genetic association with pathogenetic pathways in immediate-type drug hypersensitivity.

Associated drug Ethnicity ~ Cytokines/chemokines Proc“;?;g? d?;if:lease megll:cl)lgism Others Reference
Korean — MS4A2 — — [247, 248]
Chinese ILZ;?}\]%;’I{I:SIY?A%B’ — — — [69, 70, 249-252]
Beta-lactam antibiotics Italian IL4R, IL13, NOD2 LGALS3 — — [66, 68, 73]
French IL4R, IL10 — — — [253]
American IL4R, IL4 — LACTB — [67]
Spanish IL4R, TNF, NOD2 LGALS3 — — [66, 73, 254, 255]
Korean  ILI8, TGFBI, TNF ;‘{LZ\(])AZ(; I;gf(ilzf; fg%;ﬁ _ 76, 256-263]
Aspirin Poles — LTC4S — GSTM1 [264]
Venezuelan — LTC4S — — [265]
ALOX5, ALOX5AP, ALOX15,
Spanish — CTSLTRI, DAO, PPARG, — CEP68 [78, 266, 267]
NSAIDs PTGDR, TBXAS1
French — ALOX5, PTGERI — — [268]
Brazilian IL4R, IL10 DAO — CTLA4 [269]

(CI)=126-49,522) and has further been validated in
cohorts of various other Asian populations including Thai,
Indian, Malaysian, Vietnamese, Singaporean, and Hong
Kongese cohorts [45, 80]. The HLA-B*15:02 allele has also
been identified as the common risk factor for SJS/TEN
caused by other aromatic antiepileptic drugs [81], such
as PHT [82, 83], OXC [84], and LTG [85]. The association
between HLA alleles and CBZ-induced SCAR is phenotype
and ethnic specific. The HLA-A*31:01 allele is as specific
predictor of CBZ-induced DRESS but not CBZ-induced
SJS/TEN in Europeans and Han Chinese [86, 87]. In con-
trast, a strong association with HLA-A*31:01 was found in
CBZ-induced cutaneous adverse drug reactions (cADR) but
not only in DRESS/DIHS in Northern Europeans, Japanese,
and Koreans [88-90]. In addition to HLA alleles, a genome-
wide association study showed a strong association of
CYP2C9*3 with PHT-induced SCAR in patients from
Taiwan, Japan, and Malaysia and this finding was further
supported by evidence indicating the delayed clearance of
plasma PHT levels in PHT-induced SCAR [91].

3.2.2. Allopurinol. Allopurinol is a first-line drug used to
treat gouty arthritis and urate nephropathy. In 2005, Hung
et al. reported that HLA-B*58:01 was the genetic risk marker
for allopurinol-induced hypersensitivity in Han Chinese
(corrected P value=4.7x107**, OR=580.3, and 95%

CI=34.4-9780.9) [92]. This correlation was subsequently
validated among different populations, including various
Asian and European populations [93-96]. The gene dosage
effect of HLA-B*58:01 also influences the development of
allopurinol-induced hypersensitivity (OR=15.3 for HLA-
B*58:01 heterozygotes and OR=72.5 for homozygotes),
and the strength of the HLA-B*58:01 association has
been found to be correlated with the disease severity of
allopurinol-induced hypersensitivity (OR=8.5 for MPE,
OR=44.0 for SCAR) [97].

3.2.3. Antiretroviral Drugs, Antibiotics, and Other Drugs. The
antiretroviral drugs, such as abacavir and nevirapine, are also
known to cause hypersensitivity reactions. The association
with abacavir was first found in 2002 due to the significant
association between the HLA-B*57:01 and abacavir-induced
hypersensitivity reactions (corrected P value<0.0001,
OR=117, and 95% CI=29-481). The positive predictive
value of HLA-B*57:01 for abacavir hypersensitivity reactions
has been reported to be 55% in Caucasians [98, 99]. Nevira-
pine, meanwhile, has been associated with nevirapine-
induced hypersensitivity or DRESS in patients with HLA-
DRBI*01:01 in Western Australia [100], HLA-B*35:05 in
Thailand [101], and HLA-Cw8 in Japan [102]. In addi-
tion, several antibiotic-induced hypersensitivity reactions
and pharmacogenomic associations have also been reported,
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such as sulfonamide-induced allergic reactions [103],
penicillin-induced SCAR [104], HLA-B*13:01 and dapsone-
induced hypersensitivity syndrome in Chinese [105],
HLA-B*57:01 and flucloxacillin-induced liver injury [106],
and HLA-A*02:01 and HLA-DQBI*06:02 and amoxicillin-
clavulanate hepatitis [107]. Other pharmacogenomic associ-
ations include HLA-B*59:01 and methazolamide-induced
SJS/TEN in Koreans and Japanese [108], HLA-B*73:01 and
oxicam-induced SJS/TEN in Europeans [93], and ABCBI1,
C-24T, UGT2B7*2, and IL-4 C-590-A and diclofenac-
induced liver disease in Europeans [109, 110].

4. Cellular Immunology and Immune
Mechanisms in Drug Hypersensitivity

4.1. Antigen Presentation and Processing. Drugs are consid-
ered to be foreign antigens and bind to the HLA/peptide/
TCR complex to trigger immune and hypersensitivity reac-
tions. There are four hypotheses regarding drug presentation
mechanisms that have been proposed to explain how small
drug antigens might interact with HLA and TCR in drug
hypersensitivity: (1) the hapten theory, (2) the pharmacolog-
ical interaction with immune receptors (p-i) concept, (3) the
altered peptide repertoire model, and (4) the altered TCR
repertoire model [111-115].

First, the hapten theory states that the culprit drugs or
their reactive metabolites are too small to be immunogenic
on their own, whereas they covalently bind to the endoge-
nous peptides to form an antigenic hapten-carrier complex.
The hapten-carrier complex is presented to the HLA mole-
cule and then recognized by TCR, resulting in the induction
of drug-specific cellular or humoral immune responses. The
hapten theory has been shown to be valid in cases of
penicillin-induced cADR [111, 116]. Second, the pharmaco-
logical interaction with immune receptor (p-i) concept pos-
tulates that drugs may directly, reversibly, and noncovalently
bind to the HLA and/or TCR protein and bypass the classic
antigen-processing pathway in antigen-presenting cells. Wei
et al. previously found that CBZ/aromatic antiepileptic drugs
can directly interact with HLA-B*15:02 protein. No intracel-
lular antigen processing or drug metabolism was involved in
the HLA-B*15:02 presentation of CBZ [112]. Oxypurinol,
the reactive metabolite of allopurinol, provides another
example of the p-i concept in that it can directly and imme-
diately activate drug-specific T cells via the preferential use
of HLA-B*58:01 without intracellular processing [113].
Third, the altered peptide repertoire model states that the
culprit drugs occupy the position in the peptide-binding
groove of the HLA protein, changing the binding cleft and
the peptide specificity of HLA binding. Abacavir-induced
hypersensitivity has been found to belong to this model, as
the crystal structure of HLA-B*57:01 has been found to form
complexes with abacavir and peptides [114, 115]. These
studies showed that abacavir binds to the F-pocket of
HLA-B*57:01 and alters the shape and chemistry of the
antigen-binding cleft, thereby altering the repertoire of
endogenous peptides and resulting in polyclonal T cell
activation and autoimmune-like systemic reaction manifes-
tations. Finally, the altered TCR repertoire model suggests
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that some drugs, such as sulfamethoxazole, directly interact
with TCR, but not with the peptides or HLA molecules.
The drug antigens bind to specific TCRs and alter the
conformation of those TCRs, giving them the potential to
bind to HLA-self peptide complexes to elicit immune reac-
tions [117]. In this model, TCR is regarded as an initial drug
interaction molecule, suggesting that TCR is as crucial as
HLA molecules and contributes to the occurrence of drug
hypersensitivity. Furthermore, viruses have also been pro-
posed to participate in HLA/drug/TCR interactions, in that
they may provide exogenous peptides for drug presentation
and play important roles in cADR [116].

4.2. Cellular Immunology and Immune Molecules Involved in
Drug Hypersensitivity

4.2.1. Immediate-Type Drug Hypersensitivity. Immediate-
type drug hypersensitivity can be mediated by IgE-mediated
or non-IgE-mediated mechanisms [118]. IgE-mediated
mechanisms are mediated by drug-specific IgE via an
immune response to a hapten/carrier complex. In the pri-
mary drug sensitization, drug-specific IgE is formed when
plasma cells are transformed from activated B cells and
interact with T cells. In an allergic reaction, drug allergens
bind to mast cells or basophils with high-affinity Fc receptors,
to which drug-specific IgE is bound, causing degranulation of
the mast cells or basophils that results in the release of
various mediators, such as histamine, leukotrienes, prosta-
glandins, and cytokines [3]. Degranulation has recently
been proposed to occur in two main forms that are related
to reaction severity and progression: piecemeal degranula-
tion and anaphylactic degranulation [2, 119]. Piecemeal
degranulation is mediated through the upregulation of
CD203c on basophils via the formation of small vesicles from
the histamine-containing granules quickly shuttling to the
plasma membrane to cause more severe and rapid reactions
[120]. Anaphylactic degranulation results in the fusion of
the main histamine-containing granules with the plasma
membrane, releasing the entire contents of granules to the
extracellular space and exposing CD63 on the surface of
basophils [120].

The non-IgE-mediated immunologic mechanisms are
mediated by IgG antibodies or by complement activation
[23, 24]. IgG-mediated anaphylaxis has been established
in mouse models, wherein the use of drugs with specific
IgG bound to FcyRIII stimulates the release of platelet-
activating factor (PAF) by basophils, macrophages, or
neutrophils [24]. Although the IgG-mediated anaphylaxis
mechanism has not been fully demonstrated in humans,
some studies have shown that PAF is an essential mediator
in such anaphylaxis [121]. In addition, a novel gain-of-
function splice variant of FcyR FcyRIIA has been identified
with the presence of IgG anti-IgA antibodies in patients
with common variable immunodeficiency who developed
anaphylaxis after intravenous immunoglobulin infusion
[122]. Moreover, biological agents with IgA and infliximab
have been shown to induce anaphylaxis in the absence of
specific IgE but with high levels of specific IgG [123-125].
These observations also provide some additional evidence



for IgG-mediated anaphylaxis. Furthermore, complement
activation can be induced through the absence of agent-
specific IgE or IgG antibody immunocomplexes [24]. This
condition can be observed in patients undergoing hemodi-
alysis with a new dialysis membrane, protamine neutraliza-
tion of heparin, and polyethylene glycol infusion [23, 126].
Drugs solubilized in therapeutic liposomes and lipid-based
excipients (such as Cremophor EL used as the diluent for
older preparations of propofol and paclitaxel) can form
large micelles with serum lipids and cholesterol to stimulate
the complement system [23, 126]. This activation of com-
plement mechanisms further causes the release of C3a,
C5a, and C5b-9, which trigger, in turn, the activation of
mast cells, basophils, and other cells via their specific recep-
tors, resulting in degranulation and mediator release [24].

The nonimmunologic-type hypersensitivity reaction
directly activates mast cell degranulation without involving
the activation of the immune system. There are several spe-
cific agents that induce different mechanisms beyond the
direct immunoglobulin-mediated activation or complement
activation. Oversulfated chondroitin sulfate-contaminated
heparin was found to have caused various cases of anaphy-
laxis around 2007-2008 via the direct activation of the kinin
system with increased production of bradykinin, C3a, and
C5a [127]. The triggering of factor XII-driven contact
system activation-mediated bradykinin formation also
plays a key role in anaphylaxis [24]. NSAIDs, including
aspirin, can result in anaphylactic reactions via the inhibi-
tion of cyclooxygenase with a decrease in the production
of prostaglandins and the increased generation of cysteinyl
leukotrienes [23]. Vancomycin can directly activate mast
cells and/or basophils, leading to the release of histamine
[128]. This mechanism was suggested to be mediated via
the calcium-dependent activation of phospholipase-C and
phospholipase-A2 pathways [128]. Opiates (e.g., meperidine,
codeine, and morphine) also cause histamine release via
direct mast cell degranulation [129]. Recently, it was pro-
posed that nonimmunologic hypersensitivity reactions may
also be mediated through the MAS-related G protein-
coupled receptor-X2 (MRGPRX2) in cases involving specific
drugs, such as icatibant, neuromuscular blocking drugs, and
quinolone antibiotics [25]. The interaction of certain drugs
with this mast cell receptor can stimulate degranulation and
the release of TNF-a and prostaglandin D2 (PGD2), among
other molecules, leading to nonimmunologic anaphylactic
reactions [25]. The mouse counterpart of MRGPRX2 that
participates in peptidergic drug-induced pseudoallergic
reactions has been newly identified and could potentially
be applied in preclinical screening models [25, 130].

4.2.2. Delayed-Type Drug Hypersensitivity. The main concept
used to explain the pathomechanisms of delayed-type drug
hypersensitivity consists of the view that specific T lym-
phocytes or natural killer (NK) cells are activated upon
antigen recognition or Fas/FasL interaction and that various
cytotoxic proteins, including perforin/granzyme B, and
granulysin, are then released to attack keratinocytes or
other cells, inducing skin rash or epidermal necrosis. In
addition, several other cytokines/chemokines, including
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TNF-a, IFN-y, GM-CSF, TARC/CCL17, IL-6, IL-8/CXCLS,
IL-15, and IL-36, are also known to participate in the
immune reactions of drug hypersensitivity. These cyto-
kines/chemokines have been found to be highly expressed
in the skin lesions, blister fluids, blister cells, peripheral blood
mononuclear cells (PBMC), or plasma of patients. These
immune mediators are responsible for the trafficking,
proliferation, regulation, or activation of T lymphocytes
and other leukocytes, thereby affecting the clinical presenta-
tions of drug hypersensitivity in various ways (Table 3).

(1) Fas-FasL Interaction. Fas ligand (FasL) belongs to the
tumor necrosis factor (TNF) family. The binding of Fas
and FasL plays an important role in regulating the immune
system and is involved in the apoptosis of epidermal cells
in patients with drug hypersensitivity. Briefly, upon Fas-
FasL interaction, the Fas-associated death domain protein
(FADD) is recruited and binds to the Fas-FasL complex.
The FADD then recruits procaspase 8, bringing multiple
copies of procaspase 8 together, which in turn autoactivate
to become caspase 8, triggering the caspase cascade and
resulting in intracellular DNA degradation [131]. Viard et
al. proposed that a suicidal interaction between Fas and
FasL, which are both expressed by keratinocytes, leads to
the extensive necrosis of epidermal cells in individuals with
SJS/TEN [132].

(2) Perforin/ Granzyme B. A controversial hypothesis suggests
that perforin and granzyme B play more important roles in
the keratinocyte death in SJS/TEN than does the Fas-FasL
interaction [133]. Granzymes are serine proteases that are
released by cytoplasmic granules and can induce pro-
grammed cell death in the target cells. Upon activation,
drug-specific cytotoxic T lymphocytes (CTL) and NK cells
produce perforin, which can bind to and punch a channel
through the cell membrane, promoting the entry of gran-
zyme B into the target cells to activate the caspase cascade
and the succeeding apoptosis [134]. Delayed reactions to
drugs have shown that increasing levels of perforin and
granzyme B are related to the disease severity of drug
hypersensitivity [131].

(3) Granulysin. Granulysin is a cytolytic protein mainly
released by CTL and NK cells. It functions to create holes
in the cell membranes and thereby destroy target cells. In
2008, Chung et al. reported that 15kDa secretory granulysin
serves as a key mediator for the disseminated keratinocyte
apoptosis seen in SJS/TEN [135]. In that study, the increased
level of granulysin in blister fluids from the skin lesions of
SJS/TEN patients was much higher than the levels of other
cytotoxic proteins, such as perforin, granzyme B, and FasL,
and depleting the granulysin reduced the cytotoxicity [135].
Further studies demonstrated that granulysin is strongly
expressed in patients with drug-induced FDE, DRESS/DIHS,
and SJS/TEN but not MPE [136-138].

(4) TNF-a, IFN-y, TARC, IL-15, and Other Cytokines/
Chemokines in SJS/TEN, DRESS/DIHS, and AGEP. TNF-a
is a major proinflammatory cytokine and is produced by
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TaBLE 3: Delayed-type drug hypersensitivity-related cytokines and chemokines.

Phenotype Cytokines/chemokines Skin or blister Plasma PBMC References
TNF-« + [160]
IFN-y + + + [270-272]
IL-2 + [270]
IL-4 + [270]
DRESS/DIHS IL-5 + [270]
IL-6 + [160]
IL-13 + [270]
IL-15 [138]
TARC/CCL17 [273]
TNF-«a + [131, 138, 141-143, 274, 275]
IFN-y + [131, 142, 143, 274]
IL-2 + [131, 143]
IL-5 + [143]
IL-6 + + [143, 153, 154, 138]
IL-8/CXCL8 [138]
IL-10 + + [142, 153]
SJS/TEN IL-12 NS [142]
IL-13 + [143]
IL-15 NS + [142, 138]
IL-18 [142]
CCR3 [143]
CXCR3 [143]
CXCR4 NS [143]
CCR10 + [152]
IL-8/CXCL8 [145, 146]
AGEP IL-36 [147, 148]
GM-CSF + [145]

AGEP: acute generalized exanthematous pustulosis; CCR: C-C chemokine receptor; CXCR: CX chemokine receptor; DIHS: drug-induced hypersensitivity
syndrome; DRESS: drug reactions with eosinophilia and systemic symptoms; IFN-y: interferon-y; IL: interleukin; NS: not significant; SJS/TEN: Stevens—
Johnson syndrome and toxic epidermal necrolysis; TNF-a: tumor necrosis factor-a.

macrophages, T lymphocytes, NK cells, neutrophils, mast
cells, and eosinophils. It regulates immune responses through
the induction of cell apoptosis, activation, differentiation,
and inflammation [139]. TNF-«a was highly expressed and
suggested to be responsible for the extensive necrosis of skin
lesions of SCAR patients [140, 141]. IFN-y is critical for both
innate and adaptive immunity against viral and bacterial
infection, and it is predominantly produced by CD4" T
helper cells, CD8" CTL, and NK cells. IFN-y was found to
be increased in the skin tissue, blister cells, and plasma of
patients with erythema multiforme, SJS, TEN, and DRESS/
DIHS [131, 142, 143]. The immune mechanism of AGEP
is not yet well understood. However, high levels of IL-8/
CXCL8 production and the recruitment of neutrophils
have been observed in the skin lesions of AGEP patients
[144-146]. Mutations in the IL36RN gene encoding the
IL-36 receptor antagonist (IL-36Ra) have also been identified
in AGEP patients [147, 148]. DRESS/DIHS is characterized
by leukocytosis with atypical lymphocytosis or eosinophilia
[149]. Serum thymus and activation-regulated chemokine
(TARC) was identified as a potential biomarker for early
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indication of the disease and a predictor of disease activity
in DRESS/DIHS [150, 151]. Compared to patients with
MPE and SJS/TEN, the TARC levels in patients with
DRESS/DIHS are significantly higher during the acute
phase and are correlated with skin eruptions [151].
Interleukin-15 (IL-15) is a cytokine that can induce the
proliferation of NK cells and other leukocytes, and it has
been found to be associated with the disease severity and
mortality of SJS/TEN [138]. IL-15 has also been shown to
enhance the cytotoxicity of cultured NK cells and blister
cells from TEN patients [138]. In addition, other cytokines
and chemokine receptors, including IL-2, IL-4, IL-5, IL-6,
IL-8, IL-10, IL-12, IL-13, IL-18, CCR3, CXCR3, CXCR4,
and CCRI10, have been found to be upregulated in the skin
lesions, blister fluids, PBMC, or plasma of drug hypersensi-
tivity patients and to participate in the immune regulation
of drug hypersensitivity [131, 138, 142, 143, 152-154].

(5) Syndrome-Specific Effector Cells. SJS/TEN is characterized
by profound necrosis localized to the epidermis. Cytotoxic
CD8 T cells, natural killer cells, and natural killer T cells
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producing the cytotoxic molecules, especially granulysin,
which causes extensive keratinocyte death, are enriched in
blister fluid samples from the skin lesions of patients with
SJS/TEN. Granulysin serum levels are correlated with the
severity of acute disease and mortality [135, 155]. These cyto-
toxic cells mediate the disease pathogenesis. It is shown that
the function of regulatory T cells (Tregs) in SJS/TEN is
inadequate, although present in normal frequency [156].
Immunological changes of DRESS/DIHS are characterized
by the increase of atypical lymphocytes or eosinophils [149,
157]. Eosinophilia can be observed in 60-95% of DRESS/
DIHS patients at the early stage of the illness [32, 157]. Most
of DRESS patients had increased numbers of CD4" T cells in
the acute stage, which was associated with the severity of
clinical symptoms, such as the extent of skin rash and
reactivations of virus [158]. In addition, Tregs play important
roles in DRESS/DIHS pathogenesis. Dramatic expansions of
functional Tregs are found in the acute stage of DRESS/DIHS
[156]. It is hypothesized that CD4"FoxP3" T cells that are
home to skin serve to limit the severity of acute disease by
regulating the cytotoxic effector T cell responses. However,
Treg responses eventually exhaust and this might contribute
to ongoing viral replication and intermittent recurrence of
clinical symptoms [156, 159]. In patients with AGEP, it is
shown that the increased neutrophilic inflammatory pro-
cesses are regulated by T lymphocytes, which is important
in the pathogenesis. The recruitment of neutrophils was
observed in the skin lesions of the patients with the late phase
of disease development [144, 145].

5. Environmental Factors and Viral
Infections in Drug Hypersensitivity

In addition to drug antigens, hypersensitivity reactions may
be induced by other pathogens, such as Mycoplasma pneu-
monia, or viral infections. Virus-drug interactions associated
with viral reactivation may also exist. For example, it is well
known that human herpesvirus-6 (HHV-6) plays an impor-
tant role in DRESS/DIHS. HHV-6 reactivation in patients
with DRESS/DIHS may increase T cell activity after the
initiation of the drug eruption and induce the synthesis of
proinflammatory cytokines, including TNF-a and IL-6,
which may in turn modulate the T cell-mediated responses
[160]. Shiohara et al. reviewed the associations between viral
infections and drug rashes, as well as the mechanisms by
which viral infections induce drug rashes. The sequential
reactivations of several herpes viruses (HHV-6, HHV-7,
Epstein-Barr virus (EBV), and cytomegalovirus (CMV))
were found to be coincident with the clinical symptoms of
drug hypersensitivity reactions [161]. Chung et al. reported
that a new variant of coxsackievirus A6 (CVA6) acting as
the causative agent may induce widespread mucocutaneous
blistering reactions mimicking the features of erythema mul-
tiforme major or SCAR [52]. In addition, the virus may also
provide exogenous peptides for drug presentation and partic-
ipate in HLA/drug/TCR interactions. White et al. recently
proposed that some patients may acquire primary infection
via HHVs or other pathogens that in turn induce drug
hypersensitivity [116]. The presence of HHV peptides in
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patients with high-risk HLA alleles may trigger the activation
of cytotoxic T cells, thereby resulting in the development of
SCAR. The pathogenic factors underlying the unusual
presentations of drug hypersensitivity related to viral
infections need to be further investigated.

6. Diagnostic Tools for Drug Hypersensitivity

6.1.  Diagnostic ~ Tools  for  Immediate-Type  Drug
Hypersensitivity. The most commonly used laboratory test
for confirming a diagnosis of anaphylaxis consists of
determining the patient’s total serum tryptase level [162].
Serial measurements of tryptase levels can be taken during
an anaphylactic episode, although measurements of the base-
line level are considered to be most useful. In fact, while serial
measurements of tryptase levels taken during an anaphylactic
episode can serve as useful markers for evaluating these reac-
tions, this approach is not used so widely in clinical practice
due to the limitations involved in measuring tryptase during
the acute phase of an episode. Elevated levels of histamine,
the first mediator released by mast cells, in plasma or urine
are also consistent with anaphylaxis [2]. However, plasma
histamine levels are only transiently elevated, making them
of little utility if the patient is evaluated more than 1 hour
after onset of the episode [163]. At the same time, normal
levels of tryptase or histamine do not preclude a diagnosis
of drug hypersensitivity [15]. Other newly identified
biomarkers, such as PAF and carboxypeptidase A3, bring
hope for enhancing diagnostic accuracy, although their use
remains experimental [15, 164].

For IgE-mediated hypersensitivity reactions, serum drug-
specific IgE (sIgE) quantification and the basophil activation
test (BAT) are frequently used to assess the culprit drug. The
tests used to conduct sIgE immunoassays consist of radioal-
lergosorbent testing (RAST), enzyme-linked immunosorbent
assays (ELISAs), and fluoroenzyme immunoassays (FEIAs)
[165]. While RAST or ELISAs are usually conducted using
in-house techniques, FEIAs can be performed using com-
mercial products, such as the ImmunoCAP-FEIA system
[166-168]. Only a few products are available, meanwhile,
for some drugs, particularly beta-lactam antibiotics [167,
169]. The sensitivity of the various immunoassays used has
been found to average 62.9%, while the average specificity,
PPV, and NPV are 89.2%, 83.3%, and 77.8%, respectively
[168]. The average NPV is also relatively low in order to
exclude allergic reactions and determine whether to perform
a provocation test [170]. In comparison, the BAT test pro-
vides a higher average specificity (94.6%) and PPV (93.4%)
than immunoassays [168]. The test uses flow cytometry after
drug stimulation to determine the levels of basophil activa-
tion or degranulation markers; the upregulation of CD63
and CD203c is also usually measured [171]. Of note, the
results of the BAT for aspirin/NSAID-induced hypersensitiv-
ity remain inconclusive due to the fact that they encompass
both IgE-mediated allergic reactions and nonimmunological
intolerances, limiting the use of the BAT in assessing
non-IgE-mediated reactions [172]. Mediator release assays,
meanwhile, measure the mediator released (histamine or
leukotriene 4) in a supernatant upon cell activation after
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drug stimulation, but these assays have exhibited sensitivity
and specificity levels too low for them to be recommended
for the purposes of diagnosis [169, 173].

6.2. Diagnostic Tools for Delayed-Type Drug Hypersensitivity.
The discovery of biomarkers for drug hypersensitivity is cru-
cial for clinical purposes, including the early diagnosis and
better prediction of this disease in order to prevent complica-
tions. We previously found granulysin to be a key cytotoxic
molecule responsible for disseminated keratinocyte necrosis
through the action of cytotoxic lymphocytes or NK-cell-
mediated cytotoxicity with no direct cellular contact [135].
A significant correlation between the granulysin levels in
blister fluids and clinical severity was also found [135]. In
addition, the serum granulysin levels in patients with SJS/
TEN have also been found to be significantly elevated before
the development of skin detachment or mucosal lesions but
then to drop rapidly within 5 days of disease onset [136].
As a potential marker for the early phase of SJS/TEN, a sim-
ple rapid immunochromatographic test for elevated serum
granulysin was developed for immediate clinical use. Addi-
tionally, prolonged elevation of serum granulysin has also
been found in DIHS patients, indicating that such elevation
could possibly be used for the purposes of early diagnosis
and predicting disease prognosis [174]. Furthermore, the
levels of IL-15 were correlated with the disease progression
and mortality of SJS/TEN at early stage [138]. Serum IL-15
levels can be further utilized as a marker for early diagnosis
and prognosis monitoring [138]. For DRESS/DIHS, serum
TARC levels in patients with DRESS/DIHS have been
reported to be significantly higher than those in patients with
SJS/TEN and MPE during the acute phase and to be corre-
lated with skin eruptions [151]. TARC was thus identified
as a potential biomarker for the early indication and disease
activity of DRESS/DIHS and also for determining the prog-
nosis of systemic severity of inflammation in drug eruptions
other than SJS/TEN [150, 151]. For AGEP, meanwhile, no
specific markers for diagnosing or predicting the disease have
been identified at present [175].

Drug rechallenge is considered the gold standard for con-
firming a potential offending drug; however, its use is not
practical due to the possible life-threatening consequences.
As such, there is still no standard method for the confir-
mation of drug causality. Nonetheless, since HLA genotyp-
ing has been useful in screening for populations at risk for
SCAR, HLA genotyping might be helpful for identifying
culprit drugs via specific HLA alleles in at-risk populations
[48, 176]. Several in vitro tests can be used to assist in the
confirmation of drug causality, but the exact sensitivity and
specificity of such tests are not well known [177, 178]. There
are several tests currently available: the lymphocyte transfor-
mation test (LTT), ELISpot (Enzyme-linked immunospot
assay) intracellular cytokine staining, and the enzyme-
linked immunosorbent assay (ELISA) for the secretion of
cytotoxic mediators including inflammatory cytokines, che-
mokine-chemokine receptors, IFN-y, Fas-Fas ligand, per-
forin, granzyme B, and granulysin [179]. The LTT is a
reproducible test for measuring the enhanced proliferative
response of PBMC after the sensitization of T cells to a drug
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[180]. However, the sensitivity of the test has reportedly var-
ied among various studies involving various drugs and clini-
cal phenotypes and different timings for use of the test [181,
182]. The relevance of using the LTT in testing for SJS/TEN
was relatively lower those using than DRESS/DIHS and
AGEP [182]. Several modifications can help to increase the
sensitivity of the LTT or ELISPOT, including stimulation
with anti-CD-3/CD28 antibody-coated microbeads with
IL-2, depletion of Treg/CD25hi cells, or the combined
addition of anti-CTLA4 and anti-programmed cell death
ligand 1 (PD-L1) antibodies to PBMC cultures [183-185].
IFN-y-ELISpot showed a similar sensitivity (67%) and spec-
ificity in DRESS, but a higher sensitivity (71%) in SJS/TEN
[179]. The data for an ELISA-based test used to detect gran-
ulysin showed better sensitivity (86%) in SJS/TEN, but the
evidence was limited due to the small number of cases in
the study [186]. Further larger studies will thus be needed
to confirm both the sensitivity and specificity.

In vivo patch tests provide a low-risk method for repro-
ducing delayed hypersensitivity with moderate reexposure
of patients to suspected offending drugs [187]. The value of
patch testing depends on the phenotypes and drugs involved.
The sensitivity of such testing is generally <70%, but
higher sensitivities have been reported for AGEP and for
some selected populations such as abacavir-hypersensitiv-
ity, carbamazepine-induced SJS/DRESS, and fixed drug
eruption patients [178, 187, 188]. The skin tests involving
a prick or intradermal testing are considered to be crucial
tools for evaluating drug hypersensitivity reactions, including
IgE-mediated or delayed-type hypersensitivity, in both the
European and American guidelines [22, 189-191]. However,
these skin tests are usually not suggested for SCAR patients
due to the risk of relapse, although late-reading intradermal
tests are of value for AGEP patients and negative patch tests
are of value for SCAR patients [187, 192].

7. Therapeutic Approaches in
Drug Hypersensitivity

7.1. Therapeutic Approaches in Immediate-Type Drug
Hypersensitivity. Anaphylaxis is a medical emergency and
epinephrine is the treatment of choice for anaphylaxis to pre-
vent its progression to a life-threatening condition [15, 193].
Epinephrine should be administered as soon as possible
without delay to avoid mortality [194]. The intramuscular
injection of epinephrine into the middle of the outer thigh
is recommended to treat anaphylaxis in most settings and
in patients of all ages [195]. Glucagon is indicated for patients
receiving beta-blockers with refractory symptoms [196]. The
use of corticosteroids was previously believed to decrease the
risk of biphasic and protracted reactions; however, a system-
atic review of the literature failed to retrieve any randomized
controlled trials to confirm their effectiveness [197]. An
emergency department-based study also failed to find a
decrease in the rates of return visits or biphasic reactions
among patients treated with glucocorticoids [198]. These
adjunctive therapies, including corticosteroids, antihista-
mines, and bronchodilators, could help to relieve symptoms,
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but should not be substituted for epinephrine or delay the use
of epinephrine [199, 200].

7.2.  Therapeutic Approaches in Delayed-Type Drug
Hypersensitivity. For the treatment of severe delayed-type
drug hypersensitivity, such as SJS/TEN, there are no optimal
treatment guidelines. Thus far, in fact, only a few randomized
trials that could be regarded as references to guide treatment
have been conducted. The efficacy of systemic immunosup-
pressants or immunomodulatory treatments (e.g., corticoste-
roids, cyclosporine, intravenous immunoglobulins (IVIg),
and plasmapheresis) still remains controversial. Systemic
corticosteroids could be the most common treatment option,
but the prior use of corticosteroids was found to prolong dis-
ease progression with no definite benefit in terms of survival
[60, 201-203]. IVIg is one of the most commonly utilized
therapies for SJS/TEN and is frequently the adjunctive ther-
apy used for severe cases or pediatric patients [204]. In a
meta-analysis, however, IVIg, even high doses of IVIg, failed
to achieve statistically significant results supporting the
conclusion that it is clinically beneficial [204, 205]. IVIg
has been found to yield better outcomes in pediatric
patients, but children with TEN usually have lower rates
of mortality and better prognoses than adult patients
[204, 206]. Cyclosporine, has been found to decrease the
mortality rate and the progression of detachment in adults
in an open-label phase II trial [207]. However, one recent
cohort study revealed a statistically insignificant survival
benefit for cyclosporine therapy compared to supportive
care [208]. In contrast, the first meta-analysis of 7 studies
regarding the effect on mortality of cyclosporine in the
treatment of SJS/TEN showed a beneficial effect [209]. A
trend identified in the same study also indicated that
cyclosporine demonstrated better survival than IVIg [209].
There have also been an increasing number of case reports
regarding the benefit of treatment with anti-TNF-« biologic
agents for patients with TEN [210-215]. One recent systemic
review showed that glucocorticosteroids and cyclosporine are
the most promising therapies in terms of survival benefit, but
no such benefits were observed for IVIg, plasmapheresis,
thalidomide, cyclophosphamide, hemoperfusion, tumor
necrosis factor inhibitors, or granulocyte colony-stimulating
factor [216]. Meanwhile, IL-15 was demonstrated to be a
major cytokine orchestrating SJS/TEN, indicating that
further novel therapeutics including IL-15 blockers, the
mammalian target of rapamycin (mTOR) inhibitors, and
Janus kinase/signal transducers and activators of transcrip-
tion (JAK/STAT) inhibitors hold promise for impacting
various therapeutic targets [138, 217]. That said, further
prospective, randomized controlled studies are needed to
provide more definitive conclusions regarding treatment in
patients with SJS/TEN.

Systemic corticosteroids have been considered the treat-
ment of choice for patients with DRESS/DIHS, but they
may be associated with an increased risk of complications
such as opportunistic infections [218]. CMV and HHV-6
viral loads were also reported to be increased in patients
receiving systemic corticosteroids, while EBV loads were
higher in patients not receiving systemic corticosteroids
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[219]. Antiviral medications such as ganciclovir can be given
in addition to steroids and/or IVIg in cases of severe disease
with confirmation of viral reactivation [220]. Several previ-
ous studies have reported the effectiveness of treatment with
IVIg [221]. However, the premature discontinuation of a
prospective study regarding the role of IVIg treatment
occurred due to severe adverse effects [222]. Plasmapheresis
and other immunosuppressive drugs, such as cyclophospha-
mide, cyclosporine, interferons, muromonab-CD3, myco-
phenolate mofetil, and rituximab, may also be potential
therapies [221]. Among the above treatments, the use of
cyclosporine was successful in 2 recent cases with rapid
response, and so, its use could be considered for patients
with concerns about using longer courses of systemic cor-
ticosteroids [223]. Supportive treatment with topical
steroid-based treatments for AGEP is suggested due to
the mostly benign and self-limiting course of the condition
[224, 225]. Meanwhile, the administration of systemic ste-
roids for a short period can be considered for severe and
refractory cases [175].

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Authors’ Contributions

Yi-Giien Tsai and Wen-Hung Chung contributed equally to
this work.

Acknowledgments

The authors would like to thank the National Science
Council, Taiwan (MOST103-2321-B-182-001, MOST101-
2628-B-182-001-MY3, MOST104-2314-B-182A-148-MY3,
and MOST104-2325-B-182A-006), and Chang Gung
Memorial Hospital (CLRPG2E0051~3, CORPG3F0041~2,
OMRPG3E0041, and CMRPG1F0111~2) for kindly support-
ing this work.

References

[1] W. J. Pichler, “Delayed drug hypersensitivity reactions,”
Annals of Internal Medicine, vol. 139, no. 8, pp. 683-693,
2003.

[2] M. I Montaiez, C. Mayorga, G. Bogas et al., “Epidemiology,
mechanisms, and diagnosis of drug-induced anaphylaxis,”
Frontiers in Immunology, vol. 8, p. 614, 2017.

[3] B.Schnyder and W.J. Pichler, “Mechanisms of drug-induced
allergy,” Mayo Clinic Proceedings, vol. 84, no. 3, pp. 268-272,
2009.

[4] S. G. Johansson, T. Bieber, R. Dahl et al., “Revised nomen-
clature for allergy for global use: Report of the Nomencla-
ture Review Committee of the World Allergy Organization,
October 2003,” The Journal of Allergy and Clinical Immunol-
ogy, vol. 113, no. 5, pp. 832-836, 2004.

[5] M. Mockenhaupt, “Epidemiology of cutaneous adverse
drug reactions,” Chemical Immunology and Allergy, vol. 97,
pp. 1-17, 2012.

164



Journal of Immunology Research

(6]

(7]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

G. A. Wong and N. H. Shear, “Adverse drug interactions
and reactions in dermatology: current issues of clinical rel-
evance,” Dermatologic Clinics, vol. 23, no. 2, pp. 335-342,
2005.

C. C. Vittorio and J. J. Muglia, “Anticonvulsant hypersensi-
tivity syndrome,” Archives of Internal Medicine, vol. 155,
no. 21, pp. 2285-2290, 1995.

F. Arellano and J. A. Sacristan, “Allopurinol hypersensitivity
syndrome: a review,” Annals of Pharmacotherapy, vol. 27,
no. 3, pp. 337-343, 1993.

H. Bocquet, M. Bagot, and J. C. Roujeau, “Drug-induced
pseudolymphoma and drug hypersensitivity syndrome (drug
rash with eosinophilia and systemic symptoms: DRESS),”
Seminars in Cutaneous Medicine and Surgery, vol. 15, no. 4,
pp. 250-257, 1996.

T. Shiohara, M. Iijima, Z. Ikezawa, and K. Hashimoto,
“The diagnosis of a DRESS syndrome has been sufficiently
established on the basis of typical clinical features and viral
reactivations,” British Journal of Dermatology, vol. 156,
no. 5, pp. 1083-1084, 2007.

Y. Ushigome, Y. Kano, K. Hirahara, and T. Shiohara, “Human
herpesvirus 6 reactivation in drug-induced hypersensitivity
syndrome and DRESS validation score,” The American Journal
of Medicine, vol. 125, no. 7, pp. €9-¢el10, 2012.

S. Bastuji-Garin, B. Rzany, R. S. Stern, N. H. Shear, L. Naldi,
and J. C. Roujeau, “Clinical classification of cases of toxic
epidermal necrolysis, Stevens-Johnson syndrome, and
erythema multiforme,” Archives of Dermatology, vol. 129,
no. 1, pp. 92-96, 1993.

A. Sidoroff, A. Dunant, C. Viboud et al., “Risk factors for
acute generalized exanthematous pustulosis (AGEP)-results
of a multinational case-control study (EuroSCAR),” British
Journal of Dermatology, vol. 157, no. 5, pp. 989-996, 2007.
M. Lerch and W. J. Pichler, “The immunological and clinical
spectrum of delayed drug-induced exanthems,” Current
Opinion Allergy and Clinical Immunology, vol. 4, no. 5,
pp. 411-419, 2004.

F. E. Simons, L. R. Ardusso, M. B. Bilo et al., “World Allergy
Organization anaphylaxis guidelines: summary,” The Journal
of Allergy and Clinical Immunology, vol. 127, no. 3, pp. 587-
593.e22, 2011.

E. J. Jares, C. E. Baena-Cagnani, M. Sanchez-Borges et al.,
“Drug-induced anaphylaxis in Latin American countries,”
The Journal of Allergy and Clinical Immunology: in Practice,
vol. 3, no. 5, pp. 780-788, 2015.

Y. S. Lee and W. Z. Sun, “Epidemiology of anaphylaxis: a
retrospective cohort study in Taiwan,” Asian Journal of
Anesthesiology, vol. 55, no. 1, pp. 9-12, 2017.

L. H. Garvey, “Old, new and hidden causes of perioperative
hypersensitivity,” Current Pharmaceutical Design, vol. 22,
no. 45, pp. 6814-6824, 2016.

M. Iammatteo, T. Keskin, and E. Jerschow, “Evaluation of
periprocedural hypersensitivity reactions,” Annals of Allergy
Asthma & Immunology, vol. 119, no. 4, pp. 349.e2-355.¢2,
2017.

N. Blanca-Lopez, D. Perez-Alzate, I. Andreu et al., “Immedi-
ate hypersensitivity reactions to ibuprofen and other arylpro-
pionic acid derivatives,” Allergy, vol. 71, no. 7, pp. 1048-1056,
2016.

M. G. Canto, I. Andreu, J. Fernandez, and M. Blanca,
“Selective immediate hypersensitivity reactions to NSAIDs,”

165

(22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

13

Current Opinion in Allergy and Clinical Immunology, vol. 9,
no. 4, pp. 293-297, 2009.

K. Brockow, L. H. Garvey, W. Aberer et al, “Skin test
concentrations for systemically administered drugs - an
ENDA/EAACI Drug Allergy Interest Group position paper,”
Allergy, vol. 68, no. 6, pp. 702-712, 2013.

R. Munoz-Cano, C. Picado, A. Valero, and J. Bartra, “Mech-
anisms of anaphylaxis beyond IgE,” Journal of Investigational
Allergology and Clinical Immunology, vol. 26, no. 2, pp. 73-
82, 2016.

F. D. Finkelman, M. V. Khodoun, and R. Strait, “Human
IgE-independent systemic anaphylaxis,” The Journal of
Allergy and Clinical Immunology, vol. 137, no. 6, pp. 1674
1680, 2016.

H. Subramanian, K. Gupta, and H. Ali, “Roles of Mas-related
G protein-coupled receptor X2 on mast cell-mediated host
defense, pseudoallergic drug reactions, and chronic inflam-
matory diseases,” The Journal of Allergy and Clinical
Immunology, vol. 138, no. 3, pp. 700-710, 2016.

D. Laroche, F. Namour, C. Lefrancois et al., “Anaphylactoid
and anaphylactic reactions to iodinated contrast material,”
Allergy, vol. 54, Supplement 58, pp. 13-16, 1999.

K. Farnam, C. Chang, S. Teuber, and M. E. Gershwin,
“Nonallergic drug hypersensitivity reactions,” International
Archives of Allergy and Immunology, vol. 159, no. 4,
pp. 327-345, 2012.

M. L. Kowalski, R. Asero, S. Bavbek et al., “Classification and
practical approach to the diagnosis and management of
hypersensitivity to nonsteroidal anti-inflammatory drugs,”
Allergy, vol. 68, no. 10, pp. 1219-1232, 2013.

S. H. Kardaun, A. Sidoroft, L. Valeyrie-Allanore et al,
“Variability in the clinical pattern of cutaneous side-effects
of drugs with systemic symptoms: does a DRESS syndrome
really exist?,” British Journal of Dermatology, vol. 156, no. 3,
pp. 609-611, 2007.

J. R. Sullivan and N. H. Shear, “The drug hypersensitivity syn-
drome: what is the pathogenesis?,” Archives of Dermatology,
vol. 137, no. 3, pp. 357-364, 2001.

P. Cacoub, P. Musette, V. Descamps et al,, “The DRESS
syndrome: a literature review,” The American Journal of
Medicine, vol. 124, no. 7, pp. 588-597, 2011.

S. H. Kardaun, P. Sekula, L. Valeyrie-Allanore et al., “Drug
reaction with eosinophilia and systemic symptoms
(DRESS): an original multisystem adverse drug reaction.
Results from the prospective RegiSCAR study,” British
Journal of Dermatology, vol. 169, no. 5, pp. 1071-1080,
2013.

C. H. Wei, R. Chung-Yee Hui, C. J. Chang et al., “Identifying
prognostic factors for drug rash with eosinophilia and
systemic symptoms (DRESS),” European Journal of
Dermatology, vol. 21, no. 6, pp. 930-937, 2011.

J. C. Roujeau and R. S. Stern, “Severe adverse cutaneous
reactions to drugs,” The New England Journal of Medicine,
vol. 331, no. 19, pp. 1272-1285, 1994.

Y. Kano, T. Ishida, K. Hirahara, and T. Shiohara, “Visceral
involvements and long-term sequelae in drug-induced
hypersensitivity syndrome,” Medical Clinics of North
America, vol. 94, no. 4, pp. 743-759, 2010.

O. Matsuno, “Drug-induced interstitial lung disease: mecha-

nisms and best diagnostic approaches,” Respiratory Research,
vol. 13, no. 1, p. 39, 2012.



14

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

[47]

(48]

(49]

(50]

T. Thongsri, L. Chularojanamontri, and W. J. Pichler, “Car-
diac involvement in DRESS syndrome,” Asian Pacific Journal
Allergy and Immunology, vol. 35, no. 1, pp. 3-10, 2017.

G. P. Bourgeois, J. A. Cafardi, V. Groysman, and L. C.
Hughey, “A review of DRESS-associated myocarditis,” Jour-
nal of the American Academy of Dermatology, vol. 66, no. 6,
pp. €229-236, 2012.

M. Ben m'rad, S. Leclerc-Mercier, P. Blanche et al,
“Drug-induced hypersensitivity syndrome: clinical and
biologic disease patterns in 24 patients,” Medicine, vol. 88,
pp. 131-140, 2009.

J. C. Roujeau, J. C. Guillaume, J. P. Fabre, D. Penso, M. L.
Flechet, and J. P. Girre, “Toxic epidermal necrolysis (Lyell
syndrome). Incidence and drug etiology in France, 1981-
1985,” Archives of Dermatology, vol. 126, no. 1, pp. 37-42,
1990.

E. Schopf, A. Stuhmer, B. Rzany, N. Victor, R. Zentgraf,
and J. F. Kapp, “Toxic epidermal necrolysis and Stevens-
Johnson syndrome. An epidemiologic study from West
Germany,” Archives of Dermatology, vol. 127, no. 6,
pp. 839-842, 1991.

D. Y. Hsu, J. Brieva, N. B. Silverberg, and J. I. Silverberg,
“Morbidity and mortality of Stevens-Johnson syndrome and
toxic epidermal necrolysis in United States adults,” Journal
of Investigative Dermatology, vol. 136, no. 7, pp. 1387-1397,
2016.

N. Frey, J. Jossi, M. Bodmer et al., “The epidemiology of
Stevens-Johnson syndrome and toxic epidermal necrolysis
in the UK,” Journal of Investigative Dermatology, vol. 137,
no. 6, pp. 1240-1247, 2017.

J. Diphoorn, S. Cazzaniga, C. Gamba et al, “Incidence,
causative factors and mortality rates of Stevens-Johnson
syndrome (SJS) and toxic epidermal necrolysis (TEN) in
northern Italy: data from the REACT registry,” Pharmacoepi-
demiology and Drug Safety, vol. 25, no. 2, pp. 196-203, 2016.
W. H. Chung, S. I. Hung, H. S. Hong et al., “Medical genetics:
a marker for Stevens-Johnson syndrome,” Nature, vol. 428,
no. 6982, p. 486, 2004.

D. Y. Hsu, J. Brieva, N. B. Silverberg, A. S. Paller, and J. I.
Silverberg, “Pediatric Stevens-Johnson syndrome and toxic
epidermal necrolysis in the United States,” Journal of the
American Academy of Dermatology, vol. 76, mno. 5,
pp. 811.e4-817.e4, 2017.

P. B. Ferrell Jr. and H. L. McLeod, “Carbamazepine, HLA-B*
1502 and risk of Stevens-Johnson syndrome and toxic
epidermal necrolysis: US FDA recommendations,” Pharma-
cogenomics, vol. 9, no. 10, pp. 1543-1546, 2008.

E. ]. Phillips, W. H. Chung, M. Mockenhaupt, J. C. Roujeau,
and S. A. Mallal, “Drug hypersensitivity: pharmacogenetics
and clinical syndromes,” The Journal of Allergy and Clinical
Immunology, vol. 127, no. 3, pp. S60-S66, 2011.

A. Auquier-Dunant, M. Mockenhaupt, L. Naldi et al,
“Correlations between clinical patterns and causes of
erythema multiforme majus, Stevens-Johnson syndrome,
and toxic epidermal necrolysis - results of an international
prospective study,” Archives of Dermatology, vol. 138,
no. 8, pp. 1019-1024, 2002.

G. Yildirim Cetin, H. Sayar, F. Ozkan, S. Kurtulus, F. Kesici,
and M. Sayarlioglu, “A case of toxic epidermal necrolysis-
like skin lesions with systemic lupus erythematosus and
review of the literature,” Lupus, vol. 22, no. 8, pp. 839-846,
2013.

166

(51]

(52]

(53]

(54]

[55]

(56]

(57]

(58]

(59]

(60]

[61]

[62]

(63]

(64]

Journal of Immunology Research

D. Olson, L. K. Watkins, A. Demirjian et al., “Outbreak
of mycoplasma pneumoniae-associated Stevens-Johnson
syndrome,” Pediatrics, vol. 136, no. 2, pp. €386-e394, 2015.

W. H. Chung, S. R. Shih, C. F. Chang et al., “Clinicopatho-
logic analysis of coxsackievirus a6 new variant induced
widespread mucocutaneous bullous reactions mimicking
severe cutaneous adverse reactions,” The Journal of Infectious
Diseases, vol. 208, no. 12, pp. 1968-1978, 2013.

M. Mockenhaupt, C. Viboud, A. Dunant et al., “Stevens-
Johnson syndrome and toxic epidermal necrolysis: assess-
ment of medication risks with emphasis on recently marketed
drugs. The EuroSCAR-study,” Journal of Investigative
Dermatology, vol. 128, no. 1, pp. 35-44, 2008.

A. C. Rosen, Y. Balagula, D. W. Raisch et al., “Life-threaten-
ing dermatologic adverse events in oncology,” Anti-Cancer
Drugs, vol. 25, no. 2, pp- 225-234, 2014.

E. Dika, G. M. Ravaioli, P. A. Fanti et al, “Cutaneous
adverse effects during ipilimumab treatment for metastatic
melanoma: a prospective study,” European Journal of
Dermatology, vol. 27, no. 3, pp. 266-270, 2017.

K. L. Vivar, M. Deschaine, J. Messina et al., “Epidermal
programmed cell death-ligand 1 expression in TEN
associated with nivolumab therapy,” Journal of Cutaneous
Pathology, 2016.

C. Y. Lin, C. W. Wang, C. R. Hui et al, “Delayed-type
hypersensitivity reactions induced by proton pump inhibi-
tors: a clinical and in vitro T-cell reactivity study,” Allergy,
2017.

B. Sassolas, C. Haddad, M. Mockenhaupt et al,
“ALDEN, an algorithm for assessment of drug causality
in Stevens-Johnson syndrome and toxic epidermal necro-
lysis: comparison with case-control analysis,” Clinical
Pharmacology ¢ Therapeutics, vol. 88, no. 1, pp. 60-68,
2010.

J. C. Roujeau, J. P. Kelly, L. Naldi et al., “Medication use and
the risk of Stevens-Johnson syndrome or toxic epidermal
necrolysis,” The New England Journal of Medicine, vol. 333,
no. 24, pp. 1600-1608, 1995.

P. Sekula, A. Dunant, M. Mockenhaupt et al., “Comprehen-
sive survival analysis of a cohort of patients with Stevens-
Johnson syndrome and toxic epidermal necrolysis,” Journal
of Investigative Dermatology, vol. 133, no. 5, pp. 1197-1204,
2013.

S. Bastuji-Garin, N. Fouchard, M. Bertocchi, J. C. Roujeau,
J. Revuz, and P. Wolkenstein, “SCORTEN: a severity-of-
illness score for toxic epidermal necrolysis,” Journal of
Investigative Dermatology, vol. 115, no. 2, pp. 149-153,
2000.

S. Guegan, S. Bastuji-Garin, E. Poszepczynska-Guigne,
J. C. Roujeau, and J. Revuz, “Performance of the SCOR-
TEN during the first five days of hospitalization to pre-
dict the prognosis of epidermal necrolysis,” Journal of
Investigative Dermatology, vol. 126, no. 2, pp. 272-276,
2006.

A. Beck, K. P. Quirke, R. L. Gamelli, and M. J. Mosier,
“Pediatric toxic epidermal necrolysis: using SCORTEN and
predictive models to predict morbidity when a focus on
mortality is not enough,” Journal of Burn Care & Research,
vol. 36, no. 1, pp. 167-177, 2015.

A. Sidoroff, S. Halevy, J. N. Bavinck, L. Vaillant, and J. C.
Roujeau, “Acute generalized exanthematous pustulosis



Journal of Immunology Research

[65]

[66]

[67]

(68]

(69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

(77]

(78]

(AGEP) - a clinical reaction pattern,” Journal of Cutaneous
Pathology, vol. 28, no. 3, pp. 113-119, 2001.

E. H. Saissi, F. Beau-Salinas, A. P. Jonville-Bera, G. Lorette,
E. Autret-Leca, and Centres Régionaux de Pharmacovigi-
lance, “Drugs associated with acute generalized exanthematic
pustulosis,” Annales de Dermatologie et de Venereologie,
vol. 130, no. 6-7, pp. 612-618, 2003.

J. L. Gueant, A. Romano, J. A. Cornejo-Garcia et al,
“HLA-DRA variants predict penicillin allergy in genome-
wide fine-mapping genotyping,” The Journal of Allergy and
Clinical Immunology, vol. 135, no. 1, pp. 253-259.e10, 2015.

A. J. Apter, H. Schelleman, A. Walker, K. Addya, and
T. Rebbeck, “Clinical and genetic risk factors of self-reported
penicillin allergy,” The Journal of Allergy and Clinical
Immunology, vol. 122, no. 1, pp. 152-158, 2008.

R. M. Gueant-Rodriguez, A. Romano, M. Beri-Dexheimer,
M. Viola, F. Gaeta, and J. L. Gueant, “Gene-gene interactions
of IL13 and IL4RA variants in immediate allergic reactions to
betalactam antibiotics,” Pharmacogenetics and Genomics,
vol. 16, no. 10, pp. 713-719, 2006.

H. L. Qiao, J. Yang, and Y. W. Zhang, “Relationships between
specific serum IgE, cytokines and polymorphisms in the IL-4,
IL-4Ra in patients with penicillins allergy,” Allergy, vol. 60,
no. 8, pp. 1053-1059, 2005.

J. Yang, H. L. Qiao, and Z. M. Dong, “Polymorphisms of
IL-13 and IL-4-IL-13-SNPs in patients with penicillin
allergies,” European Journal of Clinical Pharmacology,
vol. 61, no. 11, pp. 803-809, 2005.

L. Ming, Q. Wen, H. L. Qiao, and Z. M. Dong, “Interleukin-
18 and IL18-607A/C and -137G/C gene polymorphisms in
patients with penicillin allergy,” Journal of International
Medical Research, vol. 39, no. 2, pp. 388-398, 2011.

A. Oussalah, C. Mayorga, M. Blanca et al., “Genetic variants
associated with drugs-induced immediate hypersensitivity
reactions: a PRISMA-compliant systematic review,” Allergy,
vol. 71, no. 4, pp. 443-462, 2016.

A. C. Bursztejn, A. Romano, R. M. Gueant-Rodriguez et al.,
“Allergy to betalactams and nucleotide-binding oligomeriza-
tion domain (NOD) gene polymorphisms,” Allergy, vol. 68,
no. 8, pp. 1076-1080, 2013.

S.H. Kim, Y. M. Ye, S. K. Lee, and H. S. Park, “Genetic mech-
anism of aspirin-induced urticaria/angioedema,” Current
Opinion in Allergy and Clinical Immunology, vol. 6, no. 4,
pp. 266-270, 2006.

M. L. Pacor, G. Di Lorenzo, P. Mansueto et al., “Relationship
between human leucocyte antigen class I and class IT and
chronic idiopathic urticaria associated with aspirin and/or
NSAIDs hypersensitivity,” Mediators of Inflammation,
vol. 2006, Article ID 62489, 5 pages, 2006.

N. Palikhe, S. H. Kim, E. M. Yang et al., “Analysis of
high-affinity IgE receptor (FceR1l) polymorphisms in
patients with aspirin-intolerant chronic urticaria,” Allergy
and Asthma Proceedings, vol. 29, no. 3, pp. 250-257,
2008.

S. H. Kim, E. M. Yang, H. J. Park, Y. M. Ye, H. Y. Lee,
and H. S. Park, “Differential contribution of the CysLTR1
gene in patients with aspirin hypersensitivity,” Journal
of Clinical Immunology, vol. 27, no. 6, pp. 613-619,
2007.

J. A. Cornejo-Garcia, L. R. Jagemann, N. Blanca-Lopez et al.,
“Genetic variants of the arachidonic acid pathway in non-

167

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

15

steroidal anti-inflammatory drug-induced acute urticaria,”
Clinical & Experimental Allergy, vol. 42, no. 12, pp. 1772
1781, 2012.

P. Ayuso, M. Blanca, J. A. Cornejo-Garcia et al., “Variability
in histamine receptor genes HRHI, HRH2 and HRH4 in
patients with hypersensitivity to NSAIDs,” Pharmacoge-
nomics, vol. 14, no. 15, pp. 1871-1878, 2013.

R. Y. Pan, R. L. Dao, S. I. Hung, and W. H. Chung, “Pharma-
cogenomic advances in the prediction and prevention of
cutaneous idiosyncratic drug reactions,” Clinical Pharmacol-
ogy & Therapeutics, vol. 102, no. 1, pp. 86-97, 2017.

S.1. Hung, W. H. Chung, Z. S. Liu et al., “Common risk allele
in aromatic antiepileptic-drug induced Stevens-Johnson
syndrome and toxic epidermal necrolysis in Han Chinese,”
Pharmacogenomics, vol. 11, no. 3, pp. 349-356, 2010.

C. B. Man, P. Kwan, L. Baum et al., “Association between
HLA-B*1502 allele and antiepileptic drug-induced cutaneous
reactions in Han Chinese,” Epilepsia, vol. 48, no. 5, pp. 1015-
1018, 2007.

C. Locharernkul, J. Loplumlert, C. Limotai et al., “Carbamaz-
epine and phenytoin induced Stevens-Johnson syndrome is
associated with HLA-B*1502 allele in Thai population,”
Epilepsia, vol. 49, no. 12, pp. 2087-2091, 2008.

C. B. Chen, Y. H. Hsiao, T. Wu et al., “Risk and association
of HLA with oxcarbazepine-induced cutaneous adverse
reactions in Asians,” Neurology, vol. 88, no. 1, pp. 78-86,
2017.

Y. W. Shi, F. L. Min, X. R. Liu et al., “Hla-B alleles and
lamotrigine-induced cutaneous adverse drug reactions in
the Han Chinese population,” Basic ¢ Clinical Pharmacology
& Toxicology, vol. 109, no. 1, pp. 42-46, 2011.

S. L Hung, W. H. Chung, S. H. Jee et al., “Genetic susceptibil-
ity to carbamazepine-induced cutaneous adverse drug
reactions,” Pharmacogenetics and Genomics, vol. 16, no. 4,
pp. 297-306, 2006.

E. Genin, D. P. Chen, S.I. Hung et al., “HLA-A*31:01 and dif-
ferent types of carbamazepine-induced severe cutaneous
adverse reactions: an international study and meta-analysis,”
The Pharmacogenomics Journal, vol. 14, no. 3, pp. 281-288,
2014.

T. Ozeki, T. Mushiroda, A. Yowang et al., “Genome-wide
association study identifies HLA-A*3101 allele as a genetic
risk factor for carbamazepine-induced cutaneous adverse
drug reactions in Japanese population,” Human Molecular
Genetics, vol. 20, no. 5, pp. 1034-1041, 2011.

S. H. Kim, K. W. Lee, W. J. Song et al., “Carbamazepine-
induced severe cutaneous adverse reactions and HLA geno-
types in Koreans,” Epilepsy Research, vol. 97, no. 1-2,
pp. 190-197, 2011.

M. McCormack, A. Alfirevic, S. Bourgeois et al., “HLA-A*
3101 and carbamazepine-induced hypersensitivity reactions
in Europeans,” The New England Journal of Medicine,
vol. 364, no. 12, pp. 1134-1143, 2011.

W. H. Chung, W. C. Chang, Y. S. Lee et al., “Genetic variants
associated with phenytoin-related severe cutaneous adverse
reactions,” JAMA, vol. 312, no. 5, pp. 525-534, 2014.

S.1. Hung, W. H. Chung, L. B. Liou et al., “HLA-B*5801 allele
as a genetic marker for severe cutaneous adverse reactions
caused by allopurinol,” Proceedings of the National Academy
of Sciences of the United States of America, vol. 102, no. 11,
pp. 4134-4139, 2005.



16

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

C. Lonjou, N. Borot, P. Sekula et al., “A European study of
HLA-B in Stevens-Johnson syndrome and toxic epidermal
necrolysis related to five high-risk drugs,” Pharmacogenetics
and Genomics, vol. 18, no. 2, pp. 99-107, 2008.

N. Kaniwa, Y. Saito, M. Aihara et al, “HLA-B locus in
Japanese patients with anti-epileptics and allopurinol-
related Stevens-Johnson syndrome and toxic epidermal
necrolysis,” Pharmacogenomics, vol. 9, no. 11, pp. 1617-
1622, 2008.

W. Tassaneeyakul, T. Jantararoungtong, P. Chen et al.,
“Strong association between HLA-B*5801 and allopurinol-
induced Stevens-Johnson syndrome and toxic epidermal
necrolysis in a Thai population,” Pharmacogenetics and
Genomics, vol. 19, no. 9, pp. 704-709, 2009.

H. R. Kang, Y. K. Jee, Y. S. Kim et al,, “Positive and negative
associations of HLA class I alleles with allopurinol-induced
SCARs in Koreans,” Pharmacogenetics and Genomics,
vol. 21, no. 5, pp. 303-307, 2011.

C.Y.Ng, Y. T. Yeh, C. W. Wang et al., “Impact of the HLA-B*
58:01 allele and renal impairment on allopurinol-induced
cutaneous adverse reactions,” Journal of Investigative
Dermatology, vol. 136, no. 7, pp. 1373-1381, 2016.

S. Hetherington, A. R. Hughes, M. Mosteller et al., “Genetic
variations in HLA-B region and hypersensitivity reactions
to abacavir,” The Lancet, vol. 359, no. 9312, pp. 1121-1122,
2002.

S. Mallal, D. Nolan, C. Witt et al.,, “Association between
presence of HLA-B*5701, HLA-DR7, and HLA-DQ3 and
hypersensitivity to HIV-1 reverse-transcriptase inhibitor
abacavir,” The Lancet, vol. 359, no. 9308, pp. 727-732, 2002.

F. A. Shepherd, J. Rodrigues Pereira, T. Ciuleanu et al,
“Erlotinib in previously treated non-small-cell lung cancer,”
The New England Journal of Medicine, vol. 353, no. 2,
pp. 123-132, 2005.

S. Chantarangsu, T. Mushiroda, S. Mahasirimongkol et al.,
“HLA-B*3505 allele is a strong predictor for nevirapine-
induced skin adverse drug reactions in HIV-infected Thai
patients,” Pharmacogenetics and Genomics, vol. 19, no. 2,
pp. 139-146, 2009.

H. Gatanaga, H. Yazaki, J. Tanuma et al., “HLA-Cw8 primar-
ily associated with hypersensitivity to nevirapine,” AIDS,
vol. 21, no. 2, pp. 264-265, 2007.

B. Schnyder and W. J. Pichler, “Allergy to sulfonamides,” The
Journal of Allergy and Clinical Immunology, vol. 131, no. 1,
pp. 256-257.e5, 2013.

Y. F. Lin, C. H. Yang, H. Sindy et al.,, “Severe cutaneous
adverse reactions related to systemic antibiotics,” Clinical
Infectious Diseases, vol. 58, no. 10, pp. 1377-1385, 2014.

F. R. Zhang, H. Liu, A. Irwanto et al., “HLA-B*13:01 and
the dapsone hypersensitivity syndrome,” The New England
Journal of Medicine, vol. 369, no. 17, pp. 1620-1628,
2013.

M. M. Monshi, L. Faulkner, A. Gibson et al, “Human
leukocyte antigen (HLA)-B*57:01-restricted activation of
drug-specific T cells provides the immunological basis for
flucloxacillin-induced liver injury,” Hepatology, vol. 57,
no. 2, pp. 727-739, 2013.

M. I. Lucena, M. Molokhia, Y. Shen et al., “Susceptibility to
amoxicillin-clavulanate-induced liver injury is influenced by
multiple HLA class I and II alleles,” Gastroenterology,
vol. 141, no. 1, pp. 338-347, 2011.

168

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

Journal of Immunology Research

S. H. Kim, M. Kim, K. W. Lee et al., “HLA-B* 5901 is strongly
associated with methazolamide-induced Stevens-Johnson
syndrome/toxic epidermal necrolysis,” Pharmacogenomics,
vol. 11, no. 6, pp- 879-884, 2010.

A.K. Daly, G. P. Aithal, J. B. Leathart, R. A. Swainsbury, T. S.
Dang, and C. P. Day, “Genetic susceptibility to diclofenac-
induced hepatotoxicity: contribution of UGT2B7, CYP2C8,
and ABCC2 genotypes,” Gastroenterology, vol. 132, no. 1,
pp. 272-281, 2007.

A. K. Daly and C. P. Day, “Genetic association studies in
drug-induced liver injury,” Drug Metabolism Reviews,
vol. 44, no. 1, pp. 116-126, 2012.

E. Padovan, T. Bauer, M. M. Tongio, H. Kalbacher, and
H. U. Weltzien, “Penicilloyl peptides are recognized as T
cell antigenic determinants in penicillin allergy,” European
Journal of Immunology, vol. 27, no. 6, pp. 1303-1307,
1997.

C.Y. Wei, W. H. Chung, H. W. Huang, Y. T. Chen, and S. I.
Hung, “Direct interaction between HLA-B and carbamaze-
pine activates T cells in patients with Stevens-Johnson syn-
drome,” The Journal of Allergy and Clinical Immunology,
vol. 129, no. 6, pp. 1562-1569.e5, 2012.

J. Yun, M. J. Marcaida, K. K. Eriksson et al., “Oxypurinol
directly and immediately activates the drug-specific T cells
via the preferential use of HLA-B*58:01,” The Journal of
Immunology, vol. 192, no. 7, pp. 2984-2993, 2014.

P. T. llling, J. P. Vivian, N. L. Dudek et al., “Immune self-
reactivity triggered by drug-modified HLA-peptide reper-
toire,” Nature, vol. 486, no. 7404, pp. 554-558, 2012.

D. A. Ostrov, B. J. Grant, Y. A. Pompeu et al., “Drug
hypersensitivity caused by alteration of the MHC-presented
self-peptide repertoire,” Proceedings of the National Academy
of Sciences of the United States of America, vol. 109, no. 25,
pp. 9959-9964, 2012.

K. D. White, W. H. Chung, S. I. Hung, S. Mallal, and E. J.
Phillips, “Evolving models of the immunopathogenesis of T
cell-mediated drug allergy: the role of host, pathogens, and
drug response,” The Journal of Allergy and Clinical Immunol-
ogy, vol. 136, no. 2, pp. 219-234, 2015.

S. Watkins and W. J. Pichler, “Sulfamethoxazole induces a
switch mechanism in T cell receptors containing
TCRV320-1, altering pHLA recognition,” PLoS One, vol. 8,
no. 10, article €76211, 2013.

K. W. Williams and H. P. Sharma, “Anaphylaxis and
urticaria,” Immunology and Allergy Clinics of North America,
vol. 35, no. 1, pp- 199-219, 2015.

D. MacGlashan Jr, “Expression of CD203c and CD63 in
human basophils: relationship to differential regulation of
piecemeal and anaphylactic degranulation processes,”
Clinical & Experimental Allergy, vol. 40, no. 9, pp. 1365-
1377, 2010.

D. W. MacGlashan Jr, “Basophil activation testing,” The
Journal of Allergy and Clinical Immunology, vol. 132, no. 4,
pp. 777-787, 2013.

P. Vadas, M. Gold, B. Perelman et al., “Platelet-activating
factor, PAF acetylhydrolase, and severe anaphylaxis,” The
New England Journal of Medicine, vol. 358, no. 1, pp. 28-
35, 2008.

J. van der Heijden, J. Geissler, E. van Mirre et al., “A novel
splice variant of FcyRIla: a risk factor for anaphylaxis
in patients with hypogammaglobulinemia,” The Journal



Journal of Immunology Research

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

of Allergy and Clinical Immunology, vol. 131, no. 5,
pp. 1408-1416.e5, 2013.

R. R. Vassallo, “Review: IgA anaphylactic transfusion reac-
tions. Part I. Laboratory diagnosis, incidence, and supply of
IgA-deficient products,” Immunohematology, vol. 20, no. 4,
pp. 226-233, 2004.

C. Steenholdt, M. Svenson, K. Bendtzen, O. O. Thomsen,
J. Brynskov, and M. A. Ainsworth, “Acute and delayed
hypersensitivity reactions to infliximab and adalimumab in
a patient with Crohn’s disease,” Journal of Crohn’s and
Colitis, vol. 6, no. 1, pp. 108-111, 2012.

F. Baert, M. Noman, S. Vermeire et al, “Influence of
immunogenicity on the long-term efficacy of infliximab in
Crohn’s disease,” The New England Journal of Medicine,
vol. 348, no. 7, pp. 601-608, 2003.

J. Szebeni, “Complement activation-related pseudoallergy:
a stress reaction in blood triggered by nanomedicines
and biologicals,” Molecular Immunology, vol. 61, no. 2,
pp. 163-173, 2014.

T. K. Kishimoto, K. Viswanathan, T. Ganguly et al,
“Contaminated heparin associated with adverse clinical
events and activation of the contact system,” The New
England Journal of Medicine, vol. 358, no. 23, pp. 2457-
2467, 2008.

M. Veien, F. Szlam, J. T. Holden, K. Yamaguchi, D. D.
Denson, and J. H. Levy, “Mechanisms of nonimmunological
histamine and tryptase release from human cutaneous
mast cells,” Anesthesiology, vol. 92, no. 4, pp. 1074-1081,
2000.

J. A. Blunk, M. Schmelz, S. Zeck, P. Skov, R. Likar, and
W. Koppert, “Opioid-induced mast cell activation and vascu-
lar responses is not mediated by p-opioid receptors: an in vivo
microdialysis study in human skin,” Anesthesia & Analgesia,
vol. 98, no. 2, pp. 364-370, 2004.

B. D. McNeil, P. Pundir, S. Meeker et al., “Identification of a
mast-cell-specific receptor crucial for pseudo-allergic drug
reactions,” Nature, vol. 519, no. 7542, pp. 237-241, 2015.
S.J. Posadas, A. Padial, M. J. Torres et al., “Delayed reactions
to drugs show levels of perforin, granzyme B, and Fas-L to be
related to disease severity,” The Journal of Allergy and Clinical
Immunology, vol. 109, no. 1, pp. 155-161, 2002.

1. Viard, P. Wehrli, R. Bullani et al., “Inhibition of toxic
epidermal necrolysis by blockade of CD95 with human
intravenous immunoglobulin,” Science, vol. 282, no. 5388,
pp. 490-493, 1998.

A. Nassif, A. Bensussan, G. Dorothee et al., “Drug specific
cytotoxic T-cells in the skin lesions of a patient with toxic
epidermal necrolysis,” Journal of Investigative Dermatology,
vol. 118, no. 4, pp. 728-733, 2002.

I. Voskoboinik, J. C. Whisstock, and J. A. Trapani, “Perforin
and granzymes: function, dysfunction and human pathol-
ogy,” Nature Reviews Immunology, vol. 15, no. 6, pp. 388-
400, 2015.

W. H. Chung, S.I. Hung, J. Y. Yang et al,, “Granulysin is a key
mediator for disseminated keratinocyte death in Stevens-
Johnson syndrome and toxic epidermal necrolysis,” Nature
Medicine, vol. 14, no. 12, pp. 1343-1350, 2008.

R. Abe, N. Yoshioka, J. Murata, Y. Fujita, and H. Shimizu,
“Granulysin as a marker for early diagnosis of the Stevens-
Johnson syndrome,” Annals of Internal Medicine, vol. 151,
no. 7, pp. 514-515, 2009.

169

(137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

17

M. Weinborn, A. Barbaud, F. Truchetet, P. Beurey,
L. Germain, and B. Cribier, “Histopathological study of six
types of adverse cutaneous drug reactions using granulysin
expression,” International Journal of Dermatology, vol. 55,
no. 11, pp. 1225-1233, 2016.

S. SC, M. Mockenhaupt, P. Wolkenstein et al., “Interleukin-
15 is associated with severity and mortality in Stevens-
Johnson syndrome/toxic epidermal necrolysis,” Journal of
Investigative Dermatology, vol. 137, pp. 1065-1073, 2017.

Z. G. Liu, “Molecular mechanism of TNF signaling and
beyond,” Cell Research, vol. 15, no. 1, pp. 24-27, 2005.

P. Paquet, A. Nikkels, J. E. Arrese, A. Vanderkelen, and
G. E. Pierard, “Macrophages and tumor necrosis factor a in
toxic epidermal necrolysis,” Archives of Dermatology,
vol. 130, no. 5, pp. 605-608, 1994.

C. Paul, P. Wolkenstein, H. Adle et al., “Apoptosis as a mech-
anism of keratinocyte death in toxic epidermal necrolysis,”
British Journal of Dermatology, vol. 134, no. 4, pp. 710-714,
1996.

A. Nassif, H. Moslehi, S. Le Gouvello et al., “Evaluation of the
potential role of cytokines in toxic epidermal necrolysis,”
Journal of Investigative Dermatology, vol. 123, no. 5,
pp. 850-855, 2004.

M. Caproni, D. Torchia, E. Schincaglia et al., “Expression of
cytokines and chemokine receptors in the cutaneous lesions
of erythema multiforme and Stevens-Johnson syndrome/
toxic epidermal necrolysis,” British Journal of Dermatology,
vol. 155, no. 4, pp. 722-728, 2006.

S. Halevy, “Acute generalized exanthematous pustulosis,”
Current Opinion in Allergy and Clinical Immunology, vol. 9,
no. 4, pp. 322-328, 2009.

P. Schaerli, M. Britschgi, M. Keller et al., “Characterization of
human T cells that regulate neutrophilic skin inflammation,”
The Journal of Immunology, vol. 173, no. 3, pp. 2151-2158,
2004.

M. Britschgi and W. J. Pichler, “Acute generalized
exanthematous pustulosis, a clue to neutrophil-mediated
inflammatory processes orchestrated by T cells,” Current
Opinion in Allergy and Clinical Immunology, vol. 2, no. 4,
pp. 325-331, 2002.

A. A. Navarini, L. Valeyrie-Allanore, N. Setta-Kaffetzi et al.,
“Rare variations in IL36RN in severe adverse drug reactions
manifesting as acute generalized exanthematous pustulosis,”
Journal of Investigative Dermatology, vol. 133, no. 7,
pp. 1904-1907, 2013.

H. S. Song, S. J. Kim, T. L. Park, Y. H. Jang, and E. S. Lee,
“Immunohistochemical comparison of IL-36 and the IL-23/
Th17 axis of generalized pustular psoriasis and acute
generalized exanthematous pustulosis,” Annals of Dermatol-
ogy, vol. 28, no. 4, pp. 451-456, 2016.

S. A. Walsh and D. Creamer, “Drug reaction with eosino-
philia and systemic symptoms (DRESS): a clinical update
and review of current thinking,” Clinical and Experimental
Dermatology, vol. 36, no. 1, pp. 6-11, 2011.

T. Komatsu-Fujii, Y. Chinuki, H. Niihara et al., “The thymus
and activation-regulated chemokine (TARC) level in serum
at an early stage of a drug eruption is a prognostic biomarker
of severity of systemic inflammation,” Allergology Interna-
tional, 2017.

K. Ogawa, H. Morito, A. Hasegawa et al., “Identification of
thymus and activation-regulated chemokine (TARC/CCL17)



18

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

(162]

[163]

[164]

as a potential marker for early indication of disease and
prediction of disease activity in drug-induced hypersensitivity
syndrome (DIHS)/drug rash with eosinophilia and systemic
symptoms (DRESS),” Journal of Dermatological Science,
vol. 69, no. 1, pp. 38-43, 2013.

B. Tapia, A. Padial, E. Sanchez-Sabate et al., “Involvement of
CCL27-CCRI10 interactions in drug-induced cutaneous reac-
tions,” The Journal of Allergy and Clinical Immunology,
vol. 114, no. 2, pp. 335-340, 2004.

O. Correia, L. Delgado, I. L. Barbosa, F. Campilho, and
J. Fleming-Torrinha, “Increased interleukin 10, tumor
necrosis factor «, and interleukin 6 levels in blister fluid of
toxic epidermal necrolysis,” Journal of the American
Academy of Dermatology, vol. 47, no. 1, pp. 58-62, 2002.

P. Paquet, F. Paquet, W. Al Saleh, P. Reper, A. Vanderkelen,
and G. E. Pierard, “Immunoregulatory effector cells in
drug-induced toxic epidermal necrolysis,” The American
Journal of Dermatopathology, vol. 22, no. 5, pp. 413-417,
2000.

W. H. Chung, W. C. Chang, S. L. Stocker et al., “Insights into
the poor prognosis of allopurinol-induced severe cutaneous
adverse reactions: the impact of renal insufficiency, high
plasma levels of oxypurinol and granulysin,” Annals of the
Rheumatic Diseases, vol. 74, no. 12, pp. 2157-2164, 2015.

R. Takahashi, Y. Kano, Y. Yamazaki, M. Kimishima,
Y. Mizukawa, and T. Shiohara, “Defective regulatory T
cells in patients with severe drug eruptions: timing of the
dysfunction is associated with the pathological phenotype
and outcome,” The Journal of Immunology, vol. 182, no. 12,
pp. 8071-8079, 2009.

T. Shiohara, M. Inaoka, and Y. Kano, “Drug-induced
hypersensitivity syndrome (DIHS): a reaction induced by
a complex interplay among herpesviruses and antiviral
and antidrug immune responses,” Allergology International,
vol. 55, no. 1, pp. 1-8, 2006.

T. Shiohara, M. Kurata, Y. Mizukawa, and Y. Kano, “Rec-
ognition of immune reconstitution syndrome necessary for
better management of patients with severe drug eruptions
and those under immunosuppressive therapy,” Allergology
International, vol. 59, no. 4, pp. 333-343, 2010.

T. Shiohara, Y. Ushigome, Y. Kano, and R. Takahashi, “Cru-
cial role of viral reactivation in the development of severe
drug eruptions: a comprehensive review,” Clinical Reviews
in Allergy & Immunology, vol. 49, no. 2, pp. 192-202, 2015.
T. Yoshikawa, A. Fujita, A. Yagami et al., “Human herpesvi-
rus 6 reactivation and inflammatory cytokine production in
patients with drug-induced hypersensitivity syndrome,” Jour-
nal of Clinical Virology, vol. 37, Supplement 1, pp. $92-S96,
2006.

T. Shiohara and Y. Kano, “A complex interaction between
drug allergy and viral infection,” Clinical Reviews in Allergy
& Immunology, vol. 33, no. 1-2, pp. 124-133, 2007.

F. E. Simons, L. R. Ardusso, M. B. Bilo et al., “2012 update:
World Allergy Organization guidelines for the assessment
and management of anaphylaxis,” Current Opinion in Allergy
and Clinical Immunology, vol. 12, no. 4, pp. 389-399, 2012.
R. Y. Lin, L. B. Schwartz, A. Curry et al., “Histamine and
tryptase levels in patients with acute allergic reactions: an
emergency department-based study,” The Journal of Allergy
and Clinical Immunology, vol. 106, no. 1, pp. 65-71, 2000.
F. E. Simons, A. J. Frew, L. J. Ansotegui et al., “Risk assess-
ment in anaphylaxis: current and future approaches,” The

170

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

(173]

[174]

[175]

[176]

[177]

[178]

[179]

Journal of Immunology Research

Journal of Allergy and Clinical Immunology, vol. 120,
no. 1, Supplement, pp. S2-524, 2007.

E. Gomez, M. J. Torres, C. Mayorga, and M. Blanca,
“Immunologic evaluation of drug allergy,” Allergy, Asthma
& Immunology Research, vol. 4, no. 5, pp. 251-263, 2012.
M. Blanca, C. Mayorga, M. J. Torres et al., “Clinical evalua-
tion of Pharmacia CAP system™ RAST FEIA amoxicilloyl
and benzylpenicilloyl in patients with penicillin allergy,”
Allergy, vol. 56, no. 9, pp. 862-870, 2001.

1. Dona, M. J. Torres, M. I. Montanez, and T. D. Fernandez,
“In vitro diagnostic testing for antibiotic allergy,” Allergy,
Asthma & Immunology Research, vol. 9, no. 4, pp. 288-298,
2017.

C. Mayorga, I. Dona, E. Perez-Inestrosa, T. D. Fernandez, and
M. J. Torres, “The value of in vitro tests to diminish drug
challenges,” International Journal of Molecular Sciences,
vol. 18, no. 6, 2017.

C. Mayorga, G. Celik, P. Rouzaire et al., “In vitro tests for drug
hypersensitivity reactions: an ENDA/EAACI Drug Allergy
Interest Group position paper,” Allergy, vol. 71, no. 8,
pp. 1103-1134, 2016.

H.J. Hoffmann, A. F. Santos, C. Mayorga et al., “The clinical
utility of basophil activation testing in diagnosis and
monitoring of allergic disease,” Allergy, vol. 70, no. 11,
pp. 1393-1405, 2015.

J. Leysen, V. Sabato, M. M. Verweij et al., “The basophil
activation test in the diagnosis of immediate drug hypersensi-
tivity,” Expert Reviews of Clinical Immunology, vol. 7, no. 3,
pp. 349-355, 2011.

E. C. McGowan and S. Saini, “Update on the performance
and application of basophil activation tests,” Current Allergy
and Asthma Reports, vol. 13, no. 1, pp. 101-109, 2013.

A. L. De Week, M. L. Sanz, P. M. Gamboa et al,
“Diagnosis of immediate-type f-lactam allergy in vitro by
flow-cytometric basophil activation test and sulfidoleuko-
triene production: a multicenter study,” Journal of Investi-
gational Allergology & Clinical Immunology, vol. 19, no. 2,
pp. 91-109, 2009.

N. Saito, R. Abe, N. Yoshioka, J. Murata, Y. Fujita, and
H. Shimizu, “Prolonged elevation of serum granulysin in
drug-induced hypersensitivity syndrome,” British Journal of
Dermatology, vol. 167, no. 2, pp. 452-453, 2012.

L. Feldmeyer, K. Heidemeyer, and N. Yawalkar, “Acute
generalized exanthematous pustulosis: pathogenesis, genetic
background, clinical variants and therapy,” International
Journal of Molecular Sciences, vol. 17, no. 8, 2016.

S. SC, S. I. Hung, W. L. Fan, R. L. Dao, and W. H. Chung,
“Severe cutaneous adverse reactions: the pharmacogenomics
from research to clinical implementation,” International
Journal of Molecular Sciences, vol. 17, p. 1890, 2016.

A. A. Flzagallaai and M. J. Rieder, “In vitro testing for
diagnosis of idiosyncratic adverse drug reactions: implica-
tions for pathophysiology,” British Journal of Clinical
Pharmacology, vol. 80, no. 4, pp. 889-900, 2015.

C. M. Rive, J. Bourke, and E. J. Phillips, “Testing for drug
hypersensitivity syndromes,” The Clinical Biochemist
Reviews, vol. 34, no. 1, pp. 15-38, 2013.

G. Porebski, “In vitro assays in severe cutaneous adverse
drug reactions: are they still research tools or diagnostic
tests already?,” International Journal of Molecular Sciences,
vol. 18, no. 8, p. 1737, 2017.



Journal of Immunology Research

[180] W. J. Pichler and J. Tilch, “The lymphocyte transformation
test in the diagnosis of drug hypersensitivity,” Allergy,
vol. 59, no. 8, pp. 809-820, 2004.

[181] A. T. Nagao-Dias, F. M. Teixeira, and H. L. Coelho, “Diag-
nosing immune-mediated reactions to drugs,” Allergologia
et Immunopathologia, vol. 37, no. 2, pp. 98-104, 2009.

[182] Y. Kano, K. Hirahara, Y. Mitsuyama, R. Takahashi, and
T. Shiohara, “Utility of the lymphocyte transformation test
in the diagnosis of drug sensitivity: dependence on its timing
and the type of drug eruption,” Allergy, vol. 62, no. 12,
pp. 1439-1444, 2007.

[183] Y. Srinoulprasert and W. J. Pichler, “Enhancement of drug-
specific lymphocyte proliferation using CD25"-depleted
CD3" effector cells,” International Archives of Allergy and
Immunology, vol. 163, no. 3, pp. 198-205, 2014.

[184] K. Kato, A. Kawase, H. Azukizawa et al, “Novel
interferon-y enzyme-linked immunospot assay using
activated cells for identifying hypersensitivity-inducing
drug culprits,” Journal of Dermatological Science, vol. 86,
no. 3, pp. 222-229, 2017.

[185] L. Valeyrie-Allanore, M. Mockenhaupt, P. Sekula et al,
“Mechanisms that limit proliferative potential of drug-
specific LTT in drug-induced severe cutaneous adverse
reaction patients,” Clinical and Translational Allergy, vol. 4,
Supplement 3, pp. O1-P149, 2014.

[186] W. H. Chung, R. Y. Pan, M. T. Chu et al, “Oxypurinol-
specific T cells possess preferential TCR clonotypes and
express granulysin in allopurinol-induced severe cutaneous
adverse reactions,” Journal of Investigative Dermatology,
vol. 135, no. 9, pp. 2237-2248, 2015.

[187] A. Barbaud, E. Collet, B. Milpied et al, “A multicentre
study to determine the value and safety of drug patch tests
for the three main classes of severe cutaneous adverse drug
reactions,” British Journal of Dermatology, vol. 168, no. 3,
pp. 555-562, 2013,

[188] Y. T. Lin, Y. C. Chang, R. C. Hui et al,, “A patch testing and
cross-sensitivity study of carbamazepine-induced severe
cutaneous adverse drug reactions,” Journal of the European
Academy of Dermatology and Venereology, vol. 27, no. 3,
Pp. 356-364, 2013.

[189] M. J. Torres, A. Romano, G. Celik et al., “Approach to the
diagnosis of drug hypersensitivity reactions: similarities and
differences between Europe and North America,” Clinical
and Translational Allergy, vol. 7, no. 1, p. 7, 2017.

[190] Joint Task Force on Practice Parameters, American Academy
of Allergy, Asthma and Immunology et al., “Drug allergy: an
updated practice parameter,” Annals of Allergy, Asthma &
Immunology, vol. 105, no. 4, pp. 259-273.e78, 2010.

[191] K. Brockow, A. Romano, M. Blanca, J. Ring, W. Pichler, and
P. Demoly, “General considerations for skin test procedures
in the diagnosis of drug hypersensitivity,” Allergy, vol. 57,
no. 1, pp. 45-51, 2002.

[192] T. A. Duong, L. Valeyrie-Allanore, P. Wolkenstein, and
O. Chosidow, “Severe cutaneous adverse reactions to drugs,”
The Lancet, vol. 390, no. 10106, pp. 1996-2011, 2017.

[193] M. Alrasbi and A. Sheikh, “Comparison of international
guidelines for the emergency medical management of
anaphylaxis,” Allergy, vol. 62, no. 8, pp. 838-841, 2007.

[194] A. Sheikh, Y. A. Shehata, S. G. Brown, and F. E. Simons,
“Adrenaline for the treatment of anaphylaxis: Cochrane sys-
tematic review,” Allergy, vol. 64, no. 2, pp. 204-212, 2009.

171

[195]

[196]

[197]

(198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

19

T. Kawano, F. X. Scheuermeyer, R. Stenstrom, B. H.
Rowe, E. Grafstein, and B. Grunau, “Epinephrine use in
older patients with anaphylaxis: clinical outcomes and
cardiovascular complications,” Resuscitation, vol. 112,
pp. 53-58, 2017.

M. Thomas and I. Crawford, “Best evidence topic report.
Glucagon infusion in refractory anaphylactic shock in
patients on beta-blockers,” Emergency Medicine Journal,
vol. 22, no. 4, pp- 272-273, 2005.

K. J. Choo, F. E. Simons, and A. Sheikh, “Glucocorticoids
for the treatment of anaphylaxis,” Cochrane Database of
Systematic Reviews, no. 4, article CD007596, 2012.

K. A. Michelson, M. C. Monuteaux, and M. I. Neuman,
“Glucocorticoids and hospital length of stay for children
with anaphylaxis: a retrospective study,” The Journal of
Pediatrics, vol. 167, no. 3, pp. 719-724.e3, 2015.

A. Sheikh, V. Ten Broek, S. G. Brown, and F. E. Simons, “H,-
antihistamines for the treatment of anaphylaxis: Cochrane
systematic review,” Allergy, vol. 62, no. 8, pp. 830-837, 2007.

P. Lieberman, R. A. Nicklas, C. Randolph et al., “Anaphy-
laxis-a practice parameter update 2015,” Annals of Allergy,
Asthma & Immunology, vol. 115, no. 5, pp. 341-384, 2015.

R. P. Dodiuk-Gad, W. H. Chung, C. H. Yang, L. CW, R. C.
Hui, and N. H. Shear, “The 8th International Congress on
Cutaneous Adverse Drug Reactions, Taiwan, 2013: focus on
severe cutaneous adverse reactions,” Drug Safety, vol. 37,
no. 6, pp. 459-464, 2014.

H. Y. Lee, A. Dunant, P. Sekula et al., “The role of prior
corticosteroid use on the clinical course of Stevens-Johnson
syndrome and toxic epidermal necrolysis: a case-control
analysis of patients selected from the multinational
EuroSCAR and RegiSCAR studies,” British Journal of
Dermatology, vol. 167, no. 3, pp. 555-562, 2012.

E. H. Law and M. Leung, “Corticosteroids in Stevens-Johnson
syndrome/toxic epidermal necrolysis: current evidence and
implications for future research,” Annals of Pharmacother-
apy, vol. 49, no. 3, pp. 335-342, 2015.

Y. C. Huang, Y. C. Li, and T. J. Chen, “The efficacy of intra-
venous immunoglobulin for the treatment of toxic epidermal
necrolysis: a systematic review and meta-analysis,” British
Journal of Dermatology, vol. 167, no. 2, pp. 424-432, 2012.

Y. C. Huang, Y. N. Chien, Y. T. Chen, Y. C. Li, and T. J. Chen,
“Intravenous immunoglobulin for the treatment of toxic epi-
dermal necrolysis: a systematic review and meta-analysis,”
Giornale Italiano di Dermatologia e Venereologia, vol. 151,
no. 5, pp. 515-524, 2016.

P. Tristani-Firouzi, M. J. Petersen, J. R. Saffle, S. E. Morris,
and J. J. Zone, “Treatment of toxic epidermal necrolysis with
intravenous immunoglobulin in children,” Journal of the
American Academy of Dermatology, vol. 47, no. 4, pp. 548-
552, 2002.

L. Valeyrie-Allanore, P. Wolkenstein, L. Brochard et al,
“Open trial of ciclosporin treatment for Stevens-Johnson syn-
drome and toxic epidermal necrolysis,” British Journal of
Dermatology, vol. 163, no. 4, pp. 847-853, 2010.

H. Y. Lee, S. Fook-Chong, H. Y. Koh, T. Thirumoorthy, and
S. M. Pang, “Cyclosporine treatment for Stevens-Johnson
syndrome/toxic epidermal necrolysis: retrospective analysis
of a cohort treated in a specialized referral center,” Journal
of the American Academy of Dermatology, vol. 76, no. 1,
pp. 106-113, 2017.



20

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

[222]

Y.-T. H. Chen, C. Y.-N. Che-Yuan, W.-R. Lee, and
Y.-C. Huang, “Efficacy of cyclosporine for the treatment of
Stevens-Johnson syndrome and toxic epidermal necrolysis:
systemic review and meta-analysis,” Dermatologica Sinica,
vol. 35, no. 3, pp. 131-137, 2017.

A. Wojtkiewicz, M. Wysocki, J. Fortuna, M. Chrupek,
M. Matczuk, and A. Koltan, “Beneficial and rapid effect of
infliximab on the course of toxic epidermal necrolysis,” Acta
Dermato-Venereologica, vol. 88, no. 4, pp. 420-421, 2008.

A. Paradisi, D. Abeni, F. Bergamo, F. Ricci, D. Didona, and
B. Didona, “Etanercept therapy for toxic epidermal necroly-
sis,” Journal of the American Academy of Dermatology,
vol. 71, no. 2, pp. 278-283, 2014.

M. Fischer, E. Fiedler, W. C. Marsch, and ]J. Wohlrab,
“Antitumour necrosis factor-a antibodies (infliximab) in
the treatment of a patient with toxic epidermal necrolysis,”
British Journal of Dermatology, vol. 146, no. 4, pp. 707-
709, 2002.

R. E. Hunger, T. Hunziker, U. Buettiker, L. R. Braathen,
and N. Yawalkar, “Rapid resolution of toxic epidermal
necrolysis with anti-TNF-a treatment,” The Journal of
Allergy and Clinical Immunology, vol. 116, no. 4,
pp. 923-924, 2005,

B. Kreft, J. Wohlrab, I. Bramsiepe, R. Eismann, M. Winkler,
and W. C. Marsch, “Etoricoxib-induced toxic epidermal
necrolysis: successful treatment with infliximab,” The Journal
of Dermatology, vol. 37, no. 10, pp. 904-906, 2010.

L. C. Zarate-Correa, D. C. Carrillo-Gomez, A. F. Ramirez-
Escobar, and C. Serrano-Reyes, “Toxic epidermal necrolysis
successfully treated with infliximab,” Journal of Investiga-
tional Allergology & Clinical Immunology, vol. 23, no. 1,
pp. 61-63, 2013.

S. Zimmermann, P. Sekula, M. Venhoft et al.,, “Systemic
immunomodulating therapies for Stevens-Johnson syn-
drome and toxic epidermal necrolysis: a systematic review
and meta-analysis,” JAMA Dermatology, vol. 153, no. 6,
pp. 514-522, 2017.

R. S. Stern and S. J. Divito, “Stevens-Johnson syndrome and
toxic epidermal necrolysis: associations, outcomes, and
pathobiology-thirty years of progress but still much to be
done,” Journal of Investigative Dermatology, vol. 137, no. 5,
pp. 1004-1008, 2017.

Y. T. Cho, C. W. Yang, and C. Y. Chu, “Drug reaction with
eosinophilia and systemic symptoms (DRESS): an interplay
among drugs, viruses, and immune system,” International
Journal of Molecular Sciences, vol. 18, no. 6, 2017.

T. Ishida, Y. Kano, Y. Mizukawa, and T. Shiohara, “The
dynamics of herpesvirus reactivations during and after severe
drug eruptions: their relation to the clinical phenotype and
therapeutic outcome,” Allergy, vol. 69, no. 6, pp. 798-805,
2014.

V. Descamps, B. Ben Said, B. Sassolas et al., “Management of
drug reaction with eosinophilia and systemic symptoms
(DRESS),” Annales de Dermatologie et de Vénéréologie,
vol. 137, no. 11, pp. 703-708, 2010.

Z. Husain, B. Y. Reddy, and R. A. Schwartz, “DRESS
syndrome: part II. Management and therapeutics,” Journal
of the American Academy of Dermatology, vol. 68, no. 5,
pp. 709.e1-709.¢9, 2013.

P. Joly, B. Janela, F. Tetart et al., “Poor benefit/risk balance of
intravenous immunoglobulins in DRESS,” Archives of
Dermatology, vol. 148, no. 4, pp. 543-544, 2012.

172

[223]

[224]

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

Journal of Immunology Research

M. G. Kirchhof, A. Wong, and J. P. Dutz, “Cyclosporine
treatment of drug-induced hypersensitivity syndrome,”
JAMA Dermatology, vol. 152, no. 11, pp. 1254-1257, 2016.
C. Hotz, L. Valeyrie-Allanore, C. Haddad et al,, “Systemic
involvement of acute generalized exanthematous pustulosis:
a retrospective study on 58 patients,” British Journal of
Dermatology, vol. 169, no. 6, pp. 1223-1232, 2013.

S. Ingen-Housz-Oro, C. Hotz, L. Valeyrie-Allanore et al,
“Acute generalized exanthematous pustulosis: a retrospective
audit of practice between 1994 and 2011 at a single centre,”
British Journal of Dermatology, vol. 172, no. 5, pp. 1455-
1457, 2015.

T. Y. Mehta, L. M. Prajapati, B. Mittal et al., “Association of
HLA-B*1502 allele and carbamazepine-induced Stevens-
Johnson syndrome among Indians,” Indian Journal of
Dermatology, Venereology and Leprology, vol. 75, no. 6,
pp. 579-582, 2009.

C. C. Chang, C. L. Too, S. Murad, and S. H. Hussein,
“Association of HLA-B*1502 allele with carbamazepine-
induced toxic epidermal necrolysis and Stevens-Johnson
syndrome in the multi-ethnic Malaysian population,”
International Journal of Dermatology, vol. 50, no. 2,
pp. 221-224, 2011.

K. W. Chong, D. W. Chan, Y. B. Cheung et al., “Association
of carbamazepine-induced severe cutaneous drug reactions
and HLA-B*1502 allele status, and dose and treatment dura-
tion in paediatric neurology patients in Singapore,” Archives
of Disease in Childhood, vol. 99, no. 6, pp. 581-584, 2014.
D. V. Nguyen, H. C. Chu, D. V. Nguyen et al., “HLA-B*1502
and carbamazepine-induced severe cutaneous adverse drug
reactions in Vietnamese,” Asia Pacific Allergy, vol. 5, no. 2,
pp. 68-77, 2015.

P. K. Kwan, M. H. Ng, and S. V. Lo, “Association
between HLA-B*15:02 allele and antiepileptic drug-
induced severe cutaneous reactions in Hong Kong Chinese:
a population-based study,” Hong Kong Medical Journal,
no. 20, Supplement 7, pp. S16-S18, 2014.

E. Ramirez, T. Bellon, H. Y. Tong et al., “Significant HLA
class I type associations with aromatic antiepileptic drug
(AED)-induced SJS/TEN are different from those found for
the same AED-induced DRESS in the Spanish population,”
Pharmacological Research, vol. 115, pp. 168-178, 2017.

N. Kaniwa, Y. Saito, M. Aihara et al., “HLA-B*1511 is a risk
factor for carbamazepine-induced Stevens-Johnson syn-
drome and toxic epidermal necrolysis in Japanese patients,”
Epilepsia, vol. 51, no. 12, pp. 2461-2465, 2010.

D. Sun, Y. CH, Z. S. Liu et al., “Association of HLA-B*1502
and *1511 allele with antiepileptic drug-induced Stevens-
Johnson syndrome in central China,” Journal of Huazhong
University of Science and Technology Medical Sciences,
vol. 34, pp. 146-150, 2014.

H. Ikeda, Y. Takahashi, E. Yamazaki et al., “HLA class I
markers in Japanese patients with carbamazepine-induced
cutaneous adverse reactions,” Epilepsia, vol. 51, no. 2,
pp. 297-300, 2010.

W. Tassaneeyakul, N. Prabmeechai, C. Sukasem et al., “Asso-
ciations between HLA class I and cytochrome P450 2C9
genetic polymorphisms and phenytoin-related severe
cutaneous adverse reactions in a Thai population,” Pharma-
cogenetics and Genomics, vol. 26, no. 5, pp. 225-234, 2016.
C. C. Chang, C. C.Ng, C. L. Too et al., “Association of HLA-B
*15:13 and HLA-B*15:02 with phenytoin-induced severe



Journal of Immunology Research

[237]

[238]

[239]

[240]

[241]

[242]

[243]

[244]

[245]

[246]

[247]

[248]

[249]

[250]

cutaneous adverse reactions in a Malay population,” The
Pharmacogenomics Journal, vol. 17, no. 2, p. 170, 2016.

T. Zeng, Y. S. Long, F. L. Min, W. P. Liao, and Y. W. Shi,
“Association of HLA-B*1502 allele with lamotrigine-
induced Stevens-Johnson syndrome and toxic epidermal
necrolysis in Han Chinese subjects: a meta-analysis,” Interna-
tional Journal of Dermatology, vol. 54, no. 4, pp. 488-493,
2015.

G. R. Kazeem, C. Cox, J. Aponte et al., “High-resolution HLA
genotyping and severe cutaneous adverse reactions in
lamotrigine-treated patients,” Pharmacogenetics and Geno-
mics, vol. 19, no. 9, pp. 661-665, 2009.

B. K. Kim, J. W. Jung, T. B. Kim et al., “HLA-A*31:01 and
lamotrigine-induced severe cutaneous adverse drug reactions
in a Korean population,” Annals of Allergy Asthma &
Immunology, vol. 119, no. 5, pp. 629-630, 2017.

A. M. Martin, D. Nolan, I. James et al., “Predisposition to
nevirapine hypersensitivity associated with HLA-DRB1*
0101 and abrogated by low CD4 T-cell counts,” AIDS,
vol. 19, no. 1, pp. 97-99, 2005.

R. Littera, C. Carcassi, A. Masala et al., “HLA-dependent
hypersensitivity to nevirapine in Sardinian HIV patients,”
AIDS, vol. 20, no. 12, pp. 1621-1626, 2006.

D. F. Carr, M. Chaponda, A. L. Jorgensen et al., “Associa-
tion of human leukocyte antigen alleles and nevirapine
hypersensitivity in a Malawian HIV-infected population,”
Clinical Infectious Diseases, vol. 56, no. 9, pp. 1330-1339,
2013.

J. Yang, H. L. Qiao, Y. W. Zhang, L. J. Jia, X. Tian, and N. Gao,
“HLA-DRB genotype and specific IgE responses in patients
with allergies to penicillins,” Chinese Medical Journal,
vol. 119, no. 6, pp. 458-466, 2006.

T. Kongpan, S. Mahasirimongkol, P. Konyoung et al., “Can-
didate HLA genes for prediction of co-trimoxazole-induced
severe cutaneous reactions,” Pharmacogenetic and Genomics,
vol. 25, no. 8, pp. 402-411, 2015.

J. Revuz, D. Penso, J. C. Roujeau et al., “Toxic epidermal
necrolysis. Clinical findings and prognosis factors in 87
patients,” Archives of Dermatology, vol. 123, no. 9,
pp- 1160-1165, 1987.

J. Quiralte, F. Sanchez-Garcia, M. J. Torres et al., “Association
of HLA-DRI11 with the anaphylactoid reaction caused by
nonsteroidal anti-inflammatory drugs,” The Journal of
Allergy and Clinical Immunology, vol. 103, no. 4, pp. 685-
689, 1999.

H. L. Qiao, J. Yang, and Y. W. Zhang, “Specific serum IgE
levels and FceRIf genetic polymorphism in patients with
penicillins allergy,” Allergy, vol. 59, no. 12, pp. 1326-1332,
2004.

Y. H. Nam, J. E. Kim, S. H. Kim et al., “Identifying genetic
susceptibility to sensitization to cephalosporins in health care
workers,” Journal of Korean Medical Science, vol. 27, no. 11,
pp. 1292-1299, 2012.

H. L. Qiao, Q. Wen, N. Gao, X. Tian, and L. J. Jia,
“Association of IL-10 level and IL-10 promoter SNPs with
specific antibodies in penicillin-allergic patients,” European
Journal of Clinical Pharmacology, vol. 63, no. 3, pp. 263—
269, 2007.

N. Gao, H.-L. Qiao, L.-J. Jia, X. Tian, and Y.-W. Zhang,
“Relationships between specific serum IgE, IgG, IFN-y
level and IFN-y, IFNRI polymorphisms in patients with

173

[251]

[252]

[253]

[254]

[255]

[256]

[257]

[258]

[259]

[260]

[261]

[262]

[263]

21

penicillin allergy,” European Journal of Clinical Pharmacol-
ogy, vol. 64, no. 10, pp. 971-977, 2008.

C.-Z. Huang, J. Yang, H.-L. Qiao, and L.-]. Jia, “Polymor-
phisms and haplotype analysis of IL-4Ra Q576R and
175V in patients with penicillin allergy,” European Journal
of Clinical Pharmacology, vol. 65, no. 9, pp. 895-902,
2009.

C. Z. Huang, D. Zou, J. Yang, and H. L. Qiao, “Polymor-
phisms of STAT6 and specific serum IgE levels in patients
with penicillin allergy,” International Journal of Clinical
Pharmacology and Therapeutics, vol. 50, no. 07, pp. 461-
467, 2012.

L. Guglielmi, C. Fontaine, C. Gougat et al., “IL-10 promoter
and IL4-R « gene SNPs are associated with immediate
B-lactam allergy in atopic women,” Allergy, vol. 61,
no. 8, pp. 921-927, 2006.

R. M. Gueant-Rodriguez, J. L. Gueant, M. Viola, D. Tramoy,
F. Gaeta, and A. Romano, “Association of tumor necrosis
factor-a -308G>A polymorphism with IgE-mediated allergy
to betalactams in an Italian population,” The Pharmacoge-
nomics Journal, vol. 8, no. 2, pp. 162-168, 2008.

J. A. Cornejo-Garcia, R. M. Gueant-Rodriguez, M. J. Torres
et al., “Biological and genetic determinants of atopy are
predictors of immediate-type allergy to betalactams, in
Spain,” Allergy, vol. 67, no. 9, pp. 1181-1185, 2012.

S. H. Kim, J. H. Choi, J. W. Holloway et al., “Leukotriene-
related gene polymorphisms in patients with aspirin-
intolerant urticaria and aspirin-intolerant asthma: differing
contributions of ALOX5 polymorphism in Korean popula-
tion,” Journal of Korean Medical Science, vol. 20, no. 6,
pp. 926-931, 2005.

J.-S. Bae, S.-H. Kim, Y.-M. Ye et al., “Significant association of
FceRla promoter polymorphisms with aspirin-intolerant
chronic urticaria,” The Journal of Allergy and Clinical Immu-
nology, vol. 119, no. 2, pp. 449-456.

H. J. Park, Y. M. Ye, G. Y. Hur, S. H. Kim, and H. S. Park,
“Association between a TGFfS1 promoter polymorphism
and the phenotype of aspirin-intolerant chronic urticaria in
a Korean population,” Journal of Clinical Pharmacy and
Therapeutics, vol. 33, no. 6, pp. 691-697, 2008.

J. H. Choi, S. H. Kim, B. Y. Cho et al., “Association of TNF-«
promoter polymorphisms with aspirin-induced urticaria,”
Journal of Clinical Pharmacy and Therapeutics, vol. 34,
no. 2, pp. 231-238, 2009.

S. H. Kim, Y. M. Kang, S. H. Kim et al., “Histamine N-meth-
yltransferase 939A>G polymorphism affects mRNA stability
in patients with acetylsalicylic acid-intolerant chronic urti-
caria,” Allergy, vol. 64, pp. 213-221, 2009.

S. H. Kim, J. K. Son, E. M. Yang, J. E. Kim, and H. S. Park, “A
functional promoter polymorphism of the human IL18 gene
is associated with aspirin-induced urticaria,” British Journal
of Dermatology, vol. 165, no. 5, pp. 976-984, 2011.

N. S. Palikhe, S. H. Kim, H. Y. Lee, J. H. Kim, Y. M. Ye, and
H. S. Park, “Association of thromboxane A2 receptor
(TBXAZ2R) gene polymorphism in patients with aspirin-
intolerant acute urticaria,” Clinical & Experimental Allergy,
vol. 41, no. 2, pp. 179-185, 2011.

N. S. Palikhe, H. J. Sin, S. H. Kim et al., “Genetic variability of
prostaglandin E2 receptor subtype EP4 gene in aspirin-
intolerant chronic urticaria,” Journal of Human Genetics,
vol. 57, no. 8, pp- 494-499, 2012.



22

[264]

[265]

[266]

[267]

[268]

[269]

[270]

[271]

[272]

(273]

[274]

[275]

L. Mastalerz, M. Setkowicz, M. Sanak, H. Rybarczyk, and
A. Szczeklik, “Familial aggregation of aspirin-induced urti-
caria and leukotriene C, synthase allelic variant,” British
Journal of Dermatology, vol. 154, no. 2, pp. 256260, 2006.

M. Sanchez-Borges, N. Acevedo, C. Vergara et al., “The
A-444C polymorphism in the leukotriene C, synthase
gene is associated with aspirin-induced urticaria,” Journal
of Investigational Allergology and Clinical Immunology,
vol. 19, no. 5, pp. 375-382, 2009.

J. A. Agundez, P. Ayuso, J. A. Cornejo-Garcia et al., “The
diamine oxidase gene is associated with hypersensitivity
response to non-steroidal anti-inflammatory drugs,” PLoS
One, vol. 7, no. 11, article e47571, 2012.

C. Vidal, L. Porras-Hurtado, R. Cruz et al., “Association of
thromboxane Al synthase (TBXASI) gene polymorphism
with acute wurticaria induced by nonsteroidal anti-
inflammatory drugs,” The Journal of Allergy and Clinical
Immunology, vol. 132, no. 4, pp. 989-991, 2013.

C. Plaza-Seron Mdel, P. Ayuso, N. Perez-Sanchez et al,
“Copy number variation in ALOX5 and PTGERI is associ-
ated with NSAIDs-induced urticaria and/or angioedema,”
Pharmacogenetics and Genomics, vol. 26, no. 6, pp. 280-
287, 2016.

L. M. Ferreira Vasconcelos, R. O. Rodrigues, A. A. Albuquer-
que et al., “Polymorphism of ILI10, IL4, CTLA4, and DAO
genes in cross-reactive nonsteroidal anti-inflammatory drug
hypersensitivity,” The Journal of Clinical Pharmacology,
2017.

A. Beeler, O. Engler, B. O. Gerber, and W. J. Pichler, “Long-
lasting reactivity and high frequency of drug-specific T cells
after severe systemic drug hypersensitivity reactions,” Journal
of Allergy and Clinical Immunology, vol. 117, no. 2, pp. 455-
462, 2006.

D. Nishio, K. Izu, K. Kabashima, and Y. Tokura, “T cell pop-
ulations propagating in the peripheral blood of patients with
drug eruptions,” Journal of Dermatological Science, vol. 48,
no. 1, pp. 25-33, 2007.

M. Hertl, H. Bohlen, F. Jugert, C. Boecker, R. Knaup, and
H. F. Merk, “Predominance of epidermal CD8+ T lympho-
cytes in bullous cutaneous reactions caused by 3-lactam anti-
biotics,” Journal of Investigative Dermatology, vol. 101, no. 6,
Pp. 794-799, 1993.

K. Ogawa, H. Morito, A. Hasegawa et al, “Elevated
serum thymus and activation-regulated chemokine (TARC/
CCL17) relates to reactivation of human herpesvirus 6 in
drug reaction with eosinophilia and systemic symptoms
(DRESS)/drug-induced hypersensitivity syndrome (DIHS),”
British Journal of Dermatology, vol. 171, no. 2, pp. 425-427,
2014.

I. Viard-Leveugle, O. Gaide, D. Jankovic et al., “TNF-a and
IFN-y are potential inducers of Fas-mediated keratinocyte
apoptosis through activation of inducible nitric oxide
synthase in toxic epidermal necrolysis,” Journal of
Investigative Dermatology, vol. 133, no. 2, pp. 489-498, 2013.

P. Paquet and G. E. Pierard, “Erythema multiforme and toxic
epidermal necrolysis: a comparative study,” The American
Journal of Dermatopathology, vol. 19, no. 2, pp. 127-132,
1997.

174

Journal of Immunology Research



	4論文連結 48
	4論文連結 49
	4論文連結 50
	4論文連結 51
	4論文連結 52
	4論文連結 53
	4論文連結 54
	4論文連結 55
	4論文連結 56
	4論文連結 57
	4論文連結 58
	4論文連結 59
	4論文連結 60
	4論文連結 61
	4論文連結 62
	4論文連結 63
	4論文連結 64
	4論文連結 65
	4論文連結 66
	4論文連結 67
	4論文連結 68
	4論文連結 69
	4論文連結 70
	4論文連結 71
	4論文連結 72
	4論文連結 73
	4論文連結 74
	4論文連結 75
	4論文連結 76
	4論文連結 77
	4論文連結 78
	4論文連結 79
	4論文連結 80
	4論文連結 81
	4論文連結 82
	4論文連結 83
	4論文連結 84
	4論文連結 85
	4論文連結 86
	4論文連結 87
	4論文連結 88
	4論文連結 89
	4論文連結 90
	4論文連結 91
	4論文連結 92
	4論文連結 93
	4論文連結 94
	4論文連結 95
	4論文連結 96
	4論文連結 97
	4論文連結 98
	4論文連結 99
	4論文連結 100
	4論文連結 101



