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Adverse drug reactions can cause considerable discomfort. They can be life-threat-
ening in severe cases, requiring or prolonging hospitalization, impeding proper
treatment, and increasing treatment costs considerably. Although the incidence of
severe cutaneous adverse reactions (SCARs) is low, they can be serious, have perma-
nent sequelae, or lead to death. A recent pharmacogenomic study confirmed that
genetic factors can predispose an individual to SCARs. Genetic markers enable not
only elucidation of the pathogenesis of SCARs, but also screening of susceptible
subjects. The human leukocyte antigen (HLA) genotypes associated with SCARs
include HLA-B*57:01 for abacavir (Caucasians), HLA-B*58:01 for allopurinol
(Asians), HLA-B*15:02 (Han Chinese) and HLA-A*31:01 (Europeans and Koreans)
for carbamazepine, HLA-B*59:01 for methazolamide (Koreans and Japanese), and
HLA-B*13:01 for dapsone (Asians). Therefore, prescreening genetic testing could
prevent severe drug hypersensitivity reactions. Large-scale epidemiologic studies
are required to demonstrate the usefulness and cost-effectiveness of screening
tests because their efficacy is affected by the genetic differences among ethnici-
ties.

Keywords: Stevens-Johnson syndrome; Drug hypersensitivity syndrome; Phar-
macogenetics; HLA antigens

INTRODUCTION

urticaria and angioedema, to delayed hypersensitivity
reactions such as maculopapular eruption, erythema

Adverse reactions caused by drugs occur frequently.
They can be life-threatening in severe cases, requiring
or prolonging hospitalization, impeding proper treat-
ment, and increasing treatment costs considerably [1].
Lazarou et al. [2] conducted a meta-analysis of 39 studies
conducted in the United States from 1966 to 1999 and
found that 15.1% of hospitalized patients experienced
adverse drug reactions and 6.7% serious adverse reac-
tions. Indeed, 3.1% to 6.2% of all hospitalized patients
were admitted due to adverse drug reactions [2].

Skin manifestations are the most common clinical
manifestations of adverse drug reactions and range
from immediate hypersensitivity reactions, such as
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multiforme, and fixed drug eruption. Although the
majority of patients who experience such reactions re-
cover spontaneously with drug withdrawal, some may
develop life-threatening severe cutaneous adverse reac-
tions (SCARs) such as Stevens-Johnson syndrome (SJS),
toxic epidermal necrolysis (TEN), and drug-induced
hypersensitivity syndrome (DISH)/drug reaction with
eosinophilia and systemic symptoms (DRESS) [3]. The
annual incidence of SCARSs is reportedly 3 to 5/1,000,000
persons [4,5]. Despite this low incidence, complications
such as infection due to skin exfoliation or systemic or-
gan impairment can result in death. The mortality rate
is 10% for SJS, 30% for SJS/TEN overlap, 50% for TEN,
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and 5% for DRESS [6]. SCARs may permanently damage
the affected mucosa or skin. Among survivors of SJS/
TEN, 50% have severe sequelae, including symbleph-
aron, corneal scarring leading to visual impairment,
perineal stricture, bronchiolitis, hair loss, and scarring
7

Overlap hypersensitivity syndrome is an import-
ant emerging concept that suggests that SCAR lesions
overlap with another condition. In fact, 20% of all drug
eruptions reportedly exhibit an overlap; the most com-
mon is DISH with TEN-like features. Thus, SCARs may
represent a clinical spectrum of reactions with common
pathophysiologic mechanisms.

A recent pharmacogenomic study demonstrated that
certain human leukocyte antigen (HLA) genotypes can
induce T-cell activation to a specific drug, resulting in
an immune response. Specific HLA genotypes play an
important role in the development of SCARs [8]. In 1987,
Roujeau et al. [g] reported that HLA-A29, HLA-B12, and
HLA-DRy were associated with sulfonamide-induced
TEN, and HLA-A2 and HLA-Bi12 were associated with
oxicam-induced TEN in a European population. They
hypothesized that the HLA genotype is a major factor
in the development of SJS/TEN [9]. The occurrence of
SCARs to some drugs is reportedly strongly associated
with specific HLA alleles [10]. In addition, the HLA gen-
otype is useful for identifying patients at high risk of
SCARSs to certain drugs. However, results derived from
one ethnicity may not be applicable to others, where the
association between SCARs and HLA genotype differs by
ethnicity.

In addition to HLA, the T-cell receptor (TCR) plays
an important role in the development of SCARs. Cyto-
toxic T lymphocytes in response to carbamazepine that
highly restrict V-o and V-3 TCR repertoires have been
found in patients with, but not in those without, car-
bamazepine hypersensitivity [11]. Although not yet clin-
ically useful, combining functional screening of TCR
repertoires with HLA haplotype screening prior to drug
administration has been suggested.

ABACAVIR AND NEVIRAPINE

The first report of a drug-induced SCAR-HLA associa-
tion was between HLA-B*57:01 and abacavir hypersensi-
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tivity syndrome (AHS). Abacavir is a nucleoside analogue
used to treat acquired immune deficiency syndrome. It
causes delayed systemic hypersensitivity reactions, such
as fever and skin rash, in 5% to 8% of patients after 1 to 6
weeks of use [12]. AHS can manifest systemic hypersen-
sitivity reactions including fever, rash, gastrointestinal
symptoms, and respiratory symptoms; this is similar to
DRESS syndrome. Numerous fatal cases of AHS have
been reported [12].

Following the report of Hetherington et al. [13] in 2002,
Mallal et al. [14] used a candidate gene approach to con-
firm the association between abacavir hypersensitivity
and HLA allele in a Western Australian human immuno-
deficiency virus (HIV) cohort; HLA-B*57:01 was strongly
correlated with hypersensitivity to abacavir (odds ratio
[OR], 117). Later, a prospective randomized double-blind
clinical trial confirmed the usefulness of pre-treatment
HLA-B*57:01 allele screening for preventing abaca-
vir-induced hypersensitivity reactions (the Prospective
Randomized Evaluation of DNA Screening in a Clini-
cal Trial [PREDICT-1] study) [12]. In that study, abacavir
was not prescribed to patients with HLA-B*57:01, which
reduced the incidence of abacavir hypersensitivity reac-
tions from 7.8% to 3.4%. Furthermore, the incidence of
abacavir hypersensitivity reactions confirmed by patch
test decreased from 2.7% to 0.0% [12]. Accordingly, the
U.S. Food and Drug Administration (FDA) recommends
HLA-B*57:01 screening before abacavir treatment [12].
An association of HLA-B*57:01 with hypersensitivity to
abacavir has been observed in Caucasians, but not in Af-
rican-Americans [15]. However, HLA-B*57:01 reportedly
has a 100% negative predictive value for abacavir-in-
duced hypersensitivity reactions in Caucasians and Afri-
can-Americans (The Study of Hypersensitivity to Abaca-
vir and Pharmacogenetic Evaluation [SHAPE] study) [16].
The allele frequency of HLA-B*57:01 is low in Koreans
(0.2%) [17] and Japanese (0.005%) [18]. Thus, confirming
the association of HLA-B*57:01 with hypersensitivity to
abacavir in non-Caucasian ethnicities is problematic be-
cause the HLA-B*57:01 test for abacavir hypersensitivity
is not clinically relevant in Koreans [19] or Japanese [20].

The anti-HIV agent nevirapine also causes hypersen-
sitivity reactions. Interestingly, the HLA alleles associ-
ated with hypersensitivity reactions to nevirapine also
differ by ethnicity [21]. In Thailand, hypersensitivity
to nevirapine is associated with HLA-B*35:05 and pro-
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spective studies are currently underway to confirm the
clinical utility of HLA-B*35:05 screening [22]. Nevirap-
ine-induced DRESS is reportedly associated with HLA-
DRB1*o1:01 in Caucasians [23] and HLA-Cw8 in Japa-
nese [24].

CARBAMAZEPINE AND OTHER AROMATIC
ANTIEPILEPTICS

Carbamazepine is widely used to control convulsive dis-
ease and pain. In 2004, it was reported that in a Han
Chinese population, 100% of carbamazepine-induced
SJS patients were positive for the HLA-B*15:02 allele,
compared to 3% of tolerant patients (OR, 2,504) [25].
Therefore, SCAR could be prevented by administering
a customized treatment to patients with HLA-B*15:02.
In 2011, Chen et al. [26] screened for persons in Taiwan
with HLA-B*15:02 to whom carbamazepine was not
prescribed. This reduced the incidence of carbamaze-
pine-induced SJS/TEN from 0.23% to 0%; moreover, the
decrease in medical costs due to prevention of SJS/TEN
was greater than the cost of the screening [26,27]. The
usefulness of genetic screening has been demonstrated
by confirming the significant preventive effect of the
HLA-B*15:02 test [26]. Therefore, the US and Taiwanese
FDAs recommend HLA-B*15:02 testing prior to pre-
scribing carbamazepine to Asians, particularly South-
east Asians [28,29)].

The genetic association of carbamazepine hyper-
sensitivity is ethnicity-specific. The strong associa-
tion between carbamazepine-induced SJS/TEN and
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HLA-B*15:02 was not observed in Caucasians [30], Jap-
anese [31], or Indians [32], who have a lower frequency of
HILA-B*15:02 than Han Chinese in Hong Kong [33] or
the general populations of Thailand [34] and Malaysia
[35]- Thus, the HLA distribution in the ethnicity of inter-
est should be considered when assessing the correlation
between specific HLA types and drug-induced SCARs
[36]. More than 15% of the population of Hong Kong,
Thailand, Malaysia, and parts of the Philippines are pos-
itive for HLA-B*15:02, compared to 10% in Taiwan; 2%
to 4% in South Asia, including India; and < 1% in Korea
and Japan [18].

The association of carbamazepine-induced SCARs
with HLA has been investigated in genome-wide asso-
ciation studies (GWASs) in Japan and the United King-
dom [37,38]. HLA-A*31:01 is strongly associated with car-
bamazepine-induced DRESS but weakly associated with
carbamazepine-induced SJS/TEN in Europeans [38]. In
Japanese, HLA-A*31:01 is strongly associated with car-
bamazepine-induced DIHS and SJS/TEN [37]. In Malay-
sia, HLA-B*15:02 and HLA-A*31:01 are associated with
carbamazepine-induced SJS/TEN [39]. Thus, the associ-
ation between carbamazepine-induced SCARs and HLA
type difters by ethnicity. HLA-B*15:02 is very rare in Ko-
reans, and so no significant correlation with SCARs has
been reported. HLA-B*15:11 (OR, 18.0) and HLA-A*31:01
(OR, 8.8) are associated with carbamazepine-induced hy-
persensitivity syndrome in Koreans; however, the cor-
relation was of insufficient strength for application to
screening (Table 1) [40].

Several studies have evaluated other aromatic antie-
pileptics. In a Han Chinese population, HLA-B*15:02

Table 1. Summary of reports on the association of HLA-B*15:02 and HLA-A*31:01 with carbamazepine-induced severe cuta-

neous adverse reactions

HLA Ethnicity Phenotypes Patients,n (%)  Controls, n (%) p value OR (95% CI)

B*15:02 Han Chinese [25] SJS/TEN 44 (100) 3/101 (3) 3.13%x10°7 2,504 (126—49,522)
Thai [34] SJS/TEN 37/42 (88.1) 10/84 (11.9) 2.89x107*  54.76 (14.62—205.13)
Korean [40] SJS/TEN 1/7 (14.3) 0/50 (0) NS 23.3 (0.9-634.0)

A*31:01 European [38] DRESS 10/27 (37.0) 10/257 (3.9) 0.03 12.41 (1.27-121.03)
Japanese [37] SJS/TEN/DIHS 37/61 (60.7) 47/376 (12.5) 3.64x107%  10.8(5.9-19.6)
Korean [40] HSS 10/17 (58.8) 7/50 (14.0) 0.001 8.8 (2.5-30.7)

HLA, human leukocyte antigen; OR, odds ratio; CI, confidence interval; SJS, Stevens-Johnsons syndrome; TEN, toxic epider-
mal necrolysis; NS, not significant; DRESS, drug reaction with eosinophilia and systemic symptoms; DIHS, drug induced hy-

persensitivity syndrome; HSS, hypersensitivity syndrome.
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Table 2. Summary of reports on the association of HLA-B*58:01 and allopurinol-induced severe cutaneous adverse reactions

Ethnicity Phenotypes Patients, n (%) Controls, n (%) pvalue OR (95% CI)
Han Chinese [47]  SJS/TEN 51/51 (100) 20/135 (15.0) 4.7 %1074 580.3 (34.4-9,780.9)
European [50] SJS/TEN 14/27 (55) 28/1822 (1.5) <1.0x107° 80 (34-187)
Japanese [31] SJS/TEN 2/10(20) 6/986 (0.61) <10x107* 40.83 (10.5-158.9)
Thai [48] SJS/TEN 27/27 (100 7/54 (13.0) 1.6x1073 3483 (19.2—6,336.9)
Korean [49] SJS/TEN, DRESS 23/25(92.0) 6/57 (10.5) 2.45x 107" 97.8 (18.3—521.5)
Portuguese [51] SJS/TEN, DRESS 16/25 (64) 1/23 (4) 5.0 x107? 39.11 (4.49—340.51)

HLA, human leukocyte antigen; OR, odds ratio; CI, confidence interval; SJS, Stevens-Johnsons syndrome; TEN, toxic epider-

mal necrolysis; DRESS, drug reaction with eosinophilia and systemic symptoms.

was significantly associated with phenytoin-induced
SJS/TEN (OR, 5.1) and oxcarbazepine-induced SJS (OR,
80.7). In addition, the HLA-A*02:01/C*15:02 combina-
tion is reportedly related to phenytoin-induced SJS/TEN
and HLA-A*24:02 with phenytoin-induced DRESS (OR,
22.50) [41]. In contrast, lamotrigine was not associated
with HLA-B*15:02 [41]. In a Spanish population, HLA-B*
38:01 was associated with lamotrigine-induced SJS/
TEN (OR, 147.0) and HLA-A*24:02 with lamotrigine-in-
duced DRESS (OR, 23.5) [42]. In Europeans, HLA-B*15:02
was not correlated with lamotrigine-induced SCARs,
while HLA-B*58:01, A*68:01, C*07:18, DQB1*06:09, and
DRB1*13:01 showed weak associations [43]. In Koreans,
HLA-A*31:01 was associated with lamotrigine-induced
SCARs (OR, 11.43) [44].

In a recent study involving a Thai population, lam-
otrigine-induced maculopapular eruption was associ-
ated with HLA-A*33:03, HLA-B*15:02, and HLA-B*44:03
[45]. However, no HLA was significantly associated with
SCARSs [45]. In Koreans, lamotrigine-induced maculo-
papular eruption was associated with the coexistence of
HLA-A*24:02 and C*o1:02 [46].

ALLOPURINOL

Allopurinol, a uric-acid lowering agent used to treat
gout, has long been prescribed in clinical practice. How-
ever, allopurinol has been criticized as a cause of SJS,
TEN, and DRESS. In 2005, HLA-B*58:01 was found to
be strongly associated with allopurinol-induced SCARs
in a case-control study of a Han Chinese population in
Taiwan (OR, 580.3) [47,48]. In Koreans, HLA-B*38:01 was
strongly associated with allopurinol-induced SCARs
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(OR, 97.8) [49]. Among European and Japanese patients
with allopurinol-induced SCARs, 70% and 40%, respec-
tively, were positive for HLA-B*58:01 [31,50,51]. Consid-
ering its very low frequency in Europeans and Japanese,
this finding supports the importance of HLA-B*358:01
(Table 2).

Thus, HLA-B*58:01 is associated with allopurinol-in-
duced SCARs. However, some HLA-B*58:01 carriers do
not develop SCARs after taking allopurinol. In a retro-
spective cohort analysis of allopurinol-treated patients
with chronic renal insufficiency in Korea, SCARs oc-
curred in only 18% of patients with HLA-B58 [52]. All
Koreans have the HLA-B*58:01 serotype of HLA-B58 [17].
Although an 18% incidence is very high considering the
extreme rarity of SCARs, 82% of HLA-B*58:01 carriers
with chronic renal insufficiency, an important risk fac-
tor for SCARs, did not have SCARs despite long-term
administration of allopurinol. This suggests that oth-
er risk factors are associated with allopurinol hyper-
sensitivity reactions. In a retrospective cohort study of
allopurinol-treated Korean patients, the frequency of
HLA-A*02:01 was significantly lower in SCAR than in
non-SCAR patients, suggesting that HLA-A*02:01 pro-
tects against SCARs [49].

In a retrospective cohort study, HLA-B*;8:01-neg-
ative patients did not develop SCARs, suggesting that
HLA-B*358:01 could be a useful marker for personalized
treatments [49]. In Korea, a prospective study assessed
the induction of allopurinol tolerance through desensi-
tization or administration of an alternative medication
to HLA-B*58:01 carriers. The incidence of SCARs was
reduced to 0%, compared to 18% in historical controls
(Fig. 1) [53]. Similarly, in Taiwan, HLA-B*58:01 screening
was performed prior to allopurinol administration and
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425 Chronic renal insufficiency

11.3% 88.7%

: :

48 HLA-B*58:01 (+)

2 Consent
withdrawal

46 Allopurinol tolerance
induction protocol
or alternative medicines

377 HLA-B*58:01 (-)

355 Starting
allopurinol
at usual dose
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Figure 1. Allopurinol was administered
according to a tolerance induction pro-
tocol or substituted for an alternative
medication in 46 patients with the
HLA-B*58:01 allele. During the go-day
period of drug administration, none of
46 patients with the HLA-B*58:01 allele
developed severe cutaneous adverse re-

22 Consent withdrawal
and protocol violation®

oo

45 Tolerant 1 Rash 0 SCARs 388 Tolerant 17 Rash
(97.8%) (2.2%) (0%) (95.2%) (4.8%)

the use of allopurinol was prohibited in HLA-B*58:01
patients [s4]; this reduced the incidence of allopurinol
SCARs in HLA-B*58:01 patients to 0% [54].

METHAZOLAMIDE AND OTHER CARBONIC
ANHYDRASE INHIBITORS

Methazolamide is a carbonic anhydrase inhibitor used
as an intraocular pressure-lowering drug for treat-
ment of glaucoma and other ophthalmic diseases. All
methazolamide-induced SCARs were SJS/TEN. Meth-
azolamide-induced SJS was first reported in two Jap-
anese-Americans in 1995. In 1997, and three of four
Japanese patients with methazolamide-induced SJS
had HLA-Bs9 [55]. This was replicated in Koreans and
suggests an association of methazolamide-induced SJS
with HLA-Bs9. Indeed, all Korean patients with meth-
azolamide-induced SJS/TEN with available HLA data
had HLA-Bsg serotypes [56]. HLA-B*59:01 is the on-
ly HLA-Bs9 subtype detected in Koreans [17]. In 2011,
high-resolution HLA genotyping of HLA class I alleles
was performed in five Korean patients with metha-
zolamide-induced SJS/TEN; all had HLA-B*59:01 and
HLA-C*o1:02 [56]. In 2010, the risk of methazolamide-in-
duced SJS/TEN in patients with HLA-B*59:01 was found
to be significantly higher (OR, 249.8) than that in the
general population [56]. Thereafter, four cases of meth-
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action (SCARs). Adapted from Jung et al.,

l with permission from Springer Nature

[50]. HLA, human leukocyte antigen.

0 SCARs *Withdrawal of allopurinol regardless of
(0%) hypersensitivity.

azolamide-induced SJS/TEN in Korea were reported, all
of which had the HLA-B* 59:01 allele [57]. In China, seven
of eight Han Chinese patients with methazolamide-in-
duced SJS/TEN had the HLA-B*59:01 allele (OR, 305.0)
[58]. Two further HLA-B*59:01-positive Chinese patients
with methazolamide-induced TEN have been reported
recently [59,60]. The HLA-B*59:01 allele is present in 1%
to 2% and < 0.5% of the general populations of Korea
and Japan, and China, respectively, but is extremely rare
in Caucasians and African-Americans [18]. Interestingly,
methazolamide-related SCARs have to date been report-
ed only in Koreans, Japanese, and Chinese. Several cases
of SJS/TEN are related to carbonic anhydrase inhibitors
other than methazolamide; e.g., acetazolamide, dor-
zolamide, and brinzolamide [56]. HLA typing has been
performed in only one case of acetazolamide-induced
SCAR; HLA-Bs9 was identified [61]. This suggests that
SCARSs to similar classes of drugs have similar associa-
tions with HLA-B*59:01 [61]. Further studies are needed
to confirm this.

DAPSONE

Dapsone is an antimicrobial agent used to treat leprosy
and Pneumocystis jirovecii pneumonia. It also possess-
es anti-inflammatory activity and so is used against cer-
tain immunologic diseases. Similar to DRESS, dapsone
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hypersensitivity syndrome has an incidence of 1.4%
[62]. HLA-B*13:01 was associated with dapsone hyper-
sensitivity syndrome in Chinese patients (OR, 20.5) [63].
HLA-B*13:01 is more common in Asians than in Euro-
peans and Africans; the frequency of HLA-B*13:01 is 1%
to 20% in Chinese, 2.1% in Koreans, 1.5% in Japanese,
and 1% to 12% in Indians [63]. In contrast, HLA-B*13:01
is extremely rare in Furopeans and Africans [63]. All
SCARSs related to dapsone were DRESS; no case of dap-
sone-related SJS/TEN has been reported to date.

NON-HLA GENE ASSOCIATION STUDIES

Most of the genes associated with SCAR identified to
date are HLAs, mainly class I. However, some genes in-
volved in drug metabolism may be involved in the de-
velopment, recovery, and prognosis of SCAR. A poten-
tial association between mutations in the cytochrome P
gene with phenytoin-induced SCAR has been reported,
particularly in patients with the CYP2Cg*3 mutation,
which is associated with phenytoin-induced SCARs [64].
In addition, the CYP2B6 G516T and T983C single-nu-
cleotide polymorphisms are reportedly associated with
nevirapine-induced SJS/TEN [65].

CONCLUSIONS

Genome studies of adverse drug reactions will be accel-
erated by novel genetic techniques, such as GWAS and
next-generation sequencing, as well as by existing candi-
date gene approaches. Future pharmacogenomic stud-
ies will identify more candidate genetic markers, which
will enhance our understanding of the pathogenesis of
adverse drug reactions and facilitate identification of
high-risk patients. However, the clinical usefulness of
HILA screening to prevent SCARs is dependent on the
frequency of the HLA type in the ethnicity of interest
and the cost of alternative drugs. Therefore, clinical ap-
plication of HLA should be assessed taking into consid-
eration various conditions. Large-scale epidemiologic
studies should evaluate the usefulness and cost-eftec-
tiveness of such screening, as are efforts to identify other
HIA types associated with SCARSs.
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