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Implementation of
Pharmacogenomic Information on
Stevens-Johnson Syndrome and
Toxic Epidermal Necrolysis

Eri Tsukagoshi?, Yoichi Tanaka® and Yoshiro Saito*

Division of Medicinal Safety Science, National Institute of Health Sciences, Kawasaki, Japan

Drug-related Stevens-Johnson syndrome and toxic epidermal necrolysis (SJS/TEN) are
rare but severe adverse drug reactions, termed as idiosyncratic reactions; however,
predicting their onset remains challenging. Pharmacogenomic information associated
with SUS/TEN has accumulated on several drugs in the last 15 years, with clinically useful
information now included on drug labels in several countries/regions or guidelines of
the Clinical Pharmacogenetics Implementation Consortium (CPIC) for implementation.
However, label information might be different among countries. This mini-review
summarizes pharmacogenomic information on drug labels of five drugs in six countries
and compared descriptions of drug labels and CPIC guidelines. Finally, we discuss
future perspectives of this issue. Pharmacogenomic information on drug labels is not
well-harmonized across countries/regions, but CPIC guidelines are a scientifically sound
goal for future pharmacogenomic implementation.

Keywords: Stevens-Johnson syndrome, toxic epidermal necrolysis, pharmacogenomics, implementation, drug
label, guideline

INTRODUCTION

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are rare but
life-threatening, severe adverse drug reactions. SJS and TEN are characterized as fever and
mucosal disorders (such as at the mouth and ocular conjunctiva) and are reactions within
the same spectrum (1, 2). Skin lesions often exhibit epidermal necrosis, resulting in skin
detachment such as erosion and blisters. Top 5 common causative drugs were reported to
be carbamazepine, allopurinol, phenytoin, lamotrigine and sulfamethoxazole in Asians and
allopurinol, carbamazepine, sulfamethoxazole, phenytoin and phenobarbital in Europeans (3). In
Japan, diagnostic classification is defined as follows: SJS; skin detachment area <10% of the body
surface area; TEN, not <10% of the body surface area (4), with the associated mortality estimated
at 1-5% and 20-30%, respectively (5, 6). Hence, they are considered the most important severe
adverse reactions from a pharmacovigilance standpoint and in terms of patient relief. However,
they are called idiosyncratic reactions, and predicting their onset has remained challenging.

In 2004, Chung et al. reported a markedly strong association between HLA-B*15:02 and
carbamazepine-related SJS (7). To date, pharmacogenomic information associated with SJS/TEN
has accumulated on several drugs. Accordingly, clinically useful pharmacogenomic information, as
well as and their application, are included on drug labels in several countries/regions or guidelines
of the Clinical Pharmacogenetics Implementation Consortium (CPIC). However, label information
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may differ among countries. This mini-review summarizes the
pharmacogenomic information on drug labels of allopurinol,
carbamazepine, oxcarbazepine, phenytoin, and fosphenytoin in
six countries/regions.

ALLOPURINOL

Allopurinol is used as a urate-lowering drug and frequently
causes severe cutaneous adverse reactions (SCARs), including
SJS/TEN (8-10). The frequency of allopurinol-related SCARs
is estimated to be 0.1-0.4%. The HLA-B*58:01 allele is
a strong predictor for allopurinol-related SCARs and the
population/ethnic frequency of this HLA allele is relatively high
among Asians and Africans (4-18%), but low in Hispanics,
Europeans, and Japanese populations (<1.5%).

On the EU label, the Special Warnings and Precautions section
describes that the HLA-B*58:01 allele is associated with the risk
of developing allopurinol-related hypersensitivity syndrome and
SJS/TEN, and screening for HLA-B*58:01 should be considered
before initiating treatment in patient subgroups where the
prevalence of this allele is known to be high (Table1). A
similar statement is presented in the (Special) Warnings and
Precautions section of the Australian and Singaporean labels.
The Japanese label shows only the facts from reported papers
in the Other Precautions subsection of the Side-Effects section
owing to the very low frequency of the variant allele when
compared with that observed in Han Chinese. In contrast, no
pharmacogenomic description is stated in the US and Canadian
labels. The Warnings section of the US drug label states that
the drug should be discontinued at the first appearance of skin
rash or other signs that may indicate an allergic reaction. A
similar description is presented in the Warnings section of the
Canadian label.

The “CPIC Guideline for Allopurinol and HLA-B”
recommends that allopurinol is contraindicated for HLA-
B*58:01 carriers [Table 2; (9, 10)]. Non-carriers of HLA-B*58:01
are considered to have a low risk for SCARs. Several clinical
non-genetic factors, including renal dysfunction and high-dose
allopurinol, have also been associated with the risk of allopurinol
hypersensitivity. Furthermore, the CPIC guideline warns that
HLA-B*58:01 predicts only allopurinol-related SCARs, not
other skin reactions such as rash, and this allele marker does
not predict the efficacy. Moreover, this guideline recommends
that physicians should monitor patients closely, regardless
of the genotyping results. Some candidate genetic factors,
including HLA-A*33:03 and HLA-C*03:02, may be associated
with allopurinol-related SCARs, but CPIC did not include these
factors in the guideline as the strength of evidence was not
achieved for inclusion. Importantly, the guideline recommends
that allopurinol should not be prescribed to patients who have
tested positive for HLA-B*58:01. Moreover, patients positive
for HLA-B*58:01 should be treated with alternative drugs.
This guideline suggests that a non-purine xanthine oxidase
inhibitor, febuxostat, is available as an alternative to allopurinol
hypersensitivity. The CPIC guideline also proposes that the
patients’ pharmacogenetic information must be incorporated

into electronic health records to guide physicians’ decisions,
including drug selection.

CARBAMAZEPINE AND OXCARBAZEPINE

The antiepileptic carbamazepine is known to occasionally
induce SCARs, with a markedly strong association observed
between carbamazepine- and oxcarbazepine-induced SJS/TEN
and HLA-B*15:02 (11-14). HLA-B*15:02 is common in East
Asians (6.9%), Oceanians (5.4%), and South/Central Asians
(4.6%), whereas these are <1% in individuals of other Asians,
Caucasians and African Americans. HLA-A*31:01 is another
risk factor for carbamazepine-related SJS/TEN and other
SCARs, including drug reactions with eosinophilia and systemic
symptoms (DRESS), and even milder skin reactions such as
maculopapular exanthema (MPE). The population frequency of
HLA-A*31:01 is relatively high in Japanese (8%), South Koreans
(5%), and Hispanic/South Americans (6%), but relatively low
in South/Central Asians (2%), Caucasians (3%), and African-
Americans (1%). In addition to the above two HLA alleles,
HLA-B*57:01 was reported to confer genetic susceptibility to
carbamazepine-induced SJS/TEN in Europeans (15).

The Boxed Warnings section of the US label shows that
HLA-B*15:02 is almost exclusively detected in patients with
ancestry across broad areas of Asia (at-risk populations), who
should be screened for HLA-B*15:02 before initiating treatment.
HLA-B*15:02-positive patients should not be treated with
carbamazepine unless the benefit undoubtedly outweighs the
risk. Regarding HLA-A*31:01, the Warnings section indicates
that positive patients should weigh the risks and benefits before
commencing treatment with carbamazepine. On the EU label,
the Special Warnings and Precautions section indicate that
prescreening for HLA-B*15:02, whenever possible, should be
performed for populations with a high frequency of this allele,
such as Han Chinese and Thai, and carbamazepine should not
be prescribed to HLA-B*15:02-positive patients. Carbamazepine
may be used in HLA-A*31:01-positive European and Japanese
patients if the benefits outweigh the risks. On the Canadian
label, the two HLA alleles are described in the Boxed Serious
Warnings section presenting recommendations for physicians’
consideration of HLA-A*31:01 and HLA-B*15:02 genotyping
as a screening tool in genetically at-risk populations. On the
Australian label, the Special Warnings and Precautions section
states that prior testing for HLA-A*31:01 and HLA-B*15:02
alleles should be considered in patients with an ancestry of
genetically at-risk populations. On the Singaporean label, testing
for the HLA-B*15:02 allele is highly recommended before
initiation of carbamazepine therapy in new patients of Asian
ancestry, whereas testing for the HLA-A*31:01 allele should be
considered in patients of these at-risk populations, which are
described in the Warnings and Precautions section. Only the
facts from the reported papers are described in the Japanese label
for both alleles in the Other Precautions subsection of the Side
Effects section.

Cross-sensitivity has been reported among various
antiepileptic drugs and is commonly seen in patients receiving
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TABLE 1 | Description of pharmacogenomic information in the five drug labels of the United States, European Union (EU) or the United Kingdom (UK), Canada, Australia, Singapore, and Japan.

Drugs Biomarker us EU or UK Canada Australia Singapore Japan

Allopurinol HLA-B*58:01 (Warnings) (EU, Special (Warnings) (Special Warnings and (Warnings and (Side
e This drug should be Warnings and eAllopurinol should be Precautions for Use) Precautions) Effects/Other Precautions)
discontinued at the first ~ Precautions for Use) discontinued eThe HLA-B*5801 allele is eThe HLA-B*5801 oA previous report has
appearance of skin eThe HLA-B*5801 immediately at the known to be associated allele is reportedly presented the association of
rash or other signs allele is reportedly appearance of a skin with the risk of developing associated with the risk ~ HLA-B*5807 and SJS/TEN
which may indicate an associated with the risk  rash, as the rash may allopurinol related of developing in Han Chinese, Japanese
allergic reaction. of developing be, in some instances, hypersensitivity syndrome allopurinol related and European populations.
eIn some instances a allopurinol related followed by a more and SJS/TEN. hypersensitivity eAllele frequency of
skin rash may be hypersensitivity severe hypersensitivity eScreening for HLA-B*5801 syndrome and HLA-B*5801 in Japanese
followed by more syndrome reaction, including SJS,  should be considered SJS/TEN. and European population is
severe hypersensitivity and SJS/TEN. DRESS, and TEN. before starting treatment in eScreening for very low (0.010-0.020)
reactions such as eScreening for patient subgroups where HLA-B*5801 should be ~ when compared with that in
exfoliative, urticarial, HLA-B*5801 should be the prevalence of this allele considered before Han Chinese (0.20-0.30).
and purpuric lesions, considered before is known to be high. starting treatment with
as well as SJS starting treatment with allopurinol in patient
(erythema multiforme allopurinol in patient subgroups where the
exudativum), DRESS subgroups where the prevalence of this allele
and/or generalized prevalence of this allele is known to be high.
vasculitis, irreversible is known to be high.
hepatotoxicity, and, on
rare occasions, death.

Carbamazepine HLA-B*15:02 (Boxed Warnings) (EU, Special (Boxed Serious (Special Warnings and (Warnings and (Side

oHLA-B*1502 is found
almost exclusively in
patients with ancestry
across broad areas of
Asia.

ePatients with ancestry
in genetically at-risk
populations should be
screened for the
presence of
HLA-B*1502 prior to
initiating treatment with
carbamazepine.
ePatients testing
positive for the allele
should not be treated
with carbamazepine
unless the benefit
clearly outweighs the
risk.

Warnings and
Precautions for Use)
e\Whenever possible,
these individuals
should be screened for
this allele before
starting treatment with
carbamazepine or
chemically-related
active substances.

olf patients of these
ethnic origins are
tested positive for
HLA-B*1502 allele, the
use of eslicarbazepine
acetate may be
considered if the
benefits are thought to
exceed risks.

Warnings and
Precautions)

eThe HLA-B*1502
allele is found almost
exclusively in
individuals with
ancestry across broad
areas of Asia.
eRecommended that
physicians consider
HLA-B*1502
genotyping as a
screening tool in
genetically at-risk
populations.

eUntil further
information is available,
the use of
carbamazepine and
other antiepileptic
drugs associated with
SJS/TEN should be
avoided in patients who
test positive for the
HLA-B*1502 allele.

Precautions for Use)
eTesting for the presence of
HLA-B*1502 allele should
be considered in patients
with ancestry in genetically
at-risk populations, prior to
initiating treatment

with carbamazepine.

eThe use of carbamazepine
should be avoided in tested
patients who are found to
be positive for HLA-B*1502
unless the benefits clearly
outweigh the risks.

Precautions)

eTesting for the
presence of
HLA-B*1502 allele is
highly recommended
prior to the initiation of
carbamazepine therapy
in new patients of Asian
ancestry.

eThe use of
carbamazepine should
be avoided in tested
patients who are found
to be positive for
HLA-B*1502 unless the
benefits clearly
outweigh the risks.

Effects/Other Precautions)
«Citing a paper showing
association of HLA-B*1502
and SJS/TEN in Han
Chinese populations.

eAllele frequency of
HLA-B*1502 in Japanese
population is very low

(0.001) compared to that in
Han Chinese (0.019-0.124)

(Continued)
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TABLE 1 | Continued

Drugs us EU or UK Canada Australia Singapore Japan

(Warning) (EU, Special (Boxed Serious (Special Warnings and (Warnings and (Side
e The risks and benefits Warnings and Warnings and Precautions for Use) Precautions) Effects/Other Precautions)
of carbamazepine Precautions for Use) Precautions) eTesting for the presence of eTesting for the «Citing a paper showing
therapy should be e There are insufficient eRecommending that HLA-A*3101 allele should presence of association of HLA-A*3101
weighed before data supporting a physicians consider be considered in patients HLA-A*3101 allele and severe cutameous
considering recommendation for HLA-A*3101 with ancestry in genetically should be considered adverse reactions
carbamazepine in HLA-A*3101 screening genotyping as a at-risk populations, prior to in patients with in Japanese.
patients known to be before starting screening tool in initiating treatment ancestry in genetically eAllele frequency of
positive for carbamazepine or genetically at-risk with carbamazepine. at-risk populations prior ~ HLA-A*3101 in Japanese
HLA-A*3101. chemically-related populations. eThe use of carbamazepine to initiating treatment population is relatively

compounds treatment. eUntil further should be avoided in with carbamazepine. high (0.071-0.120).

olf patients of European  information is available, patients who are found to eThe use of

descent or Japanese the use of be positive for HLA-A*3101, carbamazepine should

origin are known to be carbamazepine and unless the benefits clearly be avoided in patients

positive for other antiepileptic outweigh the risks. who are found to be

HLA-A*3101 allele, the drugs associated with positive for

use of carbamazepine SJUS/TEN should be HLA-A*3101, unless

or chemically-related avoided in patients who the benefits clearly

compounds may be test positive for the outweigh the risks.

considered if the HLA-A*3101 allele.

benefits are thought to

exceed risks.

Oxcarbazepine (Warnings) (UK, Warnings (Boxed Warnings and  (Special Warnings and Not approved (Boxed Warnings/Side

ePatients who have
had hypersensitivity
reactions to
carbamazepine should
be informed that
approximately 25-30%
patients with reactions
are known to
experience
hypersensitivity
reactions with
oxcarbazepine.

olf Signs or symptoms
of hypersensitivity
develop,
oxcarbazepine should
be discontinued
immediately.

and Precautions)

e The risk of serious
skin reactions in
patients of Han
Chinese or Thai origin
associated with
carbamazepine or
chemically-related
compounds may be
predicted by testing a
blood sample from
these patients.

eYour doctor should be
able to advise if a blood
test is necessary before
taking oxcarbazepine.

Precautions)

eThe HLA-B*1502
allele is found almost
exclusively in
individuals with
ancestry across broad
areas of Asia.

olt is therefore,
recommended that
physicians consider
HLA-B*1502
genotyping as a
screening tool in
genetically at-risk
populations.

eUntil further
information is available,
the use of
oxcarbazepine and
other anti-epileptic
drugs associated with
SJS/TEN should be
avoided in patients who
test positive for the
HLA-B*1502 allele.

Precautions for Use)

eAs the chemical structure
of oxcarbazepine is similar
to that of carbamazepine,
there is a possibility that
patients carrying the
HLA-B*1502 allele also have
an increased risk of
SJS/TEN skin reactions
with oxcarbazepine.
eTesting for the presence of
the HLA-B*1502 allele
should be considered in
patients with an ancestry of
genetically at-risk
populations, prior to
initiating treatment

with oxcarbazepine.

eThe use of oxcarbazepine
should be avoided in tested
patients who are found to
be positive for HLA-B*1502
unless the benefits clearly
outweigh the risks.

Effects/Other Precautions)
ePatients treated with
oxcarbazepine may present
the appearance of severe
cutaneous adverse
reactions such as TEN,
SJS, and DIHS.

oA report showing allele
frequency of HLA-B*1502
and HLA-A*3101 in
Japanese population.

(Continued)

‘[e 18 lysobesns|.

N3L/SIS UO uonejuss|dil] UoITeULIOlU| XHd


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

BI0°UISIONUOL MMM | BUIDIPSIA Ul SIBIUOI-

7S 1179 8oy | 8 BWN|OA | 1202 YoreN

TABLE 1 | Continued

Drugs Biomarker us EU or UK Canada Australia Singapore Japan
HLA-A*31.01 eIncluded in the above eIncluded in the above (Boxed Warnings and  (Special Warnings and elncluded in the above
section. section. Precautions) Precautions for Use) section.
eRetrospective eAs the chemical structure
genome-wide studies of oxcarbazepine is similar
in Japanese and to that of carbamazepine,
Northern European there is a possibility that
populations reported patients carrying the
an association between  HLA-A*3701 allele also have
severe skin reactions an increased risk of
(SJS, TEN, DRESS, SJS/TEN skin reactions
AGEP, and with oxcarbazepine.
maculopapular rash)
associated with
carbamazepine use
and the presence of
the HLA-A*3101 allele
in these patients.
Phenytoin HLA-B*15:02 (Warnings and (UK, Special (Warnings and (Special Warnings and (Special Warnings (Side Effects)

Precautions)
oHLA-B*1502 may be
a risk factor for the
development of
SJS/TEN in patients of
Asian ancestry taking
other antiepileptic
drugs associated with
SJS/TEN, including
phenytoin.
eConsideration should
be given to avoiding
phenytoin as an
alternative for
carbamazepine in
patients positive for
HLA-B*1502.

Warnings and
Precautions for Use)
oHLA-B* 1502 may be
a risk factor for the
development of
SJS/TEN in patients of
Asian ancestry taking
drugs associated with
SJS/TEN,

including phenytoin.
eConsideration should
be given to avoiding
the use of drugs
associated with
SJS/TEN, including
phenytoin, in
HLA-B*1502 positive
patients when
alternative therapies
are otherwise

equally available.

Precautions)

eThe HLA-B*1502
allele is found almost
exclusively in
individuals with
ancestry across broad
areas of Asia.
ePhysicians should
consider HLA-B *1502
genotyping as a
screening tool in these
patients.

eThe use of phenytoin
and other anti-epileptic
drugs associated with
SJS/TEN should also
be avoided in patients
who test positive for
the HLA-B*1502 allele.

Precautions for Use)
oHLA-B*1502 may be a risk
factor for developing
SJS/TEN in patients of
Asian ancestry taking drugs
associated with SUS/TEN,
including phenytoin.
eConsideration should be
given to avoiding the use of
drugs associated with
SJS/TEN, including
phenytoin, in
HLA-B*1502-positive
patients when alternative
therapies are otherwise
equally available.

and Precautions for
Use)

oHLA-B*1502 may be
a risk factor for the
development of
SJS/TEN in patients of
Asian ancestry taking
drugs associated with
SJS/TEN, including
phenytoin.
eConsideration should
be given to avoiding
the use of drugs
associated with
SJS/TEN, including
phenytoin, in
HLA-B*1502-positive
patients when
alternative therapies
are otherwise equally
available.

ePatients treated with
phenytoin may present the
appearance of severe
cutaneous adverse
reactions such as TEN
and SJS.

(Continued)
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TABLE 1 | Continued

Drugs

us

EU or UK

Canada

Japan

Fosphenytoin

(Warnings and
Precautions)
eConsider avoiding
fosphenytoin as an
alternative to
carbamazepine in
patients who are
positive for
HLA-B*1502 or in
CYP2C9*3 carriers.
eFosphenytoin should
be utilized for
CYP2C9*3 carriers;
consider starting at the
lower end of the
dosage range.

(UK, Special
Warnings and
Precautions for Use)
eFosphenytoin can
cause SCARs such as
AGEP, exfoliative
dermatitis, SJS, TEN
and DRESS which can
be fatal.

eLimited evidence
suggests that
HLA-B*1502 may be a
risk factor for the
development of
SJS/TEN in patients of
Asian ancestry taking
drugs associated with
SJS/TEN,

including phenytoin.

(Warnings)

eThe HLA-B*1502
allele is found almost
exclusively in
individuals with
ancestry across broad
areas of Asia.
ePhysicians should
consider HLA-B *1502
genotyping as a
screening tool in these
patients.

eUntil further
information is available,
the use of fosphenytoin
and other anti-epileptic
drugs associated with
SJS/TEN should also
be avoided in patients
who test positive for
the HLA-B*1502 allele.

(Side Effects)

ePatients treated with
fosphenytoin may present
the appearance of severe
cutaneous adverse
reactions such as TEN
and SJS.

AGER acute generalized exanthematous pustulosis; DIHS, drug-induced hypersensitivity syndrome; DRESS, drug reaction with eosinophilia and systemic symptoms; SCAR, severe cutaneous adverse reactions; SJS, Stevens-Johnson

syndrome; TEN, toxic epidermal necrolysis.
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TABLE 2 | Recommendations for therapy based on genotype in CPIC guideline.

Drugs Genotype

Therapeutic recommendation

HLA-B*58:01
HLA-B*15:02 positive

Allopurinol

Carbamazepine
Oxcarbazepine

Carbamazepine HLA-B*15:02 negative and HLA-A*31:01 positive

Phenytoin
Fosphenytoin

HLA-B*15:02 positive

HLA-B*15:02 negative
CYP2C9 intermediate metabolizer (*1/*3, *2/*2)

CYP2C9 poor metabolizer (*2/*3, *3/*3)

Allopurinol is contraindicated.

If a patient is carbamazepine- or oxcarbazepine-naive, do not use both
drugs.

Optional

If a patient has previously used carbamazepine or oxcarbazepine
consistently for longer than 3 months without the incidence of
cutaneous adverse reactions, cautiously consider the use of
carbamazepine or oxcarbazepine.

If a patient is carbamazepine-naive and alternative agents are available,
do not use carbamazepine.

Optional

If the patient is carbamazepine-naive and alternative agents are
unavailable, consider the use of carbamazepine with increased
frequency of clinical monitoring. Discontinue therapy at the first
evidence of a cutaneous adverse reaction.

If a patient has previously used carbamazepine consistently for longer
than 3 months without the incidence of cutaneous adverse reactions,
cautiously consider the use of carbamazepine.

If the patient is phenytoin naive, do not use phenytoin/fosphenytoin.

Consider a 25% reduction of the recommended starting maintenance
dose. Subsequent maintenance doses should be adjusted according
to therapeutic drug monitoring and response.
Consider a 50% reduction of the recommended starting maintenance
dose. Subsequent maintenance doses should be adjusted according
to therapeutic drug monitoring and response.

CPIC, Clinical Pharmacogenetics Implementation Consortium.

aromatic antiepileptic drugs. Oxcarbazepine is a keto-analog
of carbamazepine, with a similar structure, sharing several
therapeutic indications and adverse effects with carbamazepine.
The HLA-B*15:02 allele is strongly associated with a greater
risk of SJS and TEN in patients treated with oxcarbazepine
(14, 16). The Boxed Warnings and Precautions section of the
Canadian label recommend that physicians consider HLA-
B*15:02 genotyping as a screening tool in genetically at-risk
populations. For HLA-A*31:01, retrospective genome-wide
studies in Japanese and Northern European populations
reported an association between severe skin reactions (SJS,
TEN, and other SCARs) related to carbamazepine use and
the presence of the HLA-A*31:01 allele in these patients. The
Special Warnings and Precautions section of the Australian
label states that prior testing for HLA-B*15:02 alleles should
be considered in patients presenting an ancestry of genetically
at-risk populations. For HLA-A*31:01, as the chemical structure
of oxcarbazepine is similar to that of carbamazepine, there
is a possibility that patients carrying the HLA-A*31:01 allele
also possess an increased risk of SJS/TEN skin reactions with
oxcarbazepine. In contrast, the Warnings section of the US label
only states, without description regarding HLA alleles, that the
drug should be immediately discontinued at the appearance of
signs or symptoms of hypersensitivity, as ~25-30% of patients
who have had hypersensitivity reactions to carbamazepine will

experience hypersensitivity reactions with oxcarbazepine. On
the UK label, the Warnings and Precautions section indicates
that patients with a risk of serious skin reactions, including
Han Chinese and those of Thai origin, should be advised if a
blood test is necessary before taking oxcarbazepine. The Boxed
Warnings of the Japanese label describes that the drug may result
in the appearance of SCARs such as TEN, SJS, and drug-induced
hypersensitivity syndrome (DIHS) as the chemical structure of
oxcarbazepine is similar to that of carbamazepine.

The CPIC guideline for carbamazepine and oxcarbazepine
recommends carbamazepine- or oxcarbazepine-naive patients
who are HLA-A*15:02-positive should avoid both drugs owing
to the high risk of SJS/TEN unless the benefits outweigh
the risk [Table2; (13, 14)]. Patients without HLA-B*15:02
could be prescribed standard therapy according to standard
dosing guidelines. For selecting other drugs, limited evidence
is available regarding the association between HLA-B*15:02
and other aromatic anticonvulsants, and caution is needed
when selecting an alternative drug. HLA-B*15:02 testing helps
to reduce the incidence of carbamazepine- or oxcarbazepine-
induced SJS/TEN and select an appropriate treatment. The
positive predictive value for carbamazepine-related SJS/TEN
was higher than that for oxcarbazepine, and the negative
predictive values for both drugs were 100%. Thus, negative
test results provide valuable information to determine the use
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of carbamazepine or oxcarbazepine. HLA-B*15:02 is included
in HLA-B75 serotypes, with other haplotypes in the HLA-
B75 serotype presenting similar structures; moreover, the
CPIC guideline states the necessity to consider the potential
risk if this information is available. Carbamazepine-naive
patients with HLA-A*31:01 should avoid carbamazepine owing
to the high risk of SCARs, including SJS/TEN (Table 2).
Other anticonvulsants, including lamotrigine, oxcarbazepine,
eslicarbazepine, phenytoin, fosphenytoin, and phenobarbital,
present limited evidence regarding the association of SCAR onset
with HLA-A*31:01. Therefore, these drugs are not reccommended
as alternative drugs in HLA-A*31:01. If alternative drugs are
unavailable for patients with HLA-A*31:01, CPIC guidelines
propose considering the use of carbamazepine with a high
frequency of clinical monitoring, discontinuing therapy at the
first evidence of a cutaneous adverse reaction. Carbamazepine-
and oxcarbazepine-related SJS/TEN usually develops within
the first 4-28 days of therapy, and patients who have been
administering these drugs for more than 3 months are at low risk
regardless of HLA-B*15:02 and HLA-A*31:01 status.

PHENYTOIN AND FOSPHENYTOIN

Phenytoin is a widely prescribed antiepileptic drug that can cause
cutaneous adverse reactions, ranging from a mild rash to SCARs,
including DRESS, SJS, and TEN. HLA-B*15:02 is associated with
phenytoin-related SJS/TEN in Asian populations (17-19). The
HLA-B*15:02 carrier increased the risk of SJS/TEN, and this
association has reported a sensitivity of 36.6% and specificity
of 87.2%. Instead, non-carriers of HLA-B*15:02 are considered
low risk but can potentially develop phenytoin-related SJS/TEN.
The frequency of HLA-B*15:02 is more common in Oceanic and
Asian populations than in European and African populations
(see above section). In addition to the HLA allele, the genotype
of CYP2C9, a major metabolizing enzyme for phenytoin,
is associated with phenytoin-related SJS/TEN. Some activity-
decreasing or no function genetic variants of CYP2C9, i.e., *2
and *3, increase the probability of phenytoin-related toxicities.
CYP2C9*2 is classified as a decreased function allele, and *3
is classified as a no function allele in the CPIC guideline (18,
19). In that, individuals with “one decreased or no function +
one function alleles” or “two decreased function alleles” (*1/*2,
*1/*3, and *2/*2) are classified as intermediate metabolizers, and
those with “two no function alleles” or “one no functional +
one decreased function alleles (*2/*3 and *3/*3) are classified
as poor metabolizers. The frequencies of CYP2C9*2 and *3
differ among racial and ethnic groups, commonly observed
in European and Hispanic populations (>5%). Fosphenytoin,
a prodrug of phenytoin, is mostly metabolized to phenytoin
within 2 h.

The Warnings and Precautions section of the US label
states that patients positive for HLA-B*15:02 should avoid
phenytoin and fosphenytoin as an alternative to carbamazepine
as HLA-B*15:02 may be a risk factor for the development
of SJS/TEN in patients of Asian ancestry administering other
antiepileptic drugs. In the UK, Canadian, Singaporean, and

Australia, a similar description is present on phenytoin labels
in the Special Warnings and Precautions section. The Warnings
and Precautions section of the Canadian label recommends that
physicians consider HLA-B* 15:02 genotyping as a screening tool.
Only the reported facts are described in the Japanese label, stating
that the drug may result in the appearance of SCARs such as TEN
and SJS. No description for CYP2C9 alleles was present on drug
labels of any country/region. Regarding fosphenytoin, only the
UK and Canadian labels describe HLA-B*15:02.

The CPIC guideline recommends that an HLA-B*15:02
carrier should not use phenytoin and fosphenytoin if the
patient is phenytoin-naive (18, 19). The guideline also
recommends the re-initiation of phenytoin with caution in
patients who have previously used phenytoin/fosphenytoin
for longer than 3 months without the incidence of cutaneous
adverse reactions. The CPIC guideline recommends that the
phenytoin/fosphenytoin starting dose is reduced by at least
25% for CYP2C9*1/*3 and *2/*2 intermediate metabolizers and
50% for poor metabolizers (*2/*3 and *3/*3), with subsequent
maintenance dose adjustment based on therapeutic drug
monitoring (Table 2). The guideline further shows the algorithm
for the dose based on HLA-B*15:02 and CYP2C9 genotypes,
recommending the decision of phenytoin/fosphenytoin use
based on the HLA-B*15:02 genotype, followed by adjusting the
initial dose by the CYP2C9 genotype. The guideline proposes that
patients’ pharmacogenetic information must be incorporated
into electronic health records to guide physicians” decisions.

OTHER DRUGS

Sulfone drugs, e.g, dapsone, sulfamethoxazole, and
salazosulfapyridine (sulfasalazine), are used for infectious
and inflammatory diseases. These drugs sometimes cause
hypersensitivity, and HLA alleles have been reported as the risk
factors for hypersensitivity in Asian population. HLA-B*13:01
was significantly associated with dapsone-related hypersensitivity
syndrome in Chinese population (20). HLA-B*13:01 was also
significantly associated with salazosulfapyridine-induced DRESS
in Chinese Han population (21). Co-trimoxazole (CTX), the
sulfamethoxazole-trimethoprim combination drug, has been
known to cause SCARs, and HLA-B*15:02 and HLA-C*08:01
were significantly associated with CTX-induced SJS/TEN, and
HLA-B*13:01 was associated with CTX-induced DRESS in
Thai population (22). Moreover, genome-wide association
study in CTX hypersensitivity in collaboration of Taiwan,
Thai and Malaysia confirmed that HLA-B*13:01 was strongly
associated with its SCARs (23). Recently, association between
HLA*11:01 and sulfonamide-related SCAR was shown in
Japanese patients (24). Unfortunately, neither the drug labels
containing pharmacogenomic information in six investigated
countries/region nor CPIC guideline for this drug class has not
been released.

Acetaminophen and non-steroidal anti-inflammatory drugs
are often included in cold medicine (CM), and CM is known
to sometimes induce SJS/TEN. Furthermore, acetaminophen
was reported to be significantly related to severe ocular

Frontiers in Medicine | www.frontiersin.org

March 2021 | Volume 8 | Article 644154


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Tsukagoshi et al.

PGx Information Implementation on SJS/TEN

involvements in SJS/TEN patients (25). HLA-A*02:06 and HLA-
B*44:03 were associated with CM-related SJS/TEN with severe
ocular complications (SOCs) in Japanese (26). The associations
with HLA-A*02:06 and HLA-B*44:03 were also shown in
Korean, and Indian, Brazilian and Thai populations, respectively
(27, 28). By meta-analysis, HLA-A*02:06, HLA-A*33:03, HLA-
B*44:03, and HLA-C*05:01 were significantly associated with
CM-induced SJS/TEN with SOCs (29). However, at least for the
acetaminophen/paracetamol, no pharmacogenomic information
are included in the labels of the six countries/region (although
mentioned the risks of SJS/TEN) and no CPIC guideline
are released.

DISCUSSION

Pharmacogenomic information is an important factor for
predicting the onset of SJS/TEN in the three discussed drug
types. Based on the comparison of drug labels in the US, EU/UK,
Canada, Australia, Singapore, and Japan, their description is
not well-harmonized, possibly because of differences in the
population frequencies of risk alleles, availability of genetic
testing, and coverage policies of public/private health insurance.
In Japan, genetic testing is not commonly available for SJS/TEN

REFERENCES

1. Bastuji-Garin S, Rzany B, Stern RS, Shear NH, Naldi L, Roujeau JC.
Clinical classification of cases of toxic epidermal necrolysis, Stevens-Johnson
syndrome, and erythema multiforme. Arch Dermatol. (1993) 129:92-6.

2. Roujeau JC. Stevens-Johnson syndrome and toxic epidermal necrolysis are
severity variants of the same disease which differs from erythema multiforme.
J Dermatol. (1997) 24:726-9. doi: 10.1111/j.1346-8138.1997.tb02524.x

3. Wang YH, Chen CB, Tassaneeyakul W, Saito Y, Aihara M, Choon SE, et al. The
medication risk of Stevens-Johnson syndrome and toxic epidermal necrolysis
in Asians: The major drug causality and comparison with the US FDA label.
Clin Pharmacol Ther. (2019) 105:112-20. doi: 10.1002/cpt.1071

4. Shiohara T, Kano Y, Mizukawa Y, Sayama K, Hashimoto K, Fujiyama M, et
al. Guideline committee for severe erythema exudativum multiforme. Jap J
Dermatol. (2016) 26:1637-85. doi: 10.14924/dermatol.126.1637

5. Rzany B, Mockenhaupt M, Baur S, Schroder W, Stocker U, Mueller J, et al.
Epidemiology of erythema exsudativum multiforme majus, Stevens-Johnson
syndrome, and toxic epidermal necrolysis in Germany (1990-1992): structure
and results of a population-based registry. J Clin Epidemiol. (1996) 49:769-
73. doi: 10.1016/0895-4356(96)00035-2

6. Mockenhaupt M, Viboud C, Dunant A, Naldi L, Halevy S, Bouwes Bavinck JN,
etal. Stevens-Johnson syndrome and toxic epidermal necrolysis: assessment of
medication risks with emphasis on recently marketed drugs. The EuroSCAR-
study. J Invest Dermatol. (2008) 128:35-44. doi: 10.1038/sj.jid.5701033

7. Chung WH, Hung SI, Hong HS, Hsih MS, Yang LC, Ho HC, et al
Medical genetics: a marker for Stevens-Johnson syndrome. Nature. (2004)
428:486. doi: 10.1038/428486a

8. Kaniwa N, Saito Y. Pharmacogenomics of severe cutaneous adverse
reactions and drug-related liver injury. ] Hum Genet. (2013) 58:317-
26. doi: 10.1038/jhg.2013.37

9. Hershfield MS, Callaghan JT, Tassaneeyakul W, Mushiroda T, Thorn CE
Klein TE, et al. Clinical pharmacogenetics implementation consortium
guidelines for human leukocyte antigen-b genotype and allopurinol
dosing. Clin Pharmacol Ther. (2013) 93:153-8. doi: 10.1038/clpt.201
2.209

10. Saito Y, Stamp L, Caudle K, Hershfield M, McDonagh E, Callaghan J, et al.
Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines

and, in principle, most medical costs are covered by the
national health insurance. Although situations tend to vary, CPIC
guidelines are a scientifically sound goal for pharmacogenomic
implementation. Further and periodical investigations on drug
labels and guidelines are important to understand the current
worldwide situation, as well as for policy determination regarding
the description/utilization of pharmacogenomic information of
SJS/TEN in each country.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

FUNDING

This study was supported by
Number 20mk01011173.

AMED under Grant

ACKNOWLEDGMENTS

We thank Ms. Chie Sudo for her secretarial assistance.

for human leukocyte antigen B (HLA-B) genotype and allopurinol dosing:
2015 update. Clin Pharmacol Ther. (2016) 99:36-7. doi: 10.1002/cpt.161

11. Fields MC, Labovitz DL, French JA. Hospital-onset seizures: an inpatient
study. JAMA Neurol. (2013) 70:360-4. doi: 10.1001/2013.jamaneurol.337

12. Mockenhaupt =~ M, Messenheimer ], Tennis P, Schlingmann
J. Risk of Stevens-Johnson syndrome and toxic epidermal
necrolysis in new users of antiepileptics. Neurology. (2005)

64:1134-8. doi: 10.1212/01.WNL.0000156354.20227.F0

13. Leckband SG, Kelsoe JR, Dunnenberger HM, George AL, Tran E, Berger R,
et al. Clinical pharmacogenetics implementation consortium guidelines for
HLA-B genotype and carbamazepine dosing. Clin Pharmacol Ther. (2013)
94:324-28. doi: 10.1038/clpt.2013.103

14. Phillips EJ, Sukasem C, Whirl-Carrillo M, Muller D], Dunnenberger HM,
Chantratita W, et al. Clinical pharmacogenetics implementation consortium
guideline for HLA genotype and use of carbamazepine and oxcarbazepine:
2017 Update. Clin Pharmacol Ther. (2018) 103:574-81. doi: 10.1002/cpt.1004

15. Mockenhaupt M, Wang CW, Hung SI, Sekula P, Schmidt AH, Pan RY,
et al. HLA-B*57:01 confers genetic susceptibility to carbamazepine-induced
SJS/TEN in Europeans. Allergy. (2019) 74:2227-30. doi: 10.1111/all.13821

16. Chen CB, Hsiao YH, Wu T, Hsih MS, Tassaneeyakul W, Jorns
TP, et al. Risk and association of HLA with oxcarbazepine-
induced cutaneous adverse reactions in Asians. Neurology. (2017)
88:78-86. doi: 10.1212/WNL.0000000000003453

17. Yang CY, Dao RL, Lee TJ, Lu CW, Yang CH, Hung SI, et al. Severe cutaneous
adverse reactions to antiepileptic drugs in Asians. Neurology. (2011) 77:2025-
33. doi: 10.1212/WNL.0b013e31823b478¢

18. Caudle KE, Rettie AE, Whirl-Carrillo M, Smith LH, Mintzer S, Lee MT,
et al. Clinical pharmacogenetics implementation consortium guidelines for
CYP2C9 and HLA-B genotypes and phenytoin dosing. Clin Pharmacol Ther.
(2014) 96:542-8. doi: 10.1038/clpt.2014.159

19. Karnes JH, Rettie AE, Somogyi AA, Huddart R, Fohner AE, Formea CM, et
al. Clinical pharmacogenetics implementation consortium (CPIC) guideline
for CYP2C9 and HLA-B genotypes and phenytoin dosing: 2020 Update. Clin
Pharmacol Ther. (2021) 109:302-9. doi: 10.1002/cpt.2008

20. Zhang FR, Liu H, Irwanto A, Fu XA, Li Y, Yu GQ, et al. HLA-B*13:01
and the dapsone hypersensitivity syndrome. N Engl ] Med. (2013) 369:1620-
8. doi: 10.1056/NEJMoal213096

Frontiers in Medicine | www.frontiersin.org

March 2021 | Volume 8 | Article 644154


https://doi.org/10.1111/j.1346-8138.1997.tb02524.x
https://doi.org/10.1002/cpt.1071
https://doi.org/10.14924/dermatol.126.1637
https://doi.org/10.1016/0895-4356(96)00035-2
https://doi.org/10.1038/sj.jid.5701033
https://doi.org/10.1038/428486a
https://doi.org/10.1038/jhg.2013.37
https://doi.org/10.1038/clpt.2012.209
https://doi.org/10.1002/cpt.161
https://doi.org/10.1001/2013.jamaneurol.337
https://doi.org/10.1212/01.WNL.0000156354.20227.F0
https://doi.org/10.1038/clpt.2013.103
https://doi.org/10.1002/cpt.1004
https://doi.org/10.1111/all.13821
https://doi.org/10.1212/WNL.0000000000003453
https://doi.org/10.1212/WNL.0b013e31823b478c
https://doi.org/10.1038/clpt.2014.159
https://doi.org/10.1002/cpt.2008
https://doi.org/10.1056/NEJMoa1213096
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Tsukagoshi et al.

PGx Information Implementation on SJS/TEN

21.

22.

23.

24.

25.

26.

Yang E Gu B, Zhang L, Xuan J, Luo H, Zhou P, et al. HLA-B*13:01 is
associated with salazosulfapyridine-induced drug rash with eosinophilia and
systemic symptoms in Chinese Han population. Pharmacogenomics. (2014)
15:1461-9. doi: 10.2217/pgs.14.69

Sukasem C, Pratoomwun ], Satapornpong P, Klaewsongkram J,
Rerkpattanapipat T, Rerknimitr P, et al. Genetic association of co-trimoxazole-
induced severe cutaneous adverse reactions is phenotype-specific:
HLA class I genotypes and haplotypes. Clin Pharmacol Ther. (2020)
108:1078-89. doi: 10.1002/cpt.1915

Wang CW, Tassaneeyakul W, Chen CB, Chen WT, Teng YC, Huang
CY, et al. Whole genome sequencing identifies genetic variants associated
with co-trimoxazole hypersensitivity in Asians. J Allergy Clin Immunol.
(2020) doi: 10.1016/j.jaci.2020.08.003. [Epub ahead of print].

Nakamura R, Ozeki T, Hirayama N, Sekine A, Yamashita T, Mashimo Y, et
al. Association of HLA-A*11:01 with sulfonamide-related severe cutaneous
adverse reactions in Japanese patients. J Invest Dermatol. (2020) 140:1659-
62.e6. doi: 10.1016/j.jid.2019.12.025

Kaniwa N, Ueta M, Nakamura R, Okamoto-Uchida Y, Sugiyama E,
Maekawa K, et al. Drugs causing severe ocular surface involvements
in Japanese patients with Stevens-Johnson syndrome/toxic epidermal
necrolysis. Allergol Int. (2015) 64:379-81. doi: 10.1016/j.alit.2015.05.002.Ka
niwa

Ueta M, Kaniwa N, Sotozono C, Tokunaga K, Saito Y, Sawai H,
et al. Independent strong association of HLA-A*02:06 and HLA-
B*44:03 with cold medicine-related Stevens-Johnson syndrome with
severe mucosal involvement. Sci Rep. (2014) 4:4862. doi: 10.1038/srep0
4862

27. Ueta M, Kannabiran C, Wakamatsu TH, Kim MK, Yoon KC, Seo KY,
et al. Trans-ethnic study confirmed independent associations of HLA-
A*02:06 and HLA-B*44:03 with cold medicine-related Stevens-Johnson
syndrome with severe ocular surface complications. Sci Rep. (2014)
4:5981. doi: 10.1038/srep05981

Jongkhajornpong P, Lekhanont K, Pisuchpen P, Chantaren P, Puangsricharern
V, Prabhasawat P, et al. Association between HLA-B*44:03-HLA-C*07:01
haplotype and cold medicine-related Stevens-Johnson syndrome with severe
ocular complications in Thailand. Br ] Ophthalmol. (2018) 102:1303-
7. doi: 10.1136/bjophthalmol-2017-311823

Tangamornsuksan W, Chanprasert S, Nadee P, Rungruang S, Meesilsat
N, Ueta M, et al. HLA genotypes and cold medicine-induced Stevens-
Johnson syndrome/toxic epidermal necrolysis with
complications: a systematic review and meta-analysis. Sci Rep. (2020)
10:10589. doi: 10.1038/541598-020-67610-5

28.

29.

severe ocular

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Tsukagoshi, Tanaka and Saito. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Medicine | www.frontiersin.org

10

March 2021 | Volume 8 | Article 644154


https://doi.org/10.2217/pgs.14.69
https://doi.org/10.1002/cpt.1915
https://doi.org/10.1016/j.jaci.2020.08.003
https://doi.org/10.1016/j.jid.2019.12.025
https://doi.org/10.1016/j.alit.2015.05.002.Kaniwa
https://doi.org/10.1038/srep04862
https://doi.org/10.1038/srep05981
https://doi.org/10.1136/bjophthalmol-2017-311823
https://doi.org/10.1038/s41598-020-67610-5
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Implementation of Pharmacogenomic Information on Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis
	Introduction
	Allopurinol
	Carbamazepine and Oxcarbazepine
	Phenytoin and Fosphenytoin
	Other Drugs
	Discussion
	Author Contributions
	Funding
	Acknowledgments
	References


