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SUMMARY

Purpose: Previous studies found a strong associa-

tion between HLA-B∗1502 and carbamazepine

(CBZ)-induced Stevens-Johnson syndrome (SJS) in

Han Chinese, but not in Caucasian populations.

Even in Han Chinese, the HLA-B∗1502 was not

associated with CBZ-induced maculopapular erup-

tions (MPE). This study seeks to identify whether

HLA-B∗1502 is associated with CBZ- or phenytoin

(PHT)-induced SJS or MPE in a Thai population.

Methods: Eighty-one Thai epileptic patients between

1994 and 2007 from the Chulalongkorn Comprehen-

sive Epilepsy Program were recruited. Thirty-one

subjects had antiepileptic drug (AED)-induced SJS or

MPE (6 CBZ-SJS, 4 PHT-SJS, 9 CBZ-MPE, 12 PHT-

MPE), and 50 were AED-tolerant controls.

Results: For the first time, a strong association

between HLA-B∗1502 and PHT-induced SJS was

found (p = 0.005). A strong association was also

found between the HLA-B∗1502 and CBZ-induced

SJS (p = 0.0005), making Thai the first non-Chinese

population demonstrating such an association.

Some patients, who were HLA-B∗1502 and suf-

fered from CBZ-induced SJS, could be tolerant to

PHT and vice versa. This suggests that HLA-

B∗1502 may be a common attribute required for a

Thai patient to develop SJS from these two AEDs;

other different elements, however, are also

needed for each AED. In addition, no association

between HLA-B alleles and CBZ- or PHT-induced

MPE was found.

Conclusions: CBZ- and PHT-induced SJS, but not

MPE, is associated with HLA-B∗1502 allele in Thai

population.
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Phenytoin, Stevens-Johnson syndrome, Maculo-

papular eruption, Thai.

Carbamazepine (CBZ) and phenytoin (PHT) are among
the most common causes of antiepileptic drug (AED)-
related cutaneous adverse reactions (Arif et al., 2007).
Manifestations range from a mild erythematous maculo-
papular rash to life-threatening Stevens-Johnson syn-
drome (SJS) and toxic epidermal necrolysis (TEN).
Mortality of severe cutaneous reactions can reach up to
30% (Svensson et al., 2001).

Identification of genetic factors predisposing to devel-
opment of AED-induced severe cutaneous reactions offers

the possibility of avoiding these drugs in individuals with
such susceptibility. With advances in genetic techniques,
it became possible to implicate HLA-B∗1502. The first
study was reported by Chung and coworkers (2004), who
found a strong association between HLA-B∗1502 and
CBZ-induced SJS in Han Chinese, with a 100% sensitivity
and 97% specificity. Two subsequent studies in Han
Chinese observed similar results (Hung et al., 2006; Man
et al., 2007). However, studies in Caucasian populations
did not observe the same association, suggesting that
HLA-B∗1502 is not a universal marker for CBZ-induced
SJS and that ethnicity could also plays a role in the differ-
ence of the individual genetic susceptibility (Alfirevic
et al., 2006; Lonjou et al., 2006).

Maculopapular eruption (MPE) induced by AED has
been known to precede SJS. A study demonstrated that
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HLA-B∗1502 was not associated with CBZ-induced
MPE, even in populations with positive association
between HLA-B∗1502 and CBZ-induced SJS (Hung et al.,
2006). A better understanding of genetic susceptibility
may lead to safer AED use and avoid life-threatening cuta-
neous adverse reactions. We studied the association
between HLA-B∗1502 and AED-induced SJS or MPE in a
Thai epilepsy population.

Materials and Methods

Subjects of this study were 31 Thai epileptic patients
suffering from MPE or SJS. They were recruited
between 1994 and 2007 from the epilepsy clinic of the
Chulalongkorn Comprehensive Epilepsy Program, a uni-
versity-based tertiary epilepsy surgery center of King
Chulalongkorn Memorial Hospital, Bangkok. They were
classified into two groups according to their cutaneous
allergic reactions. The type of AED used and its associa-
tion with MPE or SJS in each individual were critically
evaluated. Only reliable temporal relation and clinical
manifestation of the drug to the cutaneous reactions
were included. Ten patients had AED-induced SJS
(Table 1), and 21 had AED-induced MPE. CBZ and
PHT were the two most frequent AEDs inducing rashes
(Table 2). Fifty AED-tolerant epileptics were also
recruited as controls.

SJS was defined when clinical morphology fulfilled
Roujeau’s diagnostic criteria (Roujeau, 1994). MPE was
defined as erythematous exanthem without blistering or
pustulation. The diagnosis was confirmed by W.K. on
clinical findings or by history review in all cases. Phone
calls to the patients for more detailed description of the
rash and drug use were made when necessary. For patients
with AED-induced MPE, we did not perform further
investigations to definitely define hypersensitivity syn-
drome (HSS). Patients who developed SJS after simulta-
neous use of more than one drug were excluded. Patients
who had been on AEDs for more than 3 months without
allergic reactions were classified as ‘‘tolerant.’’ As soon as
they developed cutaneous adverse reactions, all medica-
tions were withdrawn. All 10 patients with AED-induced
SJS were admitted to the hospital with complete recovery.

After written informed consent was obtained, genomic
DNA was extracted from peripheral blood, according to
the established protocols. HLA-B genotypes were deter-
mined by polymerase chain reaction using sequence-
specific primers (Micro SSP HLA Class IB Locus Spe-
cific; OneLamda, Canoga Park, CA, U.S.A.) according to
the manufacturer's instructions.

Statistical analysis of the differences in HLA-B∗1502
frequencies among patients with AED-SJS, AED-MPE,
and those with AED tolerance was performed by Fisher’s
exact test. The strength of association was estimated
by calculating the odds ratio. All reported p-values are
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two-sided. Values of p < 0.05 were considered to indicate
statistical significance.

Ethnicity of all subjects was elucidated by racial history
identification from both parents, two generations back.
The individual is considered a ‘‘pure’’ Thai if none of the
four biological grandparents came from other races. Indi-
viduals having at least one grandparent of non-Thai race
were classified as mixed Thai.

Results

Of the 10 patients with SJS induced by either CBZ
(n ¼ 6) or PHT (n ¼ 4), all tested positive for HLA-
B∗1502 (Tables 1 and 2). In contrast, of the 50 tolerant
controls, there were only eight who had HLA-B∗1502.
This makes the frequency of HLA-B∗1502 19% (8 of 42)
in the CBZ-tolerant group and 18% (8 of 45) in the PHT-
tolerant group. When the frequencies of HLA-B∗1502 in
the CBZ-SJS subjects (6 of 6) and the CBZ-tolerant
groups (8 of 42) were compared, significant associations
were found (p ¼ 0.0005). When the CBZ-tolerant group
was used as a control, the presence of HLA-B∗1502 had a
43% [95% confidence interval (CI): 21%–67%] positive
predictive value for CBZ-SJS, whereas its absence had a
negative predictive value of 100% (95% CI: 90%–100%).
The HLA-B∗1502 allele, therefore, has a 100% (95% CI:
61%–100%) sensitivity and 75% (95% CI: 67%–90%)
specificity for CBZ-SJS.

By the same token, when the frequencies of
HLA-B∗1502 in the PHT-SJS patients (4 of 4) and the
PHT-tolerant groups (8 of 45) were compared, a signifi-
cant association was found (p ¼ 0.005). When the PHT-
tolerant group was used as control, the presence of
HLA-B∗1502 had a 33% (95% CI: 14%–61%) positive
predictive value for PHT-SJS, whereas its absence had a

negative predictive value of 100% (95% CI: 91%–100%).
In the test for PHT-SJS, the HLA-B∗1502 allele has a
100% (95% CI: 51%–100%) sensitivity and 82% (95%
CI: 69%–91%) specificity.

All of the 10 epileptic patients with HLA-B∗1502 posi-
tivity, who had SJS induced by either CBZ or PHT,
received other AEDs at different times (Table 1). Three of
the six CBZ-induced SJS patients received PHT, to which
all three were tolerant (patient 2, 3, 4; Table 1), whereas
one of the four PHT-induced SJS patients was tolerant to
CBZ (patient 8). The HLA-B∗1502 positivity is strongly
associated with PHT- or CBZ-induced SJS, but its pres-
ence does not exclusively determine that SJS will develop
to both drugs in the same person. Moreover, three patients
having HLA-B∗1502 and PHT-SJS or CBZ-SJS were tol-
erant to phenobarbital (case 2 and 7) and lamotrigine (case
8), the other two AEDs having been reported to induce
SJS.

Of the 21 patients with AED-induced MPE, 9 had
CBZ-MPE and 12 had PHT-MPE (3 had MPE from
both CBZ and PHT) (Table 2). Of the 9 CBZ-MPE, 2
had HLA-B∗1502 (2 of 9). When compared with the fre-
quency of HLA-B∗1502 in the CBZ-tolerant group (8 of
42), no significant association was found (p-value ¼
1.14, odds ratio 1.21, 95% CI: 0.21–6.99). Similarly,
there was no difference in frequencies of HLA-B∗1502
between the PHT-MPE (3 of 12) and the PHT-tolerant
patients (8 of 45) (p-value ¼ 0.84, odds ratio 1.54, 95%
CI: 0.34–7.0). It is noteworthy to mention that no signif-
icant associations were found between any other HLA-B
alleles and CBZ- or PHT-induced MPE (data not
shown). Also of note, none of the four patients with
other AED-induced MPE, (levetiracetam, lamotrigine,
oxcarbazepine, and clobazam; n ¼ 1 for each AED) had
test positivity for HLA-B∗1502.

Table 2. Association of HLA-B∗1502 allele with AED-induced cutaneous adverse reactions

Phenotype N (81) HLA-B∗1502 (N) Non HLA-B∗1502 (N) p-valuea Odds ratio (95% CI)a

SJS 10 10 0 — —

CBZ 6 6 0 0.0005 25.5 (2.68–242.61)

PHT 4 4 0 0.005 18.5 (1.82–188.40)

MPE 21 3 18 — —

CBZ 5 0 5 1.14 1.21 (0.21–6.99)

PHT 9 1 8 0.84 1.54 (0.34–7.00)

CBZ and PHT 3 2 1 — —

CBZ and LVT 1 0 1 — —

Other AEDsb 3 0 3 — —

Tolerant 50 8 42 — —

CBZ 4 0 4 — —

PHT 7 0 7 — —

CBZ and PHT 38 8 30 — —

Valproic acid 1 0 1 — —

aCompared with ‘‘tolerant’’ group. To allow calculation of the odds ratio and 95% CI, we substituted the 0 for 1.
bOne each for lamotrigine (LTG), oxcarbazepine (OXC), clobazam (CLB).
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Of the 21 individuals who had HLA-B∗1502 (10 with
AED-SJS), 20 were heterozygous for the HLA-B∗1502.
The only individual who had homozygous HLA-B∗1502
was tolerant to both CBZ and PHT.

Of the 10 patients having HLA-B∗1502 in association
with AED-SJS, three individuals were pure Thai. Of the
remaining mixed Thai subgroups, five have at least one
Chinese grandparent, three have at least one Peguan (Mon)
grandparent, and one had one Vietnamese grandparent.

Discussion

HLA-B∗1502 was present in 100% (4 of 4) of the
patients with CBZ-SJS and 19% (8 of 42) of the CBZ-
tolerant patients in this study. This revealed a 100% (95%
CI: 61%–100%) sensitivity and 75% (95% CI: 67%–90%)
specificity of HLA-B∗1502 as a test for CBZ-SJS in the
Thai population. Similar association was reported in Han
Chinese residing in either Taiwan (Chung et al., 2004;
Hung et al., 2006) or Hong Kong (Man et al., 2007), but
never in Thai people. Studies in Caucasians found no asso-
ciations between HLA-B∗1502 and CBZ-SJS (Alfirevic
et al., 2006; Lonjou et al., 2006). In the only Caucasian
study that showed such an association in three individuals,
it revealed that all three cases had some non-Chinese
Asian ancestries (Lonjou et al., 2006). The Asian ethnicity
preponderance of the HLA-B∗1502 in association with
CBZ-SJS was therefore confirmed. However, in the Euro-
pean study, there was only one individual with CBZ-SJS
having HLA-B∗1502 among three different Asian coun-
tries, namely Vietnam, Cambodia, and Reunion Island.
This small number was unable to come to a conclusion of
association concerning non-Chinese ethnicity. The pres-
ent study is the first to show a strong association between
HLA-B∗1502 and CBZ-SJS in Thais, another Asian popu-
lation, who are non-Han Chinese.

HLA-B∗1502 was also found to be associated with
PHT-induced SJS in this study. All four patients having
PHT-induced SJS were tested positive for the HLA-
B∗1502 (100%). On the contrary, only 8 of the 45 PHT-
tolerant patients (18%) had test positivity. The association
was statistically significant (p-value of 0.005). Although
there was a previous study mentioning one patient with
PHT-SJS having HLA-B∗1502 (Man et al., 2007), statisti-
cal significance of the association between HLA-B∗1502
and PHT-SJS has, for the first time, been shown in this
study.

Three of the six patients having HLA-B∗1502 in the
CBZ-SJS group were tolerant to PHT, while one of the
four PHT-SJS patients having HLA-B∗1502 was tolerant
to CBZ. The HLA-B∗1502 positivity in these four nonov-
erlapped patients indicates that patients who are HLA-
B∗1502 and suffer from SJS induced by CBZ or PHT do
not necessarily develop SJS from the other medication.
This suggests that, although the HLA-B∗1502 may be

necessary, it is not sufficient to cause SJS from either PHT
or CBZ in our population. In other words, HLA-B∗1502
may be a common attribute required for a Thai patient
to develop SJS from these two AEDs; other different
elements, however, are also needed for each AED. This
possibility needs further elucidation.

Unlike AED-induced SJS, there was no significant
association between either CBZ- or PHT-induced MPE
and HLA-B∗1502 in our study. This finding has been pre-
viously reported in Han Chinese (Hung et al., 2006) and
suggests that different genetic mechanisms may be
involved in the pathogenesis of AED-induced SJS and
MPE. Although maculopapular rash usually heralds the
phase of epidermal necrolysis and bullous formation in
SJS, the pathophysiologic relation between MPE and SJS
is still unknown. It has been the practice that if a patient
develops AED-induced MPE, all possible causative drugs
should be discontinued, otherwise SJS may follow if the
offending medications are allowed to continue. Our find-
ings may challenge this belief, if different genetic back-
grounds of the patients play a role in these two different
cutaneous manifestations. Pharmacogenomic studies
before using a potential allergenic drug may provide
future means to prevent or properly manage severe aller-
gic cutaneous reactions.

Of the eight AED-tolerant controls with HLA-B∗1502,
one was homozygous for the allele, making the prevalence
of HLA-B∗1502 in this study accounting for 9% (9 of 100
alleles). This is comparable to 8.2% from previous studies
in Thai populations (Pimtanothai et al., 2002), The preva-
lence is also similar to that in Han Chinese (8.6%), but
much more than in Caucasians (1%–2%) (Chung et al.,
2004). This may explain the higher incidence of AED-
induced SJS in Han Chinese and in the Thai epileptic pop-
ulation. In the current study, 10 out of a total of 3,000
patients in the authors' tertiary epilepsy clinic reported
SJS during a period of 14 years. The prevalence of SJS in
Thai epileptics is approximately 3.3 in 1000. The inci-
dence of developing SJS in epileptic patients who were
started with AEDs at our center (new AED users) is esti-
mated to be 2.7 in 1,000 exposures (three PHT and five
CBZ new users). In Western literatures, risk estimates of
SJS and TEN among new users for CBZ, PHT, lamotri-
gine, and phenobarbital are 1 in 1,000–10,000 exposures
(Knowles et al., 1999; Mockenhaupt et al., 2005).

In conclusion, the authors found that there was a strong
association between HLA-B∗1502 and PHT-induced SJS
in Thais. The study also demonstrated that, besides Han
Chinese, the Thai population also has significant associa-
tion between HLA-B∗1502 and CBZ-induced SJS. Some
patients who had HLA-B∗1502 and suffered from CBZ-
or PHT-induced SJS could be tolerant to the other medica-
tions. On the contrary, no association between HLA-B
alleles and CBZ- or PHT-induced MPE was observed in
this Thai epileptic population.
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