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SUMMARY

The use of lamotrigine (LTG) can be limited by the occurrence of cutaneous adverse
drug reactions (cADRs) that range from maculopapular eruption (MPE) to the more
severe Stevens-Johnson syndrome and toxic epidermal necrolysis. A few human leuko-
cyte antigen (HLA)-related genetic risk factors for carbamazepine-induced cADR
have been identified. However, the HLA-related genetic risk factors associated with
LTG-induced cADR are not yet well known. We performed HLA genotyping in 50 Kor-
ean patients with epilepsy, including 21 patients presenting LTG-induced MPE and 29
LTG-tolerant patients. A significant association between the HLA-A*2402 allele and
LTG-induced MPE was identified, in comparison with the LTG-tolerant group (odds
ratio [OR] 4.09, p = 0.025) and the general Korean population (OR 3.949, p = 0.005).
The frequencies of the Cw*0102 or Cw*0702 alleles were significantly higher in the
LTG-MPE group than in the Korean population, whereas the frequency of the A*3303
allele was lower. The coexistence of the A*2402 and Cw*0102 alleles was significantly
associated with the LTG-MPE group when compared to the LTG-tolerant group (OR
7.88, p = 0.007). In addition, the Cw*0701 allele was more frequent in the LTG-toler-
ant group than in the Korean population. These findings suggest the presence of HLA-
related genetic risk factors for LTG-induced MPE in the Korean population.

KEY WORDS: Lamotrigine, Rash, Maculopapular eruption, Cutaneous adverse
reaction, HLA.

Lamotrigine (LTG) is a commonly used broad-spectrum  patients and achieves an excellent retention rate due to good
antiepileptic drug (AED)—which is also widely used as an  drug compliance.' However, the most concerning disadvan-
effective mood stabilizer—that does not cause any cogni- tage of LTG is the possibility of cutaneous adverse drug
tive adverse effect. Therefore, it can be prescribed in elderly  reaction (cADR). The incidence of serious rashes requiring
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hospitalization ranges between 0.1% and 1%, whereas non-
serious rashes occur in approximately 10% of the patients
who receive LTG.?

Pharmacogenomics studies have identified a striking
association between the human leukocyte antigen
(HLA)-B*1502 allele and the carbamazepine (CBZ)-induced
Stevens-Johnson syndrome (SJS)/toxic epidermal necroly-
sis (TEN) in the Han Chinese population.” However, no
major HLA-related genetic risk factors for the LTG-induced
cADRs have been identified so far. Only a limited number
of studies enrolling a small number of patients have sug-
gested a few risk factors.* In the current study we aimed to
identify HLA-related genetic risk factors in Korean patients
with LTG-induced maculopapular eruption (MPE).

METHODS

Patients

Among the patients with epilepsy who visited the Seoul
National University Hospital, those who experienced MPE
after LTG administration were enrolled in our study to com-
pose the LTG-MPE group. Upon the clinical identification
of MPE, LTG was immediately discontinued to prevent the
patients from experiencing severe cutaneous adverse reac-
tions (SCARs), such as SIS/TEN. Patients were enrolled (1)
when MPE occurred within 6 weeks after the last dose esca-
lation of LTG or when LTG was the only offending drug
exposed to the patient, and (2) when the rash was resolved
after discontinuation of LTG. Patients with following condi-
tions were excluded: (1) incomplete clinical data, or (2) dif-
ficulty in identifying the causative drug. As control groups,
we used both an LTG-tolerant group and the general Korean
population.” The LTG-tolerant group was composed of
patients who had received >300 mg/day of LTG and had a
documented medical history of LTG serum levels >10 pg/
ml without any cADR during a minimum of 1 year of LTG
treatment. The study was approved by the institutional
review board of the Seoul National University Hospital and
written informed consent was obtained from every patient.

HLA genotyping

Genomic DNA was extracted from the peripheral blood
of every patient from the LTG-MPE and LTG-tolerant
groups, and HLA genotyping was performed. The genotypes

of the HLA-A, HLA-B, HLA-C, HLA-DRBI, and HLA-DQB1
genes of each subject were determined at the allele level
using direct DNA sequence analysis following the estab-
lished protocols (Biowithus, Seoul, Korea).® The previously
reported HLA frequencies in the Korean population were
used for the general population control group values.’

Statistical analyses

Fisher’s exact test was used to assess the differences
between the HLA genotype frequencies among the
LTG-MPE and control groups. Odds ratio (OR) and 95%
confidence interval (CI) values were obtained, and a
p-value < 0.05 (two-tailed) was considered statistically sig-
nificant. The statistical analyses were conducted using the
SPSS software version 22.0 (SPSS, Chicago, IL, U.S.A.).

RESULTS

A total of 21 patients were recruited in the LTG-MPE
group, and 29 patients were included in the LTG-tolerant
group. The clinical characteristics and HLA genotypes of
the enrolled patients are shown in Table 1. The genotype
frequency of the HLA-A*2402 allele was significantly
higher in the LTG-MPE group compared with both the
LTG-tolerant group (p = 0.025, OR 4.09, 95% CI
1.22-13.69) and the general Korean population (p = 0.005,
OR 3.949,95% CI 1.51-13.36). In the LTG-MPE group, the
frequencies of the Cw*0102 or the Cw*0702 alleles were
significantly higher and the frequency of the A*3303 allele
was lower than in the Korean population, whereas the differ-
ences were not statistically significant compared with the
LTG-tolerant group. Concomitant A*2402 and Cw*0102
alleles were significantly more frequent in the LTG-MPE
group than in the LTG-tolerant group (p = 0.007, OR 7.88,
95% CI 1.81-34.28; Table 2). On the other hand, the fre-
quencies of the Cw*0701 or the Cw*0304 alleles were
higher in the LTG-tolerant group than in the Korean popula-
tion (p = 0.003, OR 18.538, 95% CI 3.57-96.36 and
p = 0.001, OR 4.169, 95 CI 1.88-9.24, respectively). None
of the patients in the LTG-MPE group had Cw*0701, which
is encouraging to interpret this as a protective allele; how-
ever, Cw*0304 was not significantly lower in the LTG-
MPE group when compared to the LTG-tolerant group
(Table 2). The HLA-DRB1*1101 genotype frequency was
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also increased in the LTG-tolerant group compared with the

2585333525333 ;

g $E83833383883 Korean population; however, the number of DRB*1101-

MEE S338588¢53%8 positive patients was similarly distributed in both the LTG-

I|°eceeececcooese MPE and the LTG-tolerant groups.
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T|eeceeeecee=ee In the present study, we identified significant associations
2983358833 between LTG-induced MPE and the HLA-A*2402,

7/$88533852888 x *

< $SSSsSss=Sss HLA-Cw*0102, and HLA.-CW~ 9702 alleles, Wl.lereas the

Tlegasgseasascss HLA-A*?303 allele was identified as a protective allele.
o N N The coexistence of the HLA-A*2402 and the Cw*0102 alle-

0333883888288 % les (A*2402/Cw*0102 haplotype) was identified as the
— N FTIITITIDODNDIT N plotyp

% 2598353532833 strongest risk factor for LTG-induced MPE. In addition, the
—T e —-——Fm—m-— HLA-Cw*0701 allele was associated with a tolerance to
dSoggs92s35y hypersensitivity reactions after high-dose LTG treatment.
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<|lg2gg292e2gsg Our results provide useful information for the clinical prac-

IISRFERF228ss titioners concerning LTG administration, especially in
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patients from the Korean population.

The best known genetic risk factor for an AED-related
© “ cADR is the association between the HLA-B*1502 allele
—-—-—=-g8ggescssS and CBZ-induced SJS/TEN in the Han Chinese population.”
However, subsequent studies have identified the ethnic dif-
ferences of the HLA genotype-related risk factors, even in

85
|
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'g o other Asian populations.” Indeed, instead of HLA-B*1502,
g - ) the HLA-A*1511 and the A*3101 alleles have been identi-
ElSE[LLL1L1LLLLLL fied as the risk factors for CBZ-induced SJS/TEN in the
8 5 % c2ezzzzzzez Japanese®? and Korean populations.® In addition, later stud-
- £ ies have revealed that the HLA genotype-related associa-
% o tions were different for MPE than for SJIS/TEN. In Han
Bl 08| ccacaacacacax Chinese, the HLA-B*1502 allele was not associated with
§ ._3 22222222222 CBZ-induced MPE in most of the studies. Instead, the
£ g HLA-A*3101 allele was suggested as a risk factor for CBZ-
9 Lg_ induced MPE in this ethnic group.” These results suggest
S = & that the mechanism underlying drug-induced MPE might

§ Eo § § § § § § § § § § § E_ differ from that of the SCARSs, such as SJS/TEN.
X = > So far, no single major HLA-related genetic risk factor
= g for LTG-induced cADRs has been established.* Several
%” N ; studies in the Han Chinese population have failed to demon-
EE strate any significant association between the HLA-B*1502
_§ g 52 allele and LTG-induced SJS/TEN or MPE.* However, asso-
s TTTTTTTT T T a é ciations between the HLA-A*3001 and B*1302 alleles and
et 2 § o LTG-induced MPE have been reported in Han Chinese.'®
p §,§ ?6 Among other population groups, the HLA-B*5801,
£ ¢ A*6801, Cw*0718, DQB1*0609, and DRB1*1301 alleles
g9 ;E were reported to be weakly associated with LTG-induced
YoowmamooaNnmm —§ 2 3 cADR in patients of European origin,'' and the HLA-
N RN B 5 A*020101/B*350101/C040101 haplotype has been sug-
g § :§ E gested as a biomarker for LTG-induced MPE in Mexican

g e %% Mestizo patients.'?

Ezz In this study, we identified three risk factor alleles
5328 (A*2402, Cw*0102, and Cw*0702) and two protective alle-
£55 les (A*3303 and Cw*0701) for LTG-induced MPE. Among
A RITILLERLR |uwss them, the risk of LTG-induced MPE was most prominently
= increased in patients carrying the HLA-A*2402 allele.
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When comparing the number of patients possessing both the
A*2402 and the Cw*0102 alleles between the LTG-MPE
and the LTG-tolerant group, the association between the
HLA genotype and LTG-induced MPE became more signif-
icant (OR 7.88). However, the OR of this association was
not as high as the OR obtained for associations between
specific HLA subtypes and the SCARs.*” We hypothesized
that this difference was due to the different incidence of
SCARs versus MPE. Considering that LTG-induced MPE
occurs in 5—10% of the patients,2 it is likely that, in the case
of an association with a particular HLA subtype, the respon-
sible allele would be a relatively common one. Indeed, the
three risk factor alleles identified in our study were common
alleles (with a frequency ranging from 8.3% to 21.7%)
among the Korean population.” Previously, a significant
association between HLA-A*2402 allele and CBZ-induced
SJIS/TEN in Han Chinese has been reported13; however, one
meta-analysis study has reported A*2402 allele as a protec-
tive marker for bullous lesions in Asians with CBZ-induced
cADRs.” In addition, A*2402 has been suggested as a pro-
tective marker against the cross-reactivity of aromatic
AED-induced cADR in a Chinese population.'* One must
keep in mind that 90% of the patients in this study (54 of 60;
90%) had a history of MPE and 40% of the patients (24 of
60) carried this allele. Considering the frequency of the
A*2402 allele in the Chinese population (10.5%), we can
assume that the A*2402 allele was found more frequently in
MPE patients. Among the protective alleles, the HLA-
A*3303 allele has been suggested to exert a protective effect
on LTG-induced MPE.'® None of the HLA-B alleles were
significantly associated with LTG-induced MPE in our
study, which is in accordance with the results from a previ-
ous report studying the Han Chinese population.?

Our study is meaningful because we identified HLA-
related genetic risk factors for LTG-induced MPE in the
Korean population for the first time. Considering the
ethnicity-related differences in the HLA-related genetic
susceptibility, results obtained from each ethnic group are
meaningful by themselves. Moreover, the LTG-tolerant
patients included in our study were selected following the
strict criteria. By selecting the obviously tolerant patients,
we could identify an additional allele (Cw*0701) that possi-
bly protects the patients against LTG-induced MPE. Finally,
we analyzed the association between HLA-induced MPE
and the major histocompatibility complex (MHC) class II
genes (HLA-DRBI and HLA-DQBI gene). It is suggested
that maculopapular reactions are related mainly to the MHC
class II molecules, whereas bullous formations are related
mainly to the MHC class I genes.'® Therefore, we expected
to identify a specific MHC class II-related HLA subtype
that would be associated with LTG-induced MPE. How-
ever, neither of the MHC class II genes (HLA-DRBI or
DQB1) has demonstrated any significant association.

In conclusion, our data suggest that several HLA alleles
are associated with LTG-induced MPE. The coexistence of

Epilepsia, 56(10):e161-e167, 2015
doi: 10.1111/epi.13087

the HLA-A*2402 and Cw*0102 alleles was the strongest
risk factor for LTG-induced MPE, whereas the A*3303
mutation was protective. The known presence of the risk
alleles in patients should inspire great caution with regard to
the prescription of LTG. Additional studies with larger
number of patients and studies aimed at identifying non—
HLA-related genetic risk factors (e.g., single nucleotide
polymorphism (SNP), mitochondrial DNA haplotype) in
relation to LTG-induced MPE should be performed in the
near future.
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