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Associations of Genetic and Non-genetic Factors with Carbamazepine-induced
Cutaneous Adverse Drug Reactions in Thai Patients
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Abstract

Objective: To investigate the association of HLA class | and non-genetic
factors with carbamazepine (CBZ)-induced SJS/TEN and MPE in Thai
patients. Methods: This was a retrospective case-control study in Thai
patients who had previously received carbamazepine at Neurological Institute
of Thailand between 2007 and 2017. With a total of 89 participants, 16 and
22 were with SIS/TEN and MPE (or cases), respectively, and 51 were CBZ-
tolerant (controls). The medical records were reviewed and genetic markers
were analyzed. Associations between the HLA class | and various factors
with the adverse reactions were tested using logistic regression. Result:
There were significant associations between HLA-B*15:02 (OR = 14; P-value
< 0.001; 95%Cl = 3.66 - 53.53) and HLA-A*02:03 (OR = 5.46; P-value =
0.022; 95%Cl = 1.30 - 22.80). HLA-B*51:01 was associated with CBZ-
induced MPE (OR = 4.71; P-value = 0.049; 95%CI = 1.01 - 21.83). No no-
genetic factors (i.e., age, dose, concurrent potential interacting drugs and
history of drug allergy) were associated with CBZ-induced cADRs.
Conclusion: The HLA class | gene was associated with SUS/TEN and MPE
rash from carbamazepine. HLA-B*15:02 and HLA-A*02:03 were associated
with SJS/TEN and HLA-B*51:01 was associated with MPE. The associations
of non-genetic factors and CBZ-induced cADRs need to be answered in

future studies with more power.
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Introduction

Carbamazepine (CBZ) is an anti-epileptic drug for focal
seizures and generalized seizures with a long history of use.
It has been one of the most used anti-epileptic drugs. In
Thailand, CBZ is in the category A in the National Essential
Drug List 2020. In all levels of healthcare settings in Thailand,
it is considered a standard drug for epilepsy with its obvious

clinical evidence and long-standing clinical experience in
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treating epilepsy, neuropathic pain, and mania. Since CBZ is
effective and less costly, it is selected as the first choice of in
epilepsy and neuropathic pain such as trigeminal neuralgia.
For bipolar disorder, even though CBZ is not the first choice,
it has been used for patients unable to use the first-line drugs,

for example, those allergic to such drugs' and those under 13
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years of age which is contra-indicated for lithium. CBZ is also
recommended in neuropathic pain.

CBZ asserts its effect through inhibiting voltage-gated
sodium channel. It is metabolized mainly by CYP3A4 into
carbamazepine-10,11-epoxide which is an active metabolite.
This epoxide metabolite has been reported to be toxic to
central nervous system and its related adverse effects.? The
most frequently found side effects of CBZ include dizziness,
vertigo, and nausea. About 3 — 5% of the patients experience
hypersensitivity to CBZ with the symptoms ranging from
urticaria to Stevens-Johnson syndrome or toxic epidermal
necrolysis (SJS/TEN) which is life-threatening.® One-year
mortality rate of TEN is 34%. Among those experiencing TEN
who survived, long-term effects including permanent body
and chronic kidney disease.* For
(MPE),

scars, visual loss,

maculopapular eruption a non-severe from of
cutaneous adverse drug reaction, it has been associated with
a high incidence of 1.7/100,000 when compared with that of
SJS/TEN (0.1/100,000).% A high incidence rate of CBZ-related
MPE is of a great concern, but studies on genetic factors on
CBZ-related MPE in Thai patients have been limited.” "

Human Leukocyte Antigen (HLA) is located on the short
arm of human chromosome 6. HLA helps code for proteins
that differentiate between self and non-self which is critical in
the immune system. With its genetic diversity, genetic
expressions of HLA vary immensely among different
individuals. HLA is categorized into 3 classes (i.e., HLA class
I, II'and 1ll) with differences in size and function. HLA class |
has a size of 2,000 kb and is found on the cell with nucleus.
HLA class | that presents antigens found in the cell to CD*8
cytotoxic T lymphocyte includes HLA-A, HLA-B and HLA-C.
Previous studies revealed the associations between HLA-
B*15:02 alleles and SJS/TEN cutaneous reactions of CBZ.
The study of Grover and colleagues found that HLA-B*1502
allele is associated with SJS/TEN cutaneous reactions of CBZ
with an odds ratio (OR) of 80.70.° However, studies on the
associations between HLA-B*15:02 allele and CBZ-related
MPE have been scarce. Four studies in Han Chineses in
China, HLA-B*15:02 allele was not associated with CBZ-
related MPE”-'*; while one of Hung and co-workers found that
HLA-A*31:01 allele was associated with CBZ-related MPE
(OR=17.5;95% Cl=4.6 — 66.5; p-value = 0.0022)."In
Thailand, a study showed that HLA-B*15:02 allele was not
associated with MPE."" For HLA-A*31:01 allele, the study of
in 2013

Amstutz and colleagues in diverse Canadian
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ethnicities revealed that CBZ-relate MPE was associated with
the allele (OR = 8.57; 95% Cl = 1.67 — 57.50; p-value =
0.0037)."? Studies on CBZ cutaneous reactions in association
with HLA alleles other than HLA-B*15:02 have been scarce
and their sample sizes were relatively limited.”® In Thailand,
no studies on HLA alleles other than HLA-B*15:02 and CBZ
cutaneous reactions have been found.

For non-genetic factors, studies suggest reproductive
women have a higher risk of anti-epileptic drugs than men."*
Other factors relating to anti-epileptic drugs include age, co-
morbid illnesses, and concomitant drugs with potential drug
interaction."S Patients allergic to anti-epileptic drugs have a
higher chance of being allergic to other drugs than those who
are not. Patients allergic to other anti-epileptic drugs are 9.3
times more likely to be allergic to CBZ than those never
allergic to any anti-epileptic drugs.'® Based on the findings
from previous studies, there is a need to determine the genetic
association of HLA class | alleles both HLA-A and HLA-B with
CBZ-related cutaneous drug reactions including the severe
SJS/TEN and MPE types in Thai patients. Laboratory test for
HLA gene could help avoid CBZ allergy.

Specifically, this study aimed to determine the association
of genetic factor (i.e., HLA-A and HLA-B alleles) and non-
genetic factors with the incidence of carbamazepine-induced

SJS/TEN and MPE in Thai patients.

Methods

In this retrospective case-control study, participants were
patients treated with carbamazepine at the Neurological
Institute of Thailand, Bangkok, between January 2007 and
December 2017. Inclusion criteria for cases and controls were
based on the study of Askmark and colleagues."” To be
eligible, they had to have Thai nationality and be treated with
carbamazepine. For cases or those with the adverse events,
they had to be diagnosed with CBZ-related MPE or SJS/TEN
within 3 months since the start of CBZ. For controls or CBZ-
tolerant patients, they had to use CBZ continuously for at least
6 months and had no CBZ-related MPE or SJS/TEN.
Participants who were excluded were those with unclear
treatment history, younger than 20 years, with psychiatric
problems, unable to communicate in Thai language either by
reading or writing, or unwilling to participate. HLA genotypes
both in cases with CBZ-related MPE or SJS/TEN and CBZ-

tolerant controls were determined by blood test.
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Cutaneous Adverse Drug Reactions(cADR) was defined
as any skin hypersensitivity reactions regardless of severity,
i.e, from mild to life-threatening ones. For general control
group, they were Thai individuals with no history of drug
allergies. This group consisted of 470 individuals of general

Thai population with HLA-A and HLA-B alleles data."®

Data collection

Demographic and clinical characteristics of the participants
were extracted from medical records. These included gender,
age, history of drug allergy and exposure of CBZ. For cases,
exposure of CBZ was defined as dose and duration of CBZ
use till the incident of cCADRs. For CBZ-tolerant controls, it
was the CBZ use till the discontinuation date of CBZ with
reasons other than allergy including acceptable disease
control and medication change, otherwise till the data
collection date. Concomitant drugs were also extracted from
medical records. These drugs included clarithromycin,
diltiazem, fluoxetine, quetiapine, verapamil, levetiracetam, and
valproate sodium. Drug allergy signs and or symptoms were
also extracted. These included date of the incident, type of
rash, affected area, mucosal involvement Details also included
the inflammation of cutaneous membranes (i.e., mouth, eyes,
and genital area), gastrointestinal symptoms, respiratory
symptoms, and other symptoms. Laboratory investigation
measures (i.e., CBC and liver functions) at the hospitalization
date or ER visit date were extracted to confirm the allergy.
Duration since the start of CBZ until the allergy, physician
diagnosis (type of rash and causative drugs), and HLA class
| alleles genotypes (i.e., HLA-A and HLA-B alleles) were also

extracted.

HLA Class | allele variation determination

HLA Class | allele variation was determined as follows.

1. Buffy coat was prepared by sampling 10 mL of blood
sample stored in the EDTA tube to be centrifuged at 2500 rpm
and temperature 25 °C for 15 minutes. The buffy coat was
drawn and stored at -20 °C until DNA extraction.

2. DNA was extracted using QlAamp DNA Blood Mini Kit
(QIAGEN, Germany) and stored at -20 ‘C until HLA Class |
allele variation determination.

3. In HLA Class | allele variation determination, the DNA
extract was diluted to the final concentration of 30 pg/mL. HLA
Class | allele variation was determined by the polymerase

chain reaction and sequence specific oligonucleotide probes
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(PCR-SSOP) using Luminex commercial HLA genotyping kit
and the HLA genotypes were analyzed by the software
program HLA Fusion 2.0. Samples of participants with MPE
and SJS/TEN were analyzed separately.

Data analysis
Descriptive statistics including mean with standard
deviation and frequency with percentage were used to present
demographic and clinical characteristics of the participants.
For univariate analysis, differences in categorical variables
among the three groups of cutaneous adverse reactions (i.e.,
SJS/TEN cases, MPE cases, and CBZ-tolerant controls) were
tested with chi-square test or Fisher's exact test as
appropriate. Differences in continuous variables among the
three groups were tested with ANOVA or Kruskal-Wallis test
as appropriate. Any of these non-genetic factors that were
found significantly associated with the incident of any of
cutaneous adverse reactions were also controlled for in the
logistic regression analysis.

In logistic regression analysis, the associations between
having CBZ-associated SJS/TEN and different HLA class |
genotypes and non-genetic factors were tested for CBZ-
tolerant controls. The associations between having CBZ-
associated MPE and HLA class | genotypes and non-genetic
factors were also tested in a similar fashion. Similar
associations were also tested with general controls without
non-genetic factors. The associations were presented as odds
ratio (OR) with 95% confidence interval. Statistical significance
for all statistical tests was set at a type | error of 5% (or P-
value < 0.05). Statistical analyses were performed using

statistical software program SPSS version 25.

Participant protection

The study was approved by the Ethics Committee for
Human Study of Naresuan University (approval number:
566/2018; approval date: September 30, 2018). Participants
were informed about the objective, process, and voluntary and

anonymity nature of the study.

Results

Based on records of potential participants which were
patients receiving care from January 2007 to December 2017,
cutaneous adverse drug reactions (CADRs) of patients while
using CBZ were 23 cases of SJS or TEN and 31 cases of
MPE. Of these potential

participants, 16 patients with
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SJS/TEN and 22 patients with MPE were willing to participate
in the study as cases when contacted. In addition, 51 patients
with no allergy to CBZ were willing to participate in the study
as CBZ-tolerant controls. All 89 patients provided their written
informed consent. For general Thai population controls, a
sample of 470 individuals with data of HLA-A and HLA-B
alleles genotypes was successfully secured for analysis.

It was found that patients with SJS/TEN, MPE and no
adverse reactions were not different regarding gender where
women were found 62.5%, 68.2%, and 49.0%, respectively
(P-value = 0.278). Mean ages in the three groups were
comparable (46.38 = 13.83, 49.00 = 15.69, and 47.23 £+ 18.88
years, respectively, P-value 0.873). Median daily doses of
CBZ were also comparable (400, 300, and 400 mg/day,
respectively, P-value = 0.070), with the lowest and highest
doses of 100 and 1,600 mg/day, respectively.

For the duration of CBZ use, CBZ-tolerant controls used
carbamazepine for at least 182 days (or 6 months) with no
cADRs (i.e., the use till the discontinuation date of CBZ with
reasons other than allergy including acceptable disease
control and medication change, otherwise till the data
collection date for CBZ-tolerant controls). For those SJS/TEN
cases and MPE cases, their median times to experience the
cADRs were relatively comparable with 15 and 20 days,
respectively, and the ranges of 5 — 60 and 14 — 90 days,
respectively. In brief, cases had the shorter medians than
those CBZ-tolerant controls. This suggests that the data were
valid since patients with allergy usually experience the event
at the early use of the causative drug. It was found that 13.6%
of those with MPE and 11.8% of those with no cADRs used
drugs with potential interaction with CBZ, while none of those
with SJS/TEN did so. This difference was also not significant
(P-value = 0.348).

Since all non-genetic factors were not significantly
associated with the incident of any cADRs, they were not
controlled for in the analysis of risk of cADRs with HLA alleles
in the following section. For the duration of carbamazepine
use till the incident of cADRs (days), since it merely reflected
the nature, not the cause of the association, it was not tested

in the further logistic regression.
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Table 1 Demographic and clinical characteristics of cases

and controls (N = 89).

N (%)

Characteristics SJS/TEN cases MPE cases CBZ-tolerant controls P-value*

(n=16) (n=22) (n=51)
Gender
Men 6 (37.5) 7 (31.8) 26 (51.0) 0.278%
Women 10 (62.5) 15 (68.2) 25 (49.0)
Age (years)
Mean + SD 46.38 +14.83 49.00 + 15.69 47.23£18.88 0.873%
Car ine daily dose (mg/day)
Median 400 300 400 0.070%
Range 100 - 400 100 — 1,200 100 — 1,600
Duration of carbamazepine use till the incident of cADRs (days)®
Median 15 20 480 <0.001"
Range 5- 60 14 - 90 182 - 3,285
Use of drugs with potential interaction with carbamazepine
Yes 0(0) 3(13.6) 6 (11.8) 0.348°
No 16 (100.0) 19 (86.4) 45 (88.2)
Drugs allergy history
No allergy 16 (100) 21 (95) 43 (84) 0.548°
Aromatic AEDs 0(0) 1(5) 5 (10)
Other drugs 0 (0) 0 (0) 3 (6)

* Comparisons between SJS/TEN, MPE, and control groups, unless stated otherwise.

§ Fisher's exact test (two-tailed). # ANOVA.

# Kruskal-Wallis test. T Mann-Whitney U test between SJS/TEN and MPE groups
s Duration of carbamazepine use till the incident of ADR for cases, or till the discontinuation date of CBZ with reasons other

than allergy including acceptable disease control and medication change, otherwise till the data collection date for CBZ-

tolerant controls.

Among 89 patients with SUS/TEN (n = 16), MPE (n = 22)
and no cADRs (n = 51), a total of 41 alleles, specifically 16
HLA-A alleles and 25 HLA-B alleles, were found (Table 2).
HLA-A*02:03 was the most frequently found HLA-A allele in
patients with SJS/TEN (35.00%) (Table 2). HLA-A*02:03 was
significantly associated with a 5- to 6-fold risk of CBZ-related
SJS/TEN when compared with those without the allele,
specifically with ORs of 5.455 and 5.621 when compared with
CBZ-tolerant controls and general
respectively (Table 3). For HLA-B, HLA-B*15:02 was the most
found allele (40.62%) (Table 2). HLA-B*15:02 was significantly
associated with a 14- to 17-fold risk of CBZ-related SJS/TEN

population controls,

when compared with those without the allele, specifically with
ORs of 14.000 and 16.859 when compared with CBZ-tolerant
controls and general population controls, respectively (Table
3).

For MPE, the most found allele was HLA-B*58:01
(18.18%), followed by HLA-B*15:02, HLA-B*40:01, HLA-
B*51:01 (11.36% each) (Table 2). Further logistic regression
analysis revealed that only HLA-B*51:01 was significantly
associated with a 3- to 4 -fold risk of CBZ-related MPE when
compared with those without the allele, specifically with ORs
of 4.706 and 3.162 when compared with CBZ-tolerant controls

and general population controls, respectively (Table 3).
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Table 2 Frequencies of HLA-A and HLA-B alleles found
in patients with SJS/TEN and MPE associated with

carbamazepine and in carbamazepine-tolerant controls (N = 89).

N of alleles (%)

HLA alleles SJSITEN CBZ-tolerant
MPE cases Total
cases controls
HLA-A (2n =20) (2n = 36) (2n=102) (2n = 158)
HLA-A*01:01 1(2.78) 1(0.98) 2 (1.26)
HLA-A*02:01 2 (10.00) 2 (5.56) 6 (5.88) 10 (6.33)
HLA-A*02:03 7 (35.00) 5 (13.89) 11 (10.78) 23 (14.56)
HLA-A*02:06 1(5.00) 1(2.78) 3(2.94) 5(3.16)
HLA-A*02:07 - 2 (5.56) 7 (6.86) 9 (5.70)
HLA-A*11:01 4 (20.00) 9 (25) 28 (27.45) 41 (25.95)
HLA-A*11:02 - 1(2.78) - 1(0.63)
HLA-A  HLA-A*11:04 1(2.78) - 1(0.63)
total HLA-A*24:02 4 (20.00) 3(8.33) 15 (14.70) 22 (13.92)
HLA-A*24:10 1 (5.00) - 2 (1.96) 3 (1.90)
HLA-A*29:01 - 1(2.78) 1(0.98) 2(1.26)
HLA-A*33:01 1 (5.00) 2 (5.56) 3 (1.90)
HLA-A*33:03 5(13.89) 9 (8.82) 14 (8.86)
HLA-A*34:01 - 1(2.78) 4 (3.92) 5 (3.16)
HLA-A*68:01 - 1(2.78) 1(0.98) 2 (1.26)
HLA-A*74:01 - 1(2.78) 1(0.98) 2 (1.26)
HLA-B (2n=32) (2n = 44) (2n=102) (2n = 176)
HLA-B*07:05 2 (6.25) 1(2.27) 3(2.94) 6 (3.41)
HLA-B*08:01 - 1(2.27) - 1(0.57)
HLA-B*13:01 1(3.12) - 7 (6.86) 8 (4.54)
HLA-B*13:02 - 1(2.27) 1(0.98) 2 (1.14)
HLA-B*15:01 1(3.12) 1(0.98) 2 (1.14)
HLA-B*15:02 13 (40.62) 5(11.36) 8 (7.84) 26 (14.77)
HLA-B*15:21 2 (6.25) 1(0.98) 3 (1.70)
HLA-B*18:01 2 (6.25) 3 (6.81) 3 (2.94) 8 (4.54)
HLA-B*18:02 1(3.12) - 1(0.98) 2 (1.14)
HLA-B*18:15 - 2 (4.54) - 2 (1.14)
HLA-B*27:04 - 2 (4.58) 2 (1.96) 4 (2.27)
HLA-B*27:06 - 1(2.27) 2 (1.96) 3 (1.70)
HLA-B
total HLA-B*33:09 1(3.12) - 1(0.57)
HLA-B*35:03 1(3.12) 1(0.98) 2 (1.14)
HLA-B*40:01 - 5(11.36) 7 (6.86) 12 (6.82)
HLA-B*40:02 - 12.27) - 1(0.57)
HLA-B*44:03 1(3.12) 2 (4.54) 3(2.94) 6 (3.41)
HLA-B*46:01 5 (15.62) 3 (6.81) 16 (15.69) 24 (13.64)
HLA-B*51:01 5 (11.36) 2 (1.96) 7(3.78)
HLA-B*51:02 - 1(2.27) - 1(0.57)
HLA-B*54:01 - 1(2.27) - 1(0.57)
HLA-B*55:01 - 1(2.27) 1(0.98) 2 (1.14)
HLA-B*56:04 1(3.12) - 1(0.98) 2 (1.14)
HLA-B*57:01 - 1(2.27) 3 (2.94) 4 (2.27)
HLA-B*58:01 1(3.12) 8 (18.18) 6 (5.88) 15 (8.52)

Discussions and Conclusion

Our findings indicated that patients with HLA-B*15:02 and
HLA-A*02:03 alleles were associated with a higher risk of
carbamazepine-induced  cutaneous adverse reactions
specifically SJS or TEN compared with those without the
alleles. The association of HLA-B*15:02 with the risk of
carbamazepine-induced SJS/TEN is consistent with previous
studies. The study of Chung and colleagues revealed a 2,504-
fold risk of SUS/TEN among Han Chineses with HLA-B*15:02

allele compared with those without the allele.™®
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Such association of HLA-B*15:02 allele and SJS/TEN
among patients taking carbamazepine was reported in many
studies not only in Han Chineses'® 2>2° but also Thais®*3?,

33-35’ Spanishaa,

Indians Vietnameses®,  Malaysian®’,
Javaneses/ Sudaneses in Indonesia®®, and others.***' The
strength of the association in our study with an OR of 14.00
is lower than those in previous studies in Thais. This low
strength of the association could be in part due to a smaller
number of patients with HLA-B*15:02 allele of 12 out of 16
(75.00%) which is lower than 88 — 100% found in previous
studies in Thai patients.3%-32

For HLA-A*02:03 allele, it was found for the first time in
this study to be associated with SUS/TEN with carbamazepine.
The risk of SUS/TEN among patients with HLA-A*02:03 was 5
times of that in those without the allele. It was found that
35.00% of patients with SJS/TEN had the allele, while 10.78%
of those CBZ-tolerant controls and 13.92% of general Thai
population controls did so. There have been no studies
showing the association between HLA-A*02:03 and cADR.*?
More studies should be conducted to prove such association
of HLA-A*02:03 and SJS/TEN with carbamazepine.

For MPE caused by carbamazepine, studies in Europeans
and Canadians found that HLA-A*31:01 allele was associated
with a 5 to 8-fold risk of MPE.*43% However, in Han
Chineses, the results on such association were conflicting.
10,2443 |n this present study, no HLA-A*31:01 was found either
in patients with MPE or those CBZ-tolerant controls. Certain
studies showed the association of HLA-A*31:01 allele with
MPE caused by carbamazepine in Chineses'®, Europeans***4,
Japaneses®, and ethnicity-diversed Canadians.*® But there
are no previous studies to show such association in Thais
which are consistent with this present study.

For HLA-B*51:01 allele, it was found to be associated with
a higher risk MPE with an OR of 4.7. HLA-B*51:01 allele was
overtly presented in patients with MPE (11.36%), and much
less in CBZ-tolerant controls (1.96%) and general Thai
population controls (4.54%). The study of Likkasittipan and
colleagues revealed that HLA-B*51:01 allele was associated
with cutaneous adverse reactions caused by phenobarbital in
Thai children.“® As high as 50% of the patients experiencing
cutaneous adverse reactions had HLA-B*51:01 allele; while

only 6% of those without the reaction did so. They reported a

15-fold risk of MPE with the presence of HLA-B*51:01 allele.*
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Table 3 Associations between HLA-A and HLA-B genotypes and incidence of cADRs related to carbamazepine.*

Carrier Cases vs CBZ-tolerant controls Cases vs General Thai population
To9uNINENTIHN CBZ-tolerant General Thai
Cases P-value OR 95% Cl P-value OR 95% ClI
controls population
SJSITEN (n=10) (n=51) (n=470)
HLA-A*02:01 2 (20%) 6 (11.76%) 51 (10.85%) 0.607 1.875 0.320 - 10.988 0.304 2.054 0.425 - 9.937
HLA-A*02:03 6 (60%) 11 (21.57%) 99 (21.06%) 0.022* 5.455 1.305 - 22.801 0.009* 5.621 1.556 - 20.307
HLA-A*02:06 1 (10%) 3 (5.88%) 21 (4.47%) 0.521 1.778 0.166 - 19.065 0.377 2.376 0.287 - 19.631
HLA-A*11:01 4 (40%) 23 (45.10%) 211 (44.89%) 1.000 0.812 0.204 - 3.227 1.000 0.818 0.228 - 2.938
HLA-A*24:02 3 (30%) 13 (25.49%) 95 (20.21%) 0.713 1.253 0.282 - 5.569 0.434 1.692 0.429 - 6.665
HLA-A HLA-A*24:10 1(10%) 2 (3.92%) 16 (3.40%) 0.421 2722 0.223 - 33.279 0.305 3.153 0.376 - 26.405
Total HLA-A*33:01 1(10%) 0 3 (0.64%) 0.164 NA NA 0.81 17.296 1.637 - 182.696
(n=16) (n=51) (n =470)
HLA-B*07:05 2 (12.5%) 3 (5.88%) 24 (5.11%) 0.586 2.286 0.347-15.064 0.209 2.655 0.571 - 12.352
HLA-B*13:01 1(6.25%) 7 (13.72%) 54 (11.49%) 0.669 0.419 0.048-3.691 1.000 0.514 0.067 - 3.966
HLA-B*15:01 1(6.25%) 1(1.96%) 5 (1.06%) 0.423 3.333 0.196-56.554 0.183 6.200 0.682 - 56.390
HLA-B*15:02 12 (75%) 9 (17.65%) 71 (15.11%) 0.000 14.000 3.661-53.53 0.000 16.859 5.2388 - 53.748
HLA-B*15:21 2 (12.5%) 1(1.96%) 2 (0.42%) 0.139 7.143 0.603 - 84.660 0.006 33.429 4.387 - 254.726
HLA-B*18:01 2 (12.5%) 3 (5.88%) 36 (7.66%) 0.586 2.286 0.347 - 15.064 0.360 1.722 0.377 - 7.875
HLA-B*18:02 1(6.25%) 1(1.96%) 15 (3.19%) 0.423 3.333 0.196 - 56.554 0.420 2.022 0.250 - 16.326
HLA-B*33:09 1(6.25%) 0 0 0.239 NA NA 0.033 NA NA
HLA-B HLA-B*35:03 1(6.25%) 1 (1.96%) 7 (1.49%) 0.423 3.333 0.196 - 56.554 0.236 4.410 0.510 - 38.139
Total HLA-B*44:03 1(6.25%) 3 (5.88%) 42 (8.94%) 1.000 1.067 0.103 - 11.032 1.000 0.679 0.088 - 5.271
HLA-B*46:01 5 (31.25%) 14 (27.45%) 122 (25.96%) 0.760 1.201 0.354 - 4.081 0.576 1.297 0.442 - 3.807
HLA-B*56:04 1(6.25%) 1(1.96%) 12 (2.55%) 0.423 3.333 0.196 - 56.554 0.356 2.544 0.310 - 20.858
HLA-B*58:01 1(6.25%) 6 (11.76%) 7 (12.13%) 1.000 0.500 0.056 - 4.495 0.707 0.483 0.063 - 3.726
MPE (n=18) (n=51) (n =470)
HLA-A*01:01 1(5.56%) 1(1.96%) 21 (4.5%) 0.457 2.941 0.174 - 49.636 0.571 1.258 0.160 - 9.905
HLA-A*02:01 2 (11.11%) 6 (11.76%) 51 (11%) 1.000 0.938 0.171 - 5.126 1.000 1.027 0.230 - 4.595
HLA-A*02:03 5 (27.78%) 11 (21.57%) 99 (21%) 0.746 1.399 0.409 - 4.777 0.556 1.441 0.502 - 4.139
HLA-A*02:06 1 (5.56%) 3 (5.88%) 21 (4.5%) 1.000 0.941 0.092 - 9.671 0.571 1.258 0.160 - 9.905
HLA-A*02:07 2 (11.11%) 7 (13.72%) 68 (14%) 1.000 0.786 0.148 - 4.184 1.000 0.739 0.166 - 3.286
HLA-A*11:01 8 (44.44%) 23 (45.10%) 211 (45%) 0.002* 0.974 0.330 - 2.871 0.001 0.982 0.381 - 2.532
HLA-A*11:02 1(5.56%) 0 17 (3.6%) 0.261 NA NA 0.498 1.567 0.197 - 12.473
HLA-A*11:04 1 (5.56%) 0 5 (1%) 0.261 NA NA 0.203 5.471 0.606 - 49.417
I’;:::[‘ HLA-A*24:02 2 (11.11%) 13 (25.49%) 95 (20%) 0.321 0.365 0.074 - 1.808 0.547 0.493 0.112-2.183
HLA-A*29:01 1(5.56%) 1(1.96%) 5 (1%) 0.457 2.941 0.174 - 49.636 0.203 5.471 0.606 - 49.417
HLA-A*33:01 1 (5.56%) 0 3 (0.6%) NA NA NA 0.140 9.157 0.905 - 92.651
HLA-A*33:03 5 (27.78%) 9 (17.65%) 99 (21%) 0.496 1.795 0.510 - 6.314 0.556 1.441 0.502 - 4.139
HLA-A*34:01 1 (5.56%) 3 (5.88%) 9 (2%) 1.00 0.941 0.092 - 9.671 0.316 3.013 0.361 - 25.151
HLA-A*68:01 1(5.56%) 1(1.96%) 9 (2%) 0.457 2.941 0.174 - 49.636 0.316 3.013 0.361 - 25.151
HLA-A*74:01 1 (5.56%) 1 (1.96%) 6 (1.3%) 0.457 2.941 0.174 - 49.636 0.233 4.549 0.519 - 39.906
(n=22) (n=51) (n = 470)
HLA-B*07:05 1(4.5%) 3 (5.88%) 24 (5%) 1.000 0.762 0.075 - 7.757 1.000 0.885 0.114 - 6.858
HLA-B*08:01 1(4.5%) 0 3 (0.6%) 0.301 NA NA 0.168 7.413 0.739 - 74.307
HLA-B*13:02 1(4.5%) 1(1.96%) 20 (4%) 0.515 2.381 0.142 - 39.876 1.000 1.071 0.137 - 8.368
HLA-B*15:02 5 (23%) 9 (17.65%) 71 (15%) 0.747 1.373 0.401 - 4.695 0.361 1.653 0.591 - 4.623
HLA-B*18:01 2(9.1%) 3 (5.88%) 36 (7.6%) 0.634 1.600 0.248 - 10.316 0.684 1.206 0.271 - 5.364
HLA-B*18:15 2(9.1%) 0 0 0.088 NA NA 0.02 NA NA
HLA-B*27:04 2(9.1%) 2 (3.92%) 19 (4%) 0.579 2.450 0.322 - 18.613 0.240 2374 0.571 - 10.900
HLA-B*27:06 1(4.5%) 2 (3.92%) 12 (2.6%) 1.000 1.167 0.100 - 13.578 0.452 1.817 0.226 - 14.641
HLA-B HLA-B*40:01 5 (23%) 7 (13.72%) 58 (12%) 0.492 1.849 0.516 - 6.628 0.183 2.089 0.743 - 5.877
Total HLA-B*40:02 1(4.5%) 0 7 (1.5%) 0.301 NA NA 0.308 3.150 0.370 - 26.782
HLA-B*44:03 2 (9.1%) 3 (5.88%) 42 (8.9%) 0.634 1.600 0.248 - 10.316 1.000 1.019 0.230 - 4.511
HLA-B*46:01 3 (14%) 14 (27.45%) 122 (26%) 1.642 0.417 0.107 - 1.633 1.683 0.450 0.131 - 1.549
HLA-B*51:01 5 (23%) 3 (5.88%) 40 (8.5%) 0.049* 4.706 1.014 - 21.831 0.041* 3.162 1.108 - 9.021
HLA-B*51:02 1(4.5%) 0 13 (2.8%) 0.301 NA NA 0.478 1.674 0.209 - 13.406
HLA-B*54:01 1(4.5%) 0 8 (1.7%) 0.301 NA NA 0.340 2.750 0.329 - 23.011
HLA-B*55:01 1(4.5%) 1(1.96%) 1(0.2%) 0.515 2.381 0.142 - 39.876 0.088 22.333 1.350 - 369.500
HLA-B*57:01 1(4.5%) 3 (5.88%) 1(2.3%) 1.000 0.762 0.075 - 7.757 0.426 1.987 0.245 - 16.118
HLA-B*58:01 7 (32%) 6 (11.76%) 57 (12%) 0.051 3.500 1.016 - 12.060 0.016 3.381 1.322 - 8.647

* Logistic regression analysis on the incident of cADRs in association with HLA alleles; no non-genetic factors were controlled for since they were not significantly associated with the incident of any cADRs in univariate analyses.

In addition, the study in South Koreans of Kim and co-
workers showed that 3 out of SJS/TEN cases had HLA-
B*51:01 (60.00%).*” Such association of HLA-B*51:01 with
SJS/TEN was not found in our present study.

Our results showed no association of incident of
cutaneous adverse reactions and non-genetic factors either

age, dose, concomitant drugs with interaction potentials, or
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history of drug allergy. However, it is inconclusive whether any
of these non-genetic factors are related to the risk of
cutaneous adverse reactions. Since the sample size in this
single-center study was relatively small, power for the
statistical test could be expectedly low.

In addition to HLA-B*15:02, this present study found HLA-
A*02:03 and HLA-B*51:01 alleles were also associated with a

higher risk of SJS/TEN caused by carbamazepine in Thais.
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These two alleles could be added to the target genes

screening to prevent carbamazepine allergy and optimize the

treatment.

In conclusion, HLA-A*02:03 and HLA-B*15:02 alleles were

significantly positively associated with carbamazepine-induced

SJS/TEN while HLA-B*51:01 allele was significantly positively

associated with carbamazepine-induced MPE. No non-genetic

factors were associated with either carbamazepine-induced
SJS/TEN or MPE.
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