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Abstract. The association between cutaneous adverse drug reac-
tions (cADRs) caused by antiepileptic drugs (AEDs) and human 
leukocyte antigen‑A (HLA-A) and HLA-B genes in Chinese 
Han population in Shanghai was investigated. Through the 
case-control study, 30 child patients with AED-induced cADRs 
(cADRs group), 60 AED-tolerant child patients (AED-tolerant 
group) and 60  normal children not taking AEDs (normal 
group) were collected. The HLA-B*15:02 and HLA-A*31:01 
genotypes were detected using the polymerase chain reaction-
sequence-specific oligonucleotide (PCR-SSO) probe method, 
and the correlation of HLA-B*15:02 and HLA-A*31:01 genes 
with the incidence of cADRs was analyzed. The positive rate of 
HLA-B*15:02 gene was 83.33% in the cADRs group, which was 
significantly increased compared with that in the AED-tolerant 
and normal groups (P<0.01). The positive rate of HLA-A*31:01 
gene was 63.33% in the cADRs group, which was obvi-
ously increased compared with that in the AED-tolerant and 
normal groups (P<0.01). There were no significant differences 
in HLA-B*15:02 and HLA-A*31:01 genotypes between the 
AED-tolerant and normal groups (P>0.05). The results showed 
that HLA-B*15:02 and HLA-A*31:01 are significantly associ-
ated with cADRs in a Chinese Han population in Shanghai, 
suggesting that HLA-B*15:02 and HLA-A*31:01 genotypes 
should be detected in the application of AEDs.

Introduction

Epilepsy (EP) is a common neurological disease caused by 
abnormal brain cell super-synchronous discharge with the 

main clinical features of repeated attack, transiency and 
stereotype (1), which occurs more frequently in children. There 
are approximately 10 million patients with epilepsy currently 
in China, and its incidence rate increases year by year with an 
annual increase of 450,000 individuals, seriously affecting the 
lives of patients (2).

At present, commonly used antiepileptic drugs (AEDs) in 
clinical practice include carbamazepine, phenytoin sodium, 
phenobarbital, lamotrigine, primidone and oxcarbazepine (3). 
There is a large difference in the blood concentration of AEDs 
in individuals, and adverse drug reactions often occur easily, 
the most common of which is the cutaneous adverse drug 
reaction (cADR) (4). The clinical manifestations of cADRs are 
maculopapule (MPE), Stevens-Johnson syndrome (SJS), drug 
hypersensitivity syndrome (HSS) and toxic epidermal necrol-
ysis (TEN) (5,6) The incidence rates of SJS/TEN are lower 
(1:10000-6:10000 in European countries and 1:1000-6:1000 in 
Asian countries), but their fatality rates are extremely high (7), 
thus greatly limiting the clinical application of AEDs (8). In 
recent years, it has been shown that human leukocyte antigen 
(HLA) polymorphism has a significant correlation with the 
incidence of cADRs (9,10). However, other studies have found 
that some patients with negative HLA polymorphism also 
suffer from SJS/TEN (11,12).

In this study, the permanent population in Shanghai was 
taken as the subjects of study to investigate the correlation 
of HLA-B*15:02 and HLA-A*31:01 polymorphisms with the 
incidence of cADRs to identify the genetic factors leading to 
the cADRs.

Materials and methods

Subjects of study. Child patients treated or admitted to the 
Department of Neurology, Tianyou Hospital, Tongji University 
(Shanghai, China) from January, 2015 to January, 2017 were 
enrolled into the cADRs group (n=30). Child patients enrolled 
took AEDs for the first time and cADRs occurred within 
8 weeks. Patients with other rashes similar to the drug rash 
were clearly eliminated via the consultation of dermatologists 
in our hospital. At the same time, 60 child patients treated or 
admitted to the Department of Neurology, Tianyou Hospital, 
Tongji University were randomly selected as the AED-tolerant 
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group. This group was administered AEDs for the first time 
and cADRs did not occur within 8 weeks. Normal children 
who did not take AEDs were randomly selected as the normal 
control group. The diagnosis of epileptic children was based 
on the international general diagnostic criteria (13): i) recur-
rent convulsion without obvious predisposing causes, and 
without concurrent infection, hyperpyrexia and other clinical 
manifestations; ii) EEG examination for child patients indi-
cates an abnormal EEG; iii) all child patients take single 
AEDs without combined medication. There was no signifi-
cant difference in the drugs used for child patients between 
the cADRs and AED-tolerant groups. The child patients and 
their parents were a permanent Han population in Shanghai.

This experiment was approved by the Ethics Committee of 
Tianyou Hospital (Shandong, China) and family members of 
child patients signed the informed consent.

Materials and instruments. Median whole blood genomic 
DNA extraction kit (Beijing BioTeke Corp., Beijing, China); 
HLA-SSO genotyping kit (One Lambda Inc., Canoga Park, 
CA, USA); ultramicro ultraviolet spectrophotometer (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA); PCR amplifier 
(Applied Biosystems, Foster City, CA, USA); and a flow fluo-
rescence detector (Luminex, Austin, TX, USA) were used in 
the present study.

Research methods
DNA extraction. DNA was extracted using the median whole 
blood genomic DNA extraction kit according to the protocol. 
The purity and concentration of DNA were detected using 
the Nanodrop-2000 ultramicro ultraviolet spectrophotometer, 
and the purity and concentration of the DNA samples met the 
experimental requirements.

PCR amplification. DNA sample (1 µl) at a concentration of 
20-40 ng/µl was taken and added with the substrate, primer 
and Taq mixture according to the protocol, and vibrated 
evenly, followed by PCR amplification. The specific reaction 
parameters are shown in Table I. The amplification products 
obtained received 2% agarose gel electrophoresis to determine 
the relevant DNA fragments.

Sample hybridization. Amplified DNA (5 µl) was taken and 
added with an appropriate number of magnetic beads and 

magnetic bead buffer, vibrated evenly and then incubated on 
the PCR amplification instrument at 60˚C for 15 min. The 
mixture was washed with 50 µl washing liquid 3 times, added 
with 25 µl fluorescent liquid and incubated at 60˚C for 5 min. 
After being washed again 3 times, the samples were read on 
Hoefer DQ 200 flow fluorometer (Hoefer, Inc., Piscataway, NJ, 
USA).

Statistical methods. SPSS 19.0 software (IBM, Armonk, 
NY, USA) was used for statistical analysis. Measurement 
data are presented as mean ± SD, and one-way analysis 
of variance was used for the comparison among groups.  
Tukey test was used as post hoc test. HLA gene frequency 
in each group was calculated using the direct counting 
method. Chi-square test or Fisher's exact test was used 
for the comparison of HLA gene frequency in each group. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Comparison of general data. In the cADRs group, there were 
9 child patients with SJS, 4 child patients with TEN, 6 child 
patients with HSS and 11 child patients with MPE. There were 
no significant differences in sex ratio and age among the three 
groups of children (Table II).

Comparison of HLA-B*15:02 gene frequency in each group. 
The pairwise comparison was made for HLA-B*15:02 gene 
frequency in child patients in the three groups. The results 
showed that the positive rate of HLA-B*15:02 gene in the 
cADRs group was significantly higher than that in the 
AED-tolerant and normal groups, and the differences were 
statistically significant [P<0.001, odds ratio (OR)=7.143, 95% 
confidence interval (CI)=3.496-14.593; P<0.001, OR=25.00, 
95% CI=6.34-98.578]. There was no statistically significant 
difference between AED-tolerant group and normal group 
(P>0.05) (Tables III-V).

Comparison of HLA-A*31:01 gene frequency in each 
group. The pairwise comparison was carried out for the 
HLA-A*31:01 gene frequency in child patients for the 
three groups. The results showed that the positive rate of 
HLA-A*31:01 gene in the cADRs group was significantly 
higher than that in the AED-tolerant and normal groups, 
and the differences were statistically significant (P<0.001, 
OR=2.235, 95% CI=1.375-3.634; P=<0.001, OR=4.222, 95% 
CI=2.18‑8.177). There was no statistically significant differ-
ence between the AED-tolerant and normal groups (P>0.05) 
(Tables VI-VIII).

Table I. PCR reaction parameters.

Step	 Temperature (˚C)	 Time 	 Cycle

1	 96	 3 min	   1
2	 96	 20 sec	   5
	 60	 20 sec
	 72	 20 sec
3	 96	 10 sec	 30
	 60	 15 sec
	 72	 20 sec
4	 72	 10 min	   1

Table II. Comparison of general data.

Group	 n	 Male/female (n)	 Age (years)

cADR	 30	 22/8	 10.26±2.33
AED-tolerant	 60	 42/18	   9.72±2.81
Normal	 60	 45/15	 10.95±2.54
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Discussion

cADR is the delayed-type hypersensitivity mediated by 
immune mechanisms, whose incidence is associated with sex, 
age, region, initial dose of AEDs and history of allergy (8) In 
addition, its incidence is unpredictable and heterogeneous (14). 
MPE is the most common AED-induced cADR, and its main 
clinical manifestations are pink small papules and maculae 
on skin without involving the mucosa or organs, which can 
gradually disappear after drug withdrawal (15). The clinical 
manifestations of HSS, in addition to rash, are accompanied 
with multi-organ involvement and eosinophilia, while those of 
SJS and TEN are blister-like rash on skin, involving mucosal 
and multiple organs, accompanied with systemic excoriation. 
Excoriation of less than 10% indicates SJS, excoriation of 
greater than 30% indicates TEN, and excoriation between 
10 and 30% indicates SJS/TEN overlap (5). The mortality rate 
of TEN is as high as 30-50% (16). It has been found that male 
patients are more likely to suffer from serious cADRs than 
female patients (17), and cADRs occur more easily in infants 
and the elderly (18). The incidence rate of cADRs varies from 
country to country: it is 6.60% in Japan, 5.88% in Australia, 
27.70% in Singapore, 19.00% in India, 35.70% in Malaysia 
and 26.00% in Taiwan (19). It can be seen that the genetic 
specificity has an important influence on the occurrence of 
cADRs.

Studies have confirmed that HLA gene is closely related 
to serious cADRs induced by a variety of drugs. For example, 

HLA-B*58:01 is a susceptibility gene for serious cADRs 
caused by allopurinol, and HLA-B*57:01 is a susceptible gene 
for serious cADRs caused by Abacavir (20). Determining the 
susceptibility genes of drug-induced cADRs in the clinic can 
provide a genetic basis for the prevention of cADRs, which is a 
great progress in drug gene genetics. The HLA gene is located 
in the 21.31 region of the short arm of human chromosome 6, 
which has obvious genetic characteristics, and its encoded 
protein is closely related to the immune rejection after organ 
transplantation (10). HLA is divided into class I, II and III genes 
according to the different functions and locations of encoded 
molecule, of which HLA-A, B and C belong to class I genes (9). 
In recent years, a large number of studies have confirmed that 
HLA gene has a significant correlation with AED-induced 
cADRs, and patients carrying the HLA susceptibility gene are 
prone to cADRs (9,10).

HLA-B*15:02 locus is studied the most currently. It 
was found for the first time in 2004 that HLA-B*15:02 is 
significantly associated with carbamazepine-induced SJS in a 
Chinese Han population in Taiwan (21). Subsequently, it was 
confirmed that HLA-B*15:02 is closely associated with carba-
mazepine-induced SJS/TEN in different ethnic groups in South 
Asia, such as Thailand, Malaysia, India and Vietnam (22-25). 
Further studies in Han population found that the correlation of 
HLA-B*15:02 is related to the degree of skin peeling in SJS/
TEN (26). The correlation between HLA-B*15:02 and cADRs 
has an obvious race specificity, and it is not found in Japanese 
and European populations. It is speculated that it is related to 

Table III. Comparison of HLA-B*15:02 gene frequency 
between the cARD and AED-tolerant groups.

			   Gene
Group	 Positive	 Negative	 frequency (%)	 χ2 test	 P-value

cARD	 25	   5	 83.33	 46.886	 <0.001
AED-tolerant	   7	 53	 11.67

Table IV. Comparison of HLA-B*15:02 gene frequency 
between the cARD and normal groups.

			   Gene
Group	 Positive	 Negative	 frequency (%)	 χ2 test	 P-value

cARD	 25	   5	 83.33	 65.385	 <0.001
Normal	   2	 58	   3.33

Table V. Comparison of HLA-B*15:02 gene frequency between 
the AED-tolerant and normal groups.

			   Gene
Group	 Positive	 Negative	 frequency (%)	 χ2 test	 P-value

AED-tolerant	 7	 53	 11.67	 3.003	 0.083
Normal	 2	 58	   3.33

Table VI. Comparison of HLA-A*31:01 gene frequency 
between the cARD and AED-tolerant groups.

			   Gene
Group	 Positive	 Negative	 frequency (%)	 χ2 test	 P-value

cARD	 19	 11	 63.33	 10.184	 0.001
AED-tolerant	 17	 43	 28.33

Table VII. Comparison of HLA-A*31:01 gene frequency 
between the cARD and normal groups.

			   Gene
Group	 Positive	 Negative	 frequency (%)	 χ2 test	 P-value

cARD	 19	 11	 63.33	 21.223	 <0.001
Normal	   9	 51	 15.00

Table VIII. Comparison of HLA-A*31:01 gene frequency 
between the AED-tolerant and normal groups.

			   Gene
Group	 Positive	 Negative	 frequency (%)	 χ2 test	 P-value

AED-tolerant	 17	 43	 28.33	 3.184	 0.074
Normal	   9	 51	 15.00
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the very low distribution frequency of HLA-B*15:02 in these 
populations (7,27). However, the distribution frequencies of 
HLA-B*15:02 in China, Indian and Philippines are as high 
as 8, 21 and 34%, respectively (20,25). The present findings 
have shown that HLA-B*15:02 is a risk factor for carbamaze-
pine-induced cADRs in the Asian population. The present 
findings have also confirmed that HLA-B*15:02 was strongly 
associated with AED-induced cADRs in Han population in 
Shanghai, which was consistent with the study on Han popula-
tion in other areas of China. Thus, now it is recommended by 
many regulators that HLA-B*15:02 genotyping be performed 
before administration of carbamazepine and other AEDs, 
thereby reducing the incidence of cADRs (22,25,28).

HLA-A*31:01 is another genotype that is closely related 
to AED-induced cADRs. The distribution frequencies of 
HLA-A*31:01 in Chinese Han population, Japanese, Korean 
and Caucasian population are 2.2, 9.3, 5 and 4.2%, respec-
tively. However, its distribution frequency was as low as 0.01% 
in an African population (29). A number of studies in Japanese 
and European populations have shown that HLA-A*31:01 
is strongly associated with AED-induced cADRs  (27,30). 
Genin et al  (31) found in meta-analysis in different ethnic 
groups that HLA-A*31:01 is significantly associated with the 
carbamazepine-induced HSS (OR=13.2, 95% CI=8-20.8), indi-
cating that HLA-A*31:01 is a specific susceptibility gene for 
carbamazepine-induced HSS. Another meta-analysis found 
that (32) the specificity of HLA-A*31:01 was 0.871-0.972, the 
sensitivity was 0.262-0.584, the negative predictive value was 
0.921-0.986 and the positive predictive value was 0.119-0.427 
in the prediction of cADRs via HLA-A*31:01 gene screening in 
Han population in Japan, Europe and China (32). Therefore, it is 
recommended by Canada Pharmacogenomics Safety Network 
that HLA-A*31:01 gene screening be performed for patients 
before the application of carbamazepine, and carbamazepine 
be avoided for genetically positive patients (25). The present 
study also confirmed that HLA-A*31:01 has a significant 
correlation with the AED-induced cADRs in a Han population 
in Shanghai, which is consistent with the result in previous 
cohort studies. Therefore, HLA-A*31:01 gene screening prior 
to the administration of AEDs plays an important role in the 
prevention of cADRs.

In conclusion, it was confirmed in the present study that 
HLA-B*15:02 and HLA-A*31:01 are significantly associated 
with cADRs in Chinese Han population in Shanghai, and 
HLA-B*15:02 and HLA-A*31:01 gene screening prior to the 
administration of AEDs can prevent the occurrence of cADRs. 
In this study, the sample size was small, and it was a mixed 
study on a number of AEDs; thus, the sample size should be 
increased, and the control study on single drug and the inter
action research among multiple genes are needed in the future. 
This study only aimed at a single HLA gene. As such, other 
relevant risk or protective factors remain to be further studied. 

Acknowledgements

Not applicable.

Funding

No funding was received.

Availability data and materials

The datasets used and/or analyzed during the present study are 
available from the corresponding author on reasonable request.

Author's contributions

YH contributed to the conception of the study. JZ contributed 
significantly to analysis and manuscript preparation. XL 
performed the data analyses and wrote the manuscript. YS, 
MS and JW helped perform the analysis with constructive 
discussions.

Ethics approval and consent to participate

This experiment was approved by the Ethics Committee of 
Tianyou Hospital and family members of child patients signed 
the informed consent.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References

  1.	Ahmed SN: Epileptic seizures and epilepsy. Epilepsia 46: 
1700‑1702, 2005.

  2.	Ding D, Hong Z, Wang WZ, Wu JZ, de Boer HM, Prilipko L 
and Sander JW: Assessing the disease burden due to epilepsy 
by disability adjusted life year in rural China. Epilepsia 47: 
2032‑2037, 2006.

  3.	Zaccara G and Perucca E: Interactions between antiepilep-
ticdrugs, and between antiepileptic drugs and other drugs.
Epileptic Disord 16: 409-431, 2014.

  4.	Greenwood RS: Adverse effects of antiepileptic drugs. Epilepsia 
41 (Suppl 2): S42-S52, 2000.

  5.	Wang XQ, Lang SY, Shi XB, Tian HJ, Wang RF and Yang F: 
Antiepileptic drug-induced skin reactions: A retrospective study 
and analysis in 3793 Chinese patients with epilepsy. Clin Neurol 
Neurosurg 114: 862-865, 2012.

  6.	Wang XQ, Shi XB, Au R, Chen FS, Wang F and Lang  SY: 
Influence of chemical structure on skin reactions induced by 
antiepileptic drugs - the role of the aromatic ring. Epilepsy Res 
94: 213-217, 2011.

  7.	Lonjou C, Thomas L, Borot N, Ledger N, de Toma C, LeLouet H, 
Graf E, Schumacher M, Hovnanian A, Mockenhaupt M, et al; 
RegiSCAR Group: A marker for Stevens-Johnson syndrome ...: 
Ethnicity matters. Pharmacogenomics J 6: 265-268, 2006.

  8.	Lujić L, Bošnjak VM, Duranović V, Daković I, Kapović AM, 
Barčot Z and Jureković II: Idiosyncratic adverse reactions to 
aromatic antiepileptic drugs. Paediatr Croat 57: 165-170, 2013.

  9.	Hung SI, Chung WH, Liu ZS, Chen CH, Hsih MS, Hui RC, 
Chu  CY and Chen YT: Common risk allele in aromatic 
antiepileptic-drug induced Stevens-Johnson syndrome and toxic 
epidermal necrolysis in Han Chinese. Pharmacogenomics 11: 
349-356, 2010.

10.	Cheung YK, Cheng SH, Chan EJ, Lo SV, Ng MH and Kwan P: 
HLA-B alleles associated with severe cutaneous reactions to 
antiepileptic drugs in Han Chinese. Epilepsia 54: 1307-1314, 
2013.

11.	Tassaneeyakul W, Tiamkao S, Jantararoungtong T, Chen P, Lin SY, 
Chen WH, Konyoung P, Khunarkornsiri U, Auvichayapat N, 
Pavakul K, et al: Association between HLA-B*1502 and carba-
mazepine-induced severe cutaneous adverse drug reactions in a 
Thai population. Epilepsia 51: 926-930, 2010.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  15:  3399-3403,  2018 3403

12.	Mehta TY, Prajapati LM, Mittal B, Joshi CG, Sheth JJ, Patel DB, 
Dave DM and Goyal RK: Association of HLA-B*1502 allele 
and carbamazepine-induced Stevens-Johnson syndrome among 
Indians. Indian J Dermatol Venereol Leprol 75: 579-582, 2009.

13.	Hung SI, Chung WH, Jee SH, Chen WC, Chang YT, Lee WR, 
Hu SL, Wu MT, Chen GS, Wong TW, et al: Genetic susceptibility 
to carbamazepine-induced cutaneous adverse drug reactions. 
Pharmacogenet Genomics 16: 297-306, 2006.

14.	Gogtay NJ, Bavdekar SB and Kshirsagar NA: Anticonvulsant 
hypersensitivity syndrome: A review. Expert Opin Drug Saf 4: 
571-581, 2005.

15.	Arif H, Buchsbaum R, Weintraub D, Koyfman S, Salas-
Humara C, Bazil CW, Resor SR Jr and Hirsch LJ: Comparison 
and predictors of rash associated with 15 antiepileptic drugs. 
Neurology 68: 1701-1709, 2007.

16.	Abood GJ, Nickoloff BJ and Gamelli RL: Treatment strategies in 
toxic epidermal necrolysis syndrome: Where are we at? J Burn 
Care Res 29: 269-276, 2008.

17.	Lammintausta K and Kortekangas-Savolainen O: The usefulness 
of skin tests to prove drug hypersensitivity. Br J Dermatol 152: 
968-974, 2005.

18.	Messenheimer JA and Guberman AH: Rash with lamotrigine: 
Dosing guidelines. Epilepsia 41: 488, 2000.

19.	Chung WH, Hung SI and Chen YT: Genetic predisposition of 
life-threatening antiepileptic-induced skin reactions. Expert 
Opin Drug Saf 9: 15-21, 2010.

20.	Chung WH and Hung SI: Recent advances in the genetics and 
immunology of Stevens-Johnson syndrome and toxic epidermal 
necrosis. J Dermatol Sci 66: 190-196, 2012.

21.	Chung WH, Hung SI, Hong HS, Hsih MS, Yang LC, Ho HC, 
Wu JY and Chen YT: Medical genetics: A marker for Stevens-
Johnson syndrome. Nature 428: 486, 2004.

22.	Cheng CY, Su SC, Chen CH, Chen WL, Deng ST and Chung WH: 
HLA associations and clinical implications in T-cell mediated 
drug hypersensitivity reactions: An updated review. J Immunol 
Res 2014: 565320, 2014.

23.	Nguyen DV, Chu HC, Nguyen DV, Phan MH, Craig T, Baumgart K 
and van Nunen S: HLA-B*1502 and carbamazepine-induced 
severe cutaneous adverse drug reactions in Vietnamese. Asia Pac 
Allergy 5: 68-77, 2015.

24.	Tangamornsuksan W, Chaiyakunapruk N, Somkrua R, 
Lohitnavy M and Tassaneeyakul W: Relationship between the 
HLA-B*1502 allele and carbamazepine-induced Stevens-Johnson 
syndrome and toxic epidermal necrolysis: A systematic review 
and meta-analysis. JAMA Dermatol 149: 1025-1032, 2013.

25.	Amstutz U, Shear NH, Rieder MJ, Hwang S, Fung V, Nakamura H, 
Connolly MB, Ito S and Carleton BC; CPNDS clinical recom-
mendation group: Recommendations for HLA-B*15:02 and 
HLA-A*31:01 genetic testing to reduce the risk of carbamazepine-
induced hypersensitivity reactions. Epilepsia 55: 496-506, 2014.

26.	Hsiao YH, Hui RC, Wu T, Chang WC, Hsih MS, Yang CH, 
Ho HC, Chang YG, Chen MJ, Lin JY, et al: Genotype-phenotype 
association between HLA and carbamazepine-induced hypersen-
sitivity reactions: Strength and clinical correlations. J Dermatol 
Sci 73: 101-109, 2014.

27.	Ozeki T, Mushiroda T, Yowang A, Takahashi A, Kubo  M, 
Shirakata Y, Ikezawa Z, Iijima M, Shiohara T, Hashimoto K, 
et al: Genome-wide association study identifies HLA-A*3101 
allele as a genetic risk factor for carbamazepine-induced 
cutaneous adverse drug reactions in Japanese population. Hum 
Mol Genet 20: 1034-1041, 2011.

28.	Leckband SG, Kelsoe JR, Dunnenberger HM, George AL Jr, 
Tran E, Berger R, Müller DJ, Whirl-Carrillo M, Caudle KE and 
Pirmohamed M; Clinical Pharmacogenetics Implementation 
Consortium: Clinical Pharmacogenetics Implementation 
Consortium guidelines for HLA-B genotype and carbamazepine 
dosing. Clin Pharmacol Ther 94: 324-328, 2013.

29.	Kurose K, Sugiyama E and Saito Y: Population differences in 
major functional polymorphisms of pharmacokinetics/pharma-
codynamics-related genes in Eastern Asians and Europeans: 
Implications in the clinical trials for novel drug development. 
Drug Metab Pharmacokinet 27: 9-54, 2012.

30.	McCormack M, Alfirevic A, Bourgeois S, Farrell  JJ, 
Kasperavičiūtė D, Carrington M, Sills GJ, Marson T, Jia X, 
de Bakker PI, et al: HLA-A*3101 and carbamazepine-induced 
hypersensitivity reactions in Europeans. N Engl J Med 364: 
1134-1143, 2011.

31.	Genin E, Chen DP, Hung SI, Sekula P, Schumacher M, Chang PY, 
Tsai SH, Wu TL, Bellón T, Tamouza R, et al: HLA-A*31:01 and 
different types of carbamazepine-induced severe cutaneous 
adverse reactions: an international study and meta-analysis. 
Pharmacogenomics J 14: 281-288, 2014.

32.	Yip VL, Marson AG, Jorgensen AL, Pirmohamed  M and 
Alfirevic A: HLA genotype and carbamazepine-induced 
cutaneous adverse drug reactions: A systematic review. Clin 
Pharmacol Ther 92: 757-765, 2012.

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International (CC BY-NC-ND 4.0) License.


