Supplementary table 3. Literature review of HLA-carbamazepine supporting the therapeutic guidelines of avoiding carbamazepine in HLA-B:15:02 carriers and avoiding carbamazepine if an alternative is available in HLA-B*15:11 and HLA-A*31:01 carriers 

	Source
	Code
	Effect
	Comments

	ref. 1
Sukasem C et al. Spectrum of cutaneous adverse reactions to aromatic antiepileptic drugs and human leukocyte antigen genotypes in Thai patients and meta-analysis. Pharmacogenomics J 
2021;21:682-90. PMID: 34175889. 
	Level of evidence score: 3








B*1502: CTC-AE 4
	Meta-analysis of 8 case-control studies in Asians with carbamazepine-tolerant patients as controls. The studies included a total of 224 cases and 524 controls. 
A random effects model was used for the meta-analysis, but prospective registration of the protocol was not mentioned. The search and selection strategy and the method of  data extraction were not mentioned.
Quality of the included studies was not assessed.
Publication bias analysis was not performed. 

Results: 
	Association between HLA-B*1502 and SJS/TEN:

	OR = 137.7 (95% CI: 51.0-372.0) (S) 

	95% of the cases and 8% of the controls had B*1502.

	Heterogeneity between the studies was not significant and moderate.



	Author’s conclusion: 
”In meta-analysis, HLA-B*15:02 was associated with SJS/TEN induced by carbamazepine (OR 137.69, 95% CI 50.97-371.98, p < 0.001).”

	ref. 2
Nicoletti P et al. 
Shared genetic risk factors across carbamazepine-induced hypersensitivity reactions. 
Clin Pharmacol Ther 2019;106:1028-36. 
PMID: 31066027.












































	Level of evidence score: 3































A*3101: CTC-AE 4



















B*5701: Clinical Relevance Score:  AA
	Meta-analysis of 2 genome-wide association studies (GWAS) in Europeans. The GWAS included a total of 43 carbamazepine-induced severe cutaneous adverse reaction cases and 10,701 population controls.  Of the 43 cases, 25 had DRESS, 16 SJS/TEN and 2 acute generalized exanthematous pustulosis (AGEP).   
A fixed effects model was used for the meta-analysis, whereas a random effects model should be chosen when presence of heterogeneity cannot be excluded. The search and selection strategy was not mentioned, but the method of data extraction was transparent.
Quality of the included GWAS was not scored. Each GWAS was performed in a logistic regression framework,
under an additive genetic model (i.e. assuming a stronger effect in homozygotes than in heterozygotes), with adjustment for the first twelve or first seven principal components to account for population structure. No other additional covariates were included in the model. To account for the small sample size and the disproportionate case/control ratio, a permutation approach for genomewide significant signals was performed.
Selection bias analysis was not performed. 

Results: 
	Associations with serious cutaneous adverse reactions:

	The strongest association signal mapped to the major histocompatibility complex (MHC (the HLA gene region); lead SNP (single nucleotide polymorphism) rs192543598; OR = 18.1; 95% CI 8.03-40.90; P = 1.7x 10−12; Pperm < 5x10−8 (indicating genomewide significance) (S). 
This SNP was in strong linkage disequilibrium with HLA-A*3101 (r2 = 0.75). HLA-A*3101 also reached genomewide significance in the meta-analysis (OR = 8.0; 95% CI 4.10-15.80; P = 2.2x10−9; Pperm < 5x10−8).
In addition, reciprocal conditional analyses demonstrated that rs192543598 and HLA-A*3101 represent the same underlying association signal.
Heterogeneity between the GWAS was not significant for HLA-A*3101, but there was a trend (P = 0.11). 

	The HLA-A*3101 association was less significant in the
broadly European cases than in the British cases, probably because of greater heterogeneity in their geographic origin. A lower allele frequency was observed in the Spanish cases (6%) compared with other ethnic groups (15% in Northern European and 13% Italian cases) despite an equivalent frequency in the three control groups. However, the effect of HLA-A*3101 was conserved in all European populations (ORItalian = 8.7; ORSpanish = 3.66; and ORNorth Europeans = 5.51).

	The HLA-A*3101 association was genomewide significant in the DRESS subgroup (OR = 12.9; 95% CI 5.58-29.78; P = 2.1x10−9), but not in the SJS/TEN subgroup.

	There was an MHC-region-wide significant, but not genomewide significant, association with HLA-B*5701 in the SJS/TEN subgroup (OR = 6.2; 95% CI 2.47-15.37; P = 9.9x10−5).

	



	Author’s conclusion: 
”HLA-A*31:01 was identified as the strongest genetic predisposing factor for both CBZ-SCAR (odds ratio (OR) = 8.0; 95% CI 4.10-15.80; P = 1.2 × 10−9) and CBZ-DILI (OR = 7.3; 95% CI 2.47-23.67; P = 0.0004) in European populations. The association with HLA-A*31:01 in patients with SCAR was mainly driven by hypersensitivity
syndrome (OR = 12.9; P = 2.1 × 10−9) rather than by Stevens-John-son syndrome/ toxic epidermal necrolysis cases,
which showed an association with HLA-B*57:01.”

	ref. 3
Mushiroda T et al.
Association of HLA-A*31:01 screening with the incidence of carbamazepine-induced cutaneous adverse reactions in a Japanese population. 
JAMA Neurol 2018;75:842-9. 
PMID: 29610831.

















































	Level of evidence score: 3





































































































A*3101-guided therapy: Clinical Relevance Score: AA#
	1130 patients of 0-95 years old (mean 37.4 years) received genotype-guided therapy for carbamazepine-indications for 8 weeks. 79% of patients had epilepsy, 6% schizophrenia, 5% bipolar disorder, and 5% trigeminal neuralgia. 932 patients without HLA-A*3101 were treated with carbamazepine and 197 patients with HLA-A*3101 were treated with an alternative (including among others valproic acid, levetiracetam, zonisamide, phenytoin, clonazepam, lamotrigine, and phenobarbital, either as monotherapy or as combination therapy). 1 patient with HLA-A*3101 was started on carbamazepine, but discontinued this due to other causes than cutaneous adverse events. Telephone interviews of all patients were conducted once weekly to monitor for symptoms of cutaneous adverse drug reactions. In addition, all patients were requested to immediately visit cooperating hospitals or the nearest hospital specializing in dermatology for evaluation of any suspected cutaneous adverse drug reaction symptoms. Only definite or probable cases were defined as carbamazepine-induced cutaneous adverse events. The historical (not genotype-guided) incidence of carbamazepine-induced cutaneous adverse events was estimated from two health care databases. The frequency of HLA-A*3101 carriers in this Japanese population was 17.7%. 
For 9 of the HLA-A*3101 carriers (4.5%), neuropsychiatrists could not find suitable alternative drugs.
Relevant co-medication was not excluded.
On the basis of the incidence of carbamazepine-induced cutaneous adverse events obtained from the health care data base showing the smallest incidence (3.4%), it was determined that 1059 patients would provide a statistical power of 80% to detect a reduction in the incidence from 3.4% to 1.5%.   

Results:
	Incidence of adverse events for HLA-A*3101 carriers on an alternative drug compared to patients without HLA-A*3101 on carbamazepine:

	
	
	value for non-carriers

	drug discontinuation due to cutaneous adverse events
	NS
	4.6%

	definite or probable drug-induced cutaneous adverse events
	NS
	2.7%

	
	Of the HLA-B*3101 carriers, 1.5% developed a cutaneous adverse events (induced by zonisamide for 2 patients and sulbactam/penicillin for a 3rd patient). The cutaneous adverse event was either MPE of not diagnosable. 
	

	
	For the non-carriers, the cutaneous adverse event was induced by carbamazepine in 23 patients (2.5%), by zonisamide in 1 patient and by lamotrigine in the remaining patient.
None of the non-carriers with a carbamazepine-induced cutaneous ad-verse event, had SJS/TEN. 3 had drug-induced hypersensitivity syndrome (DRESS or otherwise), 9 MPE, 5 erythema multiforme, and in 6 patients the cutaneous adverse event was not diagnosable. 4 patients (2 with drug-induced hypersensitivity syndrome, 1 with MPE, and 1
with erythema multiforme) required hospitalization for treatment. The 2 patients with drug-induced hypersensitivity syndrome and the patient with MPE underwent intravenous steroid pulse therapy, whereas the patient with an erythema multiforme recovered following the discontinuation
of carbamazepine treatment. 

	fever
	NS
	5.3%

	sore throat
	trend for a decrease (p = 0.09) (NS)
	6.3%

	fatigue
	NS
	18.8%

	dizziness
	NS
	8.2%

	insomnia
	NS
	5.5%

	anorexia
	NS
	5.6%

	constipation
	trend for a decrease (p = 0.08) (NS)
	7.1%

	diarrhoea
	NS
	3.9%

	xerostomia 
	NS
	2.8%

	nausea
	NS
	5.6%

	vomiting
	NS
	2.6%



	Carbamazepine-induced cutaneous adverse events for genotype-guided therapy (incidence 2.0%) compared to historical controls:

	
	
	value for historical control

	OR = 0.60 (95% CI: 0.36-1.00, p = 0.048) (S)
	first historical control
	3.4%

	OR = 0.39 (95% CI: 0.26-0.59) (S)
	second historical control
	5.1%

	Note: The incidence of carbamazepine-induced cutaneous adverse events in the patients without HLA-A*3101 in the genotype-guided therapy, i.e. the patients who were exposed to carbamazepine, did not differ from that of the first historical control (NS), but was lower than that of the second historical control (OR = 0.48 (95% CI: 0.31-0.72)) (S). Considering the relatively low incidence of cutaneous adverse events, this suggests the first historical control cohort to be the better comparison.

	Note: The SJS/TEN incidence of 0% in the genotype-guided therapy did not differ significantly from the SJS/ TEN incidence in the first and second historical control (0.23% and 0.05%, respectively) (NS). This is probably due to the power of the study being based on the much higher incidence of all carbamazepine-induced cutaneous adverse events. 



	Author’s conclusion: 
”Preemptive HLA-A*31:01 genetic screening significantly decreased the incidence of carbamazepine-induced cADRs among Japanese patients, which
suggests that it may be warranted in routine clinical practice.“ 

	ref. 4
Chouchi M et al. 
The HLA-B*15:02 polymorphism and Tegretol®-induced serious cutaneous reactions in epilepsy: an updated systematic review and meta-analysis. 
Rev Neurol (Paris) 2018;174:278-91. PMID: 29685430.

	Level of evidence score: 3























B*1502: CTC-AE 4
	Meta-analysis of 9 case-control studies in epilepsy patients using no non-antiepileptic drugs with carbamazepine-tolerant patients as controls. Of the total of 148 cases and 781 controls in the studies, only the 91 cases and 42 controls with epilepsy and without non-antiepileptic drugs were included in the meta-analyses. The authors distinguish between SJS-studies (4 studies) and SJS/TEN-studies (5 studies). 8 of the studies were in Asians, including all 5 SJS/TEN-studies, and the remaining study in diverse ethnicities. 5 of the studies were in Han Chinese, including 3 SJS/TEN-studies. 
Of the 9 studies in this meta-analysis, 3 were included in the meta-analysis of Sukasem 2021.       
Meta-analyses were performed with a random-effects model in case of high heterogeneity between the studies and with a fixed-effects model in case of low or absent heterogeneity. This indicates that the statistical method was chosen afterwards. The search and selection strategy was transparent and the data extraction was standardised.
Quality of the included studies was not assessed.
Publication bias analysis was assessed with funnel plots and Egger’s regression test.  

Results: 
	Association between HLA-B*1502 and SJS and/or SJS/ TEN:

	outcome
	ethnicity
	OR (95% CI)

	all
	all
	27.3 (9.9-75.2) (S)

	
	
	

	all
	Han Chinese
	42.1 (9.6-184.5) (S)

	SJS
	all
	152.1 (34.7-665.9) (S)

	SJS/TEN
	all (= Asian)
	14.0 (7.3-26.9) (S)

	SJS/TEN
	Han Chinese
	17.9 (8.4-38.0) (S)

	Heterogeneity between the studies was significant and high for: 
- all outcomes, all ethnicities
- all outcomes, Han Chinese
Heterogeneity between the studies was not-significant and low for: 
- SJS, all ethnicities
Heterogeneity between the studies was not-significant and absent for:
- SJS/TEN, all ethnicities (= Asian)
- SJS/TEN, Han Chinese

	There were indications for publication bias for all com-parisons.



	Author’s conclusion: 
”Despite the small number of included studies, the results reveal strong evidence that the HLA-B*15:02 polymorphism can induce severe cutaneous reactions among Asian carbamazepine users. These findings should prompt physicians to individualize carbamazepine
therapy for patients with epilepsy.”

	ref. 5
Wang Q et al. Association between the HLA-B alleles and carbamazepine-induced SJS/TEN: a meta-analysis. Epilepsy Res 2017;135:19-28. 
PMID: 28618376.
















































































	Level of evidence score: 4












































B*1511: CTC-AE 4

B*4001: Clinical Relevance Score AA#




B*4601: Clinical Relevance Score AA#



B*5801: Clinical Relevance Score AA#








B*1301, 
B*1525, 
B*3505, 
B*3802, 
B*5101, 
B*5102, 
B*5401, 
B*5502, 
B*5601: Clinical Relevance Score AA


	Meta-analyses of case-control studies with carbamazepine-tolerant or population controls. All studies were in Asians. Only studies with a score ≥ 5 on the 9-item New-castle-Ottawa scale for study quality were included. All included studies had either a score of 5 or 6 on the New-castle-Ottawa scale. All of the SJS/TEN patients were diagnosed based on Roujeau’s clinical morphology criteria.
Only HLA-B alleles other than *1502 were analysed. 
There were 2 studies with a total of 10 cases and 88 tolerant controls and another 2 studies with a total of 40 cases and 757 population controls for HLA-B*1511.
There were 6 studies with a total of 278 cases and 531 tolerant controls for HLA-B*4001.
There were 3 studies with a total of 103 cases and 202 tolerant controls for HLA-B*4601.
There were 5 studies with a total of 139 cases and 366 tolerant controls for HLA-B*5801. Because there was significant heterogeneity between the studies, the meta-analysis was performed after excluding the study causing this. The remaining 4 studies had a total of 119 cases and 241 controls.
There were 5 studies for HLA-B*5101 and for HLA-B*5502.
There were 3 studies for HLA-B*1301, for HLA-B*3802, for HLA-B*5102, for HLA-B*5401, and for HLA-B*5601.
There were 2 studies for HLA-B*1525 and for HLA-B*3505.
Meta-analyses were performed with a random-effects model in case of significant heterogeneity between the studies and with a fixed-effects model in the absence of significant heterogeneity. This indicates that the statistical method was chosen afterwards. The search and selection strategy was transparent and the data extraction was standardized.
Quality of the included studies was assessed with the New-castle-Ottawa Scale and only studies with a score ≥ 5 (≥ 56% of the maximum score) were included. Only total scores were reported and not the scores for each criterium.
Because the limited number of studies in each meta-analysis, the fail-safe number with significance set at 0.05 (Nfs0.05) for each meta-analysis was applied to assess the
publication bias. 

Results: 
	Association between different HLA-B alleles and SJS/ TEN:

	HLA-B allele
	

	*1511
	OR = 13.9 (95% CI: 4.6-41.7) (S)

	
	14.0% of the cases and 1.1% of the controls was *1511 carrier. 

	*4001
	OR = 0.22 (95% CI: 0.14-0.35) (S)

	
	9.4% of the cases and 32.0% of the tolerant controls was *4001 carrier. 

	
	Significance was lost when the 3 Chinese studies were excluded. The authors suggest that this might be due to the study on Japanese patients, which showed a non-significant increase in risk.

	*4601
	OR = 0.49 (95% CI: 0.25-0.95) (S)

	
	16.5% of the cases and 25.7% of the tolerant controls was *4601 carrier. 

	
	Significance was lost when either the Han Chinese or the Vietnamese study were excluded. The third study in Thai only found a small effect.

	*5801
	OR = 0.23 (95% CI: 0.09-0.58) (S)

	
	4.2% of the cases and 19.5% of the tolerant controls was *5801 carrier. 

	
	Note: The study that was excluded because it caused heterogeneity, found a significant higher risk of SJS/TEN in *5801 carriers. The pooled OR was not significant, when this study was included. This study in North-eastern Han Chinese patients found a low frequency of HLA-B*1502 in carbamazepine-induced SJS cases.

	*1301
	NS

	*1525
	NS

	*3505
	NS

	*3802
	NS

	*5101
	NS

	*5102
	NS

	*5401
	trend for a decreased risk (p = 0.07) (NS)

	*5502
	NS

	*5601
	NS

	Heterogeneity between the studies was significant for *3505 and *5101, and for *5801 before exclusion of the 5th study. 
Heterogeneity between the studies was not significant for the remaining comparisons.  

	The fail-safe number values were elevated for *1511 and *4001, suggesting that the associations based on the current data were reliable. However, the fail-safe number values were not elevated for *4601 and for *5801 if the 5th study was included.



	Author’s conclusion: 
”Our study demonstrated that in the Asian population, HLA-B*4001, HLA-B*4601, HLA-B *5801 were strong protective factors in the development of carbamazepine-induced SJS/TEN whereas HLA-B *1511 was a risk factor. While more studies may be needed in order to confirm these findings, consideration should be taken into testing Asian patients for at-risk alleles prior to carbamazepine therapy initiation.”

	ref. 6
Genin E et al. 
HLA-A*31:01 and different types of
carbamazepine-induced severe cutaneous adverse reactions: an international study and meta-analysis. Pharmacogenomics J 2014;14:281-8.
PubMed PMID: 24322785.
























	Level of evidence score: 3

















A*3101: CTC-AE 4





















	Meta-analyses of 8 case-control studies (3 in Europeans and 5 in Asians) with carbamazepine-tolerant patients as controls. 
For DRESS, 39 cases and 579 controls in Europeans and 80 cases and 712 controls in Asians were included. 
For SJS/TEN, 36 cases and 579 controls in Europeans and 131 cases and 712 controls in Asians were included. 
A random effects model was used for the analyses.
A random effects model was used for all meta-analyses, but prospective registration of the protocol was not mentioned. The search and selection strategy and the method of data extraction were not specified.
Quality of the included studies was not assessed.
Publication bias analysis was not performed. 

Results: 
	Association between HLA-A*3101 and cutaneous adverse events:

	adverse event
	ethnicity
	OR
	95% CI

	DRESS 
	All
	13.2 (S)
	8.4-20.8

	
	
	
	

	
	European
	24.1 (S)
	9.6-60.3

	
	Asian
	10.3 (S)
	5.9-17.7

	
	46% of the European cases and 50% of the Asian cases had A*3101.

	SJS/TEN 
	All
	3.9 (S)
	1.4-11.5

	
	
	
	

	
	European
	7.9 (S)
	2.7-23.6

	
	Asian
	NS
	

	
	22% of the European cases and 8% of the Asian cases had A*3101.

	For DRESS, heterogeneity between the studies was not significant and absent or low.
For SJS/TEN, heterogeneity was not significant and moderate for Europeans, but significant and high for Asians and all ethnicities.



Based on data of a study with 10 European and 10 Chinese DRESS cases and 53 Chinese SJS/TEN cases, the authors calculated the number needed to test to prevent one case of carbamazepine-induced severe cutaneous adverse event (NNT). 
Considering an incidence of carbamazepine-induced DRESS of 0.05% in both European and Chinese patients, the NNT for HLA-A*3101 was 3,334 in Europeans and 5,000 in Asians. The number of patients who would be unnecessarily denied carbamazepine was 38 and 41 per 1,000 tested patients respectively. The positive predictive value of HLA-A*3101 was 0.89% in Europeans and 0.59% in Chinese.
Considering an incidence of carbamazepine-induced SJS/ TEN in Asians of 0.25%, the NNT for HLA-B*1502 was 527 and the number of patients who would be unnecessarily denied carbamazepine was 53 per 1,000 tested patients. The positive predictive value of HLA-B*1502 was 3.37%.  
For testing of both HLA-A*3101 and HLA-B*1502, the NNT in Chinese was 455 and the number of patients who would be unnecessarily denied carbamazepine was 94 per 1,000 tested patients.  The positive predictive value of HLA-B*1502 or HLA-A*3101 was 2.26%. 
	Author’s conclusion: 
”A meta-analysis of this and other published studies confirmed that in all populations, HLA-A*31:01 had an extremely strong association with carbamazepine-DRESS, but a much weaker association with
carbamazepine-SJS/TEN. Our data revealed that HLA-A*31:01 is a specific predictor for carbamazepine -DRESS but not for carbamazepine -SJS/TEN.”

	ref. 7
Bloch KM et al. Pharmacogenetics of antiepileptic drug-induced hypersensitivity. Pharmacogenomics 2014;15:857-68. PubMed PMID: 24897291.

	Level of evidence score: 3






















B*1502: CTC-AE 4




A*3101: CTC-AE 4
	Meta-analyses of case-control studies. 
For HLA-B*1502 and SJS/TEN, 15 studies in Asians with 251 cases and 832 controls were included. 
For HLA-B*1502 and MPE, 4 studies in Han Chinese with 94 cases and 281 controls were included. 
For HLA-A*3101 and SJS/TEN, 4 studies in Japanese, Koreans or Europeans with 29 cases and 792 controls were included. 
Of the 15 HLA-B*1502 and SJS/TEN studies in this meta-analysis, 5 were included in the meta-analysis of Sukasem 2021, and 4 in the meta-analysis of Chouchi 2018.     
All 4 HLA-A*3101 studies in this meta-analysis, were included in the meta-analysis of Genin 2014. 
A fixed effects model was used for the analyses, whereas a random effects model should be chosen when presence of heterogeneity cannot be excluded. The search strategy was specified, but the selection strategy and the method of data extraction were not.
Quality of the included studies was not assessed.
Publication bias analysis was not performed.

Results: 
	Association between HLA-alleles and cutaneous adverse events:

	HLA-allele
	adverse event
	OR
	95% CI

	B*1502
	SJS/TEN
	79.0 (S)
	47.0-133.0

	
	
	72-100% of the Chinese, Thai or Malaysian cases had B*1502, versus 14% of the Korean cases and 0% of the Japanese cases.

	B*1502
	MPE
	NS 
	

	A*3101
	SJS/TEN
	8.0 (S)
	5.6-11.3

	
	
	In studies with more than 5 cases, 42-83% of the cases had A*3101.

	Heterogeneity between the studies was not significant and low to moderate.



	Author’s conclusion: 
”Subgroup analyses confirmed a strong association between HLA-B*15:02 and carbamazepine-induced SJS/TEN. no association was demonstrated between HLA-B*
15:02 and carbamazepine-induced MPE in the Asian population, confirming that HLA-B*15:02 is a risk factor for SJS/TEN alone in Asian  populations.”


	ref. 8
Grover S et al. 
HLA alleles and hypersensitivity to carbamazepine: an
updated systematic review with meta-analysis. Pharmacogenet Genomics 
2014;24:94-112. 
PubMed PMID: 24336023.









































































































































	Level of evidence score: 3




















































































B*1502: CTC-AE 4























A*3101: CTC-AE 4








B*1511: CTC-AE 4

B*5101: CTC-AE 4


B*4001: Clinical Relevance Score AA#




A*2402: Clinical Relevance Score AA#

B*5801: Clinical Relevance Score AA#

A*0201, 
A*1101, 
A*3303, 
B*0702, 
B*1301, 
B*1501, B*1518, B*3802, 
B*4002, 
B*4601, 
B*5502, 
B*5601: Clinical Relevance Score AA



	Meta-analyses of 20 case-control studies with 720 cases, 1,512 carbamazepine-tolerant controls and 1,113 normal controls. 
For HLA-B*1502, SJS/TEN and carbamazepine-tolerant controls, 11 studies in Asians with 205 cases and 692 controls were included. For HLA-B*1502, SJS/TEN and normal controls, 7 studies in Asians with 86 cases and 1,123 controls were included. 4 studies with 41 cases investigated both controls and were included in both meta-analyses. 
For HLA-B*1502 and HSS/MPE, 5 Asian studies with 119 cases (of which 106 MPE) and 325 controls were included. All of these studies were also included in the SJS/TEN-analysis. 
For HLA-A*3101 and SJS/TEN, 6 studies in Asians or Whites with 105 cases and 968 controls were included. The Asian studies were 2 studies in Chinese, 1 in Japanese and 1 in Koreans. 
For HLA-A*3101 and HSS/MPE, 6 studies in Asians or Whites with 273 cases (95 HSS and 178 MPE) and 988 controls were included. 5 of these studies were also included in the SJS/TEN analysis.  
6 studies were included for HLA-B*5101 and HLA-B*5801, 5 studies for HLA-B*4001, 3 studies for HLA-A*2402, HLA-B*1301, HLA-B*1501, HLA-B*1511, HLA-B*4601, HLA-B*5502 and HLA-B*5601, and at least 2 independent studies for the other HLA alleles.
For HLA-B*1511 and SJS/TEN, 2 studies in Japanese or Koreans with 10 cases and 83 controls were included. 
For HLA-B*5101, 6 studies in Asians with 185 cases (including 84 SJS/TEN (derived from 5 studies), 27 HSS/MPE, 26 HSS) and 643 controls were included.
For HLA-B*4001, 6 studies in Asians with 191 cases (including 131 SJS/TEN (derived from 4 studies), 48 HSS/MPE, 30 HSS) and 362 controls were included.
For HLA-B*2402, 3 studies in Asians with 176 cases (67 SJS/TEN, 22 HSS and 19 MPE) and 570 controls were included.
For HLA-B*5801 and SJS/TEN, 4 studies in Asians with 77 cases and 218 controls were included.
4 of the 7 HLA-A*3101 studies in this meta-analysis, were included in the meta-analyses of Genin 2014 and Bloch 2014.  
All 11 HLA-B*1502 studies in this meta-analysis were included in the meta-analysis of Bloch 2014, 5 in the meta-analysis of Sukasem 2021, and 3 in the meta-analysis of Chouchi 2018.
Both HLA-B*1511 studies in this meta-analysis were included in the meta-analysis of Wang 2017.
2 of the 5 studies on HLA-B*5101 and SJS/TEN in this meta-analysis were included in the meta-analysis of Wang 2017. 
3 of the 4 studies on HLA-B*4001 and SJS/TEN in this meta-analysis were included in the meta-analysis of Wang 2017.
1 of the 3 studies on HLA-B*4601 and cutaneous adverse events in this meta-analysis were included in the meta-analysis of Wang 2017.
2 of the 4 studies on HLA-B*5801 in this meta-analysis were included in the meta-analysis of Wang 2017.
1 of the 3 studies on HLA-B*1301 and cutaneous adverse events in this meta-analysis were included in the meta-analysis of Wang 2017.
1 of the 2 studies on HLA-B*3802 and cutaneous adverse events in this meta-analysis were included in the meta-analysis of Wang 2017.
2 of the 3 studies on HLA-B*5502 and cutaneous adverse events in this meta-analysis were included in the meta-analysis of Wang 2017.
2 of the 3 HLA-B*5601 studies in this meta-analysis (all on SJS/TEN) were included in the meta-analysis of Wang 2017. 
A random effects model was used when heterogeneity between the studies was considerable. Otherwise, a fixed effects model was used. This indicates that the statistical method was chosen afterwards. The search and selection strategy was transparent and the data extraction was standardized.
Quality of the included studies was not assessed.
Publication bias was analysed for all comparisons by funnel plot and Egger’s test. 

Results: 
	Association between HLA alleles and cutaneous adverse events:

	HLA allele
	adverse event
	OR
	95% CI

	B*1502
	SJS/TEN

	80.7 (S)
	45.6-142.8

	
	
	90% of the cases had B*1502.
The OR above was in comparison with carbamazepine-tolerant patients. In comparison with normal controls: OR = 45.4 (95% CI: 21.0-98.2) (S).
Heterogeneity was lost after exclusion of one of three specific studies (two of the six Chinese studies or the only Korean study). 

	B*1502
	HSS/MPE
	trend (NS; OR = 1.84, p = 0.066)

	B*1502
	MPE
	1.97 (S)
	1.02-3.82

	
	
	19% of the cases had B*1502.

	A*3101
	SJS/TEN

	5.65 (S)
	2.70-11.78

	
	
	14% of the cases had A*3101.
Heterogeneity disappeared and OR increased (OR = 11.19; 95% CI: 4.69-26.70) after exclusion of the two Chinese studies.
Significance was lost after exclusion of the 2 studies in Whites.

	A*3101
	HSS/MPE
	8.58 (S)
	5.55-13.28

	A*3101
	HSS
	10.15 (S)
	6.11-16.87

	
	
	46% of the cases had A*3101.
Significance remained after exclusion of the 2 studies in Whites.

	A*3101
	MPE
	7.24 (S)
	3.84-13.63

	
	
	19% of the cases had A*3101.
Significance was lost after exclusion of the 2 studies in Whites.

	B*1511
	SJS/TEN
	17.43 (S)
	3.12-97.40

	
	
	40% of the cases had B*1511.

	B*5101
	all
	1.71 (S)
	1.08-2.69

	B*5101
	SJS/TEN
	NS
	

	B*5101
	HSS/MPE
	NS
	

	B*5101
	HSS
	NS
	

	B*4001
	all
	0.32 (S)
	0.19-0.53

	B*4001
	SJS/TEN
	trend (NS; OR = 0.30, p = 0.051)

	
	
	Exclusion of the Thai and/or Japanese study resulted in a significant OR (for the 2 Chinese studies: OR = 0.14 (S); 95% CI: 0.06-0.32; no heterogeneity).

	B*4001
	HSS/MPE
	NS
	

	B*4001
	HSS
	NS
	

	B*4001
	MPE
	NS
	

	A*2402
	SJS/TEN
	0.27 (S)
	0.11-0.64

	A*2402
	HSS/MPE
	NS
	

	A*2402
	HSS
	NS
	

	B*5801
	SJS/TEN
	0.38 (S)
	0.15-0.98

	No significant results were found for the following HLA alleles (NS):
	A*0201
	A*1101
	A*3303
	B*0702

	B*1301
	B*1501
	B*1518
	B*3802

	B*4002
	B*4601
	B*5502
	B*5601




	Heterogeneity between the studies was high for the following comparisons:
- B*4001, SJS/TEN
- B*2402, HSS/MPE
- B*5101, HSS/MPE
- B*5101, HSS

Heterogeneity between the studies was not significant and moderate for the following comparisons:
- B*1502, SJS/TEN, tolerant controls
- A*3101, SJS/TEN
- B*5101, all cutaneous adverse events
- B*5101, SJS/TEN

Heterogeneity between the studies was not significant and low for the following comparisons:
- B*4001, all cutaneous adverse events

Heterogeneity between the studies was absent or negligible for the following comparisons: 
- B*1502, SJS/TEN, normal controls
- B*1502, HSS/MPE
- B*1502, MPE
- A*3101, HSS/MPE
- A*3101, HSS
- A*3101, MPE
- A*3101, SJS/TEN, White/Korean/Japanese
- B*1511, SJS/TEN
- B*4001, HSS/MPE
- B*4001, HSS
- B*4001, MPE
- B*2402, SJS/TEN
- B*2402, HSS
- B*5801, SJS/TEN

	There were no indications for publication bias.



	Author’s conclusion: 
”In summary, our meta-analysis showed the presence of HLA alleles contributing toward risk of as well as protection against various carbamazepine-induced cutaneous adverse drug reactions.”


	ref. 9
Tangamornsuksan W et al.
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 2013;149:1025-32.
PubMed PMID: 23884208.

































	Level of evidence score: 4
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	Meta-analysis of 11 case-control studies with 175 cases of SJS/TEN and 602 matched carbamazepine-tolerant controls. Of the 11 studies, 5 were in Han-Chinese, 2 in Thai and 1 each in Malaysians, Koreans, Japanese and Whites. After excluding the studies in Whites and Japanese, 170 cases and 526 controls remained.
Meta-analysis of 6 case-control studies with 52 cases of SJS/TEN and 2,949 population controls. Of the 6 studies, 2 were in Japanese and 1 each in Koreans, Indians, Caucasians and a mixed population (Chinese/Indian/Malaysian).
One study provided data for both meta-analyses.
All included studies had a score of 4-6 on the 9-item New-castle-Ottawa scale for study quality.
Of the 16 HLA-B*1502 studies in this meta-analysis, 10 were included in the meta-analyses of Bloch 2014 and Grover 2014, 4 in the meta-analysis of Sukasem 2021, and 2 in the meta-analysis of Chouchi 2018. 
The authors did not include the studies of Chung 2004, Ikeda 2010, Wang 2011 and Kulkantrakorn 2012, because some cases in these studies were also in the included studies of Hung 2006, Kaniwa 2008, Shi 2012 and Tassaneeyakul 2010, respectively. The meta-analysis of Sukasem 2021 included both studies of the couples Chung 2014/Hung 2006 and Tassaneeyakul 2010/Kulkantrakorn 2012, and the meta-analyses of Bloch 2014 and Grover 2014 both studies of the couples Wang 2011/Shi 2012 and Tassaneeyakul 2010/Kulkantrakorn 2012. 
A random effects model was used for the analyses but prospective registration of the protocol was not mentioned. The search and selection strategy was transparent and the data extraction was standardised.
Quality of the included studies was assessed with the New-castle-Ottawa Scale. Only total scores were reported and not the scores for each criterium.
Publication bias was analysed by funnel plot, and Begg’s and Egger’s test, but only for all ethnicities. 

Results: 
	Association between HLA-B*1502 and SJS/TEN:

	Controls
	ethnicity
	OR
	95% CI

	carbama-zepine-tolerant
	All
	79.8 (S)
	28.5-224.1

	
	
	
	

	
	Han Chinese
	115.3 (S)
	18.2-732.1

	
	Thai
	54.4 (S)
	16.3-182.0

	
	Malaysian 
(1 study)
	221.0 (S)
	3.85-12,694

	
	Korean 
(1 study)
	NS
	

	
	Whites 
(1 study)
	-
	

	
	Japanese
(1 study)
	-
	

	
	The studies in Whites and Japanese were excluded from the meta-analysis, because B*1502 was not detected in these studies (neither in the cases nor in the controls). 72-100% of the Chinese cases, 88-100% of the Thai cases and 100% of the Malaysian cases had B*1502.
Exclusion of a study with Han Chinese from the north and south of China, reduced the heterogeneity for the Chinese sub-group from high to low, and resulted in a similar OR (113.7; 95% CI: 44.2-292.2).

	popula-tion

(1 study for each ethnicity)
	All
	57.6 (S)
	12.5-265.1

	
	
	
	

	
	Chinese/Indi-an/Malaysian
	16.2 (S)
	5.0-52.2

	
	Indian
	54.6 (S)
	2.3-1326.2

	
	European (Whites/Asian/African)
	644.5 (S)
	64.7-6431.4

	
	Korean
	40.3 (S)
	3.2-265.1

	
	Japanese
	49.4 (S)
	1.6-1531.1

	
	One Japanese study was excluded from the meta-analysis, because B*1502 was not detected (neither in the cases nor in the controls). 
75% of the Chinese/Indian/Malaysian and Indian cases, 33% of the European cases, 14% of the Korean cases and 0% of the Japanese cases had B*1502.

	Heterogeneity between the studies was significant and high for carbamazepine-tolerant controls and Chinese and for population controls and all ethnicities.
Heterogeneity between the studies was not significant and moderate for carbamazepine-tolerant controls and all ethnicities.

	There were no indications for publication bias.



	Author’s conclusion: 
”We found a strong relationship between the HLA-B*1502 allele and carbamazepine-induced SJS and TEN in Han-Chine-se, Thai, and Malaysian populations.”


	ref. 10
Yip VL et al. 
HLA genotype and
carbamazepine-induced cutaneous adverse drug reactions: a systematic review. 
Clin Pharmacol Ther 2012;92:757-65.
PubMed PMID: 23132554.
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	Meta-analyses of case-control studies with carbamazepine-tolerant controls. 
For HLA-B*1502 and SJS/TEN, 9 studies in Asians with 160 cases and 663 controls were included. 5 of the studies were in Han Chinese, 3 in Thai and 1 in Malaysians.
For HLA-B*1502 and HSS/MPE, 6 studies in Asians with 139 cases and 399 controls were included. All of these studies were also included in the SJS/TEN analysis. 
For HLA-A*3101 and all cutaneous adverse events, 4 studies in Asians or Whites with 264 cases and 871 controls were included. The Asian studies were 1 each in Chinese, Japanese and Koreans. 
All 9 HLA-B*1502 studies in this meta-analysis were included in the meta-analysis of Bloch 2014, 8 were included in the meta-analyses of Grover 2014 and Tangamornsuksan 2013, 4 in the meta-analysis of Sukasem 2021, and 2 in the meta-analysis of Chouchi 2018. 
All 4 HLA-A*3101 studies in this meta-analysis, were included in the meta-analyses of Genin 2014 and Grover 2014, and 3 were included in the meta-analysis of Bloch 2014.  
A random effects model was used, but prospective registration of the protocol was not mentioned. The search and selection strategy was transparent and the data extraction was standardised.
Quality of the included studies was evaluated in accordance with criteria for assessment of the quality of pharmaco-genetic studies as set out by Jorgensen and Williamson, but results were not reported. 
Publication bias analysis was not performed. 

Results: 
	Association between HLA alleles and cutaneous adverse events:

	HLA allele
	adverse event
	OR
	95% CI

	B*1502
	SJS/TEN
	113.4 (S)
	51.2-251.0

	
	
	96% of the cases had B*1502.

	B*1502
	HSS/MPE
	NS 
	

	A*3101
	all
	9.5 (S)
	6.4-13.9

	
	
	39% of the cases had A*3101 (26% of the White cases and 58% of the Japanese cases).

	Heterogeneity between the studies was not significant and low.



Based on the data of the meta-analyses of B*1502 and SJS/TEN, and A*3101 and all adverse events, the authors calculated the number needed to test to prevent one case of carbamazepine-induced cutaneous adverse events (NNT). 
Considering an incidence of carbamazepine-induced SJS/ TEN in Southeast Asians of 0.23%, the NNT for HLA-B*1502 was 461. The positive predictive value of HLA-B*1502 was 1.8%. 
Considering an incidence of all carbamazepine-induced cutaneous adverse events of 10% in Whites and 2.9% in Japanese, the NNT for HLA-A*3101 was 47 in Whites and 67 in Japanese. The positive predictive value of HLA-A*3101 was 43% in Whites and 12% in Japanese.
	Author’s conclusion: 
”Carriage of HLA-B*1502 in Asian patients was associated with a poo-led OR of 113.4 for carbamazepine-induced SJS and TEN. A total of 461 patients would need to be screened for HLA-B*1502 to prevent one episode of SJS/TEN. HLA-A*3101 is significantly associated with all phenotypes of carbamazepine-hypersensitivity in multiple ethnicities with a pooled OR of 9.5. Between 47 and 67 patients would need to be tested for HLA-A*3101 to prevent one episode of hypersensitivity.”




	ref. 11
Chen P et al.
Carbamazepine-induced toxic effects and HLA-B*1502 screening in Taiwan. 
N Engl J Med 2011;364:1126-33. PubMed PMID:
21428768.
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B*1502-guided therapy: Clinical Relevance Score AA#







	4,335 patients of 0.6-98.2 years old (mean 56.5 years) received genotype-guided therapy for carbamazepine-indications for 2 months. Neuralgia was the indication in more than 50% of patients, epilepsy in 14% of subjects. 4,120 patients without HLA-B*1502 were treated with carbamazepine and 215 patients with HLA-B*1502 were treated with an alternative (including gabapentin, valproic acid, oxcarbazepine, imipramine, clonazepam, lamotrigine, naproxen and prednisolone). All subjects were counselled about the risk of SJS/TEN and asked to return to the hospital immediately in the event that early symptoms developed. The historical (not genotype-guided) incidence of carbamazepine-induced SJS/TEN was estimated from a health care database. The frequency of HLA-B*1502 carriers in this Taiwanese population was 7.7%. Relevant co-medication was not excluded.  

Results:
	Incidence of SJS/TEN:

	genotype-guided
	0%
	S 

	not genotype-guided
	0.23%
	

	In the genotype-guided therapy, mild cutaneous events developed in 6.0% of patients and severe cutaneous events requiring hospitalisation (maculopapular eruption, hypersensitivity syndrome or urticaria) in 0.16% of patients.  



Note: Based on the decrease in SJS/TEN incidence of 0.23% and the HLA-B*1502 carrier frequency of 7.7%, the positive predictive factor of HLA-B*1502 for development of SJS/TEN is 3.0%. 
	Author’s conclusion: 
”The identification of subjects carrying the HLA-B*1502 allele and the avoidance of
carbamazepine therapy in these subjects was strongly  associated with a decrease in the incidence of carbamazepine-induced SJS–TEN.“ 

	ref. 12
SmPC Tegretol (carbamazepine) 14-01-22.






























































































































	Level of evidence score: 0
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A*3101: CTC-AE 4

	Dosing:
Before deciding to start treatment and if possible, patients of Han Chinese or Thai ancestry should be screened for HLA-B*1502, because this allele is a strong predictor for the risk of the serious carbamazepine-associated adverse event SJS. 
Warning:
Cutaneous reactions
Serious and sometimes fatal cutaneous reactions, including toxic epidermal necrolysis (TEN) and Stevens-Johnson syndrome (SJS), have been reported during treatment with carbamazepine. These reactions are estimated to occur in 1 to 6 per 10,000 new users in countries with mainly Caucasian populations, but the risk in some Asian countries is estimated to be about 10 times higher. 
Indications about the role of different HLA alleles in predisposing patients to immune-mediated side effects are increasing.
These reactions can necessitate hospitalisation and can be life-threatening. Patients starting carbamazepine should be educated in advance about these possible side effects and be carefully monitored for cutaneous reactions. Most cases of SJS and TEN during Tegretol occur in the first months of treatment. When symptoms (for example exacerbating rash, often accompanied with blisters or skin lesions) occur, treatment with carbamazepine should be discontinued immediately and an alternative treatment should be considered. 
The best results in treatment of SJS and TEN are achieved by early diagnosis and immediate discontinuation of each suspected drug. Early discontinuation is associated with a better prognosis.
In patients developing SJS or TEN during Tegretol use, treatment with Tegretol should never be restarted. 
HLA-B*1502 allele – in Han Chinese, Thai and other Asian populations
HLA-B*1502 in persons of Han Chinese or Thai ancestry was found to be in strong association with the risk of development of serious cutaneous reactions, known as Stevens-Johnson syndrome (SJS), when treated with carbamazepine. The prevalence of HLA-B*1502-carriers is approximately 2-12% in Han Chinese and approximately 8% in Thai. Before treatment with carbamazepine is star-ted, these persons should be screened for this allele if possible. If the screening assay is positive, carbamazepine should not be used, unless there is no alternative therapy possible. Patients with a negative screening assay for HLA-B*1502 have a low risk of SJS, although the reaction still can occur very rarely.
There are some data indicating that the risk of serious carbamazepine-related TEN/SJS is also increased in other Asian populations. Because of the prevalence of this allele in other Asian populations (for instance more than 15% in the Philippines and Malaysia and recently reported allele frequencies of 2% and 6% respectively in Korea and
India), one can consider testing patients from risk populations for the presence of HLA-B*1502.
The prevalence of the HLA-B*1502 allele is negligibly small in for instance persons of European ancestry, African populations, the investigated Spanish/Latin-American populations and Japanese (<1%).
The allele frequency is the percentage of the chromosomes in the indicated population. Every human has two copies of each chromosome and alleles can be inherited. For this reason, the percentage of patients carrying a copy of the allele on one of the two copies of the chromosomes is almost twice the allele frequency. Because carrying an allele on one of the two copies of the chromosomes increases the risk of developing an adverse event, the percentage of patients that is at risk is almost twice the allele frequency.
HLA-A*3101 allele – European ancestry and Japanese populations
There are some data indicating that HLA-A*3101 in Euro-pean and Japanese populations is possibly associated with an increased risk of carbamazepine-induced cutaneous adverse events, including SJS, TEN, drug-induced rash with eosinophilia (DRESS) or less serious acute generalised exanthematous pustulosis (AGEP) and maculopapular eruption.
The frequency of the HLA-A*3101 allele varies widely between ethnic populations. The HLA-A*3101 allele has a prevalence of 2-5% in European populations and of approximately 10% in the Japanese population.
The presence of the HLA-A*3101 allele in persons of Euro-pean ancestry increases the risk of carbamazepine-induced cutaneous reactions (usually less serious) from 5% in the general population to 26.0%, whereas the absence of this allele decreases the risk from 5% to 3.8%. 
The allele frequency is the percentage of the chromosomes in the indicated population. Every human has two copies of each chromosome and alleles can be inherited. For this reason, the percentage of patients carrying a copy of the allele on one of the two copies of the chromosomes is almost twice the allele frequency. Because carrying an allele on one of the two copies of the chromosomes increases the risk of developing an adverse event, the percentage of patients that is at risk is almost twice the allele frequency.
There is insufficient evidence to recommend screening for the presence of HLA-A*3101 before starting treatment with carbamazepine. If a patient of European or Japanese ancestry is known to be positive for the HLA-A*3101 allele, therapy with carbamazepine can be considered if the expected benefits are larger than the risks.
Hypersensitivity
Tegretol can lead to (systemic) hypersensitivity reactions, including a delayed hypersensitivity disorder involving multiple organs (known as hypersensitivity syndrome or DRESS), resulting in occurrence of different combinations of fever, rash, vasculitis, lymphadenopathy, pseudolymphoma, arthralgia, leukopenia, eosinophilia, hepatosplenomegaly, liver function test abnormalities and vanishing bile duct syndrome (destruction and loss of intrahepatic bile ducts). Other organs can also be affected (for instance lungs, kidneys, pancreas, myocard and colon). 
The HLA-A*3101 allele is associated with the development of the hypersensitivity syndrome, including maculopapular rash.
Patients who developed a hypersensitivity reaction on carbamazepine, should be informed that in approximately 25-30% of these patients cross-reactivity to oxcarbazepine can occur.
Cross-reactivity can also occur between carbamazepine and other aromatic antiepileptics (such as phenytoin, primidone and phenobarbital).
In general, treatment with Tegretol should be discontinued immediately when hypersensitivity reactions occur.
Adverse events:
Cutaneous and subcutaneous disorders:
Very often: allergic dermatitis, urticaria, which could lead to serious symptoms.
Sometimes: dermatitis exfoliativa.
Very rare: Stevens-Johnson syndrome*, toxic epidermal necrolysis (TEN or Lyell syndrome)*, erythema multiforme and nodosum, purpura.
* In some Asian countries also reported as rare.  
Frequency unknown: acute generalised exanthematous pustulosis (AGEP).
Indications for an association between genetic markers and the development of cutaneous adverse events, such as SJS, TEN, DRESS, AGEP, and maculopapular eruption, are increasing. In Japanese and European patients, an association of these cutaneous adverse events with the use of carbamazepine and presence of the HLA-A*3101 allele is reported. For the marker HLA-B*1502, a strong association with SJS and TEN in people of Han Chinese, Thai and some other Asian ancestry has been shown.
Pharmacodynamics:
The incidence of SJS is increased very strongly in carriers of the HLA-B*1502 allele. 10 to 15% of all patients with a South-East Asian ancestry (South-China, Taiwan) and 1 to 4% of the population of South and East Asia are carriers of this allele.
	

	ref. 13
SmPC Tegretol (carbamazepine), USA, 20-03-18.
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	Boxed warning:
Serious dermatologic reactions and HLA-B*1502 allele
Serious and sometimes fatal dermatologic reactions, including toxic epidermal necrolysis (TEN) and Stevens-Johnson syndrome (SJS), have been reported during treatment with Tegretol. These reactions are estimated to occur in 1 to 6 per 10,000 new users in countries with mainly Caucasian populations, but the risk in some Asian countries is estimated to be about 10 times higher. Studies in patients of Chinese ancestry have found a strong association between the risk of developing SJS/TEN and the presence of HLA-B*1502, an inherited allelic variant of the HLA-B gene. HLA-B*1502 is found almost exclusively in patients with ancestry across broad areas of Asia. Patients with ancestry in genetically at-risk populations should be screened for the presence of HLA-B*1502 prior to initiating treatment with Tegretol. Patients testing positive for the allele should not be treated with Tegretol unless the benefit clearly out-weighs the risk.
Warnings:
Serious dermatologic reactions
Serious and sometimes fatal dermatologic reactions, including toxic epidermal necrolysis (TEN) and Stevens-John-son syndrome (SJS), have been reported with Tegretol treatment. The risk of these events is estimated to be about 1 to 6 per 10,000 new users in countries with mainly Caucasian populations. However, the risk in some Asian countries is estimated to be about 10 times higher. Tegretol should be discontinued at the first sign of a rash, unless the rash is clearly not drug-related. If signs or symptoms suggest SJS/TEN, use of this drug should not be resumed and alternative therapy should be considered.
SJS/TEN and HLA-B*1502 allele
Retrospective case-control studies have found that in patients of Chinese ancestry there is a strong association between the risk of developing SJS/TEN with carbamazepine treatment and the presence of an inherited variant of the HLA-B gene, HLA-B*1502. The occurrence of higher rates of these reactions in countries with higher frequencies of this allele suggests that the risk may be increased in allele-positive individuals of any ethnicity.
Across Asian populations, notable variation exists in the prevalence of HLA-B*1502. Greater than 15% of the population is reported positive in Hong Kong, Thailand, Malaysia, and parts of the Philippines, compared to about 10% in Taiwan and 4% in North China. South Asians, including Indians, appear to have intermediate prevalence of HLA-B*1502, averaging 2% to 4%, but higher in some groups. HLA-B*1502 is present in less than 1% of the population in Japan and Korea.
HLA-B*1502 is largely absent in individuals not of Asian origin (e.g., Caucasians, African-Americans, Hispanics, and Native Americans).
Prior to initiating Tegretol therapy, testing for HLA-B*1502 should be performed in patients with ancestry in populations in which HLA-B*1502 may be present. In deciding which patients to screen, the rates provided above for the prevalence of HLA-B*1502 may offer a rough guide, keeping in mind the limitations of these figures due to wide variability in rates even within ethnic groups, the difficulty in ascertaining ethnic ancestry, and the likelihood of mixed ancestry. Tegretol should not be used in patients positive for HLA-B*1502 unless the benefits clearly outweigh the risks. Tested patients who are found to be negative for the allele are thought to have a low risk of SJS/TEN.
Over 90% of Tegretol treated patients who will experience SJS/TEN have this reaction within the first few months of treatment. This information may be taken into consideration in determining the need for screening of genetically at-risk patients currently on Tegretol.
The HLA-B*1502 allele has not been found to predict risk of less severe adverse cutaneous reactions from Tegretol such as maculopapular eruption (MPE) or to predict Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS).
Limited evidence suggests that HLA-B*1502 may be a risk factor for the development of SJS/TEN in patients of Chinese ancestry taking other antiepileptic drugs associated with SJS/TEN, including phenytoin. Consideration should be given to avoiding use of other drugs associated with SJS/TEN in HLA-B*1502 positive patients, when alternative therapies are otherwise equally acceptable.
Hypersensitivity reactions and HLA-A*3101 allele
Retrospective case-control studies in patients of European, Korean, and Japanese ancestry have found a moderate association between the risk of developing hypersensitivity reactions and the presence of HLA-A*3101, an inherited allelic variant of the HLA-A gene, in patients using carbamazepine. These hypersensitivity reactions include SJS/ TEN, maculopapular eruptions, and Drug Reaction with Eosinophilia and Systemic Symptoms (see DRESS/Multi-organ hypersensitivity below).
HLA-A*3101 is expected to be carried by more than 15% of patients of Japanese, Native American, Southern Indian (for example, Tamil Nadu) and some Arabic ancestry; up to about 10% in patients of Han Chinese, Korean, European, Latin American, and other Indian ancestry; and up to about 5% in African-Americans and patients of Thai, Taiwanese, and Chinese (Hong Kong) ancestry.
The risks and benefits of Tegretol therapy should be weighed before considering Tegretol in patients known to be positive for HLA-A*3101.
Application of HLA genotyping as a screening tool has important limitations and must never substitute for appropriate clinical vigilance and patient management. Many HLA-B*1502-positive and HLA-A*3101-positive patients treated with Tegretol will not develop SJS/TEN or other hypersensitivity reactions, and these reactions can still occur infrequently in HLA-B*1502-negative and HLA-A*3101-negative patients of any ethnicity. The role of other possible factors in the development of, and morbidity from, SJS/TEN and other hypersensitivity reactions, such as anti-epileptic drug (AED) dose, compliance, concomitant medications, comorbidities, and the level of dermatologic monitoring, have not been studied.
Precautions:
Laboratory tests
For genetically at-risk patients, high-resolution ‘HLA-B*1502 typing’ is recommended. The test is positive if either one or two HLA-B*1502 alleles are detected and negative if no HLA-B*1502 alleles are detected.
Adverse reactions:
The following additional adverse reactions have been reported:
Skin: Toxic epidermal necrolysis (TEN) and Stevens-Johnson syndrome (SJS), Acute Generalized Exanthematous Pustulosis (AGEP), pruritic and erythematous rashes, urticaria, exfoliative dermatitis, erythema multiforme and nodosum, purpura, and aggravation of disseminated lupus erythematosus. In certain cases, discontinuation of therapy may be necessary.
	








95% CI = 95% confidence interval, CTC-AE = Common Terminology Criteria for Adverse Events grade, DOR = diagnostic odds ratio, DRESS = drug reaction with eosinophilia and systemic symptoms, also known as hypersensitivity syndrome (HSS), HSS = hypersensitivity syndrome, including DRESS, MPE = maculopapular exanthema, NS = not significant, OR = odds ratio, S = significant, SJS = Stevens-Johnson syndrome, SmPC = summary of product characteristics, TEN = toxic epidermal necrolysis 

