[bookmark: _Hlk128407719]Supplementary table 12. Dutch Pharmacogenetics Working Group (DPWG) Guideline for HLA and carbamazepine: the therapeutic recommendation and its rationale and the clinical consequences for HLA-A*31:01, HLA-B*15:02, and HLA-B*15:11 carriers.

	Assigned genotype group name
	Therapeutic recommendation 
	Rationale of the therapeutic recommendation 
	Kinetic consequence 
	Clinical consequence 

	HLA-A*3101
positive

References: (1-7)
	- Carefully weigh the risk of DRESS and SJS/TEN against the benefits.
- Avoid carbamazepine if an alternative is possible. 
- If it is not possible to avoid carbamazepine, advise the patient to report any skin rash immediately.



	Carbamazepine can induce the life-threatening cutaneous adverse events SJS/TEN (in 0.25% of the Chinese users and 0.005% of European users) and DRESS (in 0.05% of both Chinese and European users). In addition, carbamazepine can induce mild maculopapular exanthema (in 4.4% of Chinese and 10% of White users). The hypersensitivity reactions generally develop between 2 weeks and 3 months after the start of carbamazepine. 
Seven meta-analyses (2 for DRESS, 3 for SJS/TEN, 1 for MPE and 1 for all cutaneous adverse events) and a meta-analysis of genome wide association studies (GWAS) for severe cutaneous adverse events (DRESS, SJS/TEN or acute generalized exanthematous pustulosis (AGEP)) showed that this allele increased the risk for carbamazepine-induced cutaneous adverse events (1-3, 5, 6). The meta-analyses found the strongest effect for DRESS (OR = 10.2-13.2 for all ethnicities and OR = 24.1 for Europeans) (2, 3). For SJS/TEN, the OR was 3.9-8.0 (7.9 for Europeans) (1-3). For all severe cutaneous adverse events, the OR was 8.0 in Europeans (5). For MPE and all cutaneous adverse events, the OR was respectively 7.2 and 9.5 (3, 6).
In addition, one study in Japanese showed that excluding the 17.7% HLA-A*3101 carriers from therapy with carbamazepine, resulted in reduction of the incidence of carbamazepine-induced cutaneous adverse events from 3.4% to 2.0% (4). 
For Europeans/Whites the positive predictive value was 0.89% for DRESS (2). The positive predictive value for all cutaneous adverse events was 7.9% (4). Note: Yip 2012 calculated a higher positive predictive value for all cutaneous adverse events for Europeans (43%) than for Japanese (12%), based on a higher incidence of cutaneous adverse events in Europeans. However, this higher incidence of cutaneous adverse events in Europeans is unlikely to be caused by HLA-A*3101 that has a higher frequency in Japanese than in Europeans. 
Although the positive predictive value for DRESS is not high, the increase in risk is considerable and life-threatening adverse events should be avoided if possible. For these reasons, the DPWG concluded that there is a gene-drug interaction and that therapy adjustment is useful.
	-
	Two meta-analyses found an increased risk of DRESS (drug reaction with eosinophilia and systemic symptoms) (OR = 10.2-13.2 for all ethnicities combined and OR = 24.1 for Europeans).    
Three meta-analyses found an increased risk of Stevens-Johnson syndrome/toxic epidermal necrolysis (OR = 3.9-8.0 for all ethnicities combined and OR = 7.9 for Europeans).    
One meta-analysis of genome-wide association studies found an increased risk of severe cutaneous adverse events (DRESS, SJS/TEN or acute generalised exanthematous pustulosis) in Europeans (OR = 8.0)
One meta-analysis found an increased risk of the mild cutaneous side effect “maculopapular exanthema” (OR = 7.2).    
One meta-analysis found an increased risk of all cutaneous side effects combined (OR = 9.5).  
One study in Japanese showed that exclusion of the 17.7% HLA-A*3101-positive patients from treatment with carbamazepine reduced the incidence of carbamazepine-induced cutaneous adverse events from 3.4% to 2.0%.   
Based on one large study, a positive predictive value of 0.89% was calculated for HLA-A*3101 as a predictor of developing carbamazepine-induced DRESS in Europeans.    
Based on the genotype-guided study, the positive predictive value for HLA-A*3101 as a predictor of developing carbamazepine-induced cutaneous side effects is 7.9%.

	HLA-B*1502 positive

References: (1, 3, 6-12)
	- Avoid carbamazepine. 
Phenytoin, lamotrigine and oxcarbazepine also pose an increased risk of SJS/TEN in these patients, but the final risk is 5-10-fold lower for these medicines than for carbamazepine. Furthermore, in the case of oxcarbazepine, the most severe forms (SJS/TEN overlap and TEN) have not been observed.
	Carbamazepine can induce the life-threatening cutaneous adverse events SJS/TEN (in 0.25% of the Chinese users and 0.005% of European users) and DRESS (in 0.05% of both Chinese and European users). In addition, carbamazepine can induce mild maculo-papular exanthema (in 4.4% of Chinese and 10% of White users). The hypersensitivity reactions generally develop between 2 weeks and 3 months after the start of carbamazepine. 
Six meta-analyses showed that this allele strongly increased the risk for carbamazepine-induced SJS/TEN (OR = 27-138) (1, 3, 6, 9, 11, 12). In addition, one study in Han Chinese showed that excluding HLA-B*1502 positive patients from therapy with carbamazepine, resulted in reduction of the Incidence of carbamazepine-induced SJS/TEN from 0.23% to 0% (8).
For this reason, the DPWG concluded that there is a gene-drug interaction and that therapy adjustment is required.
Although an association was found between HLA-B*1502 and SJS/TEN induced by phenytoin, lamotrigine and oxcarbazepine, the risk for SJS/TEN in HLA-B*1502-positive users of these antiepileptic drugs was approximately 10-fold lower compared to HLA-B*1502-positive users of carbamazepine. The cost-effectiveness analysis of Chen 2016 calculated positive predictive values for SJS/TEN in HLA-B*1502-positive patients of 6.7% for carbamazepine and 0.65% for phenytoin (13). The calculated positive predictive value for SJS/TEN in HLA-B*1502-positive Taiwanese patients was 0.73% for oxcarbazepine and 7.7% for carbamazepine (8, 10).  In addition, the most severe forms of SJS/TEN (SJS/TEN-overlap and TEN) were not observed with oxcarbazepine. For lamotrigine, the association of HLA-B*1502 was similar in strength as that for phenytoin (OR = 3.6 for lamotrigine and OR = 3.5-5.3 for phenytoin). Despite the fact that lamotrigine and oxcarbazepine were also used as alternative medication for HLA-B*1502 carriers in the study of Chen 2011 (8), no cases of SJS/TEN were observed.
	-
	Six meta-analyses found a strongly increased risk of Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) (OR = 27-138).    
One study involving Han Chinese individuals demonstrated that exclusion of HLA-B*1502-positive patients from treatment with carbamazepine resulted in a reduction in the incidence of carbamazepine-induced SJS/TEN from 0.23% to 0%.     
Based on the study above and a meta-analysis, a positive predictive value of 3.0% and 1.8% respectively was calculated for HLA-B*1502 as a predictor of developing carbamazepine-induced SJS/TEN. A review mentions a positive predictive value of 7.7%. 



	HLA-B*1511
Positive

References: (3, 14)
	- Carefully weigh the risk of SJS/TEN against the benefits.
- Avoid carbamazepine, if an alternative is possible.
- If it is not possible to avoid carbamazepine, advise the patient to report any skin rash immediately.
	Carbamazepine can induce the life-threatening cutaneous adverse events SJS/TEN (in 0.25% of the Chinese users and 0.005% of European users) and DRESS (in 0.05% of both Chinese and European users). In addition, carbamazepine can induce mild maculo-papular exanthema (in 4.4% of Chinese and 10% of White users). The hypersensitivity reactions generally develop between 2 weeks and 3 months after the start of carbamazepine. 
Two meta-analysis showed that this allele increased the risk for carbamazepine-induced SJS/TEN (OR = 14-17) (3, 14).
Because the increase in risk is considerable and life-threatening adverse events should be avoided if possible, the DPWG concluded that there is a gene-drug interaction and that therapy adjustment is useful.
	-
	Two meta-analyses found an increased risk of Stevens-Johnson syndrome/toxic epidermal necrolysis (OR = 14-17).



AGEP = acute generalized exanthematous pustulosis, DRESS = drug reaction with eosinophilia and systemic symptoms, also known as hypersensitivity syndrome (HSS), HLA = human leukocyte antigen, MPE = maculopapular exanthema, OR = odds ratio, SJS = Stevens-Johnson syndrome, TEN = toxic epidermal necrolysis
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