Supplementary table 20. Based on the Clinical Implication Score (a)(either or not combined with additional considerations), the genotyping recommendation by the DPWG is essential for CYP2C9-phenytoin maintenance therapy (b) and beneficial for the HLA-antiepileptic drug combinations in patient with an ancestry in which the HLA-allele is not very infrequent or absent (b for phenytoin, c for carbamazepine and d for lamotrigine and oxcarbazepine)   

a. Definitions of the available Clinical Implication Scores
	Potentially beneficial 
	PGx testing for this gene-drug pair is potentially beneficial. Genotyping can be considered on an individual patient basis. If, however, the genotype is available, the DPWG recommends adhering to the gene-drug guideline
	0-2 +

	Beneficial
	PGx testing for this gene-drug pair is beneficial. It is advised to consider genotyping the patient before (or directly after) drug therapy has been initiated to guide drug and dose selection
	3-5 +

	Essential
	PGx testing for this gene-drug pair is essential for drug safety or efficacy. Genotyping must be performed before drug therapy has been initiated to guide drug and dose selection
	6-10 +



b.  The Clinical Implication Score for CYP2C9-phenytoin maintenance therapy is “essential” and for HLA-B*15:02-phenytoin, in patients of Asian descent other than Japanese descent, “beneficial”, based on the criteria and corresponding scores given by the DPWG
	Clinical Implication Score Criteria
	Possible Score
	Given Score

	
	
	CYP2C9
	B*15:02
Asian other than Japanese

	Clinical effect associated with gene-drug interaction (drug- or diminished efficacy-induced) 
•       CTCAE Grade 3 or 4 (clinical effect score D or E)
•       CTCAE Grade 5 (clinical effect score F)
	

+
++
	


++1
	

+5

	Level of evidence supporting the associated clinical effect grade ≥ 3
•       One study with level of evidence score ≥ 3
•       Two studies with level of evidence score ≥ 3
•       Three or more studies with level of evidence score ≥ 3
	

+
++
+++
	



+++2
	



+++6

	Number needed to genotype (NNG) in the Dutch population to prevent one clinical effect grade ≥ 3
•       100 < NNG ≤ 1000
•       10 <  NNG ≤ 100
•       NNG ≤ 10
	

+
++
+++
	


++3
	

7

	PGx information in the Summary of Product Characteristics (SmPC)
•       At least one genotype/phenotype mentioned
OR
•       Recommendation to genotype 
OR
•       At least one genotype/phenotype mentioned as a contra-indication in the corresponding section 
	

+

++

++
	

+4


	

+8



	Total Score:
	10+
	8+
	5+

	Corresponding Clinical Implication Score:
	Essential
	Beneficial



[bookmark: _Hlk123643987]The KNMP Pharmacogenetics Working Group restricted the genotyping recommendation for CYP2C9 to phenytoin maintenance therapy, because genotyping before start of phenytoin for acute indications, like status epilepticus and heart rhythm disorder, is both difficult to implement and not useful because no adjustment of the phenytoin loading dose is recommended in patients with a gene variant.
1 CYP2C9 gene variants have been shown to increase the risk of severe adverse events, including severe and possibly life-threatening cutaneous adverse events like SJS/TEN and DRESS. In one of the case-control studies showing *3 to increase SJS/TEN and DRESS risk, the adverse event was fatal in 9 out of the 48 SJS/TEN cases and 4 out of the 42 DRESS cases (CTCAE grade 5) (1). 
[bookmark: _Hlk134099806]2 Seven studies and three small meta-analyses (of 3, 3 and 4 case-control studies, respectively) showed an increased risk of adverse events with severity CTCAE grade 3-5. (references in Supplementary Table 1: 2, 3, 4, 6, 7, 10, 12, 13)
3 The largest study was performed in a USA patient cohort with *2 and *3 frequencies slightly smaller than those observed in the Dutch population (12.0% and 5.1% versus 14.2% and 9.2%) (2). This study showed an increase in the percentage of patients with neurological side effects (CTCAE grade 3) from 17% to 32% for *1/*3+*2/*2+*2/*3+*3/*3, comprising 11.8% of all patients (2). So, these genotypes caused additional severe adverse events in 1.77% of all patients (15% of 11.8%). This corresponds to the need to genotype 56 patients to prevent one additional adverse event with severity grade ≥ 3. 
4 The Summary of Product Characteristics (SmPC) contains a warning that *3 increases the risk of severe cutaneous adverse events and that carriers of *2 or *3 can have a higher risk of phenytoin toxicity, but neither mentions a CYP2C9 gene variant or variant genotype as a contra-indication for phenytoin nor recommends pre-emptive genotyping. (3, 4)
[bookmark: _Hlk123643996]5 HLA-B*15:02 has been shown to increase the risk of the severe and possibly life-threatening cutaneous adverse event SJS/TEN (CTCAE grade 4). 
6 Four meta-analyses (of respectively 10, 7, 4 and 2 case-control studies) and 4 case-control studies showed that HLA-B*15:02 increased the risk of phenytoin-induced SJS/TEN. (references in Supplementary Table 2: 1, 2, 3, 6, 9, 12, 13, 15)
7 Incidences of phenytoin-induced SJS/TEN are estimated to be between 0.1% and 0.01% of users, although an SJS/TEN risk of 0.24% has been reported in Asian new users. This indicates that if HLA-B*15:02 would have been the only cause of phenytoin-induced SJS/TEN, a minimum of 417 patients would have to be genotyped to prevent one case of phenytoin-induced SJS/TEN. However, apart from the study of Cheung 2013 (5), all studies showed less than a third of phenytoin-induced SJS/TEN being caused by HLA-B*15:02. So, a minimum of 1250 patients would have to be genotyped to prevent one case of phenytoin-induced SJS/TEN. 
8 The Summary of Product Characteristics (SmPC) contains a warning that HLA-B*15:02 increases the risk of SJS/TEN, but neither mentions HLA-B*15:02 as a contra-indication for phenytoin nor recommends pre-emptive genotyping (3, 4). 
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c. The Clinical Implication Score for HLA-B*15:02-carbamazepine is “essential” in patients of Asian descent other than Japanese descent, based on the criteria and corresponding scores, but the genotyping recommendation is downgraded to “beneficial” by the DPWG due to additional considerations. The clinical implication score for HLA-A*31:01- carbamazepine in all patients and HLA-B*15:11-carbamazepine in patients of Han Chines, Korean, Thai or Japanese descent is “beneficial”. 
	Clinical Implication Score Criteria
	Possible Score
	Given Score

	
	
	B*15:02
Han Chinese or Thai
	B*15:02
other, non- Japanese, Asian
	A*31:01
	B*15:11
Han Chinese, Korean, Thai or Japanese

	Clinical effect associated with gene-drug interaction (drug- or diminished efficacy-induced) 
•       CTCAE Grade 3 or 4 (clinical effect score D or E)
•       CTCAE Grade 5 (clinical effect score F)
	

+
++
	

+1
	

+1
	

+5
	

+9

	Level of evidence supporting the associated clinical effect grade ≥ 3
•       One study with level of evidence score ≥ 3
•       Two studies with level of evidence score ≥ 3
•       Three or more studies with level of evidence score ≥ 3
	

+
++
+++
	



+++2
	



+++2
	



+++6
	



+++10

	Number needed to genotype (NNG) in the Dutch population to prevent one clinical effect grade ≥ 3
•       100 < NNG ≤ 1000
•       10 <  NNG ≤ 100
•       NNG ≤ 10
	

+
++
+++
	

+3
	

+3
	

7
	

11

	PGx information in the Summary of Product Characteristics (SmPC)
•       At least one genotype/phenotype mentioned
OR
•       Recommendation to genotype 
OR
•       At least one genotype/phenotype mentioned as a contra-indication in the corresponding section 
	

+

++

++
	



++4


	

+4


	

+8

	

12

	Total Score:
	10+
	7+
	6+
	5+
	4+

	Corresponding Clinical Implication Score:
	Essential
	Essential
	Beneficial
	Beneficial 

	Score after taking additional considerations13 into account:
	Beneficial
	Beneficial
	
	


1 HLA-B*15:02 has been shown to strongly increase the risk of the severe and possibly life-threatening cutaneous adverse event SJS/TEN (CTCAE grade 4). 
2 Six meta-analyses (with a maximum of 15 studies per meta-analysis) showed that HLA-B*15:02 increased the risk of carbamazepine-induced SJS/TEN (references in Supplementary Table 3: 1, 4, 7, 8, 9, 10) . 
3 A study in Taiwanese showed that excluding HLA-B*15:02 positive patients from therapy with carbamazepine resulted in reduction of the incidence of severe cutaneous adverse events from 0.23% to 0% (6). This corresponds to a number needed to genotype of 435 to avoid one severe cutaneous adverse event in this Taiwanese population with a HLA-B*15:02 carrier frequency of 7.7%. For many other Southeast Asian populations (Han Chinese, Thai, Malaysians, Indians), the HLA-B*15:02 carrier frequency is reported to be higher than or similar to 7.7%. So, a number needed to genotype of 435 seems to be a good representation for the upper limit in Southeast Asians. According to the SmPC, the HLA-B*15:02 allele frequency in Koreans is recently reported to be 2%, corresponding to a carrier frequency of 4%, which would result in a number needed to genotype of approximately 837 (7). 
4 The SmPC of carbamazepine indicates that before deciding to start treatment and if possible, patients of Han Chinese or Thai ancestry should be screened for HLA-B*15:02. In addition, the SmPC indicates that because of the prevalence of HLA-B*15:02 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*15:02. The SmPC does not mention HLA-B*15:02 as a contra-indication for carbamazepine. 
5 HLA-A*31:01 has been shown to increase the risk of the severe and possibly life-threatening cutaneous adverse events SJS/TEN and DRESS (CTCAE grade 4). 
6 Five meta-analyses (with a maximum of 8 studies per meta-analysis) (2 for DRESS and 3 for SJS/TEN) showed that this allele increased the risk for severe carbamazepine-induced cutaneous adverse (references in Supplementary Table 3: 2, 6, 7, 8, 10). 
7 Carbamazepine can induce the life-threatening cutaneous adverse events SJS/TEN in 0.005% of European users and DRESS in 0.05% of European users, so severe cutaneous adverse events in 0.055%. This indicates that even if HLA-A*31:01 would be the only cause of carbamazepine-induced severe cutaneous adverse events, a minimum of 1818 patients would have to be genotyped to prevent one case of carbamazepine-induced severe cutaneous adverse events. 
8 The Summary of Product Characteristics (SmPC) contains a warning that there are some data indicating that HLA-A*31:01 in European populations is possibly associated with an increased risk of carbamazepine-induced cutaneous adverse events, including SJS, TEN, and drug-induced rash with eosinophilia (DRESS), but does not  mentions HLA-A*31:01 as a contra-indication for carbamazepine and indicates that there is insufficient evidence to recommend screening for the presence of HLA-A*31:01 before starting treatment with carbamazepine. 
9 HLA-B*15:11 has been shown to increase the risk of the severe and possibly life-threatening cutaneous adverse event SJS/TEN (CTCAE grade 4). 
10 Two meta-analyses (with a maximum of 4 studies per meta-analysis) showed that HLA-B*15:11 increased the risk for carbamazepine-induced SJS/TEN. Two of the four included studies also showed a significantly increased risk themselves (references in Supplementary Table 3: 5, 8).  
11 The highest incidence of carbamazepine-induced SJS/TEN (0.25%) has been observed in Chinese. The meta-analysis of Wang 2017 found HLA-B*15:11 in 14% of SJS/TEN cases. Even, when combined with the highest carbamazepine-induced SJS/TEN incidence observed, this would amount to an incidence of only 0.035% for HLA-B*15:11 positive SJS/TEN. An incidence of HLA-B*15:11 positive SJS/TEN of 0.035% corresponds to a number needed to genotype for HLA-B*15:11 to prevent one case of SJS/TEN of 2857. 
12 The Summary of Product Characteristics (SmPC) of carbamazepine does not mention HLA-B*15:11 (7). 
13 Based on the Clinical Implication Score, the genotyping recommendation for HLA-B*15:02-carbamazepine is essential for patients of Asian descent other than Japanese descent. However, the DPWG decided to downgrade the score, because there might not be an equivalent alternative for carbamazepine and the positive predictive value of HLA-B*15:02 for severe cutaneous adverse events is low. Carbamazepine is a commonly used drug and is prescribed for epilepsy, trigeminal neuralgia and bipolar disorder. For all of these indications, effectiveness of drugs is patient specific. As a result, excluding one of this drugs diminishes the chance of finding an effective treatment. Because the positive predictive value of HLA-B*15:02 carriage for development of carbamazepine-induced severe cutaneous adverse events is low (1.8-7.7% according to Yip 2012 (8) and Hung SI et al. HLA-B genotyping to detect carbamazepine-induced Stevens-Johnson syndrome: implications for personalizing medicine. Personalized Med 2005;2:225–37 (9), which correlates well with the positive predictive value of 3.0% derived from the genotype-guided study of Chen 2011 (6)), a large majority of HLA-B*15:02 carriers will be falsely denied carbamazepine. So, pre-emptive genotyping will not only diminish severe adverse events, but will also strongly increase the number of patients who are falsely denied a commonly used drug for the treatment of epilepsy, trigeminal neuralgia and bipolar disorder. For this reason, the DPWG decided that genotyping for HLA-B*15:02 in patients planned to be started on carbamazepine is not essential and downgraded the recommendation to beneficial.

6. Chen P, Lin JJ, Lu CS, Ong CT, Hsieh PF, Yang CC, et al. Carbamazepine-induced toxic effects and HLA-B*1502 screening in Taiwan. N Engl J Med. 2011;364(12):1126-33.
7. Novartis Pharmaceuticals Corporation. SmPC Tegetrol. January 2022.
8. Yip VL et al. HLA genotype and carbamazepine-induced cutaneous adverse drug reactions: a systematic review. Clin Pharmacol Ther 2012;92:757-65.
9. Hung SI et al. HLA-B genotyping to detect carbamazepine-induced Stevens-Johnson syndrome: implications for personalizing medicine. Personalized Med 2005;2:225-37.

d.  The Clinical Implication Score for HLA-B*15:02-lamotrigine and HLA-B*15:02-oxcarbazepine is “beneficial” in patients of Asian descent other than Japanese descent, based on the criteria and corresponding scores given by the DPWG

	Clinical Implication Score Criteria
	Possible Score
	Given Score

	
	
	HLA-B*15:02 lamotrigine
	HLA-B*15:02
oxcarbazepine

	Clinical effect associated with gene-drug interaction (drug- or diminished efficacy-induced) 
•       CTCAE Grade 3 or 4 (clinical effect score D or E)
•       CTCAE Grade 5 (clinical effect score F)
	

+
++
	

+1
	

+5

	Level of evidence supporting the associated clinical effect grade ≥ 3
•       One study with level of evidence score ≥ 3
•       Two studies with level of evidence score ≥ 3
•       Three or more studies with level of evidence score ≥ 3
	
+
++
+++
	


+++2
	


+++6

	Number needed to genotype (NNG) in the Dutch population to prevent one clinical effect grade ≥ 3
•       100 < NNG ≤ 1000
•       10 <  NNG ≤ 100
•       NNG ≤ 10
	

+
++
+++
	

3
	

7

	PGx information in the Summary of Product Characteristics (SmPC)
•       At least one genotype/phenotype mentioned
OR
•       Recommendation to genotype 
OR
•       At least one genotype/phenotype mentioned as a contra-indication in the corresponding section 
	

+

++

++
	

4


	

+8



	Total Score:
	10+
	4+
	5+

	Corresponding Clinical Implication Score:
	Beneficial
	Beneficial


1 HLA-B*15:02 has been shown to increase the risk of the lamotrigine-induced severe and possibly life-threatening cutaneous adverse event SJS/TEN (CTCAE grade 4).
2 Three meta-analyses (one of 7 and two of 4 case-control studies), a case-control study and a pooled analysis of 2 case-control studies showed that HLA-B*15:02 increased the risk of lamotrigine-induced SJS/TEN (references in Supplementary Table 4: 2, 3, 8, 11, 12, 13).  
3 According to the SmPC Lamictal (lamotrigine) 26-01-2022 (10), the incidence of SJS/TEN is 1:1000 adult users and the incidence of DRESS < 1:10,000 adult users and the incidence of skin rash necessitating hospital admission is 0.3-1% in paediatric users. This indicates that even if HLA-B*15:02 would have been the only cause of SJS/TEN in adult users, a minimum of 1000 patients would have to be genotyped to prevent one case of lamotrigine-induced SJS/TEN. Because of the lack of reports of a higher incidence in children of carbamazepine-induced SJS/TEN, which has a much stronger association with HLA-B*15:02 than lamotrigine-induced SJS/TEN, the reported high incidence of lamotrigine-induced serious adverse skin reactions in children is unlikely to concern HLA-B*15:02-associated reactions. So, the incidence of lamotrigine-induced serious adverse skin reactions in HLA-B*15:02 carriers is likely to be comparable between paediatric and adult users.
4 The SmPC Lamictal (lamotrigine) 26-01-2022 (10) does not mention HLA-B*15:02 or any other HLA allele.
5 HLA-B*15:02 has been shown to increase the risk of the oxcarbazepine-induced severe cutaneous adverse event SJS (CTCAE grade 3). 
6 Two case-control studies and two meta-analyses, one of a case-control study and a case report and one of three case-control studies, showed that HLA-B*15:02 increased the risk of oxcarbazepine-induced SJS or SJS/TEN and DRESS. Because the largest meta-analysis was based on three case-control studies, there were 3 case-control studies adding to the evidence (references in Supplementary Table 5: 4, 6, 7, 11).  
7 In Taiwan, the incidence of oxcarbazepine-induced SJS was calculated to be 8.3 per 10,000 new users. Thus, even if HLA-B*15:02 would be the only cause of SJS, more than 1200 patients would have to be genotyped to prevent one case of oxcarbazepine-induced SJS. 
8 The SmPC of oxcarbazepine (11) contains a warning that HLA-B*15:02 might increase the risk of SJS/TEN, but neither mentions HLA-B*15:02 as a contra-indication for oxcarbazepine nor provides a consistent recommendation for pre-emptive genotyping (only indicating that, if possible, Han Chinese and Thai individuals should be screened for HLA-B*15:02 before starting treatment with carbamazepine or a chemically related active substance, and that genetic screening for the presence of HLA-B*15:02 can be considered for patients from risk populations (i.e. populations with a high HLA-B*15:02 prevalence)). 

10. SmPC Lamictal January 2022.
11. SmPCs Trileptal March 2021 and Oxtellar XR December 2018(USA).


