Supplementary table 17. Suggested clinical decision support texts for various health care professionals for HLA-A*31:01, HLA-B*15:02 and HLA-B*15:11 – carbamazepine
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HLA-A*3101: carbamazepine

Pharmacist and physician text
An increased risk of the life-threatening cutaneous side effects DRESS and Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) within the first three months is present in patients with this genetic variation. The risk of carbamazepine-induced DRESS in these patients is 0.89%.

· 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.

Background information
Other considerations: 
The severe cutaneous side effects DRESS and Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) always occur within the first three months of treatment. If a patient does not develop DRESS or SJS/TEN within the first three months of treatment, the chance of developing carbamazepine-induced DRESS and SJS/TEN later on is therefore very small. For this reason, the recommendation to avoid carbamazepine applies only during the first three months of treatment.

Mechanism:
Although the mechanism of hypersensitivity reactions to carbamazepine is not fully known, experimental data suggest the following mechanism. 
A cellular immune reaction against tissue cells is provoked when peptides, derived from proteins from these tissue cells, bind to specific HLA proteins, which are then transported to the cell surface and ”recognised” as being foreign by specific immune cell proteins (T-cell receptors). Carbamazepine either binds to the proteins from the tissue cells, to the peptides formed by these proteins, to HLA-A*3101 or to specific T-cell receptors. This results in an interaction between the HLA peptide complex and a T-cell receptor, which causes a cellular immune reaction against tissue cells.
For more information about the HLA-A*3101-positive genotype group: see the general background information about HLA in the KNMP Kennisbank (search for HLA). 

Clinical consequences: 
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%.

Kinetic consequences:
-
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HLA-B*1502: carbamazepine

Pharmacist and physician text
The risk of carbamazepine-induced SJS/TEN is strongly increased the first three months in patients with the HLA-B*15:02 allele. The risk of carbamazepine-induced SJS/TEN in these patients is 1.8-7.7%.

· 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.

Background information
Other considerations: 
The severe cutaneous side effect Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) always occurs within the first three months of treatment. If a patient does not develop SJS/TEN within the first three months of treatment, the chance of developing carbamazepine-induced SJS/TEN later on is therefore very small. For this reason, the recommendation to avoid carbamazepine applies only during the first three months of treatment.

Mechanism:
Although the mechanism of hypersensitivity reactions to carbamazepine is not fully known, experimental data suggest the following mechanism. 
A cellular immune reaction against tissue cells is provoked when peptides, derived from proteins from these tissue cells, bind to specific HLA proteins, which are then transported to the cell surface and ”recognised” as being foreign by specific immune cell proteins (T-cell receptors). Carbamazepine either binds to the proteins from the tissue cells, to the peptides formed by these proteins, to HLA-B*1502 or to specific T-cell receptors. This results in an interaction between the HLA peptide complex and a T-cell receptor, which causes a cellular immune reaction against the tissue cells.
For more information about the HLA-B*1502-positive genotype group: see the general background information about HLA in the KNMP Kennisbank (search for HLA). 

Clinical consequences: 
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%. 

Kinetic consequences:
-
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HLA-B*1511: carbamazepine

Pharmacist and physician text
The risk of the life-threatening cutaneous side effect Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) in the first three months is increased in patients with this genetic variation. The risk of carbamazepine-induced SJS/TEN in patients with the HLA-B*1502 allele, which carries a 1.6-9.9 times higher risk than the HLA-B*1511 allele, is 1.8-7.7%. This would equate to a risk of carbamazepine-induced SJS/TEN in this patient of 0.18-4.8%.

· 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.

Background information
Other considerations: 
The severe cutaneous side effect Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) always occurs within the first three months of treatment. If a patient does not develop SJS/TEN within the first three months of treatment, the chance of developing carbamazepine-induced SJS/TEN later on is therefore very small. For this reason, the recommendation to avoid carbamazepine applies only during the first three months of treatment.

Mechanism:
Although the mechanism of hypersensitivity reactions to carbamazepine is not fully known, experimental data suggest the following mechanism. 
A cellular immune reaction against tissue cells is provoked when peptides, derived from proteins from these tissue cells, bind to specific HLA proteins, which are then transported to the cell surface and ”recognised” as being foreign by specific immune cell proteins (T-cell receptors). Carbamazepine either binds to the proteins from the tissue cells, to the peptides formed by these proteins, to HLA-B*1511 or to specific T-cell receptors. This results in an interaction between the HLA peptide complex and a T-cell receptor, which causes a cellular immune reaction against the tissue cells.
For more information about the HLA-B*1511-positive genotype group: see the general background information about HLA in the KNMP Kennisbank (search for HLA). 

Clinical consequences: 
Two meta-analyses found an increased risk of Stevens-Johnson syndrome/toxic epidermal necrolysis (OR = 14-17).

Kinetic consequences:
-
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