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Allopurinol is a xanthine oxidase inhibitor that decreases the production of uric acid. It is
most commonly used in the management of gout and high levels of uric acid
(hyperuricemia). It is also used to prevent or treat uric acid kidney stones and tumor lysis
syndrome that can occur during chemotherapy resulting in acute uric acid nephropathy.

The human leukocyte antigen B (HLA-B) plays an important role in how the immune
system recognizes and responds to pathogens. The variant allele, HLA-B*58:01 is strongly
associated with severe cutaneous adverse reactions (SCAR) during treatment with
allopurinol. This allele is most commonly found in Asian subpopulations, notably in
individuals of Korean, Han Chinese, or Thai descent (- 2).

At this time, the FDA-approved drug label does not discuss HLA-B genotype (3). However,
the Clinical Pharmacogenetics Implementation Consortium (CPIC) recommends that
allopurinol should not be prescribed to patients who have tested positive for HLA-B*58:01 ,
and that alternative medication should be considered to avoid the risk of developing SCAR
(see Table 1) (1 3).

Table 1.
HLA-B phenotypes and the therapeutic recommendations for allopurinol therapy
Genotype Examples of diplotypes | Phenotype Therapeutic recommendations
Noncarrier of HLA- *X/*X0 Low or reduced risk of allopurinol- Use allopurinol per standard dosing
B*58:01 induced SCAR guidelines
Carrier of HLA-B*58:01 *5801/*X0 *5801/*5801 | Significantly increased risk of Allopurinol is contraindicated
allopurinol-induced SCAR

The strength of therapeutic recommendations is “strong” (1).

HLA-B, human leukocyte antigen B

SCAR, severe cutaneous adverse reaction

*X, any HLA-B genotype other than HLA-B*58:01

*Xb, any HLA-B genotype other than HLA-B*58:01

Table is adapted from Hershfield M.S., Callaghan J.T., Tassaneeyakul W., Mushiroda T., Thorn C.F., Klein T.E., Lee M.T.Clinical
pharmacogenetics implementation consortium guidelines for human leukocyte antigen-B genotype and allopurinol dosing. Clinical pharmacology
and therapeutics. 2013;93(2):153—8 (1).

Drug: Allopurinol

Uric acid is produced by the breakdown of purine nucleotides, and high concentrations of
uric acid can lead to gout and uric acid kidney stones. Allopurinol is a commonly prescribed
drug for the management of gout and hyperuricemia. It is an analogue of the purine
hypoxanthine.

Allopurinol decreases the production of uric acid by inhibiting xanthine oxidase, which
catalyzes the conversion of hypoxanthine and xanthine to uric acid. In addition, allopurinol
facilitates the incorporation of hypoxanthine and xanthine into DNA and RNA, and the
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resulting increase in nucleotide concentration leads to a feedback inhibition of de novo
purine synthesis, which in turn leads to a decrease in uric acid levels (%).

Allopurinol is rapidly oxidized in the liver to the active metabolite oxypurinol, which also
inhibits xanthine oxidase. Allopurinol has a short plasma half-life of ~1-2 hours, whereas
oxypurinol has a half-life of ~15 hours. After the rapid oxidation of allopurinol, any
remaining drug is promptly filtered and excreted by the kidneys. However, after oxypurinol
is filtered by the kidneys, it is reabsorbed in a manner similar to how uric acid is reabsorbed.
Therefore, it is thought that the effective inhibition of xanthine oxidase over a 24-hour
period after a single dose of allopurinol is largely brought about by the effects of oxypurinol

).

In general, allopurinol is well tolerated. However, allopurinol is one of the most common
causes of SCAR. SCAR may manifest as Stevens-Johnson syndrome (erythema multiforme
exudativum), or as toxic epidermal necrolysis. It is also associated with fever, raised white
cell count, hepatitis, and acute renal failure. Although allopurinol induced-SCAR is rare (the
risk is estimated to be 0.1-0.4%), it is one of the most serious causes of SCAR, with a
mortality rate of up to 25% (2).

The FDA-approved dose of allopurinol for the management of gout or hyperuricemia is to
start with a daily dose of 100mg, and titrate the dose upwards to a maximum daily dose of
800mg, until the uric acid concentrations are less than 6.0mg/dl. Allopurinol is often
prescribed in doses that may be too low to achieve a therapeutic goal, an approach taken in
part to reduce the risk of drug hypersensitivity (°). One study has found that a lower starting
dose of allopurinol may reduce the risk of allopurinol hypersensitivity syndrome (6).

The HLA-B*58:01 allele has been strongly associated with allopurinol-induced SCAR. The
ability to identify individuals with the at-risk allele may lead to safer prescribing practices
for allopurinol.

Gene: HLA-B

The human leukocyte antigen B (HLA-B) gene is a member of the major histocompatibility
complex (MHC) gene family, which consists of HLA class I, Il, and 111 subgroups. HLA-B
is a class | HLA molecule and it presents peptide fragments to immune cells (CD8+ T cells).
Most of these peptides are the breakdown products from normal cell proteins (“self”).
However, if foreign peptide fragments are presented, e.g., from a pathogen, the CD8+T cells
will recognize the peptides as “non-self” and be activated to release inflammatory cytokines
and launch an immune response ().

Because the HLA genes need to present such a wide variety of “self” and “non-self”
peptides, the HLA genes are both numerous and highly polymorphic—more than 1,500
HLA-B alleles have been identified. Variations in the HLA genes play an important role in
determining susceptibility to autoimmune disease and infections; they are also critical in the
field of transplant surgery where the donor and recipient must be HLA-compatible (1).

The HLA-B*58:01 allele is associated with an increased risk of hypersensitivity reaction to
allopurinol. The allele is codominant, so an individual needs to carry only one copy of the
HLA-B*58:01 allele to be at risk.

The frequency of the HLA-B#*58.:01 allele varies significantly by population. The allele is
most common in individuals of Asian descent, with a frequency of ~12% in Koreans, and
~6-8% in the Han Chinese and individuals of Thai extraction (2 &11). In Europeans, the
allele is less common, with a frequency of ~1% (12 13).

Allopurinol Therapy and HLA-B*58:01 Genotype
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Although the risk of SCAR due to allopurinol is generally low (0.1-0.4%) and certain
populations have a low frequency of the HLA-B*58.:01 risk allele (e.g., Europeans), the risk
of allopurinol-induced SCAR is substantially elevated in HLA-B*58.:01 carriers. The odds
ratio for allopurinol-induced SCAR in HLA-B*58:01 carriers was 73 (using healthy
controls) and 165 (using allopurinol-tolerant controls) in a meta-analysis (°).

Genetic Testing

Genetic testing is available for several HLA-Balleles, including HLA-B*58:01 . The
genotype results are either “positive” (HLA-B*58:01 being present in one or both copies of
the HLA-B gene) or “negative” (no copies of HLA-B*58:01 are present). There are no
intermediate phenotypes because HLA-B is expressed in a codominant manner (1).

Therapeutic Recommendations based on Genotype

This section contains excer pted information on gene-based dosing recommendations.
Neither thissection nor other partsof thisreview contain the complete
recommendations from the sour ces.

Statement from the Clinical Phar macogenetics |mplementation Consortium (CPIC):
Given the high specificity for allopurinol-induced SCAR, allopurinol should not be
prescribed to patients who have tested positive for HLA-B*58:01 . Alternative medication
should be considered for these patients to avoid the risk of developing SCAR. For patients
who have tested negative, allopurinol may be prescribed as usual (see Table 1). However,
testing negative for HLA-B*58:01 does not totally eliminate the possibility of developing
SCAR, especially in the European population.

Please review the complete ther apeutic recommendations that are located here (1).

Statement from the American College of Rheumatology (ACR): Prior to initiation of
allopurinol, rapid polymerase chain reaction-based HLA-B*5801 screening should be
considered as a risk management component in subpopulations where both the HLA-
B*5801 allele frequency is elevated and the HLA-B*5801 -positive subjects have a very
high hazard ratio (“high risk™) for severe allopurinol hypersensitivity reaction (e.g., Koreans
with stage 3 or worse chronic kidney disease and all those of Han Chinese and Thai
descent).

Please review the complete ther apeutic recommendationsthat are located here (2).

Nomenclature
Allelename Other name(s) | HGV Sreference sequence dbSNP referenceidentifier for allelelocation
Coding Protein
HLA-B*58:01 Not applicable* | Not applicable* | Not applicable*

*For the MHC region, variations in genes such as HLA-B occur across the whole sequence of the gene, not a single locus. Therefore, the HLA-
B*58:01 allele is defined by its sequence (GenBank: EU499350.1) rather than single coding or protein variants.

Guidelines for the description and nomenclature of gene variations are available from the
Human Genome Variation Society (HGVS): http://www.hgvs.org/content/guidelines

Guidelines on nomenclature of the HLA system are available from HLA Nomenclature:
http://hla.alleles.org/

Allopurinol Therapy and HLA-B*58:01 Genotype


http://www.ncbi.nlm.nih.gov/clinvar/variation/14911/
http://www.ncbi.nlm.nih.gov/nuccore/EU499350.1
http://www.hgvs.org/content/guidelines
http://hla.alleles.org/

Sel/BWIWNG SOI18USL) [E2IP3| SalBWIWNG SO118USL) |BOIPSIA

SelIBWIWNG SO1}8USL) |eIPS|

Page 4

Acknowledgments

The author would like to thank Stuart Scott, Assistant Professor of Genetics and Genomic
Sciences, Icahn School of Medicine at Mount Sinai; and Mia Wadelius, Senior Lecturer,
Uppsala University; for reviewing this summary.

References

1. Hershfield M.S. Callaghan J.T. Tassaneeyakul W. Mushiroda T. et al. Clinical pharmacogenetics
implementation consortium guidelines for human leukocyte antigen-B genotype and allopurinol
dosing. Clinical pharmacology and therapeutics 2013;93(2):153-8. [PubMed: 23232549]

2. Khanna D. Fitzgerald J.D. Khanna P.P. Bae S. et al. 2012 American College of Rheumatology
guidelines for management of gout. Part 1: systematic nonpharmacologic and pharmacologic
therapeutic approaches to hyperuricemia. Arthritis care & research 2012;64(10):1431-46. [PubMed:
23024028]

3. Allopurinol tablet [package insert]. Corona, CA: Watson Pharma; 2009. Available from: http://
dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=2298ed2a-e01b-4f7¢c-9902-7c58a6e06b7a

4. PharmGKB [Internet]. Palo Alto (CA): Stanford University. Drug/Small Molecule: Allopurinol.
[Cited 2013 January 31]. Available from: http://www.pharmgkb.org/drug/PA448320

5. Zineh I. Mummaneni P. Lyndly J. Amur S. et al. Allopurinol pharmacogenetics: assessment of
potential clinical usefulness. Pharmacogenomics 2011;12(12):1741-9. [PubMed: 22118056]

6. Stamp L.K. Taylor W.J. Jones P.B. Dockerty J.L. et al. Starting dose is a risk factor for allopurinol
hypersensitivity syndrome: a proposed safe starting dose of allopurinol. Arthritis and rheumatism
2012;64(8):2529-36. [PubMed: 22488501]

7. PharmGKB [Internet]. Palo Alto (CA): Stanford University. Gene: HLA-B. [Cited 2013 January
31]. Available from: http://www.pharmgkb.org/gene/PA35056

8. Cao Z.H. Wei 2.Y. Zhu Q.Y. Zhang J.Y. et al. HLA-B*58:01 allele is associated with augmented
risk for both mild and severe cutaneous adverse reactions induced by allopurinol in Han Chinese.
Pharmacogenomics 2012;13(10):1193-201. [PubMed: 22909208]

9. Tassaneeyakul W. Jantararoungtong T. Chen P. Lin P.Y. et al. Strong association between HLA-
B*5801 and allopurinol-induced Stevens-Johnson syndrome and toxic epidermal necrolysis in a
Thai population. Pharmacogenetics and genomics 2009;19(9):704-9. [PubMed: 19696695]

10. Kaniwa N. Saito Y. Aihara M. Matsunaga K. et al. HLA-B locus in Japanese patients with anti-
epileptics and allopurinol-related Stevens-Johnson syndrome and toxic epidermal necrolysis.
Pharmacogenomics 2008;9(11):1617-22. [PubMed: 19018717]

11. Kang H.R. Jee Y.K. Kim Y.S. Lee C.H. et al. Positive and negative associations of HLA class |
alleles with allopurinol-induced SCARs in Koreans. Pharmacogenetics and genomics 2011;21(5):
303-7. [PubMed: 21301380]

12. Lonjou C. Borot N. Sekula P. Ledger N. et al. A European study of HLA-B in Stevens-Johnson
syndrome and toxic epidermal necrolysis related to five high-risk drugs. Pharmacogenetics and
genomics 2008;18(2):99-107. [PubMed: 18192896]

13. Génin E. Schumacher M. Roujeau J.C. Naldi L. et al. Genome-wide association study of Stevens-
Johnson Syndrome and Toxic Epidermal Necrolysis in Europe. Orphanet journal of rare diseases
2011;6:52. [PubMed: 21801394]

Tests in GTR by Gene

HLA gene

Allopurinol Therapy and HLA-B*58:01 Genotype


http://www.ncbi.nlm.nih.gov/pubmed/23232549
http://www.ncbi.nlm.nih.gov/pubmed/23024028
http://www.ncbi.nlm.nih.gov/pubmed/22118056
http://www.ncbi.nlm.nih.gov/pubmed/22488501
http://www.ncbi.nlm.nih.gov/pubmed/22909208
http://www.ncbi.nlm.nih.gov/pubmed/19696695
http://www.ncbi.nlm.nih.gov/pubmed/19018717
http://www.ncbi.nlm.nih.gov/pubmed/21301380
http://www.ncbi.nlm.nih.gov/pubmed/18192896
http://www.ncbi.nlm.nih.gov/pubmed/21801394
http://www.ncbi.nlm.nih.gov/gtr/tests/?term=3106[geneid]

	Drug: Allopurinol
	Gene: HLA-B
	Genetic Testing
	Therapeutic Recommendations based on Genotype
	Nomenclature
	Acknowledgments
	References
	Tests in GTR by Gene

