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Improving drug safety by locating genetic markers for
hypersensitivity reactions

Kathlyn J Ronaldson and John J McNeil

t has long been observed that individual responses to a drug,

with regard to both efficacy and adverse effects, vary from

person to person. A range of reasons for these variations has
been proposed, including individual variation in pharmacokinetics
and pharmacodynamics, concomitant medication use, concurrent
disease, and environmental factors. In recent years, increasing
attention has been given to genetics as a cause of interpersonal
variation.'

Variations on the genes for the metabolising enzyme cytochrome
P450 2C9 (CYP2C9) and vitamin K epoxide reductase (VKORCI)
have been shown to be responsible for increasing the activity and
hence the risk of elevated international normalised ratio and
haemorrhage with warfarin.® The factor V Leiden mutation results
in higher coagulation protein stability, and its presence has a
multiplicative effect on the risk of venous thromboembolism with
combined oral contraceptives.* Potentially fatal toxicity with aza-
thioprine and 6-mercaptopurine because of thiopurine S-methyl-
transferase deficiency occurs in the presence of co-dominant
polymorphisms leading to amino acid substitutions.” In addition,
genetic variations on the CYP450 genes controlling hepatic meta-
bolism of drugs have been well investigated in recent decades.'

The completion of the Human Genome Project in 2003 and the
development of cost-effective means for scanning large regions of
DNA have paved the way for large-scale pharmacogenetic investi-
gations involving many genetic loci. Very recently, a genome-wide
study identified a variant in a gene (SLCOIBI) coding for a
polypeptide involved in hepatic statin uptake that was associated
with simvastatin-induced myopathy.® Although the odds ratio for
myopathy per risk allele on the SLCOIBI gene was 4.3 (95% CI,
2.5-7.2), the cumulative risk of myopathy for heterozygotes over 5
years of taking 80 mg of simvastatin daily was less than 3%, and it
was only one of many cofactors (eg, other medication, age >65
years, and renal impairment) contributing to the risk.

The therapeutic benefit of this research could be said to be
disappointing. However, investigation of genetic causes of idiosyn-
cratic drug reactions has the potential to be more worthwhile than
the investigation of effects like myopathy with statins in terms of
the predictive value of the polymorphisms. Idiosyncratic reactions
are often immune-mediated, commonly serious, currently unpre-
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At the telomeric (Tel) end of the HLA complex is the class | region,
containing six expressed HLA genes including HLA-B. Further
towards the centromere (Cen) is the class lll region containing the
tumour necrosis factor (TNF) locus, while class Il contains HLA-D
genes. (Figure courtesy of Dr Justin Rubio, Howard Florey Institute,
Melbourne.) .

ABSTRACT

e Individuals vary in their response to a medication with regard
to efficacy and adverse effects.

e The human leukocyte antigen (HLA) region of DNA offers the
key to predicting drug hypersensitivity reactions.

e Single nucleotide polymorphisms for hypersensitivity
reactions with carbamazepine, abacavir and allopurinol have
been identified.

e Arandomised controlled trial demonstrated the effectiveness
of prospective screening for the predisposing genetic marker
in preventing all cases of the hypersensitivity reaction with
abacavir.

e Further pharmacogenetic investigation of hypersensitivity
reactions could be conducted in Australia by establishing a
network of sentinel hospitals.
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dictable, and frequently result in reluctance to prescribe an
otherwise useful drug. There has been at least one instance when
an idiosyncratic hypersensitivity reaction resulted in a drug being
sidelined for a newer alternative (clopidogrel replacing ticlopi-
dine), even though most people using the original drug benefited
without clinically significant ill effects.”

The most likely area of DNA for genetic variations that predis-
pose to drug hypersensitivity reactions is the human leukocyte
antigen (HLA) region (Box 1). This region is the genetic locus for
many diseases and contains many genes associated with immune
function ®?

Strongly predisposing genetic markers found for three
hypersensitivity reactions

In December 2007, the United States Food and Drug Administra-
tion announced that, because of the associated risk of Stevens—
Johnson syndrome and toxic epidermal necrolysis, people of Asian
descent should be genetically tested for the HLA-B*1502 allele
before starting therapy with carbamazepine.'® This was the first
time a regulatory authority had recognised a genetic predisposition
for a hypersensitivity reaction.

The initial identification of this association was in a case—control
study conducted in a Han Chinese population.'! Genetic mapping
involved a comparison of HLA genotypes for 44 patients with
Stevens—Johnson syndrome or toxic epidermal necrolysis with
those of 101 controls who had taken carbamazepine for at least 3
months without development of any skin reaction, and 93 healthy
individuals. HLA-B*1502 was present in all the case patients, in
3% of control patients taking carbamazepine and in 9% of the
healthy controls (see Box 2). Although Stevens—Johnson syndrome
with carbamazepine also occurs among Caucasians, HLA-B*1502
has not been found in this group.'*
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2 Hypersensitivity reactions with identified predisposing
genetic markers

% of case % of drug-
patients  tolerant patients

Adverse drug reaction SNP with SNP with SNP
Stevens—Johnson HLA-B*1502 100% 3%
syndrome with
carbamazepine!™
Abacavir HLA-B*5701 100% 3%
hypersensitivity'?
Serious skin reactions HLA-B*5801 100% 15%

with allopurinol™

SNP =single nucleotide polymorphism. T Only known to apply to people of
Asian descent. .

Two other strong associations with genetic markers for drug
hypersensitivity reactions have been identified in the HLA region:
HLA-B*5701 predisposes to hypersensitivity with abacavir,'*!>
and HLA-B*5801 predisposes to severe cutaneous reactions with
allopurinol (Box D).

Proven benefits of genetic pre-screening

The association of HLA-B*5701 with abacavir hypersensitivity was
initially identified in a cohort study conducted by a group from
Perth in 2002, which found 18 cases of hypersensitivity in a cohort
of 185."° This association then became the subject of the first
randomised controlled trial of a genetic polymorphism for a
hypersensitivity reaction, the results of which were published in
February 2008.'2 In this study, almost 2000 abacavir-naive HIV
patients were randomly assigned to either prospective or retro-
spective screening for HLA-B*5701. Those in the prospective
group who tested positive were not given abacavir. In the retro-
spective group, individuals developing signs and symptoms of
hypersensitivity after starting treatment with the drug had percuta-
neous patch testing with abacavir. All of the patients who devel-
oped immunologically confirmed hypersensitivity possessed the
genetic marker, meaning that none of these events occurred in the
group who were prospectively screened. Of those retrospectively
testing positive for the predisposing polymorphism, 48% had
developed abacavir hypersensitivity.

Following the initial identification of the polymorphism and
before publication of the randomised controlled trial results,
genotyping for HLA-B*5701 prior to initiation of abacavir had
become the standard of care in the United Kingdom.'® As a result,
prescription of abacavir increased because its use without hyper-
sensitivity could be assured, indicating the benefit that can be
achieved from investigation of genetic predispositions. In Aus-
tralia, genotyping for HLA-B*5701 prior to abacavir use is now
funded by Medicare.!’

An intriguing result of the investigation of predisposing genetic
polymorphisms in all three instances described here is the small
proportion of individuals who possessed the genetic marker but
took the drug without adverse effect (Box 2). This raises the
possibility of other contributing genetic factors or of phenotypic
and environmental cofactors. The study of skin reactions with
allopurinol found that chronic renal dysfunction more than dou-
bled the likelihood of a reaction.’> Depending on the cofactors

present, it may be possible to prevent hypersensitivity, despite
drug exposure, in those with the genetic marker.

Hypersensitivity reactions come in many guises

Most hypersensitivity reactions have skin manifestations, but this
is not always so. Clozapine-associated myocarditis typically is not
associated with skin rash, but cardiac histology demonstrates its
immune origin.'® Similarly, other reactions such as myalgia with
eosinophilia, hepatitis and blood dyscrasias may be hypersensitiv-
ity reactions, raising the possibility that predisposing polymor-
phisms might be identifiable for a diverse range of adverse
reactions. Other specific associations that may have strongly
predisposing single nucleotide polymorphisms are cholestatic
jaundice with flucloxacillin,'® agranulocytosis with terbinafine,*°
thrombotic thrombocytopenic purpura with ticlopidine and clopi-
dogrel,*! and interstitial nephritis with omeprazole,** as well as the
more obvious associations of angioedema with angiotensin-con-
verting enzyme inhibitors, and anaphylaxis with penicillins and
cephalosporins.

Strategy for conducting pharmacogenetic research
in Australia

Hypersensitivity reactions typically develop in only a small fraction
of the exposed population, but most are sufficiently debilitating to
warrant hospitalisation of the patient. While the low frequency of
occurrence is a barrier to research, the hospitalisation of patients
presents a viable strategy — affected patients could be recruited by
enlisting major tertiary health care providers in Australia to act as
sentinel services and identify cases of hypersensitivity reaction
after admission. With patient consent, a blood or saliva sample
could be taken and sent to a central facility for DNA extraction.
These samples would be accompanied by sufficient documentation
to evaluate the diagnosis of the adverse event and to assess the
likelihood of its attribution to the specified drug, including
exclusion of other potential causative factors. Controls would be
selected from individuals commencing the drug without experi-
encing the adverse effect.

There are two significant obstacles to the conduct of this
research in Australia. The first obstacle is obtaining a funding
source for an investigation of drugs that are long out of patent. The
Partnerships scheme recently launched by the National Health and
Medical Research Council (NHMRC)*> might extend to such
projects, provided the Therapeutic Goods Administration is allo-
cated funding for research. The second obstacle is the multiple
ethics and research governance applications required to obtain a
sufficiently large cohort of cases.

Pharmacogenetics, particularly of idiosyncratic reactions, poten-
tially offers a way to safely prescribe drugs with serious known
adverse effects by adopting pre-screening for predisposing poly-
morphisms. Already marketed drugs can then be used more widely.
The vast sums of money required to bring a drug to market escalate
the cost of new drugs, but a small investment in exploratory
genetic research of established medications of proven benefit
carries the prospect of sizable savings, both to the Pharmaceutical
Benefits Scheme and to funding required for hospital admissions. If
the will exists to set up the necessary collaborative network and
confront the obstacles of funding and ethics applications, Austra-
lian researchers could play a significant role in these developments.
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