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Human immunodeficiency virus (HIV) infection is considered 
a chronic disease that requires life-long suppressive antiretroviral 
therapy (ART). Current ART is complicated by inter-individual 
variability in efficacy and toxicity [1]. A systematic review of virologic 
suppression rate in over 14,000 patients from multiple clinical trials 
revealed that only 55% achieved viral loads of < 50 copies per mL by 
week 48 of treatment. Furthermore, up to 45% of HIV-infected patients 
discontinue ART during the first year of treatment, with about 51% of 
patient changing therapy because of intolerance [2]. The interindividual 
variability in ART outcomes is due in part to variable antiretroviral 
drug pharmacokinetics [3]. For some antiretrovirals (ARVs), genetic 
polymorphisms in drug metabolizing enzymes or transporters 
contribute to the interindividual variability in pharmacokinetics and 
response [4]. The current approach to determining effective regimens 
as well as appropriate dosages of the ARVs through randomized 
controlled clinical trials identifies effective therapies for the average 
patient. However, this approach fails to identify effective dosages or 
therapies for patients who are outliers on dose-response curve. The 
field of pharmacogenomics is aimed at improving treatment responses 
using molecular predictors of drug response to individualize regimens 
or dosingin order to maximize therapeutic benefit while minimizing 
harm. 

Pharmacogenetic research of HIV therapy has generated a 
large body of literature on genetic predictors of antiretroviral drug 
pharmacokinetics and drug response [4]. Thisresearch has focused 
on understanding the relationship between pharmacokinetics and 
adverse drug reactions and finding genomic markers that can identify 
individuals at risk of toxicities. Given the complex and polygenic 
factors that may influence HIV treatment efficacy and toxicities, it 
is likely that only a limited number of pharmacogenetic association 
reported in the literature are clinically relevant. Thus, there is the need 
to clearly demonstrate the clinical utility of the genetic tests for ART 
prescribing through randomized, pharmacogenetic-guided controlled 
clinical trials. 

The question is when will the accumulated pharmacogenetic 
knowledge for current ARVs be translated into clinical care of 
patients? It remains unclear, as there appears to be reluctance in 
taking the next steps to establish the clinical utility of genetic tests 
forprescribing potential key candidates.The abacavir story set a clear 
precedent towards a more effective and safer individualized therapy 
in HIV care.Abacavir, anucleoside reverse transcriptase inhibitor 
used in combination regimens for HIV therapy but is associated with 
severe hypersensitivity reaction in 5-8% of Caucasians. Following 
the discovery that HLA-B*5701 gene variant is associated with 
hypersensitivity reactions to abacavir [5,6], the utility of HLA-B*5701 
screening to reduce the risk of hypersensitivity reaction to abacavir 
was clearly demonstrated in a double-blind, prospective randomized 
study involving 1956 patients from 19 countries [7]. The results of 
this landmark study led to incorporation of genetic testing before 

prescribing abacavir at least in the United States and Europe. What is 
the next candidate ARV for genomic-driven prescribing? Are we ready 
for the necessary pharmacogenetic-guided trial?

Currently, there is extensive data on efavirenz pharmacogentics to 
warrant a genomic-guided clinical trial, with a view of reducing the risk 
for treatment-limiting toxicities as well as virologic failure. Efavirenz is 
an essential component of preferred antiretroviral regimens. Efavirenz 
has a narrow therapeutic index and large interindividual variation 
in pharmacokinetics and clinical toxicity [8]. Clinically, mid-dose or 
trough efavirenz plasma concentrations below 1000 ng/mL has been 
associated with increased risk of virologic failure, while concentrations 
above 4000 ng/mL have been associated with risk of central nervous 
system side effects [8]. Nearly a third of patients who initiated efavirenz 
in the Swiss HIV cohort between 2004 and 2007 discontinued the 
drug in the first year [9]. Is it possible that most of the treatment 
discontinuation could have been avoided if patients at high risk for 
toxic plasma concentrations of efavirenz received alternate therapy or 
were given a lower dose of efavirenz based on genetic tests? We will 
never know until pharmacogenomics-guided controlled trials are trials 
are undertaken. 

CYP2B6 516TT genotype is a well-recognized predictor of 
supratherapeutic concentrations of efavirenz [10]. CYP2B6 516TT 
genotype has also been associated with CNS symptoms at week one of 
therapy [11], and persistent sleep disorders [12]. Other polymorphisms 
in CYP2A6 and UGT2B7 gene influence efavirenz plasma concentration 
but their effect is minimal compared to CYP2B6516G→T polymorphism 
[13]. While the relationship between efavirenz concentrations and 
neuropsychological toxicity is not clearly understood, genotype-
tailored dosing has been used successfully to reduce the persistent of 
CNS toxicities [14]. In the design of a pharmacogenetic-guided trial 
of efavirenz therapy, individuals with slow and extensive metabolizing 
genotype could be randomized to standard efavirenz therapy or 
alternate therapy. Alternatively, these patients could be randomized to 
receive standard or adjusted dosingbased on genotype. Other ARVs with 
emerging pharmacogenetic data that could potentially be translated 
into clinical practice include atazanavir, tenofovir, lopinavir/ritonavir 
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and nevirapine [4]. There is pharmacogenetic data that may explain 
atazanavir--associated hyperbilirubinemia, tenofovir tubulopathy, 
lopinavir/ritonavir associated dyslipidemia and nevirapine associated 
hepatotoxicity [4]. While some of these associations need to be 
confirmed, it is about time to consider a genomic-guided trial of 
efavirenz therapy. Genomic-driven prescribing of efavirenz has 
potential to reduce human sufferingand prolong the durability of 
first-line regimens by reducing the occurrence of neuropsychological 
symptoms, and early treatment discontinuation or virologic failure. It 
may also be cost-effective especially in African and Asian population 
in whom the frequency of CYP2B6 516TT genotype approaches 25%. 

Not withstanding the potential of benefit of pharmacogenetic-
guided trials to move genetic tests for ART into clinical practice, there are 
some challenges to trial design [15]. There is currently inadequate data 
on relationship between genomic markers and/or drugs concentrations 
with clinical outcomesto inform trial design and power calculations. 
Also, treatment responses may be influence by several genetic and non-
genetic factors as well as modifying effect by concurrent medications. 
Results of pharmacogenomics trials may be useful in some but not 
all populations depending on the frequency of the putative genetic 
polymorphism(s). For example, HLA-B*5701 genotyping appears to be 
cost effective in white populations but not among Asian and or black 
African in whom the variant frequency is low. The pharmacogenetic-
guided trials are expensive and the pharmaceutical industry may 
be reluctant to fund trials or develop drugs that will require genetic 
tests for prescribing, as this will lead to restriction in the use of their 
drugs based on patient genotype. In addition, there may be there may 
be ethical issues as cost of tests might influence equity and access to 
effective and safe therapy. 

In summary, the development of use genomic tools to 
increase therapeutic benefit while reducing harm is the future of 
pharmacotherapy of HIV. The use of genetic markers to predict 
appropriate drug selection or dosages holds promise for reducing 
undesirable drug effects such as toxicities or treatment failure through 
individualized therapy. In my opinion, there is currently adequate 
genetic association data to inform pharmacogenetic-guided trial of 
efavirenz.
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