
(tolerability, side effects, adherence to treatment) have 
now become dominant. In this context, strategies for 
the treatment personalization have taken a central role 
in optimizing the therapeutic response and prevention 
of adverse drug reactions. In this setting, the study of 
pharmacogenetics features could be a very useful tool 
in clinical practice; moreover, nowadays the study of 
genetic profiles allows optimizations in the therapeutic 
management of People Living With HIV (PLWH) through 
the use of test introduced into clinical practice and 
approved by international guidelines for the adverse 
effects prevention such as the genetic test HLA-B*5701 
to detect hypersensitivity to Abacavir. For other tests 
further studies are needed: CYP2B6 516 G > T testing 
may be able to identify patients at higher risk of Central 
Nervous System side effects following standard dosing 
of Efavirenz, UGT1A1*28 testing before initiation of 
antiretroviral therapy containing Atazanavir may aid in 
identifying individuals at risk of hyperbilirubinaemia. 
Pharmacogenetics represents a   research area with 
great growth potential which may be useful to guide the 
rational use of antiretrovirals.

Key words: Pharmacogenetics; Pharmacogenomics; 
Single nucleotide polymorphism; Pharmacokinetics; Highly 
active antiretroviral therapy; Polymorphism; Phenotype; 
Pharmacodynamic
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Core tip: The wide availability of drugs and therapeutic 
regimens for the human immunodeficiency virus infection 
treatment and the presence of associated adverse 
effects related to interindividual variability leads the 
clinician to look for an individualized therapy as much 
as possible. Pharmacogenetics can provide useful tools 
for this purpose and can propose models of genetics tests 
that, however, need to be further studied. This paper 
aim is to provide a critical and understandable review 
of published literature and a guidance about future 
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Abstract
Highly active antiretroviral therapy (HAART) has substa-
ntially changed human immunodeficiency virus (HIV) 
infection from an inexorably fatal condition into a chronic 
disease with a longer life expectancy. This means that 
HIV patients should receive antiretroviral drugs lifelong, 
and the problems concerning with a chronic treatment 
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INTRODUCTION
The concept of personalized therapy is of increasing 
interest in the management of antiretroviral therapy and 
PLWH [people living with human immunodeficiency 
virus (HIV)], especially now, because we must confront 
with a chronic therapy that can count on a large number 
of possible combinations, but also on a number of 
individual issues of effectiveness, toxicity, tolerability and 
convenience. Pharmacogenomics, as well as the need for 
specific diagnostic tests for therapy customization, drug-
drug interactions and TDM (Therapeutic Drug Monitoring) 
are emerging topics that, in a long-term management of 
HIV infection, will need to be explored during the doctor-
patient interview. 

Pharmacogenetics deals with the role of genes in respo-
nse to drugs and it is well known that there is a variability 
between individuals in drugs response due to hereditary 
genetic factors. 

The purpose of pharmacogenetics is to identify candi-
date genes, define the differences in the candidate genes 
among individuals, and to correlate the phenotype’s changes 
- defined by a specific drug response - with the patient’s 
genotype. 

These studies, using technologies of high capacity for 
DNA analysis (such as DNA microarrays or DNA chips), 
have been extended, more recently, to the whole human 
genome analysis, taking into account the possibility that 
the drug response is influenced by a multitude of genes, 
not just those ones that code for proteins directly involved 
in the drug action, but also by the genes power to alter 
this response, exactly called “modifiers”. The development 
of this research gave impetus to the development of 
pharmacogenomics. 

“SNPs” (single nucleotide polymorphism) are the result 
of a single pair of bases substitution in DNA sequence. 
They are very common and present in every 1000 base 
pairs. The entire genome contains 3000000-10000000 
SNPs and of these, one million and eight hundred thousand 
were characterized by SNP consortium. It is believed that 
each gene has between five and ten SNPs, although only 
less of 1% has got biological significance. This biological 
significance may come from substitution of an amino acid 
in a protein or by alterations in the expression of the protein 
due to SNPs in the promoter region. Polymorphisms affect 
the concentration and the half-life of the drug in the blood. 

Drugs with concentrations and half-life in the blood 
higher than the average population indicate a decre-
ased drug metabolism. However, a reduction of the 

drug concentration and half-life in the blood is indicative 
of a high metabolism of the drug. In the first case the 
adverse effects are increased, in the second case 
therapeutic effects are reduced. This example shows the 
importance of pharmacogenomics and the analysis of 
the whole genome to discover the complex mechanisms 
that determine the response to drugs. 

The potential of pharmacogenomics is to identify 
patients with the same diagnosis but genetically different 
about the response to drugs in terms of efficacy anwd 
adverse reactions. Patients with an unfavourable pharma-
cogenetic profile must be treated with alternative drugs or 
different doses. Individuals with a pharmacogenetic profile 
compatible with a favorable response can be treated with 
medication and conventional doses. The results of genetic 
testing may be used by the physician to choose which 
drug can be used for the patient’s treatment, to optimize 
the dose and to minimize the risk of side effects. The utility 
of the pharmacogenetic test, therefore, consists in the 
possibility of being able to evaluate the response of a patient 
to a certain drug on the basis of a genetic test routine, to 
customize the therapy. 

Pharmacogenomics is thus an important key to achieve 
a predictive medicine aim to provide personalized therapy: 
the right drug at the right dose for the right patient. 

Highly active antiretroviral therapy (HAART) against 
HIV infection has considerably increased life expectancy 
and in this statement there is its great application in 
clinical daily. These drugs, however, have the disadvantage 
of relatively high incidence of side effects and a lack of 
response to therapy by some subjects. Pharmacogenomics 
could be particularly useful in the case of drugs, such as 
antiretrovirals, which have a narrow therapeutic index 
associated with pharmacokinetic and pharmacodynamic 
variables. 

An example of pharmacogenomics, applied in the 
context of antiretroviral treatment and more generally 
in the pharmacological field, is evident in the use of the 
screening test for the HLAB5701 in clinical practice, able 
to detect hypersensitivity to Abacavir, recommended by 
international guidelines as a preparatory test to use this 
drug in an HIV patient’s treatment regimen. This paper 
aim is to provide a critical and understandable review 
of published literature and a guidance about future 
prospects in this field.

PHARMACOGENETICS AND HAART 
TOXICITY
Nucleoside reverse transcriptase inhibitors
Abacavir is a nucleoside reverse transcriptase inhibitor 
used in conjunction with other antiretroviral agents in the 
treatment of HIV infection and it is a popular choice for 
first-line treatment. Abacavir is generally well tolerated 
but can cause hypersensitivity in 5% to 8% of patients 
during the first 6 wk of treatment[1,2]; symptoms include 
fever, rash, constitutional symptoms, gastrointestinal 
tract symptoms, and respiratory symptoms (HRS - 
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Hypersensitivity Reaction Syndrome)[3]. Symptoms 
worsen with continued usage and can be potentially 
life threatening if the patient is rechallenged after 
discontinuation[4]. 

Hypersensitivity to Abacavir is immunologically 
mediated, driven by MHC-I antigen presentation and 
activation of HLA-B*5701. HLA-B*5701 activation 
restricted to CD8+ T-cells results in the secretion of 
inflammatory mediators (TNF-α and IFN-γ) and induces 
the delayed-type hypersensitivity reaction[5,6]. 

HLA-B*5701 allele occurs at approximately 5% 
frequency in European populations, 1% in Asian popula-
tions, and less than 1% in African populations. In 
immunologically confirmed hypersensitivity, HLA-B*5701 
genotyping is associated with a negative predictive 
value of nearly 100% and a positive predictive value of 
approximately 50%: patients without the allele are highly 
unlikely to develop an immunological hypersensitivity to 
Abacavir, but only about half of those with the allele will 
develop HRS.

Thus, although the carriage rate of the HLA-B*5701 
allele is low, stratification of patients for Abacavir treatment 
based on HLA-B*5701 genotyping could virtually eliminate 
immunologically confirmed hypersensitivity, and appears 
to be a cost effective healthcare practice[7]. 

Screening for HLA-B*5701 prior to initiation of 
Abacavir therapy is widely and strictly recommended for 
naïve HIV subjects that are going to start antiretroviral 
treatment; HLA-B*5701 - positive individuals should 
not be prescribed Abacavir. It should be also remarked 
that a negative HLA-B*5701 test does not preclude the 
development of a non-immunologic hypersensitivity 
reaction to Abacavir or of a clinical hypersensitivity 
reaction to another antiretroviral agent that may be 
given along with Abacavir, therefore genotyping should 
not substitute for clinical vigilance, but can greatly reduce 
the incidence of Abacavir hypersensitivity by identifying 
patients at high risk before they are treated[8-14].

Although other nucleoside/nucleotide analogues 
reverse transcriptase can induce renal damage (in 
particular, have been reported with Didanosine and 
Abacavir) there is no doubt that the drug of this class 
more involved in this effect is Tenofovir (TDF), a nucleotide 
analogue of adenosine 5 monophosphate administered 
orally at a dose of 300 mg once daily, in combination with 
other antiretroviral agents in naive patients’ treatment. 
It is one of the most widely used drugs in patterns of 
antiretroviral therapy, being placed between the molecules 
to be preferred in all international guidelines. It can cause 
damage at the level of the proximal renal tubule[15]. 

TDF can cause renal toxicity (proximal tubular type), 
possible acute renal failure, Fanconi syndrome, creatinine 
dysfunction and hypophosphatemia. Tenofovir renal 
elimination includes a glomerular step and tubular phase 
of active secretion, that’s why toxicity involves both a 
reduction in glomerular filtration and tubular function 
damage. 

TDF penetrates, in fact, across the basolateral 
membrane of the tubular cells mainly through OAT1 

and less through OAT3. The extracellular elimination 
is an active process dependent on MRP2 and MRP4 
(members of a superfamily of ATP transporters, involved 
in the carriage of various molecules and drugs across cell 
membranes), proteins encoded by ABCC4 and ABCC2 
genes. The nephrotoxicity mechanism of Tenofovir could 
be related to a compromised active efflux of TDF through 
the proximal renal tubule cells by the transporter called 
MRP2. 

According to some studies, the renal proximal tubular 
epithelium is associated with genetic polymorphism 
(1249G > A) in the gene encoding the ABCC2-MRP2 
transporter, but the positive value of screening in order to 
identify patients at risk of tubulopathy related to TDF is 
uncertain, considering this test low sensitivity[16].

Among the NRTIs (Nucleoside Reverse Transcriptase 
Inhibitors), involved in pharmacogenetic studies, there 
are Lamivudine (3TC) and Zidovudine (AZT), usually in a 
fixed dose combination drug, for many years considered 
a very important however still widely used. 

In particular, there are many studies that focus on 
the relationship between 3TC/AZT pharmacokinetic and 
pharmacodynamic profile and MDR1, MRP2 and MRP4 
polymorphisms. 

P-glycoprotein 1 (Permeability glycoprotein, P-gp) is 
a membrane glycoprotein pump function with the known 
activity to remove neutral or weakly basic amphipathic 
substances from the cytoplasm which were penetrated 
into the cell consuming ATP; it is encoded by MDR1 
gene (multidrug resistance protein 1), also known as 
ATP-binding cassette sub-family B member 1 (ABCB1). 
P-gp, MPR2 and MPR4 play a main role in determining 
the intracellular concentration of nucleoside reverse 
transcriptase inhibitors. Concerning 3TC/FTC, it was 
observed in a 33 HIV patients population on antiretroviral 
regimen that included above formulation, that 3TC 
concentrations were elevated in 20% of subjects with 
MRP4 4131T > G variant carriers and that there was 
a trend of higher AZT concentrations in patients with 
MRP4 3724G > A variant carriers. However, this study 
and its subsequent observation are of uncertain clinical 
significance.

The onset of pancreatitis is related with the use of 
NRTIs and in particular with Didanosine. 

It has been reported in 7% of patients treated with 
this drug; in a higher percentage of cases showed only 
increased amylase. In the field of genetic medicine, an 
increased risk of pancreatitis in the general population 
has been correlated with mutations in the CFTR (cystic 
fibrosis transmembrane regulator) responsible for several 
other clinical conditions such as cystic fibrosis and male 
infertility, and the mutations of serin protease inhibitor 
kazal-1 (SPINK-1) encoding a trypsin inhibitor in the 
cytoplasm of pancreatic acinar cells. 

A case-control study conducted in the Swiss court 
aimed to asses the frequency of mutations in the CFTR 
and SPINK-1 polymorphisms in HIV-positive patients on 
antiretroviral regimen containing Didanosine with asympt-
omatic hyperamylasaemia or symptomatic pancreatitis; 
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treatment, suggest that the development of SJS/
TEN is dependent on an immune mechanism. Some 
studies show a correlation between certain HLA alleles 
(HLA-B*58:01 and HLA-B*15:02) and the SJS/TEN 
induced by allopurinol or carbamazepine. 

The HLA-DRB1*01 and CYP2B6 gene polymorphisms 
have been associated with the onset of rash from 
NVP[28]. Another study has identified the involvement 
of HLA-B*35:05 in the rash caused by NVP in a Thai 
population. In addition, an ABCB1 polymorphism (1 
member of the ATP-binding cassette subfamily B), also 
known as MDR1 (encoding the multidrug resistance 
protein 1) was associated with a lower risk of developing 
hepatotoxicity. The ABCC10 (encoding the multidrug 
resistance-associated protein 7) polymorphism 
rs2125739 has recently been associated with plasma 
concentrations of NVP. Several studies have finally 
emphasized the role of NVP hepatotoxicity by CYP2B6 
gene polymorphism (516G > T), with the 516TT 
genotype associated with higher plasma concentrations. 

To date, no study, however, assessed the involvement 
of genetic factors in the SJS/TEN caused by NVP: the 
gene polymorphisms of cytochromes that metabolize 
the drug or transporters have been studied only in 
relation to hepatotoxicity and skin rash. For this reason, 
a retrospective study was conducted in a population 
of Mozambique treated with NVP, to test whether the 
genetic variability of the cytochromes genes metabolizing 
NVP (CYP2B6, CYP3A4, CYP3A5) and transporters 
(ABCB1 and ABCC10) could be involved in susceptibility 
to SJS/TEN. This study describes the relationship 
between genetic variants of CYP2B6 and the onset of 
SJS/TEN. In particular, it was found that the 983C allele 
confers a higher risk of these adverse reactions. It is clear 
that, since the SJS/TEN is a complex disease, CYP2B6 is 
just one of many factors involved. 

It has been suggested that variants of the MDR1 
gene coding for P-gp (the pump transporter efflux 
of many drugs) can influence Nevirapine toxicity, in 
particular polymorphism C > T position 3435 of MDR1 
was associated with reduced risk of hepatotoxicity[29-33].

Efavirenz is a widely prescribed drug for the HIV 
infection treatment and in combination with two NRTIs is 
recommended as a first-line regimen in patients starting 
antiretroviral therapy. From a pharmacological point of 
view, Ffavirenz is a non-nucleoside reverse transcriptase 
inhibitors (NNRTIs) whose metabolism is mediated by 
Cytochrome P450 2B6 (CYP2B6), which is a genetically 
polymorphic enzyme. This drug is generally characterized 
by a good toxicity profile and high efficacy: however, 
some episodes of viral failure and conditions affecting 
the central nervous system (CNS) such as nightmares, 
dizziness, drowsiness, insomnia, inability to concentrate 
have been reported in some patients with a frequency 
that can involve approximately half of the patients 
especially within the first few weeks of treatment[34]. 

In ACTG 5095 and 5097s it was demonstrated that 
the presence of a single nucleotide polymorphism (SNP) 
at position 516 of the CYP2B6 gene correlates with either 

this study suggests that CFTR mutations 1717-1G > 
A, IV585T and SPINK-1 polymorphism 112C > T are 
frequent in the studied population and may increase 
the susceptibility to pancreatitis in patients treated with 
NRTIs also exposed to additional risk factors, but further 
studies are needed to confirm these results[17].

Finally, some studies have been conducted to identify 
a possible correlation between specific mitochondrial 
polymorphisms and susceptibility to develop peripheral 
neuropathy (PN) in patients treated with NRTIs. Perip-
heral neuropathy complicates the clinical picture of 
HIV patients treated with NRTIs. This adverse event 
is definitely correlated to drugs belonging to this class 
because it has been reported also when these ones were 
taken as monotherapy. In particular, the neuropathy can 
occur with Didanosine, Zalcitabine and Stavudine. Clinical 
features of the drug-related PN are similar to the HIV-
related neuropathy, but if there is a iatrogenic source PN 
has an onset and a more rapid progression and it is dose-
related[18-20]. Prolonged exposure to NRTIs is associated 
with skeletal myopathy, lipoatrophy, fatty liver, metabolic 
acidosis and peripheral neuropathy that occurs with distal 
symmetrical anesthesia and/or paraesthesia painful 
structural abnormalities associated with mitochondrial 
DNA depletion. It has been investigated the association 
between polymorphisms MTND1 LHON4216C and 
MTND2 LHON4917G associated with LHON (Leber’s 
Hereditary Optic Neuropathy) and PN in HIV-infected 
patients treated with NRTIs. The study found that 
4917G polymorphism may increase susceptibility to 
the development of PN in patients treated with NRTIs. 
However, when subjects with 4917G were excluded from 
the analysis, the association with 4216C was no longer 
observed[21]. 

Considering the association between iron deficiency 
(essential for mitochondrial function) and some periph-
eral neuropathies in the general population, some 
studies have been conducted to examine a possible 
association between hemochromatosis gene mutations 
and susceptibility to peripheral neuropathy NRTI-induced, 
concluding that the iron burden mutations such as C282Y 
mutation might be associated with a reduced risk of PN 
in the course of NRTIs[22-25]. Nevertheless this association 
is particularly controversial.

Non-nucleoside reverse transcriptase inhibitors
NVP is a similar non-nucleoside reverse transcriptase 
inhibitor (NNRTI) widely prescribed for HIV treatment. 
Although generally well tolerated and effective, some 
individuals exposed to NVP show hepatotoxicity and 
severe cutaneous adverse reactions, including SJS/TEN 
during the first weeks of therapy (on average 12 d after 
starting therapy)[26]. This hypersensitivity reaction looks 
like Abacavir HRS and it is frequent when naive young 
women with CD4 > 250 cells/μL and naive males with CD4 
> 400 cells/μL are treated, these elements suggest that 
genetic factors may play an important predisposing role[27]. 

The results of some studies that evaluated the 
influence of genetic variability in response to NNRTIs 
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the presence of elevated Efavirenz plasma levels and the 
appearance of CNS adverse events. Subsequent papers 
also confirmed these findings. In other studies, moreover, 
similar associations even with the presence of a second 
polymorphism at position 983 of the CYP2B6 gene have 
been demonstrated. These two SNPs have a higher 
frequency in the African population; this phenomenon 
could therefore explain the particularly higher Efavirenz 
plasma levels observed in Africans subjects than in 
individuals of other ethnicities[35-37]. 

Finally, there is preliminary evidence that the presence 
of polymorphisms of other genes, such as ABCB1 coding 
for P-glycoprotein or CYP3A5 gene, may significantly 
influence the viral response and/or the daily exposure to 
the drug in patients treated with Efavirenz. It has been 
amply demonstrated that the polymorphism increases 
the predictive value of 516/983 SNPs on the Efavirenz 
pharmacokinetics; instead, other genetic variants in 
genes CYP2B6, CYP3A5 and ABCB1 don’t improve the 
predictive value of the model based on the 516/983 
genotype[38]. 

Finally, this work suggests that the slow metabolizer 
genotype, according to the polymorphism 516 (G > T) 
and 983 (T > C), can lead to viral beneficial and that the 
reduction of the drug dose may increase the risk of viral 
failure. 

The best models to predict the Efavirenz pharmacok-
inetics are based on the polymorphisms 516 and 983 
genotypes: slow metabolizers of white ethnicity are at 
risk for CNS adverse events, while there is a reduction of 
the probability of viral failure in black patients. 

The presence of a G > T single nucleotide polym-
orphism (SNP) at position 516 of CYP2B6 gene results 
in a Gln-His (Glutamine- Histidine) amino acid change 
associated with higher plasma EFV concentrations leading 
to increased drug- related side effects.

The C3435T change at a wobble position in exon 
26 on chromosome 7 of the human genome has phar-
macological consequences, and has been reported 
in a number of African populations and other ethnic 
groups in different populations. The frequency of the 
C3435T mutation is significantly influenced by ethnicity 
with marked differences in genotypes seen between 
different populations. Several studies have reported a 
high prevalence of the CC genotype in different African 
populations, and this prevalence implies overexpression 
of P-gp. In individuals with CC genotype, access of HIV 
protease inhibitors to major cellular targets known to 
express P-gp is restricted and this could have serious 
implications in the use of protease inhibitors. Patients 
with the T homozygous genotype have been shown 
to have low expression of P-gp. The C3435T SNP is 
also correlated with P-gp expression and function on 
lymphocytes but not on placenta. Several studies have 
reported significantly greater CD4 cell count in patients 
with the MDR1 3435TT genotype and these patients 
tend towards less pronounced viral infection than those 
patients with the CT or CC genotype[39,40].

Characterization of MDR1 and CYP2B6 enzymes and 

utilization of pharmacogenomic testing for identification 
of different alleles in patients may provide a useful tool 
for therapy optimization with drugs that are substrates of 
P-gp and those that are metabolised through the CYP2B6 
pathway. CYP2B6 genotyping seems to be a useful tool to 
predict Efavirenz toxicity and resistance allowing patients 
to know that as poor metabolizers are at greater risk of 
increased plasma exposure of the drug and therefore 
of its adverse effects and probably resistance in case of 
drug discontinuation[41-47].

Protease inhibitors
Protease inhibitors (PIs) are mainly metabolized by 
CYP3A4 (the predominant form of Cytochrome P450) of 
which they also are inhibitors; especially ritonavir is an 
inhibitor of CYP3A4 and it is used as a booster to increase 
the plasma exposure of other PI. In view of the PI dual 
function as substrates and inhibitors, the impact of their 
polymorphisms is difficult to assess. Finally, PIs are also 
substrate of Pg-P.

Atazanavir is a widely used PI because of its long-
term tolerability, its reduced pill burden and its power. The 
UGT1A1 gene codes for the UDP glucuronosyltransferase 
enzyme (UGT1A1), which mediates bilirubin conjugation 
with glucuronic acid in the liver, then excreted in the bile. 
Atazanavir inhibits UGT1A1, leading to hyperbilirubinaemia 
and jaundice in certain subjects. The UGT1A1*28 allele 
is associated with increased risk of hyperbilirubinaemia 
during Atazanavir based treatment, and genotyping 
for UGT1A1*28 before starting antiretroviral treatment 
containing the aforementioned drug may aid to identify 
patients at higher risk of hyperbilirubinaemia. Subjects 
whit two copies of the gene variant (UGT1A1*28 
homozygotes) have been reported to have the highest risk 
and UGT1A1*28 heterozygotes show an intermediate risk 
of developing hyperbilirubinaemia[48,49]. 

Atazanavir metabolism is partially due to P-gp efflux 
pump encoded by the MDR1 gene, which seems to 
increase plasma concentrations of Atazanavir in presence 
of 3435 variable genetic homozygosis C/C, exposing the 
patient to a risk of hyperbilirubinemia and severe jaundice. 

In summary, genotyping for UGT1A1 and MDR13435 
before starting Atazanavir may help the clinician to 
identify those subjects at increased risk of exposure 
to high plasma levels of the drug and the consequent 
development of side effects[50,51].

In the post-HAART era the occurrence of treatment-
related metabolic disorders was observed, among which 
the most frequent are dyslipidemia, insulin resistance, 
diabetes mellitus, lipodystrophy, all considered risk 
factors for cardiovascular events[52]. The genesis of these 
disorders is multifactorial so the genetic susceptibility of 
the single patient represents a new field of investigation. 

Lipodystrophy is a long-term complication that 
deeply affects the quality of life of PLWH leading to the 
need to identify genetic predisposing factors that could 
optimize the therapeutic management. TNF expression 
in the adipose tissue plays an important pathogenic 
role in the abnormal visceral fat distribution; therefore 
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several studies have been conducted in order to identify 
the genetic variants involved. It has been shown that 
the 238 variant was significantly more represented in 
HIV-infected patients with lipodystrophy than in those 
without. In particular polymorphism 238G > A appears 
to be related in some studies but not in others, to an 
early onset of lypodistrophyc process[53-59]. 

Regarding dyslipidemia, it is known that there is a 
correlation in the general population with genetic polym-
orphisms in apolipoproteins genes; some studies have 
attempted to reproduce this model even in the HIV 
population. Several studies showed promising results 
such as the demonstration of an association between 
APOA5 gene polymorphisms (1131T > C and 64G > C) 
and an increased risk of hyperlipidemia. 

Furthermore multiple studies identified some polymor-
phisms of APOC3 (482C > T, 455C > T, 3238C > G), 
ABCA1 (2962A > G) and APOE (ε2 and ε3 haplotypes) 
that are associated with a high risk of dyslipidemia[60-67].

Other antiretrovirals
Maraviroc (MVC), the only coreceptor CCR5 antagonist 
approved for clinical use, is a therapeutic chance for 
the treatment of the multiexperienced HIV patients 
(i.e., with resistance to traditional drugs)[68-70]. A close 
correlation between MVC plasma levels and therapeutic 
effectiveness has been described, with the identification 
of a MEC (Minimum Effective Concentration) of 50 ng/mL. 
MVC plasma concentrations are the result of absorption, 
distribution, metabolic and elimination processes mediated 
by several proteins in different tissues. The hepatic uptake 
of MVC, and therefore its metabolism, is influenced by 

the action of a carrier protein, OATP1B1, encoded by 
SLCO1B1 gene. It has been shown that the presence, in 
the heterozygous or homozygous status, C variant allele 
in the polymorphism 521T > C (rs4149056) SLC01B1 
gene is correlated with an increase MVC plasma 
concentration. Genetic screening before prescribing this 
drug could be a help for the clinician for a customized 
therapy.

Raltegravir (RAL) is the first drug of a new antiretroviral 
class, the Integrase Inhibitors (INI). It is metabolized by 
UGT1A1 and its variant allele *28 in the homozygous 
status is associated to a reduction of the enzyme activity 
resulting in mild higher RAL plasma concentrations, but 
not statistically significant[71] (Table 1).

PHARMACOGENETICS AND HAART 
RESPONSE
It is well known that combination antiretroviral therapy 
has dramatically improved the survival rate and the 
quality of life of PLWH due to the powerful effect on 
the viral suppression and immune recovery, that’s why 
the most important surrogate parameters used for the 
evaluation of the HAART response are represented by 
the viral load (HIV-RNA) and the CD4+ count.

Several pharmacogenetic studies have been conducted 
in order to establish a relationship between patients’ 
genetic predisposition and susceptibility to the antire-
troviral therapy efficacy, but the obtained data are 
inconsistent and often conflicting, this is probably due to 
a partial genetic analysis, different categorization of poor 
immune recovery or due to small numbers of patients 
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Table 1  Pharmacogenetics and highly active antiretroviral therapy toxicity

ARVs Polymorphisms Effects

NRTIs
  Abacavir (ABC) HLA-B*5701 Hypersensitivity Reaction Syndrome
  Tenofovir (TDF) ABCC2-MRP2 (1249G > A) Increased risk of tubulopathy
  Lamivudine (3TC) MRP4 4131T > G Increased plasma concentrations
  Zidovudine (AZT) MRP4 3724 G > A Increased plasma concentrations
  Didanosine (ddI) CFTR 1717-1G > A, Higher risk of pancreatitis

IV585T,
  Didanosine (ddI), Zalcitabine (ddC), 
Stavudine (d4T)

SPINK-1 112C > T Leber’s Hereditary Optic Neuropathy, Peripheral 
NeuropathyMTND1 LHON4216C, 

MTND2 LHON4917G
NNRTIs
  Nevirapine (NVP) HLA-B*58:01, *15:02, *35:05 Cutaneous rash, SJS/TEN

ABCC10rs2125739, CYP2B6 516G > T Increased plasma concentration, hepatotoxicity
Reduced risk of hepatotoxicity

  Efavirenz (EFV) MDR1 3435C > T Higher plasma concentrations, SNC side effects
CYP2B6 G516T, T983C

PIs
  Atazanavir (ATV) UGT1A1*28, MDR1 3435C/C Hyperbilirubinemia and jaundice
  All PIs TNF gene 238G > A Early onset of lypodistrophy

APOA5 (1131T > C, 64G > C), High risk of dyslipidemia
APOC3 (482C > T, 455C > T, 3238C > G)

ABCA1 2962A > G
APOE (ε2, ε3 haplotypes)

Others
  Maraviroc (MVC) SLC01B1 521T > C (rs4149056) Increased plasma concentrations
  Raltegravir (RAL) UGT1A1*28 Increased plasma concentrations
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evaluated[72]. 
Drug metabolism through CYP450 system has emerged 

as an important determinant of several drugs interactions 
and several efforts are conducted to demonstrate its 
utility to target an optimal therapeutic regimen in term of 
drug response.

Among this family of enzymes, the majority of 
drugs actually used in clinical practice are metabolized 
by CYP3A4 and CYP3A5 which currently show the most 
individual variations of gene expression, mainly caused 
by Single Nucleotide Polymorphisms (SNPs).

As mentioned before there are currently six different 
classes of antiretrovirals which interferes with the HIV life 
cycle at a different stage. 

CYPs that are primarily involved in the metabolism 
of NNRTIs and NRTI are CYP2B6 and to a lesser extent 
CYP3A4. By contrast to the NNRTIs, the large part of 
PIs are metabolized by the CYP3A enzyme system. CYP 
enzymes in human liver, in particular CYP3A4, play a 
pivotal role in PI biotransformation, converting these 
agents to inactive metabolites[73].

Associations between human CYP3A4 and CYP3A5 
genetic variants and predisposition to therapy failure has 
often been hypothesized and described, mainly in HIV-
infected patients treated with Protease Inhibitors whose 
metabolism is affected by induction or inhibition of CYP3A 

Indeed, several recent studies have suggested 
that the disposition of certain PIs might predicted by 
CYP3A5*1 genotype. A report published by Mouly et al[74] 
show an association between increased Saquinavir 
clearance and this genetic variant of the enzyme. The 
CYP3A5*1 genotype has also been related to 44% faster 
Indinavir oral clearance in 11 HIV patients[20]. 

One of the most of robust examples of a pharmac-
okinetic association is observed with genetic variation 
in the CYP2B6 gene and the NNRTI efavirenz and 
nevirapine. CYP2B6 loss of function alleles (rs3475274 
and rs28399499) are associated with pharmacokinetic 
characteristics of NNRTIs. The metabolizer phenotype 
predicts Efavirenz and Nevirapine plasma concentrations 
and clinical response to these drugs[75-77].

Regarding clinical response an association between 
the metabolizer phenotype and virological failure in African-
American has been suggested[78]. 

The minor allele T at rs3745274 causes a decreased 
expression and activity of CYP2B6 in the liver. In some 
studies it has been demonstrated that carriers of the TT 
genotype compared to GG/GT genotypes experienced an 
over 3-fold increase in Efavirenz concentrations[79]. 

Patients with CYP2B6 intermediate and slow 
metabolizer phenotypes achieve undetectable viral loads 
after treatment with NNRTIs: the association of the 
phenotype and response to drugs has important potential 
for clinical decision-making. 

Polymorphisms in ABCB1, which encodes P-glicoprotein, 
may predict altered pharmacokinetics of some drugs. 
Two studies suggested that ABCB13435C → T predicted 
more favourable viral responses to Efavirenz containing 
regimens[80].

Many studies have assessed the potential association 
of ABCB1 polymorphisms with changes in drug response, 
some of these have specifically examined a potential 
association of genotype with outcome in HIV infected 
patients; it has been studied the relationship between 
rs1045642 (3435T > C) genotype with viral load 
and CD4 count in HIV patients treated with Efavirenz 
and Nevirapine containing regimens; after 6 mo of 
these therapies, people having TT genotype showed a 
significantly higher CD4 count than those having a CT/
CC genotype; on the contrary no correlation statistically 
significant was found with viral load. 

Similar results emerged from studies about 3TC and 
Nevirapine[81] (Table 2).

CONCLUSION
The wide availability of drugs and therapeutic regimens 
for the HIV infection treatment and the presence of 
associated adverse effects related to interindividual 
variability leads the clinician to look for an individualized 
therapy as much as possible. Pharmacogenetics can 
provide useful tools for this purpose and can propose 
models of genetic tests that, however, need to be further 
studied. 

The correlation between genetic variables and the 
HRS to Abacavir is now recognized as such and therefore 
its administration is related to the presence of favorable 
genotypes (negative HLAB5701). The genetic variability 
related to the adverse effects of Efavirenz and Atazanavir 
are similarly promising, but not yet present in clinical 
practice. It is desiderable, considering the need for 
tailored regimes, pursuing further studies to identify a 
statically significant correlation between specific genetic 
profiles and adverse effects related to other antiretroviral 
drugs (Nevirapine hepatotoxicity, proximal tubulopathy 
due to Tenofovir, peripheral neuropathy, lipodystrophy, 
metabolic alterations). 

Pharmacogenomics seems to be potentially useful 
not only in its ability to identify individual susceptibility 
to drug toxicity, but also in terms of pre-treatment 
assessment of the patient’s individual response to a 
particular drugs combination. Despite several studies 
recognize this potential, actually there are no strong 
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Table 2  Pharmacogenetics and highly active antiretroviral 
therapy response

Polymorphisms Drug response

CYP3A5*1 Increased PIs clearance
CYP2B6 rs3475274, rs28399499 Increased EFV and NVP plasma 

concentrations
ABCB1 3435C > T Better viral responses to EFV 

exposure
ABCB1 rs1045642 (3435T > C) CT/CC genotype associated with 

higher CD4 count in EFV, 3TC, 
NVP containing regimen

PIs: Protease inhibitors; NVP: Nevirapine; EFV: Efavirenz.
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enough data. The analysis of the literature reveals a 
need for further studies that provide greater sample 
size, but also a valid model for genetic analysis.

In conclusion, pharmacogenetics represent a way 
to go toward the goal of personalized medicine in the 
field of HIV infection, to obtain a therapeutic response 
optimization of the single patient, a reduction of toxicity 
HAART related, a lower risk of drug-drug interactions, a 
right therapeutic dose.
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