
Sonia Rodríguez-Nóvoa: Pharmacogenetics in HIV therapy

103

Pharmacogenetics in HIV therapy
Sonia Rodríguez-Nóvoa1, Pablo Barreiro2, Inmaculada Jiménez-Nacher1, Ana Rendón1 and Vincent 
Soriano2

1Pharmacokinetic Unit; 2Department of Infectious Diseases, Hospital Carlos III, Madrid, Spain

Abstract

Administration of standard doses of most antiretroviral drugs results in significant variations in 
plasma drug concentrations among different individuals, as well as different rates of drug-associ-
ated toxicity. The reasons for the large interindividual variability in drug levels are multifactorial, and 
involve differences in gender metabolism, concomitant medications, drug compliance, underlying 
diseases, and genetic factors. Pharmacogenetics is the discipline that analyses the genetic basis 
for the interindividual variation in the body disposition of drugs. One of the main goals is to give 
grounds to individualized therapy.
The majority of pharmacogenetic traits so far have involved drug metabolism. An example of this is 
the inherited variation in the pharmacokinetics and pharmacodynamics of drugs such as hydralazine 
or isoniazid. This variation is due to polymorphisms in the N-acetyltransferase-2 (NAT2) gene, which 
may split the population into three categories: slow, intermediate, and fast metabolizers. 
Pharmacogenetic studies conducted so far with antiretrovirals have focused on metabolizing en-
zymes and transporter proteins in the cell membrane. Herein, we review the genetic polymorphisms 
known to be associated with altered pharmacokinetics of antiretrovirals, which may influence the 
efficacy and toxicity of these drugs. (AIDS Reviews 2005;7:103-12)
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Introduction

The study of the impact of human genetic variation 
upon interindividual responses to antiretrovirals (ARV) is 
complicated by several factors. It is difficult to explain 
the functional impact of human genetic variation in most 
cases, and more importantly, these polymorphisms do 
not act independently to influence disease evolution or 
treatment response, as each drug interacts with numer-
ous targets, such as carrier proteins, transporters, me-
tabolizing enzymes, and other types of receptors. These 
proteins determine drug absorption, distribution, excre-

tion, target site of action, and pharmacologic response. 
Moreover, drugs trigger downstream secondary events 
that may also vary among patients. As a result, multiple 
polymorphisms in many human genes may affect drug 
response, requiring a genome-wide search for the re-
sponsible genes. Thus, great advances in genomics will 
need to be achieved before the precise definitions of 
the mechanisms by which alleles influence the respons-
es to drug therapy are clarified.

Genetic factors influencing  
the pharmacokinetics of antiretrovirals

Polymorphisms at metabolizer enzymes

Non-nucleoside reverse transcriptase inhibitors

Efavirenz (EFV) undergoes primary oxidative hydrox-
ylation to 8-hydroxyefavirenz, which is its major me-
tabolite1, and 7-hydroxyefavirenz, the minor metabo-
lite. The major route of EFV catabolism is the CYP2B62. 
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This isoenzyme is coded by a polymorphic gene at 
chromosome 19, which spans at a region of approxi-
mately 28 Kb and contains nine exons3. Several poly-
morphisms, which conform the different alleles, have 
been described. Some of them have been tested to 
determine their influence on the expression of the 
CYP2B6 protein4. Alleles that carry the polymorphisms 
415A > G, 516G > T, 136A > G, 296G > A, 785A > G, 
419G > A, and 1172T > A have been associated with 
differences in the expression of the encoded proteins5-7.

Few studies about the relevance of CYP2B6 polymor-
phisms on the metabolism of ARV have been performed. 
One showed a significant decrease in the clearance of 
EFV, and therefore an increase in EFV plasma levels, in 
patients with the TT genotype at the nucleotide 516 of 
the 2B6 gene8,9 (Fig. 1). This is a critical information as 
EFV posses a narrow therapeutic range; EFV plasma 
levels above 4 µg/mL have been associated with more 
CNS toxicity, and below 1 µg/mL with increased rates of 
virologic failure10. Others have claimed that patients with 
the TT genotype are at higher risk for CNS adverse ef-
fects compared with CC genotype carriers8. 

Differences in the metabolism of EFV must be con-
sidered when deciding the optimal way to stop EFV-
containing regimens, since drug concentrations with 
antiviral efficacy can be detected in some patients for as 
long as 21 days after treatment interruption11. There-

fore, patients carrying the TT genotype may select 
more easily for EFV resistance due to subtherapeutic 
drug exposure upon treatment discontinuation. In a 
Japanese study, those homozygous for the CYP2B6*6 
allele, that contains both 516G > T and 785A > G 
polymorphisms, showed higher EFV concentrations as 
compared with those heterozygous or subjects without 
the allele *6 (25 µM vs 10 µM and 8 µM, p < 0.0001)12. 
No doubt this polymorphism could be associated to 
differences in drug-related toxicities.

The CYP3A4 is the most abundant isoenzyme of 
cytochrome P450 (30% of the total content of cyto-
chrome) and presents high interindividual variability in 
the mRNA content13. It is known that the CYP3A4 gene 
posses a widely range of polymorphic expression14-16. 
About 60 to 90% of this variation is due to genetic fac-
tors17. Several polymorphisms have been described in 
the promoter of the CYP3A4 gene and in adjacent re-
gions. The majority of them, however, are not well char-
acterized. The CYP3A4*1B allele carries an A→G 
change in the promoter region, the consequence of 
which is a decrease in the activity of the encoded 
protein. The effect of this variant on the metabolism of 
ARV is unclear at this time.

Nevirapine (NVP) is metabolized by the CYP-3A4 
and –2B6 isoenzymes18. The polymorphisms associ-
ated with an altered expression of the drug may have 
an influence on NVP pharmacokinetics, but until now 
there are few data available. Unexpectedly, CYP3A4*1B, 
which has been associated with a decreased clear-
ance of EFV, does not influence NVP plasma levels19.

Protease inhibitors

These drugs are metabolized by different isoen-
zymes of the cytochrome P450 and they are also sub-
strates of the P-glycoprotein (Pgp), a cell-membrane 
transporter. Therefore the genetic variation in the dis-
position of protease inhibitors (PI) may be influenced 
at two different steps, mainly through their metabolism 
in the liver and tissue distribution. The genetic factors 
influencing these two steps can affect the efficacy and 
tolerability of these dugs.

Indinavir (IDV) is mainly metabolized by the CYP3A5 
isoenzyme in the liver, which show a high genetic vari-
ability20. One of the most studied polymorphisms is 
CYP3A5*3 (6986G), whose frequency varies among 
different races21-24. A guanine at position 6983 creates 
a cryptic splice site in intron 3 that leads to aberrant 
splicing of most transcripts and very low CYP3A5 pro-
tein expression21. Therefore, the presence of this vari-

Figure 1. Mean efavirenz plasma levels according to CYP2B6-516 
genotype9. GG, homozygote wild-type; GT, heterozygote genotype; 
TT, homozygote polymorphic genotype.
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ant is related with low or null expression of CYP3A5 
protein and, as a consequence, with a lower clearance 
of IDV25. The result is that individuals with this polymor-
phism tend to show high IDV plasma levels and a 
higher risk of kidney-related toxicities of the drug.

Polymorphisms at cell membrane 
transporters

The multidrug resistance 1 (MDR1) gene was origi-
nally associated with resistance of cancer cells to che-
motherapeutic agents26. Other multidrug resistance 
proteins (MRP) were later identified as an alternative 
mechanism for transport-mediated drug resistance27-29. 
These proteins function as efflux pumps for xenobiot-
ics and thus provide a barrier for the cellular entry of 
drugs30,31. 

The Pgp, which is coded by the MDR1 gene, is not 
only expressed in tumor cells, but also in many normal 
tissues, controlling the intracellular concentration of 
potentially harmful substances. This transporter is 
mainly located on the apical or luminal surface of epi-
thelial cells of the lower gastrointestinal tract, in which 
Pgp influences drug absorption by limiting oral drug 
bioavailability32. Pgp is also found in significant amounts 
in the biliary membrane of the canalicular hepatocytes 
and in the brush-border membrane of the proximal 
tubules of the kidney, which fits with the proposed role 
of Pgp in the excretion of xenobiotics and endogenous 
metabolites into the bile and urine, respectively33,34. 
Other sites of location of Pgp are the luminal surface 
of capillary endothelial cells, blood-brain barrier, pla-
centa, and lymphocytes. The expression of Pgp in dif-
ferent tissues may influence the disposition of ARV, 
modulating both their bioavailability and tissue distribu-
tion to viral sanctuaries.

Several single nucleotide polymorphisms (SNP) with 
potential consequences in the expression of the encod-
ed protein have been identified in the MDR1 gene. The 
C3435T change at the exon 26 correlates with distinct 
intestinal Pgp levels and influences the uptake of orally 
administered Pgp substrates. Individuals homozygous 
for this polymorphism (TT) show significantly lower duo-
denal Pgp expression and increased digoxin plasma 
levels35. The C3435T polymorphism is a silent change 
and thus it is unlikely that it directly influences the ex-
pression of the MDR1 gene. Most likely, this polymor-
phism is linked to one or more other unidentified chang-
es in regions of the MDR1 gene that control its expression, 
such as the promoter or enhancer region, or in sequenc-
es that are important for mRNA processing.

Anecdotal reports have described an effect of the 
expression of Pgp on the inhibition of virus production. 
Lee, et al. demonstrated that Pgp expression may affect 
HIV infectivity. These authors observed a reduction in 
virus production when Pgp was over-expressed at the 
surface of a continuous CD4+ human T-leukemic cell 
line infected with HIV-136. This reduction in HIV-1 infec-
tivity occurred both during the fusion of viral and plasma 
membranes and at subsequent steps in the HIV-1 cycle. 
However, Ifergan, et al. compared infected and non-
infected Caucasian individuals highly exposed to HIV 
and they observed no statistical differences in the dis-
tribution of Pgp genotypes between both groups, sug-
gesting that Pgp expression does not play a critical role 
in the susceptibility to HIV infection37.

Non-nucleoside reverse transcriptase 
inhibitors (NNRTI)

The consequences of the C3435T polymorphism on 
treatment response to NNRTI are so far unclear. Fellay, 
et al.38 found lower EFV plasma levels and better im-
mune recovery in Caucasians who carried the TT gen-
otype. However, neither the differences in EFV phar-
macokinetics12 nor the rate of CD4+ T-cell gain39 were 
confirmed by others. Moreover, EFV plays its anti-HIV 
activity within infected cells but not in plasma; there-
fore, it remains to be elucidated whether or not the 
C3435T polymorphism correlates with high intracellular 
EFV concentrations.

An association of the CC genotype with increased 
HDL-cholesterol levels has been reported in patients 
receiving EFV40. This observation is sustained by the 
fact that Pgp may be involved in the metabolic path-
ways of the lipoproteins41. The over-expression of Pgp 
caused by EFV could enhance HDL-cholesterol levels. 
This induction would be less intense in subjects with 
the TT genotype42, with the final result of lower HDL-
cholesterol increases.

It is not well known if NNRTI are substrates of the 
Pgp. However, Pgp might be involved in the transpor-
tation of NVP outside the cells43, as the low expres-
sion of Pgp correlates with higher intracellular accu-
mulation of NVP.

Protease inhibitors

These molecules are well established substrates of 
the Pgp system, so that the pharmacokinetics of these 
drugs is subject to variations due to the different activ-
ity of such cell-membrane transporters. Fellay, et al. 
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described a correlation between nelfinavir (NFV) plas-
ma levels and the genotypes at position 3435 of the 
MDR1 gene. These authors found lower levels of NFV 
and higher CD4 recovery in patients carrying the TT 
genotype38. This observation, however, has not been 
confirmed by others. In a recent study, Saitoh, et al. 
showed that children carrying the 3435 polymorphism 
in heterozygosis (CT) had higher NFV plasma levels 
than children with the CC or TT genotypes. In the same 
study, the percentage of responders at week eight was 
higher in carriers of the CT genotype, who were chil-
dren with greater NFV plasma levels44. 

Zhu, et al.45 measured the intracellular concentra-
tions of NFV in lymphoblastoid cell lines and assessed 
the values according to the genotypes at position 
3435. They found much higher NFV concentrations in 
the TT genotype than in CC or CT genotypes. 

MRP are also well established transporters of some 
PI and NRTI46,47. In vitro studies have reported de-
creased intracellular accumulation of ritonavir (RTV) 
and saquinavir (SQV) in cell lines over-expressing 
either Pgp or other MRP48. For instance, Anderson, 
et al. found a trend for a faster IDV clearance in 
subjects with a polymorphism in the MRP-2 promoter 
(C-24T)49.

Nucleoside reverse transcriptase inhibitors 
(NRTI)

An association between a MRP-4 polymorphism 
(T4131G) and higher 3TC-triphosphate concentrations 
within the cells, as well as a trend for higher ZDV-tri-
phosphate concentrations has been noticed for sub-
jects carrying a MRP-4 (G3724A) polymorphism49. 
However, it is still under investigation as to what extent 
the variability in drug response may be explained by 
genetic variability at the MRP system.

Table 1 summarizes the genetic factors that influ-
ence the pharmacokinetics of different antiretrovirals. 
It clearly shows the large number of conflicting or in-
consistent results.

Nuclear factors and their relation  
with ARV pharmacokinetics

The CYP450 isoenzymes and the protein transport-
ers are regulated by nuclear receptors. One of the 
most important is the pregnane X receptor (PXR) that 
regulates both CYP 3A4 and Pgp expression.

The PXR is coded by a 35 Kb gene located in chro-
mosome 13 and contains 9 exons. A total of 40 poly-

morphisms have been identified so far, seven of which 
have been described as non-synonymous changes 
that alter the amino acid sequence in Caucasians, Af-
rican-Americans and/or Africans50,51. The targets of 
PXR are CYP3A4, CYP2B6, CYP2B9, CYP2C8, CYP2C9, 
CYP2C19, Oatp2, MRP-2 and MDR-1. Therefore, ge-
netic variations in PXR could affect the expression of 
metabolizer enzymes and protein transporter of ARV in 
different ways.

The most relevant PXR polymorphisms that deter-
mine the allelic variants are R98C, R148Q, R381W, 
and I403V. The R98C variant does not bind to the 
DNA, and therefore prevents the transactivation of the 
CYP3A4 complex. Changes R381W and I403V alter 
the activity of PXR, and consequently affect the ex-
pression of CYP450 and other protein transporters. 

The constitutive androstane receptor (CAR) is a nu-
clear receptor that induces the expression of metabo-
lizer enzymes and transporters that may affect the 
pharmacokinetics of some ARV. There are CAR splic-
ing variants as a consequence of the deletion of sev-
eral exons that influence its expression52. These vari-
ants possess differences in the binding to CYP2B6 
regulatory elements. The consequences of these vari-
ants are still not well defined with respect to ARV intra-
cellular or plasmatic levels.

Genetic factors associated  
with the toxicity of ARV

Hypersensitivity to abacavir

About 8% of persons treated with abacavir (ABC) 
develop a hypersensitivity reaction that usually ap-
pears within the first four weeks of treatment. The pres-
ence of HLA-B*5701, HLA-DR7, and/or HLA-DQ3 hap-
lotypes is strongly associated with the susceptibility to 
ABC allergic reactions53-55.

Hepatotoxicity of NNRTI

The 3434T allele at the MDR1 gene is associated 
with a decreased risk of hepatotoxicity upon initiation 
of NVP therapy56. A trend towards a decreased risk of 
hepatotoxicity was found for the AA genotype at posi-
tion 6986 of the CYP3A5 isoenzyme. Conversely, no 
implication for the CYP2B6 G516T genotypes in NVP 
tolerance was found in the same study. In another re-
port, the T allele at MDR1 was associated with a de-
creased risk of hepatotoxicity in patients exposed to 
either EFV or NVP57. Finally, Martin, et al. have recently 
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Table 1. Host genetic polymorphisms which influence the pharmacokinetics of antiretroviral drugs

   Subjects Treatment  Parameters Results References

Protein MDR1 (Pgp) C3435T Patients  NFV, EFV Cmin  TT < CT < CC Fellay, et al.38

transporters   Caucasians  Cmin TT < CT < CC

   Patients,  NFV, EFV NFV 8 h postdose CC = TT < CT Saitoh, et al.44

   several races  EFV Cmin NSD*

   Japanese  NFV Intracellular TT > CT > CC Zhu, et al.45

   patients  concentration

   Caucasians LPV and/or EFV C12h NSD Winzer, et al.73

    EFV LPV Cmin NSD

   Whites SQV/rtv SQV Cmin NSD Owen, et al.43

    IDV/rtv IDV Cmin

   Whites, blacks,  RTV RTV plasma NSD Haas, et al.75

   hispanics   levels 

   Whites NVP Ctrough Higher in TT Owen, et al.43

  G2677T Whites, blacks, EFV AUC,Cmin, Cmax, NSD Haas, et al.8

   hispanics   clearance

   Whites, blacks,  RTV Plasma levels NSD Haas, et al.75 
   hispanics
 MRP1 Expression Caucasians NFV Plasma levels NSD Fellay, et al.38

    EFV
 MRP2 Expression Caucasians NFV Plasma levels NSD Fellay, et al.38

    EFV

Cytochrome  CYP2B6 G516T Whites, blacks,  EFV AUC, Cmin, Cmax, TT > CT > CC Haas, et al.8

P450   hispanics   clearance

   Caucasians EFV EFV C12h TT > CT > CC Rodriguez-
       Novoa, et al.9

   Swiss HIV  EFV Intracellular Greater in TT Rotger, et al.76

   cohort  concentration
     Plasma levels Greater in TT
    NVP Plasma 
     concentration Greater in TT

  C1459T Whites, blacks,  EFV AUC, Cmin, Cmax,  NSD Haas, et al.8

   hispanics  clearance

  CYP2B6*5  Patients,  EFV NFV 8 h postdose NSD Saitoh, et al.44

  allele C1459T several races NFV EFV Cmin NSD

  CYP2B6*6  Japanese EFV EFV concentration Higher in *6/*6 Tsuchiya, 
  allele G516T      et al.12

  and A785G

 CYP3A4 CYP3A4*1B Whites, blacks,  EFV AUC Trend to higher Haas, et al.8

  -A392G hispanics   in GG

   Caucasians EFV AUC NSD Fellay, et al.38

    NFV AUC NSD

   Patients,  EFV AUC Trend to lower Saitoh, et al.44

   several races NFV AUC in GG
      NSD 

(continue next page)
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Table 1. Host genetic polymorphisms which influence the pharmacokinetics of antiretroviral drugs (continued)

  CYP3A4*18  Japanese EFV  None Tsuchiya, et al.12

  (T878C)    identified
  CYP3A4*11
  CYP3A4*12
  CYP3A4*13
  CYP3A4*17

 CYP3A5 CYP3A5*3 Patients, EFV AUC NSD Fellay, et al. and
  A6986G several races NFV AUC NSD Saitoh, et al.38,44

   Whites, blacks,  EFV AUC Trend to higher Haas, et al.8

   hispanics

   Caucasians SQV Cmax, AUC, t1/2,  NSD Frohlich, et al.77

     Tmax
     Metabolite ratio ± < *3/*3

  CYP3A5*6 Patients,  NFV AUC, 8 h postdose NSD Saitoh, et al.44 
  G14690A several races EFV AUC, 12 h postdose NSD

 CYP2C19 CYP2C19*2 Patients,  NFV AUC, 8 h postdose NSD Fellay, et al. and 
  G681A several races EFV AUC, 12 h postdose NSD Saitoh, et al.38,44

 CYP2D6 CYP2D6*3 Caucasians NFV Plasma levels Trend to higher† Fellay, et al.38

  A2549del  EFV Plasma levels Trend to higher† 

  CYP2D6*4 Caucasians NFV Plasma levels Trend to higher‡ Fellay, et al.38

  G1846A  EFV Plasma levels Trend to higher‡

  CYP2D6*6 Caucasians NFV Plasma levels Trend to higher§ Fellay, et al.38

  T1707del

*, NSD: no significant differences. 
†Analyzed together with CYP2D6*4 and *6. 
‡Analyzed together with *3 and *6. 
§Analyzed together with *3 and *4.

suggested that the HLA-DRB1*0101 haplotype may 
determine the susceptibility to NVP hypersensitivity re-
actions58.

Hyperbilirubinemia of atazanavir

Indinavir and atazanavir (ATZ) therapy is associated 
with a 6 to 25% and 20 to 50%, respectively, inci-
dence of asymptomatic, unconjugated hyperbilirubi-
nemia in the absence of liver injury. This adverse ef-
fect is a consequence of the competition of those 
drugs with bilirubin for binding to UDP-glucuronosyl-
transferase (UGT), the enzyme that conjugates and 
clears bilirubin from plasma (Fig. 2). Approximately 5 
to 10% of individuals have decreased bilirubin-conju-
gating activity that is caused by a TA insertion into 
the UGT1A1 promoter (Gilbert syndrome)59,60. IDV-
induced hyperbilirubinemia manifests primarily in pa-
tients possessing the Gilbert’s allele, while this toxic-
ity is more frequent with ATZ, even in the absence of 

the Gilbert’s allele. Patients with at least one polymor-
phism at this gene have an increase in bilirubin levels 
compared with those without the polymorphic allele61. 
O’Mara, et al. observed significantly higher total bili-
rubin levels in patients with genotype 7/7, which is 
associated with the Gilbert syndrome, compared to 
subjects with genotypes 6/6 and 6/7 in patients ex-
posed to ATZ62. 

Hyperlipidemia associated with ARV

Peripheral fat wasting and central fat deposition of-
ten complicate antiretroviral therapy. Independent risk 
factors for antiretroviral-associated lipoatrophy include 
white race and prolonged exposure to nucleoside ana-
logues, particularly stavudine (d4T)63.

The use of RTV and RTV-boosted PI regimens are 
the most significant predictors of hypercholesterolemia 
and hypertriglyceridemia, whereas the use of d4T, ZDV, 
ddI and PIs are associated with lipoatrophy. However, 
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lipid abnormalities do not occur in all patients, despite 
similar exposure to therapy and comparable demo-
graphics, as well as immunologic and virologic char-
acteristics. The reason for this discrepancy may be 
related to host genetic factors. Allelic variants in APOC3 
and APOE contribute significantly to elevations in plas-
ma triglyceride levels to a degree corresponding to 
factors such as age or the use of RTV-containing regi-
mens. Polymorphisms in the APOC3 gene that have 
been associated with a higher risk of developing hyper-
lipemias are -482C > T, -455T > C and 3238C > G64,65. 
In the presence of RTV, individuals with unfavorable 
genotypes in APOC3, in particular in association with 
APOE variants APOE-e2 and APOE-e4, are at risk of 
extreme hypertriglyceridemia. 

Foulkes, et al.66 have recently claimed that there is 
no association between any of the SNP at APOC3 
(–482C > T, –455T > C, 3238 C > G, intron 1 and 
Gly34Gly) and triglyceride levels, HDL-cholesterol or 
LDL-cholesterol, in Caucasian or African patients. 
However, when the analyses were restricted to Hispan-
ics, associations were recognized for the effect of PI 
on triglycerides with the polymorphisms –455C > T, 
–482C > T, intron 1 and 3238C > G.

The influence of TNFα polymorphisms on metabolic 
disorders in HIV-infected subjects is now a matter of in-
tense study. For example, the polymorphism –238G > A 

has been associated with a more rapid development 
of lipoatrophy67-69.

Pancreatitis associated with ARV

Polymorphisms at the serine protease inhibitor Kazal-1 
(SPINK-1) that encodes a trypsin inhibitor in the cyto-
plasm of pancreatic acinar cells and the cystic fibrosis 
transmembrane conductance regulator (CFTR) have 
been associated with the risk of pancreatitis in patients 
treated with some ARV70.

Genetic factors associated with clinical 
response to ARV

The 3435C > T polymorphism at the MDR-1 gene 
has been examined in order to elucidate its influence 
in the outcome of HIV infection and response to ther-
apy, but there is no concordance between the different 
studies. Some of them have described a relationship 
between the CC genotype and earlier virologic fail-
ure71, while others did not find any difference in host 
susceptibility to HIV infection37 or in CD4 response to 
ARV39,72. Saitoh, et al. have recently described a more 
rapid decline of viral load in response to HAART in 
children with the CT genotype44. Table 2 shows the 
genetic factors that have been reported to influence 
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Figure 2. Bilirubin metabolism and interference of atazanavir and indinavir.
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Table 2. Host genetic polymorphisms which influence treatment responses and drug-related adverse events

Host genetic  Population  Treatment Adverse Treatment Polymorphism References
factors    efects response related

CYP2B6 (G516T) Whites, blacks,  EFV SNC  TT > CT > CC Haas, et al.8

 hispanics 

 Swiss HIV cohort EFV SNC: sleep   Presence of the Rotger, et al.76

   disorders  variant allele 
   and fatigue.  (516T)

MDR1 (Pgp)  80 caucasian  EFV, NFV  CD4 response Higher in TT Fellay, et al.38

(C3435T) patients    to treatment

 149 caucasian  Several  CD4 response No statistical  Nasi, et al.39

 patients regimens  to treatment difference

 137 exposed    Host susceptibility No statistical Ifergan, et al.37

 to HIV caucasians   to HIV infection difference†

 411 patients   HIV progression  No statistical Bleiber, et al.78

    before treatment difference

 461 patients PIs  Length of virologic Higher in TT  Brumme, et al.71

    suppression (trend, P = 0.07)

 72 patients  Several  Virologic and  No statistical  Winzer, et al.72

 (caucasian, african, regimens  immunologic difference
 asian)    response  

 Caucasians EFV Increase in   CC or CT Alonso-Villaverde,
   HDL-cholesterol    et al.40

HLA-B 200 australian  ABC Hypersensitivity  HLA-B*5701 Mallal, et al. and
 patients     Hetherington, 
      et al.53,79

HLA 235 australian  NVP Hypersensitivity  HLA-DRB1*0101 Martin, et al.58

 patients

HSPA1L  ABC Hypersensitivity  C2437T Martin, et al. 80

UGT1A1  IDV Hyperbilirubinemia  UGT1A1*28 Zucker S, et al.61

 White, black,  ATV Hyperbilirubinemia  UGT1A1 (*7*7) Omara62

 asian, hispanic

APOC3 White, black,  RTV Hyperlipidemia  Promoter variants: Tarr, et al. 
 asian, hispanic    – C482T and Fauvel, 
     – T455C et al.64,65

     3’untranslated 
     region variant: 
     C3238G

APOE White, black,  RTV Hyperlipidemia  APOE ε2 Tarr, et al. and
 hispanic, asian    APOE ε3 Fauvel, et al.64,65

TNF Caucasians Several  Associated with   – G238A Maher, et al. and
  regimens more rapid    Nolan, et al.69,67

   development 
   of lipoatrophy

SPINK-1 Swiss HIV cohort Several  Higher risk   C112T Felley, et al.70

  regimens of pancreatitis

CFTR Swiss HIV cohort Several  Higher risk   1717-1G > A Felley, et al.70

  regimens of pancreatitis  IVS8 5T

*, NSD: no significant differences. 
†Analyzed together with CYP2D6*4 and *6.
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treatment response and development of drug-related 
adverse events. The large number of conflicting or 
inconsistent results is manifest.
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