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Abstract
Objective—Among HIV-positive patients prescribed ritonavir-boosted lopinavir, SLCO1B1
521T→C (rs4149056) is associated with increased plasma lopinavir exposure. Protease inhibitors
are also substrates for cytochrome P450 (CYP) 3A and ABCB1, which are induced by NR1I2. We
characterized relationships between ABCB1, CYP3A4, CYP3A5, NR1I2 and SLCO1B1
polymorphisms and trough protease inhibitor concentrations among AIDS Clinical Trials Group
study A5146 participants.

Methods—At study entry, subjects with virologic failure on protease inhibitor-containing
regimens initiated new ritonavir-boosted protease inhibitor regimens. We studied associations
between week 2 protease inhibitor plasma trough concentrations and 143 polymorphisms in these
genes, including 4 targeted polymorphisms.

Results—Among 275 subjects with both drug concentrations and genetic data, allelic
frequencies of SLCO1B1 521T→C were 15%, 1%, and 8% in whites, blacks, and Hispanics,
respectively. Further analyses were limited to 268 white, black, or Hispanic subjects who initiated
ritonavir-boosted lopinavir (n=98), fosamprenavir (n=69), or saquinavir (n=99). Of targeted
polymorphisms, SLCO1B1 521T→C tended to be associated with higher lopinavir concentrations,
with a 1.38-fold increase in the mean per C allele (95% CI 0.97, 1.96; n=98; p=0.07). With
fosamprenavir, SLCO1B1 521T→C was associated with lower amprenavir concentrations, with a
35% decrease in the mean per C allele (geometric mean ratio 0.65, 95% CI 0.44, 0.94; n=69;
adjusted p=0.02). There was no significant association with saquinavir concentrations, and none of
the remaining 139 exploratory polymorphisms were statistically significant after correcting for
multiple comparisons.
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Conclusions—With ritonavir-boosted protease inhibitors, a SLCO1B1 polymorphism that
predicts higher lopinavir trough concentrations appears to predict lower amprenavir trough
concentrations. The mechanism underlying this discordant association is uncertain.
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INTRODUCTION
Protease inhibitors (PIs) are widely prescribed for human immunodeficiency virus (HIV)-1
infection. Many of these drugs undergo hepatic metabolism by cytochrome P450 (CYP) 3A
isoforms, and are substrates for membrane transporters including P-glycoprotein (also
known as ATP-binding cassette transporter B1 [ABCB1]) [1, 2] and organic anion-
transporting polypeptide 1B1 (OATP1B1, also known as solute carrier organic anion
transporter B1 [SLCO1B1]) [3]. Genes that encode CYP isoforms and membrane
transporters are highly polymorphic, and numerous functional genetic polymorphisms are
well described. Variable expression of these genes is largely regulated by pregnane X
receptor (PXR, also known as nuclear receptor 1I2 [NR1/2]), which is also induced by PIs
[4–7].

The drug transporter OATP1B1 is localized to hepatic sinusoids where it facilitates uptake
of drugs into hepatocytes to undergo metabolism and biliary excretion [8]. Several studies
have associated a SLCO1B1 polymorphism (521T→C, rs4149056) with increased plasma
lopinavir concentrations [3, 9–11]. The SLCO1B1 521 C allele is more frequent with
European ancestry than with African ancestry [12]. Although SLCO1B1 transports other PIs
in vitro (e.g., saquinavir and darunavir) [3], in vivo associations between 521T→C and PIs
other than lopinavir have not been reported.

Total hepatic CYP3A activity in adults comprises CYP3A5 and CYP3A4 isoforms, which
possess similar catalytic activities with some, but not all substrates [13]. A variant of
CYP3A5 (rs776746, also called CYP3A5*3) results in aberrant splicing and non-functional
enzyme [14]. Among individuals homozygous for the CYP3A5*3 allele (A), CYP3A5
comprises only 5% of hepatic CYP3A expression, compared to as much as 50% among
individuals carrying at least one copy of the CYP3A5*1 reference allele (G) [15]. Because
CYP3A5*3 is much more frequent with European ancestry than with African ancestry [12],
CYP3A5 comprises a smaller proportion of total hepatic CYP3A activity in the former
population. Among HIV-infected patients on PIs without ritonavir boosting, CYP3A5*3 has
been associated with decreased plasma clearance of atazanavir [16], indinavir [17, 18] and
saquinavir [19]. Hepatic CYP3A4 expression, both basal and inducible, also varies markedly
among individuals. There is, however, little evidence that frequent CYP3A4 polymorphisms
affect gene expression or enzyme activity. Reported associations between a promoter
polymorphism (rs2740574, also called CYP3A4*1B) and various phenotypes (e.g.
tacrolimus concentrations [20]) may reflect its linkage with CYP3A5*3.

The efflux transporter ABCB1 decreases drug absorption from the gut and enhances
elimination in bile and urine [21–23]. Polymorphisms of ABCB1 (3435C→T [rs1045642]
and/or 2677G→T [rs2032582]) may correlate with intestinal ABCB1 expression and
activity. However, efforts to replicate associations with these ABCB1 polymorphisms have
yielded inconsistent results. For example regarding pharmacokinetics of various drugs, the
3435 T allele has been associated with increased drug exposure [24, 25], decreased drug
exposure [26], or no effect [24, 27–30].
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The NR1I2 gene is activated by various drugs to induce transcription of CYP3A4, CYP3A5,
ABCB1, SLCO1B1 and other genes involved in drug disposition [31–33]. It has been
suggested that promoter and intron 1 polymorphisms of NR1I2 are associated with variable
hepatic CYP3A4 activity [34].

In AIDS Clinical Trials Group (ACTG) protocol A5146, patients with persistent plasma
viremia despite being prescribed a PI-containing regimen were enrolled to test whether PI
therapeutic drug monitoring (TDM) followed by dosage escalation would improve virologic
response [35]. The present analyses characterize associations between ABCB1, CYP3A4,
CYP3A5, NR1I2 and SLCO1B1 polymorphisms and trough PI concentrations before dosage
escalation in A5146. In a small subset of subjects who underwent dosage escalation and who
had available data, we also explore associations with post-escalation change in trough PI
concentrations, and with post-escalation virologic response.

Materials and Methods
Study Participants

These analyses include data on ACTG study A5146 participants [35] who had DNA
obtained under genetic consent protocol A5128 [36]. The design of A5146 is described
elsewhere [35]. Briefly, eligible participants were HIV-infected and at screening had
virologic failure on at least one antiretroviral regimen that contained a PI, plasma HIV-1
RNA ≥1000 copies/mL, and a virtual phenotype resistance test (vircoTYPE HIV-1, Janssen
Diagnostics) showing resistance to at least one drug on the failing regimen. A new PI-
containing regimen was begun at study entry. Recruitment was from June 2002 through May
2006 at 45 ACTG sites in the US and Puerto Rico. Institutional review boards approved the
protocol, and all subjects provided written informed consent. The Vanderbilt Committee for
the Protection of Human Subjects and ACTG approved this use of DNA.

Normalized Inhibitory Quotient
Protocol A5146 used a normalized inhibitory quotient (NIQ, an index of the ratio of
measured plasma drug concentration to measured susceptibility of the patient’s virus to that
drug) to guide dosage adjustment as described elsewhere [35]. Subjects with NIQs ≤1 within
2 weeks after initiating a new PI-containing regimen were randomized at week 4 to PI dose
escalation with subsequent TDM, or to the standard of care. Trough concentrations were
measured 2 and 6 weeks after randomization in both arms. Clinical and laboratory
evaluations were performed at study entry and 2 weeks later; at randomization; and 2, 6, 12,
16, and 20 weeks after randomization. Timed plasma PI trough concentrations were
obtained 2 weeks after study entry (the primary endpoint of the present analysis), and 2 and
6 weeks after randomization (10–14 h after dosing for twice-daily PIs; 22–26 h for once-
daily atazanavir). Protease inhibitor concentrations were measured using HPLC. Subjects
initiated protocol-specified doses of PIs, given with low-dose ritonavir to boost plasma
concentrations. Dual PI regimens with no known adverse pharmacokinetic interactions were
allowed. Dose escalation algorithms were developed for each regimen.

Identification of Genetic Polymorphisms
Laboratory personnel with no knowledge of clinical data performed genotyping. A total of
143 polymorphisms (1 in SLCO1B1, 33 in CYP3A4, 1 in CYP3A5, 43 in NR1I2, and 65 in
ABCB1) were assayed using MassARRAY® iPLEX Gold (Sequenom, Inc.). For CYP3A4,
CYP3A5, ABCB1, and NR1I2 we tagged each gene entirely using SeattleSNPs [37],
including 20 kB in each 5′ and 3′ untranslated regions (UTR), using a cosmopolitan
strategy across populations (Yoruba, Asian, African-American, European-American, and
Hispanic) with a 5% allelic frequency cut-off, a 0.80 threshold for r2, 85% data convergence
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for tagging polymorphisms, and 70% data convergence for clustering. Based on putative
functional associations we also included ABCB1 3435C→T (rs1045642), 2677G→T/A
(rs2032582), and CYP3A5 6986A→G (rs776746). All genotypes were confirmed by visual
inspection of plots. TaqMan™ genotyping of SLCO1B1 521T→C (rs11045819) was with
ABI PRISM 7900 HT Sequence Detection System (Applied Biosystems, Inc., Foster City,
CA). Ample duplicate and blank assays were included to assure validity.

Statistical Analyses
These analyses comprise two components: 1) pharmacokinetic association analyses
involving all subjects with week 2 trough plasma PI assay data from A5146, and 2) virologic
response association analyses involving subjects randomized to TDM. The self-identified
race/ethnicity categories “white, non-Hispanic”, “black, non-Hispanic”, and “Hispanic” in
accordance with National Institutes of Health standards [38] are hereafter referred to as
white, black, and Hispanic, respectively. Because whites, blacks, and Hispanics comprised
97% of participants from A5146 who provided DNA for analysis, we limited subsequent
analyses to these populations (Table 1).

Analyses were performed separately for fosamprenavir, lopinavir, and saquinavir, where
each was boosted with ritonavir. Other PIs infrequently prescribed in A5146 (atazanavir,
indinavir, nelfinavir and tipranavir) were excluded from analyses due to small sample sizes.
Genotype frequency differences between self-identified race/ethnicity groups were assessed
by Fisher’s exact test. Analyses were performed separately among these three groups, and
among all three groups combined and adjusting for race/ethnicity. Deviations from Hardy
Weinberg equilibrium were evaluated within race/ethnicity groups by an exact test. Genetic
associations with endpoints were assessed separately for target polymorphisms SLCO1B1
rs4149056, CYP3A5 rs776746, ABCB1 rs1045642, and ABCB1 rs2032582. All statistical
tests were 2-sided with a significance level of 0.05. Nominal p values are presented for
target polymorphisms without adjustment for multiple comparisons. Analyses of the
remaining 139 exploratory polymorphisms utilized the Benjamini Hochberg procedure [39]
to control for the overall false discovery rate (FDR), and were considered significant if
FDR-adjusted p values were ≤0.05.

Genetic associations with week 2 trough PI concentration, and with change in trough PI
concentration following dosage adjustment, were assessed a nonparametric Jonckheere-
Terpstra test to assess for an ordered difference in clearance by the number of variant alleles.
Trough concentrations, as a function of clearance, were assumed to be log normally
distributed and were log transformed. Considering the small sample sizes in genotype
groups within each race/ethnicity group, a Monte Carlo enumeration method was used to
obtain exact p values. Analysis of the association of change in trough PI concentration with
change from baseline in plasma HIV-1 RNA were restricted to subjects who were
randomized to undergo dosage adjustment based on therapeutic drug monitoring (TDM
arm). Genetic associations with change in plasma HIV-1 RNA from randomization to week
20 were compared by Gehan-Wilcoxon test.

Additional secondary analysis applied linear regression to natural log-transformed week 2
trough PI concentrations across populations, adjusting for race/ethnicity, and for use of
concomitant PIs other than ritonavir. We also performed analyses among subjects receiving
no concomitant PI other than ritonavir. Genetic associations were assumed to be linear
(additive) on the log-transformed value.

In post-hoc analysis, we evaluated genetic associations with week 2 trough ritonavir
concentrations. Because 86% of the ritonavir measures were below the assay limit of
quantification (200 ng/ml), we treated this as a binary variable, either above or below the
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limit of quantification. For ritonavir, genetic associations were compared within each race/
ethnicity group for each PI with a Fisher’s exact test, and overall with logistic regression
adjusting for race/ethnicity and concomitant PI status.

Linkage disequilibrium plots and r2 values were generated by Haploview statistical
software. All other analyses were performed using SAS version 9.2.

Results
Study Population

A total of 411 subjects initiated PI-containing regimens in A5146. A subset of 350
consented for genetic analyses, of which 328 had trough PI assay data at week 2, and 268
(65% of 411) whites, blacks, or Hispanics had both week 2 trough PI assay and genetic
assay results. Baseline characteristics of study participants and PI regimens initiated at study
entry are shown in Table 1. Subjects from A5146 who participated in pharmacogenetic
analyses were generally similar to other A5146 participants. We hereafter focus on genetic
analysis participants unless otherwise specified. Approximately one-half of subjects
included in these analyses were white. The most frequently initiated PIs were lopinavir,
fosamprenavir, and saquinavir. Of 105 lopinavir recipients, 65 (62%) received no additional
PI other than ritonavir. Of 72 fosamprenavir recipients, 43 (60%) received no additional PI
other than ritonavir. Among fosamprenavir recipients, doses were fosamprenavir 700 mg
every 12 hours with ritonavir 100 mg every 12 hours. Of 103 saquinavir recipients, only 31
(30%) received no additional PI other than ritonavir.

Characterization of genetic polymorphisms
We assayed 143 polymorphisms in CYP3A4, CYP3A5, NR1I2, ABCB1, and SLCO1B1. A
total of 107 polymorphisms differed in frequency by race/ethnicity groups at p<0.05
(unadjusted for multiple comparisons). A total of 18 polymorphisms deviated from Hardy
Weinberg equilibrium in at least one race/ethnicity group at p < 0.05, suggesting possible
non-random assortment of alleles. However, this should be interpreted with caution given
the large number of tests. Linkage disequilibrium (LD) plots for CYP3A4/CYP3A5, NR1I2,
and ABCB1 among whites, blacks, and Hispanics are provided in Figure, Supplemental
Digital Content 1, http://links.lww.com/TDM/A43.

Associations with week 2 PI trough concentrations
Targeted analyses focused on four polymorphisms with a priori rationale for associations
with PI pharmacokinetics. All univariate association summaries between SLCO1B1
521T→C, CYP3A5*3 and trough PI concentrations among whites, blacks, and Hispanics
analyzed separately are presented in Table 2. Summaries for ABCB1 3435C→T and
2677G→T/A are included in Table, Supplemental Digital Content 2, http://links.lww.com/
TDM/A44. The SLCO1B1 521T→C polymorphism was most frequent among whites, in
whom the C allele was significantly associated with increased trough lopinavir
concentrations (p=0.01). Although only 1/31 black subject and 1/17 Hispanic subjects
receiving lopinavir were heterozygous for SLCO1B1 521T→C, these subjects also had
among the highest trough lopinavir concentrations. Relationships between SLCO1B1
521T→C and trough lopinavir concentrations are shown in Figure 1 (top). In contrast,
among fosamprenavir recipients the SLCO1B1 521 C allele was significantly associated
with lower trough amprenavir concentrations in whites (p=0.03). (Fosamprenavir is a
prodrug rapidly converted to amprenavir in vivo). Although only 3 Hispanic subjects were
heterozygous for SLCO1B1 521T→C, these subjects also tended to have lower trough
amprenavir concentrations (p=0.10). This association was not apparent in blacks, in whom
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only one subject carried a C allele (Figure 1, middle). There was no apparent association
between SLCO1B1 521T→C and trough saquinavir concentrations (Figure 1, bottom).

The CYP3A5*3 loss-of-function G allele was far more frequent among whites than among
blacks. It was associated with higher trough lopinavir concentrations among whites
(p=0.03), although no whites were homozygous for the A allele. There was no significant
association between CYP3A5*3 genotypes and trough lopinavir concentrations among
blacks or Hispanics (Figure 2, top), and there were no significant associations between
CYP3A5*3 and trough drug concentrations of amprenavir or saquinavir in any race/ethnicity
group (Figure 2, middle and bottom).

Regarding ABCB1 3435C→T and 2677G→T/A, there was no consistent relationship
identified with trough drug concentrations for lopinavir, fosamprenavir, or saquinavir. There
appeared to be associations between ABCB1 rs2032582 and trough amprenavir
concentrations among whites (p = 0.02) and among Hispanics (P = 0.03), but in opposite
directions, with the G allele associated with lower amprenavir concentrations in whites but
higher concentrations in blacks (data not shown).

To further assess these relationships we performed linear regression secondary analyses on
log-transformed trough drug concentration among all participants, adjusting for race/
ethnicity and concomitant PI other than ritonavir. In these analyses, SLCO1B1 521T→C
still appeared to be associated with higher trough lopinavir concentrations (p = 0.07), and
lower trough amprenavir concentrations (p = 0.02). There were no other apparent
associations (Table 2) restricting analysis to the smaller subset of subjects who received no
concomitant PI other than ritonavir. In these analyses among whites, SLCO1B1 521T→C
remained associated with increased lopinavir concentrations (p = 0.02) and decreased
amprenavir concentrations (p=0.05), and CYP3A5*3 with somewhat increased lopinavir
concentrations (p=0.07) (data not shown). There were no other apparent associations.

Associations with trough PI concentrations were explored for the other 139 genetic
polymorphisms, using the same approach as for the targeted polymorphisms. Supplemental
Online Table 1 presents all nominal p-values for univariate associations between each
polymorphism and trough PI concentrations among whites, blacks, and Hispanics analyzed
separately, as well as regression parameter estimates and nominal p-values for linear
regression analyses on log-transformed trough drug concentration among all participants,
adjusting for race/ethnicity and concomitant PI other than ritonavir. In these analyses no
significant associations were observed when controlling for the false discovery rate.

Associations between SLCO1B1 521T→C and trough PI concentrations could be mediated
indirectly through effects of 521T→C on the hepatic disposition of ritonavir. We therefore
post-hoc explored relationships between SLCO1B1 521T→C and week 2 trough ritonavir
concentrations. These analyses were limited considerably by missing data for ritonavir, as
collection of such data was not required in A5146, and many results were below the limit of
assay detection. However, among 127 subjects with week 2 trough ritonavir data (67 white,
29 black, 31 Hispanic), there was no significant association between SLCO1B1 521T→C
and the probability of having ritonavir trough concentration above the limit of assay
detection (all p values ≥0.28).

Association Analyses of Post Randomization Data in the TDM arm
In A5146, 92 (22.4%) of 411 participants qualified for randomization with an NIQ ≤ 1 and
were randomized and underwent dose escalation based on NIQ data [35]. As previously
reported, subjects in all three study arms of A5146 (standard of care, TDM, and
observational) had similar week 2 PI trough concentrations. Approximately three-fourths of
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subjects in the TDM arm underwent PI dose escalation at week 4, which generally conferred
increased PI trough concentrations and increased NIQs compared to the standard of care
arm. Despite achieving higher NIQs, however, this did not confer benefit with regard to
week 24 virologic response.

Only 3 of 5 possible race/ethnicity and drug combination groups had at least 10 evaluable
participants for such genetic association analyses (18 white subjects on saquinavir, 10
Hispanic subjects on saquinavir, and 13 white subjects on fosamprenavir). There was no
significant association between any polymorphism and virologic response in these three
groups (all p values ≥0.15). In these same subjects who underwent dose escalation, we also
explored associations between polymorphisms and change in trough PI concentrations from
week 2 to week 10, and also found no significant associations (all p values ≥ 0.10).

Discussion
The present study characterized relationships between human genetic polymorphisms and
trough drug concentrations among treatment experienced HIV-infected subjects who
initiated a new ritonavir-boosted PI containing regimen after virologic failure. A provocative
finding was that, among white subjects receiving ritonavir-boosted fosamprenavir,
SLCO1B1 T→C was associated with decreased plasma amprenavir trough concentrations,
albeit with moderate evidence, given that 4 targeted SNPs were assessed without multiple
comparison adjustment. This finding was unexpected, since this polymorphism was
associated with increased plasma steady-state lopinavir exposure, consistent with previous
reports [3, 9, 10, 11]. We found no significant association between this polymorphism and
saquinavir trough concentrations.

The drug uptake transporter OATP1B1 is localized to the sinusoidal membrane of
hepatocytes, where it facilitates uptake of drugs into hepatocytes to undergo intracellular
metabolism and biliary excretion [8]. It has been shown to transport various drugs in vitro
[40], including the PIs lopinavir, saquinavir and darunavir [3]. There is ample evidence that
SLCO1B1 521T→C is associated with functional effects. In addition to lopinavir
concentrations [3, 9, 10, 11], SLCO1B1 521T→C has also been associated with increased
plasma exposure of numerous other drugs including the statin drugs pravastatin [41],
pitavastatin [42], simvastatin [43] atorvastatin [44] and rosuvastatin [45], the anti-diabetes
drug repaglinide [46], the anti-cancer drugs atrasentan [47] and irinotecan [48], and the
lipid-lowering drug ezetimibe [49].

The allelic frequency of SLCO1B1 521T→C varies considerably depending upon
geographic region of ancestry. Frequencies of this polymorphism in the present study (15%,
1%, and 8% in self-identified whites, blacks, and Hispanics, respectively) were consistent
with what has been previously described. With European ancestry its reported allelic
frequency has been 12–20% (homozygosity in approximately 1–2%), whereas with African
ancestry its allelic frequency has been only 1–4% (homozygosity extremely rare) [40].
Among Mexicans in HapMap phase 3 its allelic frequency was 8% (homozygosity rare)
[12]. This polymorphism may therefore be most likely to have clinical relevance among
individuals of European descent, and least likely among individuals of African descent.

At present, while this may be a spurious association, we can only speculate as to the
mechanism for the opposite directional association between SLCO1B1 521T→C and
plasma trough amprenavir and lopinavir concentrations. One possible explanation is that
decreased transporter activity of SLCO1B1 521T→C has multiple effects. Ritonavir boosts
plasma concentrations of PIs primarily by competitively inhibiting hepatic CYP3A4, the
enzyme primary responsible for metabolism of PIs and many other drugs. By decreasing
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hepatocyte uptake of substrate drugs, 521T→C may directly maintain higher plasma drugs
concentrations by keeping drug within hepatic sinusoids, both during first pass from portal
to hepatic venules and during subsequent systemic clearance as drug passes from hepatic
arterioles to venules. In addition, by decreasing intracellular drug concentrations in
hepatocytes, 521T→C may alter the balance between CYP3A induction and inhibition. It
may be that SLCO1B1 521T→C reduces intracellular concentrations of ritonavir, which for
lopinavir may still be ample for effective boosting because ritonavir so effectively competes
with lopinavir for CYP3A4 (ritonavir and lopinavir have almost identical structures), and
because lopinavir is an excellent substrate for OATP1B1 [3]. In contrast, reduced
intracellular concentrations of ritonavir due to SLCO1B1 521T→C may cause less effective
inhibition of CYP3A4 toward amprenavir. Furthermore, amprenavir is a potent inducer of
CYP3A4. It is not known whether amprenavir is a good substrate for OATP1B1. We
hypothesize that potent induction of CYP3A4 by amprenavir, decreased ritonavir-mediated
inhibition of CYP3A4, and low affinity of OATP1B1 for amprenavir combine to result in
increased clearance of amprenavir. Our findings need to be replicated in other studies,
ideally with robust ritonavir assay data which were limited in our dataset.

The present study has several implications. Drug-drug interactions that involve drugs that
may both induce and inhibit enzymes and transporters involved in drug disposition may be
complex and a priori unpredictable, depending on the balance between induction and
inhibition. It is therefore not surprising that some drug-drug interactions may differ
qualitatively depending on the presence of polymorphisms that affect drug disposition of at
least one of the interacting drugs. Although ritonavir-boosted fosamprenavir is now
infrequently prescribed, the present study suggests that plasma trough amprenavir
concentrations with this combination are reduced with SLCO1B1 521T→C. Importantly,
this finding was not predicted by prior studies of this variant. Studies designed to
characterize pharmacokinetic interactions between drugs known to be affected by genetic
polymorphisms should ideally address whether such polymorphisms substantially alter the
drug-drug interaction.

There were some important limitations to the present study. The small sample sizes limited
statistical power to detect true and possibly clinically meaningful genetic associations. The
provocative association between SLCO1B1 521T→C and reduced plasma amprenavir
trough concentrations is of moderate evidence, may be spurious and needs to be replicated in
other cohorts, in particular those with larger non-white representation. Only a small subset
of A5146 subjects with pharmacokinetic data from the PI initiation step of the study were
randomized to undergo dose escalation, so the relevance of these polymorphisms for
virologic response could not be adequately addressed.

In summary, among subjects prescribed ritonavir-boosted PIs, the SLCO1B1 521T→C
polymorphism that is associated with higher lopinavir trough concentrations appears to be
associated with lower amprenavir trough concentrations. Predicting PI interactions with
ritonavir may be informed by considering pharmacogenetics. We found no significant
association between any polymorphism and virologic response to TDM-guided dose
escalation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Associations between SLCO1B1 genotype and trough protease inhibitor concentrations
at week 2
Each subject contributed a single datapoint to the figure within each drug. Horizontal lines
represent medians.
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Figure 2. Associations between CYP3A5 genotype and trough protease inhibitor concentrations
at week 2
Each subject contributed a single datapoint to the figure within each drug. Horizontal lines
represent medians.
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Table 1

Baseline characteristics and protease inhibitor regimens initiated in A5146.a

Characteristic Genetic analysis subjects (N=268)b Other subjects (N=143)

Race/Ethnicity

 White 140 (51%) 44 (31%)

 Black 73 (27%) 57 (40%)

 Hispanic 55 (21%) 30 (21%)

 Other 0 (0%) 12 (8%)

Male sex 232 (87%) 123 (86%)

Age in years, mean (SD) 45.5 (7.6) 44.0 (8.9)

Weight in kilograms, mean (SD) 78 (14) 81 (18)

CD4 T cells/mm3, mean (SD) 218 (169) 190 (175)

HIV-1 RNA log10 copies/mL, mean (SD) 4.35 (0.68) 4.42 (0.80)

Lopinavir-containing regimens 102 (38%) 28 (19%)

 lopinavir 63 (24%) 10 (7%)

 lopinavir + saquinavir 30 (11%) 11 (8%)

 lopinavir + amprenavir 5 (2%) 2 (1%)

 lopinavir + indinavir 4 (1%) 5 (3%)

Fos-amprenavir-containing regimens 70 (26%) 18 (12%)

 fos-amprenavir 41 (15%) 9 (6%)

 fos-amprenavir + saquinavir 29 (11%) 9 (6%)

Saquinavir-containing regimensc 43 (17%) 15 (10%)

 saquinavir 31 (12%) 9 (6%)

 saquinavir + amprenavir 10 (4%) 6 (4%)

 saquinavir + indinavir 2 (1%) 0 (0%)

Other regimens

 atazanavir 16 (6%) 7 (5%)

 amprenavir 14 (5%) 3 (2%)

 tipranavir 14 (5%) 1 (1%)

 indinavir 9 (3%) 2 (1%)

 nelfinavir 0 (0%) 1 (1%)

0 (0%) 68 (48%)

a
The protease inhibitors indicated were initiated at study entry.

b
Genetic analysis subjects are the 268 subjects who initiated PI-containing regimens, had trough PI assay data at week 2, consented for genetic

analyses, and had genetic assay results.

c
Saquinavir-containing regimens include those with concomitant lopinavir or fos-amprenavir.
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