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Aims: We previously observed that some individuals on HIV boosted protease
inhibitor-containing regimen do not achieve their lipid targets despite elevated statin
concentrations. This study evaluated whether the common single polymorphism
¢.521T>C in SLCO1B1, associated with reduced statin uptake in the liver, could
explain this observation.

Methods: People living with HIV in the Swiss HIV Cohort Study were eligible if they
were on a boosted protease inhibitor concomitantly with a statin for at least
6 months and if their SLCO1B1 genotype was available. Furthermore, their lipids had
to be documented before and after the introduction of the statin. The statin efficacy
was defined as % change in total cholesterol, low-density lipoprotein—-cholesterol,
high-density lipoprotein-cholesterol and triglycerides levels after statin initiation
compared to pretreatment levels. Lipid response was adjusted for differences in
potency and dose between statins.

Results: In total, 88 people living with HIV were included, of whom 58, 28 and 2 car-
ried the SLCO1B1 TT, TC and CC genotypes, respectively. The change in lipid levels
after statin initiation tended to be lower in carriers of the polymorphism although the
difference was not statistically significant (TT vs. TC/CC: total cholesterol: —11.7 vs.
—4.8%; low-density lipoprotein- cholesterol: —20.6 vs. —7.4%; high-density
lipoprotein-cholesterol: 1.6 vs. 0%; triglycerides: —11.5 vs. —7.9%). In the multiple
linear regression, change in total cholesterol was inversely correlated with the total
cholesterol level prestatin treatment (coefficient —6.60, 95% confidence interval:
—9.63 to —3.56, P < .001).

Conclusion: The lipid-lowering effect of statins tended to be attenuated by SLCO1B1
polymorphism and progressively declined as total cholesterol under the boosted pro-

tease inhibitor treatment decreased.
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1 | INTRODUCTION

Lipid abnormalities are highly prevalent, particularly in people living
with HIV (PLWH) as a result of HIV infection itself, side effects of
certain antiretroviral drugs (notably boosted protease inhibitors) and
aging of the HIV population.! ™ Statins are the most commonly used
medications for the treatment of dyslipidaemia in PLWH because of
their proven efficacy for lowering low-density lipoprotein (LDL) cho-
lesterol and for reducing the risk of cardiovascular diseases.*

The lipid-lowering effect of statins occurs through the inhibition
of the hepatic p-hydroxy p-methylglutaryl-CoA reductase and there-
fore relies on their ability to access the liver. Statins are actively trans-
ported in the liver by members of the organic anion transporting
polypeptide (OATP) family, notably OATP1B1.° This hepatic trans-
porter is encoded by the SLCO1B1, a gene displaying a large number
of single nucleotide polymorphisms (SNPs).® Among them, the
common SNP rs4149056, characterized by a nucleotide change from
T to C in position 521 in the coding region of SLCO1B1, has been
associated with a reduced transport activity of OATP1B1,” resulting
in increased plasma concentrations of several statins.®~° As SLCO1B1
¢.521T>C reduces the entry of statins in the liver, the site of meta-
bolic elimination and action, carriers of this variant are more likely to
experience adverse effects (due to high plasma concentrations of the
statin) while the lipid-lowering effect may be attenuated (due to lower
concentrations of the statin in the liver). The consideration related to
the increased risk of adverse effects comes from a genome wide
case-control study, which analysed >300 000 genetic variations and
found that the SNP rs4149056 was significantly associated with an
increased risk of simvastatin induced myopathy.** The consideration
related to the lipid-lowering effect comes from the PROSPER study
(PROspective Study of Pravastatin in the Elderly at Risk), which found
that the SNP rs4149056 was associated with significantly less LDL
cholesterol- lowering response to pravastatin (TT genotype: —37%;
TC genotype: —36%; CC genotype: —31.8%, P = 0.003).}? Another
study showed an attenuated total cholesterol-lowering effect to sta-
tins in carriers of the variant (TT genotype —22%; CC genotype:
—16.5%).2° Finally, a large cohort study reported that carriers of the
SLCO1B1 CC genotype were less likely to achieve the lipid target
goals.14 Of interest, an analysis of the Swiss HIV Cohort Study (SHCS)
showed that some PLWH on a boosted protease inhibitor-containing
regimen did not achieve the lipid target despite elevated statin con-
centrations.'® This observation has been attributed to the inhibition
of OATP1B1 by boosted protease inhibitors, which prevents the entry
of statins into the liver leading consequently to less inhibition of
B-hydroxy p-methylglutaryl-CoA reductase. However, considering that
the SLCO1B1 rs4149056 polymorphism was shown to increase the
exposure of boosted protease inhibitors,*®*” this pharmacokinetic/

pharmacodynamic interaction could be genetically determined.

What is already known about this subject

e We previously observed that some individuals on
boosted protease inhibitor-containing regimen do not
achieve their lipid target despite elevated statin
concentrations.

e The common single polymorphism ¢.521T>C in SLCO1B1
gene encoding OATP1B1 has been associated with
reduced statin uptake in the liver and reduced lipid-low-
ering effect in some studies.

What this study adds

o After statin initiation, the reduction in lipid levels tended
to be lower in individuals on a boosted protease inhibitor
carrying the polymorphism although the difference was
not statistically significant.

e Absolute reduction in total cholesterol was correlated to
prestatin cholesterol levels with elevated pretreatment

cholesterol levels being associated with higher reduction.

We postulated that PLWH on boosted protease inhibitor treat-
ment and carrying the SLCO1B1 521CC or 521TC genotype could
have a lower lipid-lowering response while having a higher risk of
developing statin related muscle toxicity compared to carriers of the
521TT genotype. Thus, this study aimed to assess the effect of the
SNP rs4149056 on the change in lipids and muscle toxicity after

initiating a statin in PLWH on a boosted protease inhibitor regimen.

2 | METHODS

21 | Study population and study design

PLWH enrolled in the SHCS were eligible if they had received a prote-
ase inhibitor-containing regimen concomitantly with 1 of the com-
monly prescribed statins (e.g. rosuvastatin, atorvastatin or pravastatin)
for at least 6 months and if their SLCO1B1 genotype status was avail-
able in the SHCS database. In addition, their lipid values had to be
documented before (at least 1 set of values) and after the initiation of
the statin (at least 2 consecutive sets of values 3-6 months apart).
The study was approved by the local ethics committees. All partici-

pants provided informed consent including for genetic testing.
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2.2 | Effect of SLCO1B1 genotype on the lipid
response and adverse effects

The response to statins was defined as the percentage change in
total-, LDL-, high-density lipoprotein-cholesterol and triglycerides
levels measured for the most part 1 year after the initiation of the
statin compared to levels under treatment with the boosted protease
inhibitor. Lipid values are coded in the SHCS database as obtained in
a fasting or nonfasting state. However, since this information is not
always reliable, total cholesterol was chosen as primary endpoint for
the response to lipid-lowering therapy and exploratory analyses were
performed for the other lipid parameters using the values coded as
fasting. Furthermore, the response was adjusted for differences in
dose and potency between statins.®

Muscle toxicity was evaluated considering incident clinical and
laboratory adverse effects. Adverse clinical events were defined as
hospitalizations for rhabdomyolysis, myositis, myopathy and liver fail-
ure. Adverse laboratory events were defined as grade 3 or 4 elevations
above the upper limit of normal of any of the following parameters:
alanine aminotransferase, aspartate aminotransferase, total bilirubin
and creatinine kinase. Individuals with elevated creatinine kinase
values following a myocardial infarction were excluded from the
study.

The socio-demographic characteristics, the clinical and HIV-
related parameters, the treatment as well as the laboratory values
before and after the introduction of the statin were extracted from
the SHCS database. The values of creatinine kinase are not collected
routinely in the SHCS database and therefore were obtained from the

physician in charge of the patient.

23 | SLCO1B1 genotype

Genotyping data for SLCO1B1 rs4149056 were obtained from a
previous project of the SHCS which aimed at evaluating the effect of
several genetic variants on lopinavir/ritonavir (LPV/r) pharmacokinet-
ics.? Thus, for the current project, we used the same dataset and
selected PLWH on an LPV/r-containing regimen who were also

receiving a statin.

24 | Statistical analysis

Descriptive analyses are presented as median and interquartile range
(IQR) for continuous variables and as percentages for categorical vari-
ables. The X2 test was used to compare participants' characteristics
based on SLCO1B1 genotype (TT vs. TC/CC). The mean change in
lipid levels was compared for SLCO1B1 TT and TC/CC genotypes
using the Mann-Whitney test. Univariable and multivariable linear
regressions were used to identify factors associated with the mean
change in total cholesterol after initiation of the statin. The model
was adjusted for age, sex, obesity, arterial hypertension, history of

cardiovascular disease, smoking, hepatitis C virus coinfection, CD4

cell count and viral suppression at statin initiation, duration of antire-
troviral treatment, total cholesterol at baseline, the concurrent use of
ezetimibe or fenofibrate and the dose of the statin. Overall P values
<.05 were considered statistically significant. Statistical analyses were
conducted using STATA (StataCorp, version 13 for Windows College
Station, TX, USA).

2.5 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org and
are permanently archived in the Concise Guide to PHARMACOLOGY
2019/2020.°

3 | RESULTS

3.1 | Study population

Overall, 88 Caucasian PLWH were included in the analysis; of those,
58, 28 and 2 carried the SLCO1B1 TT, TC and CC genotypes, respec-
tively, representing an allele frequency of 18.2% (C allele). Given the
small number of CC genotype, the TC and CC genotypes were
grouped for the subsequent analyses. Table 1 describes the character-
istics of the study population according to SLCO1B1 genotype. Over-
all, the participants were mostly male (n = 69, 78%), virologically
suppressed (HIV RNA <50 copies/mL; n = 72, 82%) under a LPV/r-
containing regimen and were mostly treated with pravastatin (n = 68,
78%) for the dyslipidaemia. The median daily pravastatin dose was
40 mg in carriers of the SLCO1B1 TC/CC genotypes and 20 mg in
those with the TT genotype. There were no significant differences
among the SLCO1B1 genotype groups in terms of age, HIV-related
factors, prevalence of selected comorbidities or median lipid values at

baseline (before statin initiation).

32 |
response

Effect of SLCO1B1 genotype on the lipid

Upon initiation of LPV/r treatment, all lipid values increased com-
pared to baseline values, no significant differences in terms of per-
centage change in lipids were observed between the SLCO1B1 TT
genotype group compared to the TC/CC genotypes. Initiation of a
statin reduced the total cholesterol value by 11.7% in individuals
homozygous for the T allele and by 4.8% in those heterozygous/
homozygous for the C (i.e. allele associated with a reduced transport
function; Table 2). The LDL-cholesterol, high-density lipoprotein-
cholesterol and triglycerides were reduced by 20.6, 1.6 and 11.5% in
TT vs. 74, 0 and 7.9% in TC/CC, respectively. Although the
SLCO1B1 TC/CC group had a reduced lipid-lowering response to
statin treatment compared to the TT group, the difference did not

reach statistical significance for any of the lipid parameters (P values
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TABLE 1

Variable

Median age, years (IQR)

Male, n (%)

Prior AIDS-defining condition, n (%)

Median CD4 cell count at cART initiation, cells/uL (IQR)
Median HIV RNA at cART initiation, log10 copies/mL (IQR)
Median CD4 cell count at statin initiation, cells/uL (IQR)
Viral suppression <50 copies/mL at statin initiation, n (%)
HCV co-infection (HCV antibodies), n (%)

HBV co-infection (HBsAg- positive), n (%)

Smoking, n (%)

Arterial hypertension, n (%)

Diabetes mellitus, n (%)

Obesity (BMI > 30 kg/m?), (%)

Familial history of cardiovascular diseases, n (%)

Prior cardiovascular disease, n (%)

Median years of cART (IQR)

Median total cholesterol at baseline, mmol/L (IQR)
Median LDL-cholesterol at baseline, mmol/L (IQR)

Median HDL-cholesterol at baseline, mmol/L (IQR)
Median triglycerides at baseline, mmol/L (IQR)

Statin Pravastatin (%)
Rosuvastatin (%)
Atovarstatin (%)
Fluvastatin (%)
Simvastatin (%)
Ezetimibe (%)

Fenofibrate (%)

Baseline characteristics of the study population according to the presence of SLCO1B1 ¢.521T>C polymorphism.

Genotype TC/CC Genotype TT

n =30 n=>58 P

49 (44-55) 46 (40-52) 124
24 (80.0) 45 (77.6) 794
16 (53.3) 23 (39.7) 221
319 (263-489) 371 (267-517) .360
5.1 (4.9-5.7) 5.2 (3.7-5-9) 551
439 (280-584) 463 (293-596) .686
25 (83.3) 47 (81.0) 791
6 (20.0) 9 (15.5) 401
3 (10.0) 2 (3.5) 216
13 (43.3) 28 (48.3) .660
2 (6.7) 5 (8.6) .543
3 (10.0) (8.6) .556
3 (10.0) 4 (6.9) .180
3 (10.0) 14 (24.1) .093
5 (16.7) 9 (15.5) .557
6.6 (3.3-8.6) 7.5 (5.3-10.2) .254
55 (4.6-6.8) 5.8 (4.8-6.8) 592
3.0 (2.6-4.4) 33 (2.6-4.4) 127
1.0 (0.7-1.2) 1.1 (0.9-1.3) .247
2.9 (1.8-6.0) 2.7 (1.8-3.8) .347
247 (80.0) 44> (75.9) 0.873
0 - 2 (3.5)

3 (10) 8 (13.8)

1 (3.3) 2 (3.5)

2 (6.7) 2 (3.5)

1 (3.3) 3 (5.2) .593
0 - 3 (5.2) 291

Abbreviations: AIDS, acquired immunodeficiency syndrome; BMI, body mass index; cART, combined antiretroviral treatment; HBsAg, hepatitis B surface
antigen; HBV, hepatitis B virus; HCV, hepatitis C virus; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein.

#Median daily pravastatin dose: 40 mg.
bMedian daily pravastatin dose: 20 mg.

>.2). The occurrence of myalgia after the initiation of the statin was
low (1 PWH in each genotype group) and not significantly different
among the 2 groups.

3.3 | Factors associated with the mean change in
total cholesterol after statin initiation

The effect of various factors on the mean change in total cholesterol
after initiation of the statin compared to values under LPV/r
treatment was evaluated using univariate and multivariate linear
regressions. Both analyses showed that the mean change in total
cholesterol was only significantly correlated to the total cholesterol

level under LPV/r treatment (multivariate analysis: coefficient —6.60,

95% confidence interval: —9.63 to —3.56, P <.001; Table 3). As
depicted in Figure 1, higher lipid levels under LPV/r treatment
correlated with a higher reduction in total cholesterol upon initiation
of the statin regardless of the SLCO1B1 genotype.

4 | DISCUSSION

Although there is ample evidence that the SLCO1B1 rs4149056 poly-
morphism impacts the pharmacokinetics of statins, only few studies
have evaluated its impact on the pharmacodynamics of statins. Our
study showed that PLWH on treatment with LPV/r and carrying the
TC/CC genotypes tended to have an attenuated lipid-lowering
response, which, however, did not reach statistical significance
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TABLE 2
containing regimen.

Variable

Median difference from baseline to
LPV/r initiation (IQR)

% change (IQR)

Median difference from LPV/r to
statin initiation (IQR)

% change (IQR)

Total cholesterol (mmol/L)

Median difference from baseline to
LPV/r initiation (IQR)

% change (IQR)

Median difference from LPV/r to
statin initiation (IQR)

% change (IQR)

LDL-cholesterol (mmol/L)

HDL-cholesterol (mmol/L) Median difference from baseline to

LPV/r initiation (IQR)
% change (IQR)

Median difference from LPV/r to
statin initiation (IQR)

% change (IQR)

TG (mmol/L) Median difference from baseline to

LPV/r initiation (IQR)
% change (IQR)

Median difference from LPV/r to
statin initiation (IQR)

% change (IQR)
Myalgia after statin initiation (%)
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Effect of SLCO1B1 ¢.521T>C polymorphism on the lipid-lowering efficacy of statins in people living with HIV on lopinavir/ritonavir-

Genotype TC/CC Genotype TT

n=30 n=58 P
7 (0 to 1.6) .8 (0to 2.4) 746
9.9 (0 to 38.0) 12.7 (0to 51.9) 719
-0.3 (-1.4t0 0.3) -0.6 (-1.9t0 0.1) 256
-4.8 (—19.5to 4.4) -11.7 (—24.2t01.2) .200
0.2 (0 to 0.8) 0.1 (—0.5 t0 0.8) .260
71 (0 to 25.5) 3.3 (—16.2 to 27.2) 420
-0.3 (-1.0t0 0.2) -0.6 (—1.3t0 0.4) .566
-74 (—23.8t07.2) -20.6 (—35.8 to 5.5) 177
0.1 (0to 0.4) 0.1 (—0.4t0 0.3) 331
135 (0 to 47.3) 7.8 (—3.4 to 33.6) 456
0 (-0.1t00.2) 0 (-0.1t00.2) .867
(—6.8 t0 19.9) 1.6 (—8.4 to 18.4) .881
0.1 (—0.2to 1.5) 0.6 (—0.1 to 3.0) .202
11.2 (—6.7 to 77.2) 22.2 (—2.7 to 148) 201
-04 (—1.2to 0.4) -0.3 (—1.5t0 0.5) .980
-79 (—35.6 to 18.1) -11.5 (—26.9 to 16.0) .882
1 (3.3) 1 (1.7) 0.568

Abbreviations: HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; LPV/r, lopinavir/ritonavir; TG, triglycerides.

possibly due to a power issue. This finding supports our previous
observation that some PLWH on a boosted protease inhibitor-
containing regimen did not achieve the lipid target despite elevated
statin concentrations.’®> SLCO1B1 rs4149056 has indeed been associ-
ated with an impaired transport function thereby reducing the amount
of substrate drugs (e.g. statins’ and protease inhibitors*®) entering the
liver for subsequent metabolism and elimination and, in the case of
statins, for drug action. Given that protease inhibitors inhibit
OATP1B1,?! their higher drug exposure, as a result of SLCO1B1
rs4149056, may further inhibit OATP1B1 and consequently further
limit the entry of statins. This consideration is supported by the obser-
vation that individuals carrying SLCO1B1 polymorphisms had higher
pravastatin concentrations in presence of darunavir/ritonavir com-
pared to those without polymorphisms.2? Thus, an increase in the
dose of the statin may not necessarily improve the lipid response. This
consideration is also supported by our study as the change in lipid
levels tended to be lower in the group carrying the variant despite
receiving a higher median daily dose of pravastatin compared to the
group not carrying the variant (i.e. 40 vs. 20 mg). It should be noted
that, even though all statins are substrate of OATP1B1, the impact of
SLCO1B1 rs4149056 on the lipid-lowering effect or the risk of muscle

toxicity may differ depending on the statin due to varying contribu-
tions of other transporters to their hepatic uptake. The changes in the
area under the curve of various statins in individuals with the
SLCO1B1 CC genotype compared to those with the TT genotype
were indeed shown to be: +221% for simvastatin acid’®; +208% for
pitavastatin23; +145% for atorvastatin®, +91% for pravastatin24;
+62% for rosuvastatin®, and +19% (nonsignificant increase) for
fluvastatin.2*

Regardless of the SLCO1B1 polymorphism, the pharmacodynamic
effect of statins was found to decline progressively as total choles-
terol under LPV/r treatment decreased. This observation is in line with
previous real world clinical data showing that baseline LDL-cholesterol
levels were associated with absolute reductions in LDL-cholesterol
whereby lower pretreatment LDL-cholesterol levels were associated
with smaller percentage LDL-cholesterol reductions.?>2?% The reasons
for the reduced benefit of statin therapy in individuals with lower
baseline LDL-cholesterol values are not fully understood.

This study has several limitations. The size of the population was
small with only 2 individuals homozygous for the C allele, thereby
reducing the power to detect a statistically significant effect of

SLCO1B1 rs4149056 on the lipid-lowering response but also possibly
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TABLE 3
Variable

Age, per 10 years increase

Female

Obesity (body mass index >30 kg/m?)
Diabetes mellitus

Arterial hypertension

Prior cardiovascular disease

Smoking

HCV co-infection

CD4 at starting statin, per 100 cells increase
Viral suppression at statin initiation
Duration of cART treatment, per year

Statin Pravastatin
Rosuvastatin
Atovarstatin
Fluvastatin
Simvastatin

Dose of statin, per 10 mg/day increase of 10 mg equivalent
dose

Ezetimibe

Fenofibrate

SLCO1B1 c.521T>C polymorphism

Total cholesterol at baseline (before LPV/r)

Total cholesterol under LPV/r treatment

Univariable analysis

Linear regression for mean change in total cholesterol after statin initiation. Univariable and multivariable analyses.

Multivariable analysis

Coefficient  95% CI
-0.10 —5.44t05.24
-871 —19.1t0 1.70
-5.12 —20.6 to 10.5
—4.01 —19.7to 11.6
344 —12.3t0 19.2
6.67 —4.87 to 18.2
1.09 —7.69 to 9.87
0.09 —11.6to 11.7
-1.43 —3.38t00.51
1.86 —10.1to 13.8
—-0.08 —1.08 to 0.92
Ref. -
0.85 —27.7t029.4
10.5 —2.48to 23.5
1.61 —219t025.1
7.86 —2.7 to 36.4
4.24 —1.64 10 10.1
—-10.8 —31.1t0 9.55
8.79 —14.6 t0 32.2
7.78 —1.38to 16.9
-2.79 —5.61t0 0.03
—6.23 —8.22 to —4.25

972
.100
516
612
664
254
.805
.988
.145
.758
872
0.953
0.111
0.892
0.585
155

95
457
.095
052
<.001

Coefficient  95% Cl P
1.63 —4.37to0 7.63 .589
—1.74 —13.9 to 10.5 775
-1.43 —17.8 to 14.9 .861
—5.24 —22.6to12.1 .548
1.66 —16.8t0 20.2 .858
0.06 —12.8t0 12.9 .993
-2.90 —12.9 to 7.05 .562
—8.33 —22.8t06.12 .253
-1.07 —13.9 t0 10.5 775
6.97 —5.41t019.3 264
—-0.07 —1.42to 1.29 .923
Ref. - -
4.53 —324t041.5 0.807
2.99 —17.7 to 23.7 0.773
1.88 —21.7 t0 25.5 0.944
-1.01 —29.6 t0 27.6 0.975
0.15 —8.81 to 9.09 974
1.29 —22.3t024.8 .913
133 —12.6t0 39.2 .309
4.45 —4.70to 13.6 .334
-0.71 —4.18 t0 2.77 .683
—6.60 —9.63to —3.56 <.001

Abbreviations: cART, combined antiretroviral treatment; Cl, confidence interval; HCV, hepatitis C virus; LPV/r, lopinavir/ritonavir.
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attenuating the effect on the lipid response given that the transporter
function is less impacted in individuals heterozygous for the mutation.
The lipid values were measured in clinical care and therefore we could
not verify the fasting status. Finally, the statin concentrations were
not measured.

In conclusion, the lipid-lowering effect of statins tended to be
attenuated in PLWH on a boosted protease inhibitor regimen carrying
the SLCO1B1 rs4149056 polymorphism. Given that this polymor-
phism can also impact the concentrations of protease inhibitors and
consequently the extent of the pharmacokinetic/pharmacodynamic
interaction with statins, antiretroviral drugs not highly dependent on
OATP1B1 transport and with no inhibitory effect on OATP1B1
(e.g. unboosted integrase inhibitors, doravirine, rilpivirine) should be
favoured in PLWH with refractory dyslipidaemia. Regardless of the
genetic polymorphism in SLCO1B1, the lipid-lowering effect of statins
was shown to correlate with the total cholesterol levels with more
reduction in lipid levels in individuals with higher lipid values at base-
line (prestatin treatment).
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