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INTRODUCTION

CYP450 - 2B6

»Nevirapine is primarily metabolized by the
CYP450 2B6 enzyme.

»The most important single nucleotide
polymorphism is G516T.

»The association of the 516G-T SNP with
nevirapine pharmacokinetic is well established.
» The presence of mutation for this SNP cause
an higher exposure of plasma concentration of

nevirapine.
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P-glycoprotein - (MDR1) ABCB1
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» This protein has an important role in
transport of several substrates.

> It plays an important role in first-pass
elimination of orally administered drugs.

» It eliminates substrates from the systemic
circulation in the kidney and through biliary
excretion.

>t plays a defense role in the body by
minimizing the intracellular accumulation of
xenobiotics.



INTRODUCTION

Question:
1.Can P-glycoprotein mediate efflux of Nevirapine?

EVIDENCE
» Against

« There is no in-vitro test showing Nevirapine as
substrate of MDR1 (excluding Haas DW et al.
2005)

 Many papers did not find any significant
correlation between MDR1 SNPs and Nevirapine
concentrations Haas DW. Barlet |

> PROs /

« Haas DW et Al. 2005 (in-vitro)

« A study found significant influence (in-vivo) on
Cirough (OWen A et al. 2005)

 Possible influence on clerance (Saitho A et al. r‘:
2007) E

« 3435 association with hepatotoxicity (Cicacci C =
et al 2010) S
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Intracellular and plasma pharmacokinetics
of neviranine 1in human immunodeficiency
virus—infected individuals

In the discussion and conclusion there are a couple of key points:

Backgronnd and Mygective: Plasma concentrations of nevirapine have been linked to human immunodeficency
virus {HIV) treatment outcome. However, because the site of action of nevirapine is within HIV-infected
cells, intracellular concentrations may better relate to antviral exposure. Investigation of facvors that alter the
intracellular pharmacokinetics of nevirapine may also aid in our understanding of therapeutic fallure. Cur
objective was to derermine intracellular {or cell-associated ) nevirapine concentrations over the full dosing
interval and to relate protein binding and P-glycoprotein (P-gp) expression wo intracellular exposure.
Methods: Plasma and peripheral blood mononuclear cells were isolated from blood samples taken from 10
HIV-infected padents ar 0, 2, 4, 8, and 12 hours after dosing. Intracellular and plasma {total and unbound)
concentrations were determined by liguid chromatography-tandem mass spectrometry, and the rados of
intracellular to total plasma exposure (area under the concentradon-time curves) were caloolated. P-gp
expression was measured by flow cytometry.

Resulte: The median intracellular accumuladon ratio was 00005 (range, 0L001-0.054) and remained un-
changed over the dosing interval. There was an assodation between higher plasma concentrations and lower
cellular concentratdons of nevirapine (total ¥ = 0,62, P= .007). There was no relationship between percent
unbound nevirapine and intracellular nevirapine. There was a correlation berween higher plasma nevirapine
expreure and bigher M-gp sxpreqden 7 == TP 3 e= 03], whersee imtrucellclar aevicyrne exposure
decreased with higher P-gp expression {(#* = 0.62, P= .01).

Conclatens: 'The intracellular accumulation of nevirapine was low, did not change over the dosing interval,
and was not related to protein binding. In this small study, cells with higher P-gp expression had lower
cellular concentrations of nevirapine. Further studies are required to explore the influx and efflux transporter

profile of this drug. (Clin Pharmacol Ther 2005:78:132-42.)
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INTRODUCTION

Although nevirapine was not thought o be a P-gp
substrate,™ recent data have provided evidence to the
contrary. Studies have reported associations betwesn
the C3435T polymorphism in MDE-1 (the gene encod-
ing P-gp) and nevirapine concentrations™ and hepato-

toxicity.” Haas et al'” went on to investigate nevira-
ping transport in vitro, using a polarized cell line, and
concluded that nevirapine was transported by P-gp in
their model. Here, we show a linear relationship be-

tween higher P-gp expression and lower intracellular
gxposure in these patients. It could be sugeested that
PBMC P-gp acts as 2 marker for expression in the gut
and that lower intracellular nevirapine concentrations
are the result of lower sysiemic nevirapine concentra-
tions; however, we observed a negative correlation
between total and intracellular AUC, ., values. There-
fore these data seem (o suggest thal nevirapine is a
substrate for an efflux transporter; if not P-gp itself,

in this study and could explain this variation. However,
linear regression analysis showed a comrelation between
total nevirapine AUC, . and P-gp expression, where
patients with greater exposure to nevirapine had higher
P-gp expression. It is, therefore, possible that at higher
circulating concentrations of nevirapine the lympho-
cyte P-gp is up-regulated. Previous studies have found
. yurid g  : s v C o e 10 g ¥ ey - 20
However, it is important to note that this in vitro system
was highly simplified. Up-regulation of P-gp can result

irom tinding of the profease infubifors To The transcrip-
tion factor pregnane X receptor (PXE. also known as
steroid xenobiotic receptor [SXR]),*** which is ex-
pressed in PBMCs. " However. it is possible that nevi-
ipe ipduces P-op via a mechanism that canpo
in vitrp. These discrepancies highlight the important
differepces betwesn in vitro and in vivo systems. Al-
though in vitro models are fundamental in the investi-
gation of molecular mechanisms, thev can never be
used in isolation o predict the full effect of a drug in

vivo, [t is important (o note that P-op expression was

not measured in HIV-positive treatment-naive patients.
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INTRODUCTION

Table 10. Suggested Minimum Target Trough Concentrations /2-9;
(Updated November 3, 2008)

Drug Concentration (ng/mlL.)

400

Fosamprenavir
(measured as amprenavir concentration)

Atazanavir 150

Indinavir

Lopinavir 1.000

Nelfinavir® 800

Saquinavir 100-250

Efavirenz 1.000

Nevirapine 3.000

Recommendations applicable only to treatment-experienced persons who have resistant HIV-1 strains

Maraviroc

Tipranavir

a. Measurable active (M8) metabolite.

DHHS Guidelines 1t December 2009
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INTRODUCTION

ANTIMICROBIAL AGENTS AND CHEMOTHERAFY, Sept. 2005, p. 3966-3969 Vol. 49, No. 9
0066-4804/05/808.00+0  doi:10.1128/AAC.49.9.3966—3969.2005
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Nevirapine Plasma Exposure Affects both Durability of Viral
Suppression and Selection of Nevirapine Primary
Resistance Mutations in a Clinical Setting
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The relationship between nevirapine plasma concentrations and the durability of both viral suppression
(VS) and selection of nevirapine primary resistance mutations (PRMs) was evaluated. A nevirapine trough
concentration (C,,..,,) of >4.300 ng/ml was found to predict longer VS. Patients with nevirapine C,, ;.5
ranging from 3,100 to 4,300 ng/ml had higher probabilities of developing PRMs than those with nevirapine
( s below and above this concentration interval.

trough®

T Log rank=22.1; p<t.0001 .
E < 4300 ng/ml (n=85)

We have studied PK-PD relationship on NVP
> 4300 ngml (n=93) *Not all patients investigated were naive.

CONCLUSION
sPatients with Ctrough below 4300 ng/ml
R ™ have higher probability to develop PRMs

Time with undetectable Viral Load (days)

Probability of Virelogical
oo o o 2c
b L I
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OBJECTIVES

To evaluate whether single-nucleotide
polymorphisms In these (genes,
particularly for MDR1, may influence
nevirapine plasma concentrations,
and may predict nevirapine plasma
exposure above 4300 ng/ml.
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METHODS

- Patients were recruited in Turin, Italy

Inclusion criteria were:

age of more than 18 years

no concomitant interacting drugs

no hepatic or renal impairment

= self-reported adherence more than 95%.

- Genotyping was conducted by real time based allelic
discrimination.

- NVP concentrations were quantified using a validated HPLC-PDA
method.

-Cyough Was measured in samples collected 10-14 h after dosing.
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Demographic and physical characteristics

Number of patients 108
Males (%) 77 (71)
Age, median years
(IQR) 47 (42-54)
Weight median kg (IQR) 69 (60-80)

Median n. C,,,, for patients was (+SD) 1.59 (+0.85).

RESULTS

Nevirapine concentrations were not correlated with any demographic

factors.

- The allele frequencies for ABCB1 3435T, ABCB1 1236T, CYP-2B6 516T
and were 44.9%, 40.7% and 30.5% respectively.

-All SNPs were in Hardy-Weinberg equilibrium.
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CYP-2B6 GG vs GTITT

 NVP Ct Mean (+SD)

- A

P value |

54’65,

i | 4%%’2%8%5?

a0 h A0y 1L 17777

Gl 4;, &
Presented 'at the-11t-In atlonal Work I]mcl

i_ i !
I}harmacology of HIV g‘é’é‘é

@R

RESULTS

As expected, median
Ctroughs of NVP were
higher for 2B6 mutate
genotypes, with a
significant P value.

These two groups of
patients (GT and TT)
have very close
concentrations.



P-glycoprotein - MDR1 (C3435T)

No differences were found among genotype groups
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MDR1-3435 | N (%) NVP Ct Mean (+SD)
CC 33 (30.6) 4989 (£2242)
CT | 53(49.0) 4988 (£1502)
10} 22(20.4) | 5271 (£1784)
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0.806
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RESULTS

P-glycoprotein — MDR1 (C1236T)

No differences were found among genotype groups
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 MDR1-1236 | N (%) | NVP Ct Mean (+SD) | Pvalue
CC 39 (36.1) 5134 (2151)
CT 50 (46.3) 4959 (+1568) 0.895
1T 19 (17.6) , 3093 (£1357)
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When consider
the two groups
based on 2B6
genotypes, ...
stratifying 3435
we observed
an Anova for
trend with
significant P
value.

Median
Ctrough was
above 4300
ng/ml in 2B6
WT (GG) when
3435 is
homozygote
mutate.

CYP450 - 2B6/MDR1 (3435)

|

Median Ctrough (ngi/ml)
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CYP-2B6 GG vs GTITT
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CYP450 - 2B6/MDR1 (1236) "

In order to MOR1 C1206T
asses =
the additive T
impact

of predictive
genotype,
patients were
assigned to

four groups.

...Stratifying
1236 we
observed an
Anova for trend
with significant
P value.

10000=

Median Ctrough (ng/ml)
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CYP-2B6 GG vs GTITT
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CYP450 - 2B6/MDR1 RESULTS
at least one (3435/1236) homozygote mutate

At least one ABCE
=0.003 3435/123E)

P
homozygote mutate

/ O = Mo 3E51 256 Hamarygote Mutme
142 3L35M 256 Hamarygote Mutss

0

100004 Yo above 4300 ng/ml

76.8% 79.6%  90.0

Anova
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N=44 N=10
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CYP-2B6 GG vs GTITT

...based on 2B6 genotype and onthe presence at least one MDR1 homozygote

mutate SNP.
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CONCLUSION

» CYP-2B6 polymorphism has been repeatedly found to be a
significant genetic driver of nevirapine plasma exposure.

»P-qglycoprotein SNPs might contribute to interpret inter-individual
variability.

>Integrated CYP-2B6 and MDR1 SNPs may better predict
nevirapine plasma exposure.

> Further studies are now warranted to confirm this composite
association and to evaluate whether a pharmacogenetic approach
can be adopted to optimise selection of NVP intakers.
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