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The Effect of Raltegravir on the
Glucuronidation of Lamotrigine

Matthijs van Luin, PharmD, Angela Colbers, MSc, Corrien P. W. G. M. Verwey-van Wissen,
Eleonora W. J. van Ewijk-Beneken-Kolmer, Mike van der Kolk, PhD, Arjen Hoitsma, MD,
Hugo Gomes da Silva, MD, and David M. Burger, PharmD, PhD

The authors studied the effect of raltegravir on the phar-
macokinetics of the antiepileptic agent lamotrigine. Twelve
healthy volunteers (group A) received 400 mg raltegravir
twice daily from days 1 to 5. On day 4, a single dose of 100
mg lamotrigine was administered. After a washout period,
participants received a second single dose of 100 mg of
lamotrigine but now without raltegravir (day 32). In group
B, 12 participants received the same treatment as in group
A but in reverse order. On days 4 and 32, 48-hour pharma-
cokinetic curves were drawn. Geometric mean ratios
(+90% confidence intervals [CIs]) of lamotrigine area
under the plasma concentration-time curve (AUC,_,,,) and

peak plasma concentration (C,, ) for raltegravir + lam-
otrigine versus lamotrigine alone were 0.99 (0.96-1.01) and
0.94 (0.89-0.99), respectively. The mean ratio of the
AUC, ,,, of lamotrigine-2N-glucuronide to lamotrigine was
similar when lamotrigine was taken alone (0.35) or when
taken with raltegravir (0.36). Raltegravir does not influ-

ence the glucuronidation of lamotrigine.
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altegravir is a newly developed antiretroviral drug

that acts by targeting the HIV-1 integrase, thereby
preventing the integration of HIV-DNA into the
genome of the human host cell. Raltegravir has dem-
onstrated potent antiretroviral efficacy and is gener-
ally well tolerated."” Raltegravir is metabolized in the
liver by UDP-glucuronosyltransferase 1A1 (UGT1A1).
As a consequence, its pharmacokinetics can be influ-
enced by inhibitors (eg, atazanavir) or inducers (eg,
etravirine, tipranavir, rifampicin) of UGT1A1.*°
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In contrast to protease inhibitors and nonnucleo-
side transcriptase inhibitors, raltegravir does not
inhibit or induce cytochrome P,., (CYP,,,) enzymes.”
Limited data are available on the influence of ralte-
gravir on substances that share raltegravir’s meta-
bolic pathway: glucuronidation. In vitro studies
suggest that raltegravir does not potently inhibit
(IC,, >50 uM) UGT1A1 and UGT2B7 enzymes.®
However, other UGT subenzymes, such as UGT1A4,
have not been evaluated, and there are no clinical
studies that support the in vitro data.

An example of a UGT-substrate that may be pre-
scribed to HIV-infected patients is the antiepileptic
agent lamotrigine, which is hepatically metabolized
to lamotrigine-2N-glucuronide.? Lamotrigine is one
of the recommended antiepileptic agents for the
management of seizures in HIV-infected patients.™
Seizures are not rare in HIV-infected patients: retro-
spective studies indicate that 2% to 20% of the HIV-
infected patients will have seizures at some time
during their illness."" In addition, lamotrigine is one
of the few drugs with proven efficacy in the treat-
ment of HIV-associated neuropathic pain.*?

In previous studies, we demonstrated that lopinavir/
ritonavir reduces plasma exposure to lamotrigine by
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approximately 50%."* The combination of atazanavir/
ritonavir is also able to induce glucuronidation of
lamotrigine as demonstrated in a subsequent trial.™
The decrease in lamotrigine exposure (32%), however,
was less pronounced as with lopinavir/ritonavir; in
addition, this trial showed that atazanavir alone did
not influence lamotrigine pharmacokinetics, suggest-
ing that the effect from atazanavir/ritonavir is mainly
caused by ritonavir.

These 2 trials demonstrate that the conversion of
lamotrigine to lamotrigine-2N-glucuronide is an appro-
priate marker to evaluate the effect of concomitant
medications on the glucuronidation of lamotrigine.
Given the unknown effect of raltegravir on the
glucuronidation of UGT-substrates in vivo, we studied
the effect of raltegravir on the pharmacokinetics of
lamotrigine.

METHODS
Study Design

This open-label, randomized, 2-period, crossover,
single-center, phase I, multiple-dose trial was con-
ducted in March and April 2008 at the Radboud
University Nijmegen Medical Centre (Nijmegen, The
Netherlands). The study was designed to investigate
the effect of raltegravir on the pharmacokinetics
of lamotrigine and lamotrigine-2N-glucuronide as
determined by intrasubject comparison. Secondary
objectives were to assess the effect of lamotrigine on
the pharmacokinetics of raltegravir when compared
to historical controls and to evaluate the safety of the
combined use of lamotrigine and raltegravir.

Twenty-four male participants were randomized to
either group A or group B. In group A, 12 participants
received 10 oral doses of 400 mg raltegravir twice
daily (BD) during the first period of 5 days. On day 4
(together with the seventh dose of raltegravir), a single
dose of 100 mg lamotrigine was administered. After a
washout period of 26 days (study days 6-31), all par-
ticipants received a second single dose of 100 mg
lamotrigine (day 32). In group B, 12 participants
received the same treatments in reverse order.

The trial was approved by the Review Board of
the Radboud University Nijmegen Medical Centre.

Study Population
The trial was conducted in healthy young men aged

between 18 and 55 years on the day of first dosing.
For inclusion in the trial, participants had to be in a
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good, age-appropriate health condition as established
by physical examination, medical history, electrocar-
diography, and biochemical, hematologic, and uri-
nalysis testing within 4 weeks before the first dose.
Participants had to be able and willing to sign the
informed consent form before screening evaluations.
The main exclusion criteria were as follows: a history
of sensitivity or idiosyncrasy to medicinal products
or excipients, a positive HIV or hepatitis B or C test
result, and therapy with any drug (for 2 weeks pre-
ceding dosing), except for acetaminophen.

Study Drug and Dosing

The raltegravir dosage that was used in this trial (400
mg twice daily with or without food) is the recom-
mended dosage for raltegravir.®'® At the days of
pharmacokinetic sampling, both raltegravir and
lamotrigine were taken on an empty stomach because
at the time of study design, available data on raltegra-
vir pharmacokinetics were obtained in the absence of
food.’ Fasting (no food, no fluid) was continued until
2 hours after dosing, followed by a standardized
breakfast. Previous work demonstrated that steady-
state conditions for raltegravir are present after 2 to 3
days of chronic dosing.’® Therefore, the single dose
of lamotrigine was administered on the fourth day of
raltegravir administration. We used single doses
of lamotrigine to minimize the risk of rash.""*

Safety Assessments and Pharmacokinetic
Sampling

Blood samples for pharmacokinetics were collected
throughout a 48-hour period (0, 0.5, 1, 1.5, 2, 3, 4, 5,
6, 8, 24, and 48 hours) after dosing on days 4 and 32
for lamotrigine and lamotrigine-2N-glucuronide to
characterize drug absorption, distribution, and elim-
ination. Blood samples for pharmacokinetics of
raltegravir were collected during an 8-hour period
(0,0.5,1, 1.5, 2, 3, 4, 5, 6, and 8 hours) after dosing
raltegravir on day 4 (group A) or day 32 (group B). In
addition, blood samples were collected to determine
trough levels of raltegravir, just before intake of the
drug on days 1, 2, and 4 (group A) or days 29, 30,
and 32 (group B).

Serum biochemistry and hematology test results
were checked on days 1, 2, 4, 6, 29, 30, 32, and 34.
Adverse events were assessed during the same visits
and on days 5 and 33. Screening for drugs of abuse
was performed in urine on days 1 and 29; urinalysis
was carried out on days 4 and 32.
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Compliance

Study personnel supervised all intake of medication
at the clinical trial unit. The exact times of dosing
were recorded. Drug intake at home was monitored
by use of microelectronic monitoring system (MEMS)
caps (Aardex Ltd, Zug, Switzerland), which records
the opening of the medication bottle. Furthermore,
pill counts and trough-level measurements at days 2,
4, 30, and 32 were used to assess adherence. Finally,
participants were asked to write down the exact
times of medication intake in a booklet.

Bioanalysis of Raltegravir, Lamotrigine, and
Lamotrigine-2N-Glucuronide in Plasma

Plasma concentrations of lamotrigine and lamotrigine-
2N-glucuronide were analyzed by use of a validated
reversed-phase high-performance liquid chroma-
tography (HPLC) method.” The accuracy values for
lamotrigine were 103%, 103%, and 104% for concen-
trations of 0.358, 1.79, and 11.94 mg/L, respectively.
At these same concentrations, the precision values
(within day, coefficient of variation) were 2.34%,
1.82%, and 1.87%, respectively. For lamotrigine-2N-
glucururonide, the accuracy values were 99%, 100%,
and 99% at concentrations of 0.218, 1.09, and 7.25
mg/L, respectively. The precision values (within day,
coefficient of variation) were 4.08%, 2.43%, and
1.06%, respectively, for the same concentrations.

Plasma concentrations of raltegravir were analyzed
by means of liquid-liquid extraction followed by
reversed-phase HPLC with fluorescence detection. In
brief, to 500 uL of plasma was added 500 uL acetate
buffer (pH 4.0, 0.2 M), 5 mL hexane/dichloromethane
1:1 (v/v), and 50 pL of internal standard (lormetaze-
pam in methanol/water 1:1 [v/v]). The sample was
mixed on a vortex mixer for 5 minutes, followed by
centrifugation at 11000 rpm for 5 minutes. After-
wards, the organic phase was evaporated at 37°C
under a gentle stream of nitrogen gas and reconsti-
tuted in 200 pL of eluens (acetonitrile/phosphate buf-
fer [pH 4.80, 20 mM] [35:65 v/v]). Then, 40 uL of the
resulting solution was run on a 10-cm SymmetryShield
reversed-phase C18 column (flow rate 1.5 mL/min),
and raltegravir was detected by use of a fluorescence
detector (A, 0, 240 DM, A . 412 nm).

The accuracy values for raltegravir were 99%,
101%, and 97% at 0.050, 0.140, and 0.500 mg/L,
respectively. At the same concentrations, the preci-
sion values (within day, coefficient of variation) were
2.4%, 2.5%, and 1.9%, respectively. The calibration
curve was linear over a concentration range of
0.014 to 1.40 mg/L.
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Pharmacokinetic Analysis

Pharmacokinetic parameters for lamotrigine, lamotrigine-
2N-glucuronide, and raltegravir were calculated by
noncompartmental methods using the WinNonlin
software package (Version 4.1; Pharsight, Mountain
View, California) and the log-linear trapezoidal
rule. Based on the individual plasma concentration-
time data, the following pharmacokinetic parameters
of lamotrigine were determined: the area under the
plasma concentration-time curve from 0 to 48 hours
after intake (AUC,,,; in h-mg/L), the maximum
plasma concentration of the drug (C_, ; in mg/L), the
time to reach C_, (t,,; in hours), and the apparent
elimination half-life (t,,,; in hours). For raltegravir,
the same pharmacokinetic parameters were calcu-
lated. To be able to compare raltegravir AUC with
historical data, we calculated steady-state AUC,_,,, by
extrapolation to 12 hours.

0—12

Sample Size and Statistical Analysis

The study was powered to detect a 20% difference
in lamotrigine AUC. In our previous single-
dose lamotrigine trial, the intersubject coefficient of
variation in lamotrigine AUC was 22.2%."* With a
conservative approach, we assumed intrasubject
variability to be equal to intersubject variability, and
we calculated the required number of participants as
20. With an estimated dropout rate of 15%, 24 par-
ticipants were included in the trial to ensure com-
plete data from 20 participants.

For the identification of a clinically relevant drug
interaction, we used the bioequivalence approach."”
Geometric mean ratios (GMRs) with 90% confidence
intervals (CIs) were calculated for AUC, ,,, C_ .., and
t,/, after log transformation of within-subject ratios.
GMRs with 90% CIs falling entirely within the range
of 0.80 to 1.25 were considered to indicate no sig-
nificant interaction.

We calculated AUC ratios of lamotrigine-2N-
glucuronide versus lamotrigine obtained by use of
lamotrigine alone and by use of lamotrigine in combi-
nation with raltegravir to determine the effect of ralte-
gravir on the glucuronidation of lamotrigine. To check
whether autoinduction of lamotrigine metabolism
might have influenced our results, we also compared
the AUC ratios of lamotrigine-2N-glucuronide and
lamotrigine in participants who took lamotrigine alone
on day 32 (group A) to those obtained in participants
who took lamotrigine alone on day 4 (group B).

Statistical evaluations were carried out using
SPSS for Windows, Version 16.0.1 (SPSS, Chicago,
Illinois, 1989-2005).
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RESULTS
Baseline Characteristics

Twenty-four healthy male participants were included
in this trial. The mean (range) age, body weight, and
body mass index were 34 (20-52) years, 79 (63-94)
kg, and 24 (20-28) kg/m?, respectively. There was 1
black participant and 1 Hispanic participant; the
other participants were white. There were no drop-
outs: all participants completed the trial and were
available for statistical analyses.

Compliance

The compliance of all 24 participants was good, as
indicated by their statements about the intake of the
drug doses, the number of tablets in the returned
vials, the raltegravir trough concentrations, the book-
lets, and the MEMS caps (data not shown).

Pharmacokinetics

All included participants completed day 34 of the trial
and were included for statistical evaluation. Figure 1
shows thelamotrigine and lamotrigine-2N-glucuronide
plasma concentration versus time curves obtained in
the presence and absence of steady-state raltegravir.
The mean pharmacokinetic parameters of lamotrigine
are shown in Table I. Raltegravir did not appear to
influence the pharmacokinetics of single-dose lam-
otrigine. The geometric mean ratios of lamotrigine
AUC, ,, C,.. and t,, for lamotrigine + raltegravir
versus lamotrigine alone were all close to 1.0, and the
corresponding 90% CIs were within the predefined
interval of 0.80 to 1.25, indicating no interaction
occurred (see Table I). In agreement with this observa-
tion, the mean (SD) ratio of the AUC,__,,, of lamotrig-
ine-2N-glucuronide/lamotrigine was similar when
lamotrigine was taken alone or when taken with
raltegravir. The geometric mean (95% CI) AUC, ,,, of
lamotrigine-2N-glucuronide was 11.0 (10.1-12.0)
h-mg/L after intake of 100 mg lamotrigine alone, leading
to a mean (SD) AUC ratio of metabolite versus parent
compound of 0.35 (0.08). The mean (SD) ratio was
0.36 (0.10) when lamotrigine was taken in the presence of

steady-state raltegravir (P = .35, paired samples ¢ test).
The mean (SD) AUC ratios of lamotrigine-2N-

glucuronide versus lamotrigine were 0.37 (0.07) and
0.32 (0.08) in participants who took lamotrigine
alone on day 4 and day 32, respectively (P = .16,
independent samples ¢ test), indicating no period
effect occurred. In addition, the elimination half-life

DRUG INTERACTIONS

of lamotrigine was not significantly different in par-
ticipants who took lamotrigine alone on day 4 ver-
sus on day 32: the mean elimination half-lives were
37.0 and 36.0 hours, respectively (P = .83, indepen-
dent samples ¢ test).

The arithmetic mean plasma raltegravir
concentration-time curve following administration
of raltegravir with lamotrigine is shown in Figure 2.
One participant was excluded from the pharma-
cokinetic analyses of raltegravir because raltegra-
vir’s half-life and thus AUC,,, could not be
determined reliably. The geometric mean of the
AUC,_, ofraltegravir was 3.70 h-mg/L. Extrapolation
in WinNonlin to the AUC,_,,, resulted in a slightly
higher (4.6%) geometric mean: 3.87 h-mg/L. The
pharmacokinetic parameters of raltegravir, which
are presented in Table II, were similar to those of
historical controls.®"®

Raltegravir pharmacokinetics displayed large
interindividual variability: the coefficient of varia-
tion (CV) for raltegravir AUC,_, was 77%. In addi-
tion, we observed that steady-state raltegravir trough
levels in the morning were 3 to 4 times higher than
raltegravir levels obtained 8 hours after dosing (see
Figure 2).

Adverse Events and Safety Assessments

Study medication was generally well tolerated.
Thirteen participants reported a total of 37 nonseri-
ous adverse events. The majority of these events
(n = 25, 68%) were classified as grade I; the remain-
ing 12 events were classified as grade II (n = 11,
30%) or grade III (n = 1, 3%).

Three adverse events were considered possibly or
probably drug related. One participant reported tran-
sient nausea on the first day of raltegravir adminis-
tration, which disappeared within 6 hours without
need of additional treatment. The other 2 adverse
events were reported in 1 participant who developed
a grade III aspartate aminotransferase (AST) eleva-
tion (385 U/L) and a grade II alanine aminotrans-
ferase (ALT) elevation (101 U/L) on day 6, following
5 days of raltegravir administration. The participant
reported no complaints, and ALT and AST values
returned to normal values within 10 days.

DISCUSSION

The primary objective of this study was to
determine the effect of raltegravir on the phar-
macokinetics of single-dose lamotrigine. The
lamotrigine pharmacokinetics clearly met the
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Table I Comparison of Lamotrigine Pharmacokinetics Following Administration of a Single
Dose of 100 mg Lamotrigine in the Presence or Absence of Coadministration of Multiple Doses of
400 mg Raltegravir Twice Daily to Healthy Male Participants

Lamotrigine Alone

Lamotrigine + Raltegravir Lamotrigine + Raltegravir: Lamotrigine Alone

Pharmacokinetic Parameter  Geometric Mean (95% CI)

Geometric Mean (95% CI)

GMR (90% CI)

AUC, ,,, hmg/L 33.1 (31.3, 35.0)
C,00 Mg/L 1.28 (1.20, 1.37)
ty0s 35.0 (31.0, 39.5)

32.6 (30.7, 34.7)
1.20 (1.13, 1.28)
36.0 (31.9, 40.7)

0.99 (0.96, 1.01)
0.94 (0.89, 0.99)
1.03 (0.97, 1.09)

AUG, area under the plasma concentration-time curve; C,
fidence interval.

.o Peak plasma concentration; t,,,, elimination half-life; GMR, geometric mean ratio; CI, con-

1.4
—fl— | amotrigine in the absence of raltegravir
1.2 —8— Lamotrigine in the presence of raltegravir -
=@ Lamotrigine-2N-glucuronide in the presence of raltegravir
=~
= 4
g’ 1.0 =M@= | amotrigine-2N-glucuronide in the absence of raltegravir
-
c
8
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b= ! \\
(=
Q
g
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o
©
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(7]
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o
#t--____--‘-
b LI, - o
0.2 el
: i I I 39
1
0 4 8 12 16 20 24 28 32 36 40 44 48
Time after intake of lamotrigine (h)

Figure 1. Arithmetic mean plasma concentrations of lamotrigine and lamotrigine-2N-glucuronide following the administration of a
single dose of 100 mg lamotrigine in the presence and absence of raltegravir. Error bars represent the standard error of the mean.

predefined bioequivalence criteria for no clinically
relevant interaction. In addition, the mean ratio of
the AUC,_,,, of lamotrigine-2N-glucuronide to lam-
otrigine was similar when lamotrigine was taken
alone (0.35) or when taken with raltegravir (0.36),
which indicates that raltegravir does not inhibit or
induce the glucuronidation of lamotrigine.

In our previous single-dose lamotrigine study, the
AUC ratio of lamotrigine-2N-glucuronide versus
lamotrigine was slightly higher (0.45) after the same
dose of lamotrigine.'* This is probably caused by the
longer sampling period in that study (120 hours
vs 48 hours in the current study).’* Lamotrigine
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-2N-glucuronide has a longer elimination half-life
than lamotrigine (see Figure 1). As a consequence,
determining the AUC,,_ for both lamotrigine and
lamotrigine-2N-glucuronide instead of the AUC, _,,,
which we did in the current study, will increase the
absolute value of the AUC of lamotrigine-2N-
glucuronide relatively more when compared to the
AUC of lamotrigine, which results in a higher ratio
of lamotrigine-2N-glucuronide versus lamotrigine.
Because raltegravir and lamotrigine share a common
metabolic pathway, we hypothesized that raltegravir
might inhibit lamotrigine glucuronidation, although
results from in vitro experiments had indicated that
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Table I Pharmacokinetic Parameters of
Raltegravir When Compared to Historical Controls

Pharmacokinetic This Study Wenning Anderson

Parameter (n = 239) etal®(n=9) etal®(n=19)

AUC, _,,,, 3.9 (2.7,5.7)° 5.0¢ 3.4 (2.4,4.7)r
h-mg/L

C, o mg/L 1.2 (0.8, 1.8) 1.4 (0.8, 2.3)° 0.8 (0.6, 1.2)°

t 1.5 (0-8) 1.5 1.5 (0-12)

max’

Data are geometric means + 95% confidence intervals, except for t_
(median + range). AUC, area under the plasma concentration-time
curve; G, peak plasma concentration; t,,, time to reach C
?One participant was excluded from the pharmacokinetic analyses of
raltegravir because raltegravir’s half-life and thus AUC,_,;, could not be
determined reliably in this individual.

"The raltegravir AUC, ,,, was obtained by extrapolation from the ralte-
gravir AUC ;.

‘Data for AUC and G, from historical controls were converted from
h-uM and pM to h-mg/L and mg/L, respectively, using the molecular
weight of raltegravir (482.51 g/mol).?

‘max”

012

1.8
1.6
1.4

12

o1/

0.8

0s |/ N\

0.4 N

0.2 \
—

o 1 2 3 4 5 6 7 8

Time after intake of raltegravir (h)

0.0

Raltegravir plasma concentration (mg/l)

Figure 2. Arithmetic mean plasma raltegravir concentration pro-
file following the administration of multiple doses of 400 mg
raltegravir twice daily. Error bars represent the standard error of
the mean.

raltegravir did not potently inhibit (IC,, >50 uM)
UGT2B7-mediated glucuronidation. However, as
explained by Kiang and colleagues,'® one must be cau-
tious when predicting in vivo effects of UGT enzymes
based on data obtained from in vitro experiments.
Moreover, there are several examples of drug-drug
interactions between drugs that are both metabolized
via glucuronidation, potentially based on hepatic
competition for glucuronidation.?**! Therefore, and
because of the importance of drug-drug interactions in
the management of seizures in HIV-infected patients,"
we felt it was appropriate to investigate raltegravir’s

DRUG INTERACTIONS

influence on the glucuronidation of the UGT substrate
lamotrigine in a clinical study.

In our previous lamotrigine study, we considered
lamotrigine a phenotypic probe for UGT1A4 and
possibly UGT2B7 substrates.” On the basis of this
view, we originally designed the current study as a
“phenotypic probe” study to investigate the influ-
ence of raltegravir on UGT1A4 and UGT2B7 enzymes
in vivo. Meanwhile, lamotrigine metabolism by
UGT1A4 and UGT2B7 has become in part controver-
sial: a recent publication suggests that lamotrigine is
metabolized by UGT1A3 and UGT1A4 but not by
UGT2B7.*” Thus, it is possible that lamotrigine is
metabolized by at least 3 different UGT enzymes,
which questions the appropriateness of using lam-
otrigine as a selective probe for UGT phenotyping.
For instance, if raltegravir inhibits UGT1A4 enzymes
and not UGT1A3 or UGT2B?7, it is possible that lam-
otrigine is still glucuronidated at a similar velocity
by using UGT1A3 and/or UGT2B?7 as escape routes.

As depicted in Table II, pharmacokinetic param-
eters of raltegravir were comparable to those of
healthy volunteers in other studies, indicating no
significant effect of a single dose of lamotrigine on
raltegravir pharmacokinetics. Because assessing the
effect of a single dose of lamotrigine on the pharma-
cokinetics of raltegravir was a secondary objective of
our trial, we did not include a 12-hour pharmacoki-
netic sample in our study. We extrapolated the ralte-
gravir AUC, , to AUC, ,,, to compare our data to
historical controls. Because the percentage of the
AUC extrapolated was smaller than 5%, we do not
expect the extrapolation to confound the compari-
son to the historical controls.

The pharmacokinetics of raltegravir were charac-
terized by large interindividual variability (CV 77 %),
which was reported by others as well.?® Proposed
explanations for large interindividual variability are
differences in coadministration with food and con-
comitant medications.® Nonetheless, in our study,
raltegravir was taken on an empty stomach, and con-
comitant medications, except for lamotrigine, were
not allowed. Because omeprazole increases raltegra-
vir exposure by 321%," differences in gastric pH
might have contributed to interindividual variabil-
ity. Another contributing factor may be genetic
polymorphism of UGT1A1, the enzyme that metabo-
lizes raltegravir. Genetic polymorphism of UGT1A1
is relatively common: 7% to 19% of the white
population is homozygous for UGT1A1*28, which
leads to decreased UGT1A1 expression and reduced
elimination of UGT1A1 substrates, such as irinote-
can and raltegravir."
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Raltegravir trough concentrations taken in the
morning of study day 4 (ie, around 8 am), before drug
intake for pharmacokinetic sampling, were on aver-
age 3 to 4 times higher than raltegravir concentra-
tions obtained 8 hours after dosing (see Figure 2).
Because this might have been caused by too late
intake of the raltegravir evening dose before the day
of pharmacokinetic sampling, we checked our MEMS
data thoroughly. However, according to MEMS, all
participants opened the medication bottle between
7:42 pM and 8:56 pMm in the evening of day 3 or 31
(scheduled intake time 8:00 p™m).

Further investigation learned that the same phe-
nomenon can be noted in the work of Anderson et al.®
In their article, raltegravir (morning) trough concen-
trations were about 2-fold higher than Cy or C,,,
raltegravir concentrations. A possible explanation for
these findings could lie in circadian variations in
pharmacokinetics.** For instance, acetaminophen
glucuronidation occurs at a higher rate in the daytime
compared to the night.*® Glucuronidation rates of
raltegravir might vary in a similar way, although this
hypothesis requires further investigation. Another
factor that may have contributed to this phenomenon
is that raltegravir morning G, ., levels may have been
increased in participants who took raltegravir with
food at the evening before pharmacokinetic sampling
days. The food effect on raltegravir is substantial
(35% decrease in C_,, and 8.5-fold increase in C ),
although not considered clinically relevant.?
Unfortunately, we cannot test this hypothesis because
we did not note whether participants took raltegravir
with or without food at home.

Combined use of single-dose lamotrigine and
raltegravir was generally well tolerated. However,
there was 1 participant with a reversible grade III
AST and grade IT ALT elevation after 5 days of ralte-
gravir administration. Lamotrigine as the causal
agent seems unlikely in this case because AST had
already risen from 16 to 190 U/L between day 1 and
day 4 (ie, before intake of lamotrigine). Indeed,
hepatitis is among the serious drug-related adverse
events of raltegravir, although its frequency is defined
as “uncommon” (>1/1000 to <1/100).%1°

This is the third study in which we studied the
influence of antiretroviral drugs on the glucuronida-
tion of lamotrigine. In the first trial, we encountered
a relatively high incidence (25%) of lamotrigine-re-
lated rashes,”® especially among women (42%).
Therefore, we decided to include only male partici-
pants in future trials with lamotrigine. In an attempt
to further reduce the incidence of rash, we used single
doses of lamotrigine instead of chronic dosing. The
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effect of these measures is satisfactory: rash occurred
in only 1 participant in the second trial (4.8%), and it
did not occur in the present trial.

In the first study that used single doses of lam-
otrigine, we used a sequential design—that is, all
participants received a single dose of lamotrigine on
day 1 (reference) and again on days 13 and 27, after
administering atazanavir without and with ritonavir,
respectively. In this situation, it could not be
excluded that autoinduction of lamotrigine metabo-
lism had confounded our results.®'* Therefore, we
modified the design of the current study and used a
randomized crossover design with a washout period
of 26 days. In addition, we were now able to check
whether our data were confounded by lamotrigine
autoinduction, which clearly did not occur.
Therefore, we consider the current study design
optimal for testing whether drugs influence the
glucuronidation of lamotrigine.

In conclusion, our study shows that raltegravir does
not affect exposure to the UGT substrate lamotrigine.
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