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Human immunodeficiency virus (HIV)

In 1981, a sudden Increase of Kaposi’s sarcoma was reported amongst young
homosexual men (1. In that same year, there was an outbreak of the rare lung Infection

Pneumocystis carinii pneumonia (PCP) In homosexual men and drug abusers (2).

Both problems reflected a severe deficiency in the immune system, which was
named ‘Acquired Immune Deficiency Syndrome’ (AIDS). The causative agent of
AIDS turned out to be a retrovirus; which was called ‘human immunodeficiency
virus’ (HIV) (3;4). HIV enters predominantly helper T cells of the human immune
system by binding to CD4 receptors. HIV Kkills the CD4 positive immune cells that it
infects, thereby crippling the immune system. A distinction is made between HIV-1
and HIV-2, the latter being less virulent and prevalent than HIV-1. HIV-2 is mostly
prevalent in West-Africa (5).

HIV can be transmitted through unprotected sexual intercourse, intravenous drug
use with contaminated injection needles, transfusion of HIV-infected blood, and by

mother-to-child-transmission during pregnancy, delivery and breast feeding.

HIV is still a major global health problem. In 2008, AIDS killed approximately 2.0
million people while in the same year, 2.7 million people were newly infected with
HIV. By the end of 2008, 33.4 million people were living with the virus, more people
than ever before (6). Nonetheless, there are promising results in the fight against
HIV. First, the continuing rise in the number of HIV-infected patients is not only the
result of continued high rates of new HIV-infections. It is also a reflection of the
beneficial impact of increased global access to antiretroviral therapy (6). Second,
the number of new HIV infections has decreased from a peak of 3.6 million in 1996
to 2.7 million in 2008 (6). Finally, the number of AIDS-related deaths has declined
from 2.2 million in 2004 to 2.0 million in 2008.

Antiretroviral drugs

In 1987, zidovudine was introduced, the first drug for the treatment of HIV and AIDS,
which is still part of the current antiretroviral armamentarium. Unfortunately, it took
approximately another 10 years before sustained suppression of HIV replication
became achievable. Combination antiretroviral therapy (cART), consisting of at
least three drugs, coming from at least two drug classes, appeared to be essential
for controlling the virus. Since 1996, the introduction of cART has led to a sustained,
well-documented reduction in AIDS-related mortality and morbidity among those
who had access to cART (7).
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Current HIV treatment guidelines still recommend the use of cART (8). At this

moment, drugs from six different classes are available (figure 1, table 1).

Figure 1 Targets of the six different classes of antiretroviral drugs.

Adapted from (50).

Nucleoside and nucleotide analogue reverse transcriptase inhibitors
Nucleoside analogue reverse transcriptase Inhibitors are pro-drugs that require
Intracellular phosphorylation to their active tri-phosphate metabolites to become
pharmacologically active. The triphosphate metabolites compete with the cell’s
endogenous deoxynucleotide triphosphates for incorporation into the nucleic acid
chain and, after incorporation, terminate the DNA chain by preventing addition of
new bases (9). Tenofovir is a nucleofide analogue, because it already contains a
phosphate group itself, in contrast to the nucleoside analogue reverse transcriptase
inhibitors (10).
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Table 1 Overview of available antiretroviral drug classes in The Netherlands.

NRTIs NNRTIs Protease Fusion CCR5 Integrase
inhibitors inhibitors receptor inhibitors
antagonists

Abacavir Efavirenz Atazanavir Enfuvirtide Maraviroc Raltegravir
Didanosine Etravirine Darunavir
Emtricitabine Nevirapine Fosamprenavir
Lamivudine Indinavir
Tenofovir Lopinavir
Stavudine Nelfinavir
Zidovudine Ritonavir
Saquinavir
Tipranavir

NRTIs, nucleoside analogue reverse transcriptase inhibitors,
NNRTIs, non-nucleoside reverse transcriptase inhibitors

Non-nucleoside reverse transcriptase inhibitors

Non-nucleoside reverse transcriptase Inhibitors (NNRTIs) decrease HIV-1 reverse
transcriptase activity by allosteric inhibition but, unlike nucleoside analogue reverse
transcriptase inhibitors, do not require intracellular phosphorylation to become
pharmacologically active (11). Nevirapine and efavirenz were the first NNRTIs on
the market. They are still used by many HIV-infected patients, both as part of the
initial regimen or as part of a maintenance regimen after starting with a protease
inhibitor-based cART regimen. Recently, a new NNRTI, called etravirine, was
approved for the treatment of HIV-1 infection in treatment-experienced patients.
Etravirine has a higher genetic barrier to the development of resistance than

efavirenz and nevirapine have (12).

Protease inhibitors

Protease inhibitors (Pis) inhibit the HIV protease enzyme and prevent cleavage of
the gag-pol polyprotein, thus preventing nascent viral particles from reaching a
mature, infectious state (13). A major advance in Pl-based antiretroviral therapy has
been the co-administration of Pls with a low ‘boosting’ dose of ritonavir, which
increases Pl drug exposure. This reduces the risk of emergence of resistance and

has allowed twice-daily and, for some Pls, once-daily dosing (14;15).
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CCR5 antagonists

Interaction of the HIV envelope with CD4 is followed by binding to an additional
co-receptor, either the chemokine receptor CCR5 or the chemokine receptor
CXCR4. In 2007, the first CCR5 co-receptor antagonist, maraviroc, was approved
for the treatment of HIV-1 infection in treatment-experienced patients. Maraviroc is
only useful in the treatment of patients who have HIV strains that utilize the CCR5

co-receptor for cell-entry (‘R5-tropic HIV-1 virus’) (16).

Fusion inhibitors

The first and still only available fusion inhibitor, enfuvirtide, was approved for the
treatment of HIV-1 infection in treatment-experienced patients in 2003. Enfuvirtide
is a synthetic peptide which binds to the HIV envelop glycoprotein 41, thereby
preventing the fusion of viral and cellular membranes. Enfuvirtide has to be

administered subcutaneously; local injection site reactions are common (17).

Integrase inhibitors

In 2007, the first HIV integrase inhibitor, raltegravir, was approved for the treatment
of HIV-1 infection. Raltegravir acts by targeting the HIV integrase, thereby preventing
the integration of HIV DNA into the genome of the human host-cell (18). In part Il of

this thesis, two drug-drug interaction studies with raltegravir are presented.

Clinical pharmacology

Clinical pharmacology is a biomedical science which focuses on pharmaco-
dynamics and pharmacokinetics of drugs in humans. Pharmacodynamics deals
with the effect of drugs on the human body, while pharmacokinetics describes the
effects of the human body on drugs, such as drug metabolism. For a number of
antiretroviral drugs, relationships have been established between drug plasma
concentrations (pharmacokinetics) and antiretroviral efficacy (pharmacodynamics)
(19). Specifically for most Pls and NNRTIs, there is international consensus on
concentration-based target concentrations for efficacy (8;19). Plasma concentrations
below the lower threshold for efficacy may lead to higher rates of virologic failure

and the development of drug resistance (20;21).

Adequate drug exposure is thus essential in the treatment of HIV. Nevertheless,
obtaining adequate drug exposure in an individual can be challenging because of
the considerable interindividual variability in plasma concentrations among patients

taking the same dose (22).

16



There are numerous factors which may lead to interindividual variations in pharma-
cokinetics, such as genetic constitution, gender, age, body weight, honcompliance

or the occurrence of drug-drug interactions (23-29).

Therapeutic drug monitoring

One tool to obtain optimal drug exposure in an individual is therapeutic drug
monitoring (TDM). TDM pursues tailor-made antiretroviral therapy by using the
individual’s plasma concentrations to select the optimal dose for that individual.
The first part of this thesis focuses on the application of TDM in current clinical

practice.

At the end of the 20th century, there were many problems with the early cART
regimens, such as frequent inadequate absorption, large interpatient variability with
frequent suboptimal or toxic exposure to antiretroviral agents, many drug-drug
interactions and a high and frequent daily intake of pills. These problems were the
incentive for introducing TDM into the HIV field. Ever since, many drugs that were
used in the early cART regimens, such as indinavir and nelfinavir, have been
replaced by drugs with better pharmacokinetic profiles. Consequently, the role of
TDM has evolved. Chapter 1 provides a review of the current evidence for TDM,
focusing on arguments which are in favor and arguments that refute the use of TDM

in current clinical practice.

There are only two antiretroviral drugs for which a well-defined upper threshold
plasma concentration for toxicity has been established, namely indinavir for renal
toxicity and efavirenz for central nervous system (CNS) toxicity (19). For efavirenz,
however, conflicting data exist. Some studies have reported an association between
elevated efavirenz plasma concentrations and CNS disturbances (21;30-32), but
other studies reported a lack of such an association (33-36). To provide more
insight into this matter, we undertook the retrospective analysis described in
chapter 2, which aimed to determine whether patients in the EuroSIDA study with
high efavirenz plasma concentrations had an increased likelihood of toxicity-driven

discontinuations of efavirenz.

Despite the conflicting data described above, pharmacists at our TDM practice
advise dose reduction of efavirenz in patients with high plasma concentrations who
suffer from persistent CNS disturbances. Anecdotally, this has been reported to be
an effective intervention, but the outcome of this intervention had never been

formally evaluated. The retrospective analysis with data from the ATHENA cohort
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study, described in chapter 3, evaluates whether dose reduction in patients with
high efavirenz plasma is safe with regards to virologic efficacy and whether dose
reduction reduces the risk of toxicity-driven efavirenz discontinuations. Chapter 4
describes an HIV-tuberculosis co-infected patient who had unexpectedly high
efavirenz plasma concentrations and concomitant CNS toxicities, despite
co-administration of the strong enzyme inducer rifampicin. This chapter illustrates

the value that TDM can have in individualized patient management.

In 2005, the Dutch Association of AIDS Physicians (NVAB) issued guidelines for the
treatment and management of HIV-infected patients, including recommendations
for Therapeutic Drug Monitoring (TDM) (37). Chapter 5 provides an evaluation of

the uptake of these recommendations in the Dutch HIV treatment centres.

Drug-drug interactions

As depicted above, drug-drug interactions may lead to undesirable low or high
plasma concentrations of antiretroviral drugs. In addition, drug-drug interactions
may lead to clinically significant changes in the pharmacokinetics of drugs that
patients receive for the treatment of co-existing medical conditions (38). It is
therefore important to study potentially relevant drug-drug interactions. The second
part of this thesis contains four drug-drug interaction studies between antiretroviral
drugs and drugs being used for the prevention and treatment of co-existing medical

conditions.

The mechanism of many of the potential drug-drug interactions between antiretroviral
drugs and concomitant drugs involves Cytochrome P4 (CYP4&)-mediated
metabolism (39). HIV-protease inhibitors may be both substrates, inducers and
inhibitors of several CYP4) subtypes, whereas most NNRTIs are both substrates

and inducers of this system.

Less attention has been paid to other types of drug-drug interactions, for instance
via mediation of glucuronidation of drugs. Yet, Pls and NNRTIs may induce
glucuronidation of concomitantly administered drugs and this may lead to clinically
significant reductions in plasma concentrations of UDP-glucuronosyltransferase
(UGT) substrates (40;41).

Atovaquone co-formulated with proguanil is frequently used by western HIV-infected

patients who travel to malaria-endemic destinations. Atovaquone is considered a

substrate for glucuronidation (42). Chronic use of PIs or NNRTIs may hence lead to
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diminished atovaquone plasma concentrations and possibly suboptimal prophylaxis
of malaria.

To study this potential problem, we designed the study described in chapter 6,
which compared atovaquone/proguanil plasma concentrations between healthy
volunteers and HIV-infected patients who were treated with efavirenz, lopinavir/

ritonavir, or atazanavir/ritonavir.

Chapters 7 and 8 describe drug-drug interaction studies of the recently approved
HIV-1 integrase inhibitor raltegravir with lamotrigine and pravastatin, respectively.
Raltegravir is metabolized by UGT1Al and hence its pharmacokinetics can be
influenced by inhibitors (e.g., atazanavir) or inducers (e.g., etravirine, tipranavir,
rifampicin) of UGT1Al (43-46). However, the influence of raltegravir itself on UGT
substrates had not been evaluated in clinical studies. Therefore, we undertook the
study described in chapter 7 to investigate the influence of raltegravir on the UGT
substrate lamotrigine.

Dyslipidemia is a common complication during chronic HIV infection. One strategy
to manage dyslipidemia is the use of lipid-lowering drugs. Pravastatin is considered
a preferred lipid-lowering drug for HIV-infected patients (47;48) and frequent
combined use of raltegravir and pravastatin can be expected in the ageing
HIV-infected population (49). Because both drugs share a common metabolic
pathway, we studied the effect of the new HIV-integrase inhibitor raltegravir on

pravastatin pharmacokinetics and vice-versa (Chapter 8).

Fungal infections are among the most prevalent opportunistic infections in
HIV-infected patients. It is thus important to study potential drug-drug interactions
between antiretroviral drugs and antifungal drugs. Chapter 9 describes the
drug-drug interaction study that we performed between the second generation
triazole posaconazole and the protease inhibitor fosamprenavir. In this study we
investigated whether ritonavir could be replaced by posaconazole as an alternative

booster of the pharmacokinetics of fosamprenavir.

Objectives of this thesis

All studies in this thesis focus on clinical pharmacology issues in HIV treatment.
Part | of the thesis presents studies that were performed to obtain more insight into
the use of TDM in current clinical practice. Part Il of this thesis presents pharma-
cokinetic drug-drug interaction studies between antiretroviral drugs and drugs
being used for the prevention and treatment of co-existing medical conditions.

Finally, a general discussion is presented.
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Abstract

Purpose of review

Therapeutic drug monitoring is frequently used in several European countries, and
international guidelines recommend it in selected cases. We discusses the main
arguments for and against therapeutic drug monitoring in HIV infection.

Recent findings

Accumulating evidence favors the use of therapeutic drug monitoring in the
management of drug concentration-related toxicities. Interindividual variability in
the pharmacokinetics of antiretroviral drugs is at least partially caused by genetic
polymorphisms. Additionally, body weight, sex and ethnicity have been identified
as independent predictors of pharmacokinetics. Several studies have revealed
subtherapeutic drug concentrations in children who were treated in accordance
with the label information, which is in favor of therapeutic drug monitoring in children.
The inhibitory quotient concept has been further explored, but more work is needed
to justify full implementation into routine clinical practice. A limitation of therapeutic
drug monitoring is the significant intraindividual variability in protease inhibitor
concentrations. Furthermore, there is a lack of sufficiently powered randomized
controlled trials that assess the use of routine therapeutic drug monitoring for
current first-line antiretroviral drugs.

Summary

Although routine therapeutic drug monitoring cannot be recommended for current
first-line antiretroviral drugs, there are many frequently encountered clinical

situations in which therapeutic drug monitoring provides valuable information.
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Introduction

Therapeutic drug monitoring (TDM), namely use of drug concentrations to optimize
antiretroviral therapy, is frequently used in some European countries, such as the
UK, France and the Netherlands. In addition, the US department of Health and
Human Services guidelines () and the British HIV Association guidelines (2)
recommend the use of TDM for several categories of patients, such as those with
suspected drug interactions, pregnant women and patients with hepatic

dysfunction.

This review discusses relevant publications (published from January 2005 to
November 2007), that favor or refute the use of TDM. Finally, the pros and cons are
weighed in order to draw conclusions regarding the clinical utility of TDM in HIV

disease.

Pro TDM: Drug concentrations correlate with virological response

A prerequisite for the use of TDM is that antiretroviral drug concentrations correlate
with virological response. Indeed, there is extensive evidence on concentration-
response relationships for both protease inhibitors and non-nucleoside reverse
transcriptase inhibitors (NNRTIs), which has led to international consensus on the
concentration-based cutoff values for performing TDM in antiretroviral therapy
naive patients (table 1) (3.

These cutoff values are not applicable to protease inhibitor experienced patients,
who may need higher plasma concentrations because ofthe emergence of protease
inhibitor-related mutations. Furthermore, concentration-based cutoff values have
not been established for the fusion inhibitor enfuvirtide or for the nucleoside reverse
transcriptase inhibitors (NRTIs). NRTIs are pro-drugs that require intracellular
phosphorylation to become pharmacologically active and therefore plasma
concentrations do not necessarily correlate with efficacy (3).

For enfuvirtide, there seems to be no correlation between plasma concentrations

and virological response (4).

Pro TDM: The IQ concept might benefit treatment-experienced patients

NNRTIs have a limited genetic barrier to resistance, because just one mutation can
render them therapeutically ineffective. Consequently, it is generally thought that it
is futile to try to overcome NNRTI resistance by increasing plasma concentrations.
In contrast, for protease inhibitors the extent of a patient’s resistance is a result of

the cumulative number of relevant protease inhibitor mutations, and there is
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Table 1 cutoff concentrations (mg/L) for performing TDM of antiretroviral
agents in therapy-naive patients. Adapted with permission from (3).

Eficacy (Ctag) Toxicity
Atazanavir 0.15
Fosamprenavir 0.40
Indinavir 0.10 C e 10.0
Lopinavir 1.0
Nelfinavir 0.80
Ritonavir8 21
Saquinavir 0.10
Tipranavir# 20.5
Efavirenz 1.0f 4.0f
Nevirapine 3.0f

&as a single Pl

#in therapy-experienced patients

ffor efavirenz and nevirapine, plasma concentrations can be randomly taken
during the dosage interval

increasing evidence that raising plasma protease inhibitor concentrations to a level
that exceeds the degree of resistance of a particular virus strain may help to

overcome its reduced susceptibility (5).

To define an individualized target protease inhibitor plasma concentration based on
the susceptibility of the virus, the inhibitory quotient concept has been introduced

into HIV therapy, which combines the results of TDM and resistance testing (5).

Elsewhere, La Porte et al. (6) discuss the inhibitory quotient concept in greater
detail. In summary, a number of recent retrospective observational studies have
demonstrated that the genotypic inhibitory quotient (GIQ), which is defined as the
ratio of the protease inhibitor trough concentration to the number of primary
protease inhibitor-associated genotypic mutations inthe HIV RNA (5), is significantly
correlated with virological response (7-9;9-13). Moreover, the general picture is that
the integration of resistance data with pharmacokinetics provides equal or better

prediction of virological response than resistance data or pharmacokinetic data
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alone. Notwithstanding this benefit, some limitations apply to the GIQ-concept.
First, there is a need for standardization: different studies still use different lists of
mutations to calculate the GIQ for the same protease inhibitor (9;14-16). Second, all
mutations are weighed equally, although it iswell established that not every mutation
contributes equally to the degree of resistance. Finally, none of the proposed GIQ
cut off values has been validated in prospective studies.

Pro TDM: TDM s atool to manage concentration-related toxicities
There are relatively few data that relate plasma concentrations to toxicity. To date,
the evidence is the strongest for indinavir, atazanavir and efavirenz.

Recent studies reported improved clinical outcomes in patients with high indinavir
or efavirenz concentrations that received dose adjustments under the guidance of
TDM. Two studies demonstrated improved renal function (17) and overall tolerability
(18) in patients who underwent TDM-guided indinavir dose reduction. In both
studies, virological suppression was maintained, which demonstrates the safety of
this strategy.

High efavirenz plasma concentrations have been linked to central nervous system
(CNS) toxicity and the study of Gutierrez et a. confirmed previous findings (19).
Two other recent publications, however, have challenged the concept of there being
a relation between efavirenz plasma concentrations and CNS toxicity (20) (21).
Nevertheless, successful efavirenz dose reduction in terms of diminished drug
toxicity has been described in patients with high efavirenz plasma concentrations,
both in Japanese (22) and in Dutch HIV-infected patients (23). The Japanese study
prospectively selected patients who had high (> 6.0 mg/L) efavirenz plasma
concentrations because of single nucleotide polymorphisms ofthe CYP2B6 enzyme
and observed an improvement of CNS-related adverse effects after dose reduction
(22). The Dutch study retrospectively compared patients with high (>4.0 mglL)
efavirenz plasma concentrations who did or did not undergo dose reduction in
routine clinical practice. After 1 year, there was a trend towards a decrease of
toxicity-related efavirenz discontinuations in patients in whom the dosage was
reduced (23). Both studies established the safety of TDM guided dose reduction
with regards to virological suppression.

Several studies highlighted the existence of a relation between atazanavir plasma

concentrations and its main adverse effect, namely increased serum bilirubin
concentrations (13;24-27). Nevertheless, this side effect is usually asymptomatic
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and it may have to be accepted in return for efficacy in protease inhibitor-pretreated
patients. Although there is a lack of formal evidence, TDM might be applied to
reduce the dose of atazanavir in protease inhibitor-naive patients with high atazanavir
plasma concentrations (e.g., Ctagh > 0.63 mg/L (27)) who experience toxicity.

Pro TDM: There is large interindividual variability in pharmacokinetics
One of the main incentives to perform TDM in HIV disease management has been
the marked interindividual variability in the pharmacokinetics of antiretroviral
drugs. This was once more illustrated by Molto et al. who reported large inter
individual variability for both protease inhibitors and NNRTIs in a routine outpatient
setting (28).

New information was published on the patient characteristics that determine
interpatient variability of antiretroviral drugs. The pharmacokinetics of atazanavir
appeared significantly influenced by the 3435C>T polymorphism of the gene that
encodes p-glycoprotein. Patients with two wild-type alleles had significantly higher
plasma concentrations of atazanavir compared to patients with at least one mutant
allele, both in boosted (25) and unboosted regimens (26).

The pharmacokinetics of efavirenz are influenced by gender and ethnicity, with
higher efavirenz plasma concentrations in females and non-Caucasian patients
(29-31), and there is evidence that interracial differences in CYP2B6 activity (32)
play a role inthe observed differences between races. Furthermore, female gender
and positive hepatitis B status have been related to diminished nevirapine clearance
(29), and body weight appeared to be inversely related to plasma concentrations
of lopinavir (33).

Pro TDM: TDM s atool for managing drug-drug interactions

Numerous potential drug interactions are yet to be formally studied, and the
outcomes of such studies are sometimes unexpected (34). Repeated measurement
of drug concentrations is advisable if a (potentially) interacting agent is started or
withdrawn in order to prevent reduced efficacy or increased toxicity of antiretroviral
treatment (35). Park-Willie et al. recently showed the importance of the appropriate
handling of drug interactions, as patients with efavirenz-based interactions who
received dosage adjustments had a significantly greater mean reduction in viral
load than did patients with unadjusted dosages (36).
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Pro TDM: TDM may reveal non-adherence

Adherence to antiretroviral therapy is a key determinant of virological response.
Unfortunately, there is no ‘gold standard’ with which to assess adherence. One of
the tools used to measure adherence is TDM, which provides objective and direct
proof of the presence of a drug in the patient’s body (37). Once one uses TDM to
investigate adherence, it is important to recognize that a therapeutic drug
concentration does not necessarily reflect good adherence, because it only reflects
recent drug intake. On the other hand, an extremely low plasma concentration is an
indication of poor adherence.

Pro TDM: Special patient populations may benefit from TDM

Patients with renal dysfunction or elevated liver enzymes are frequently excluded
from clinical trials, and so there is relatively little knowledge on the behavior
of antiretroviral drugs in these patient categories. Consequently, dose
recommendations are frequently not available, especially in liver impairment (1).
Nevertheless, liver impairment may have significant influence on antiretroviral drug
pharmacokinetics. For example, Barreiro et al. showed that efavirenz plasma
concentrations above the toxic threshold (>4.0 mg/L) were significantly more
common among patients with liver cirrhosis. They observed a similar trend for
nevirapine, but not for lopinavir and atazanavir (38). Another study, however, did
demonstrate altered lopinavir pharmacokinetics in patients with moderate liver
impairment (39). Clearly, there is a rationale for performing TDM in patients with
moderate to severe hepatic impairment in order to prevent them from exposure to
unnecessary high plasma concentrations.

Recent publications demonstrated a high prevalence of subtherapeutic efavirenz
and lopinavir plasma concentrations among children who were dosed in
accordance with current guidelines (40-42). These findings are in favor of routine
TDM in children in order to prevent them from being underdosed. Moreover, TDM is
an objective method for detecting non-adherence, which is a substantial problem
in HIV-infected children.

A report on a pregnant woman who had a virological relapse associated with low
nelfinavir plasma concentrations provided an important incentive to recommend
use of TDM during pregnancy to prevent such episodes (43). Lowered exposure
during the third trimester has also been demonstrated for lopinavir (44). As a result
of the altered pharmacokinetics during pregnancy, frequent measurement of
protease inhibitor plasma concentrations is advisable.
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Contra TDM: Only one component of the antiretroviral regimen is measured
Current treatment regimens exist of two NRTIs plus either a protease inhibitor or a
NNRTI, but in TDM, plasma concentrations of only the protease inhibitor or the
NNRTI are measured. It may appear inadequate to measure only one component
of a regimen in an evaluation of virological response. Nonetheless, a number of
studies have demonstrated a relation between the single NNRTI or protease inhibitor
component and therapeutic response (3;45). TDM of a single component, therefore,
may still contribute to improved response.

Contra TDM: Large intra-individual variability in antiretroviral TDM results
Large intra-individual variability limits the value of a single drug concentration
measurement. Nettles etal. used frequent sampling in 10 HIV infected patients to
obtain a total of 36 plasma samples per patient and reported modest and
considerable intra-individual variability for the NNRTIs (25%) and the protease
inhibitors (44%), respectively (46). The POPIN trial yielded similar results (47).

The main reason for significant intra-individual variability is probably the variation in
compliance with regular drug intake, which has been reported to account for 55%
of intra-individual variability (48). Noncompliance with food instructions and
inaccurate reporting of the time of drug intake may also contribute to intraindividual
variations in plasma protease inhibitor concentrations.

Given the considerable intraindividual variability, one must interpret with caution a
single concentration measurement of an antiretroviral drug, particularly inthe case
of protease inhibitors. On the other hand, outlying plasma concentrations or highly
fluctuating concentrations within an individual may indicate poor adherence.
Suspicion of poor adherence is one of the indications for TDM (2).

Another more general conclusion is that important clinical decisions, such as dose
adjustments, must not be made solely on the basis of a single blood concentration
measurement. TDM will only benefit patient outcome if it is used as one the input
factors in a decision-making process, along with other essential patient-related
data, such as adherence history or viral load data. If the outcome of the decision
making process is a dose adjustment for a protease inhibitor, it may be wise to
repeat a concentration measurement if only one recent measurement is available.

Contra TDM: TDM does not measure unbound drug concentrations

Most currently used protease inhibitors and NNRTIs are highly bound to the plasma
proteins alpha-1-acid glycoprotein (AAG) and/or albumin. Nevertheless, it is the
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free fraction of the drug that exerts its pharmacological effect. AAG is an acute
phase protein and AAG concentrations may fluctuate during acute and chronic
infections. In addition, the concentrations of albumin are prone to major decreases
in patients with severe states of disease.

Little is known regarding the clinical relevance of this limitation of TDM. Nevertheless,
it appears appropriate to interpret plasma concentrations with caution in unstable
clinical conditions.

Contra TDM: Absence of evidence from Randomized Controlled Trials
In 2003, the results of randomized controlled trials provided indisputable evidence
on the benefits of routine TDM in therapy-naive patients who started on indinavir-
containing or nelfinavir-containing antiretroviral regimens (45;49). At present
however, we have entered a new era in which indinavir and nelfinavir have largely
been replaced by drugs with better pharmacokinetic profiles.

The drugs that are currently in use as first-line agents (lopinavirfritonavir, efavirenz,
and nevirapine) provide sufficiently high plasma concentrations inthe great majority
of antiretroviral therapy naive patients (31). The improved pharmacokinetic charac-
teristics of these drugs is reflected in the large numbers of participants that would
be needed in prospective randomized controlled trials to obtain enough statistical
power to judge the potential benefits of routine TDM. According to Khoo et a,
approximately 1,000 to 2,000 patients would be required (47). For most clinical
research groups it is not possible to conduct such a large and expensive trial.

In view of this, it is not surprising that both the POPIN trial and the recent study of
Best etal. were unable to detect significant differences in virological suppression or
toxicity in the TDM arms compared to the standard of care (SOC) arms in their
studies (47) (50). The POPIN trial compared adherence support combined with
TDM to SOC and included 122 patients; Best etal. obtained data from 190 patients.
Clearly, both trials were statistically underpowered to detect a difference in
virological suppression between the TDM and the SOC arms. It must be noted that
Best et al. acknowledged this in advance. Their trial was designed to identify those
patients who were most likely to achieve concentrations outside the therapeutic
range, and they identified use of efavirenz, lopinavir/ritonavir and a high body weight
as independent predictors of non-target concentrations (50).
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Conclusion on the clinical utility of TDM

Although both protease inhibitors and NNRTIs meet most of the requirements of
candidacy for TDM, the currently available evidence does not allow one to
recommend routine use of TDM in antiretroviral-naive patients. For treatment-
experienced patients, the inhibitory quotient concept still is promising but its use
urgently requires validation in prospective studies to clarify its role in routine clinical
practice.

TDM may be recommended in those specific situations in which it is proven to be
or likely to be beneficial. These situations include suspected non-adherence,
manifestations of concentration-dependent toxicities, and all situations in which
patients are more likely to achieve concentrations outside the therapeutic range, for
instance use of antiretroviral drugs in children and pregnant women, and in patients
taking drugs that may influence the pharmacokinetics of antiretroviral drugs.
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Abstract

Background: Conflicting data exist regarding the effect of efavirenz (EFV) plasma
concentrations on central nervous system (CNS) toxicity. We aimed to determine
whether patients with high EFV plasma concentrations have an increased likelihood
of toxicity-driven EFV discontinuations.

Methods: EFV plasma concentrations were measured from patients inthe EuroSIDA
study starting EFV after 1 January 1999. Patients with a plasma concentration
available were divided into those that discontinued EFV due to any toxicity or by the
choice of the patient or physician within 2 years (TOXPC group) and those that
continued EFV for > 2 years (no toxicity group). Multivariable logistic regression
modeling was used to investigate the effect of the EFV plasma concentration and
those of other potentially relevant factors on the risk of toxicity-induced EFV
discontinuations.

Results: A total of 843 patients were included. Of these patients, 138 patients
(16.4%) discontinued EFV due to TOXPC and 705 (83.6%) patients continued
EFV for > 2 years. A total of 20 (14.5%) patients in the TOXPC group had high
EFV plasma concentrations (>4.0 mg/L) compared to 99 (14.0%) of the patients in
the no toxicity group, p=0.89. A positive hepatitis C status (p=0.026), but not the
EFV plasma concentration, was an independent predictor of toxicity-driven EFV
discontinuations.

Conclusions: No association was found between EFV plasma concentrations and
the risk of EFV discontinuations because of (CNS) toxicity. This result questions the
designation of EFV plasma concentrations >4.0 mg/L as being ‘toxic’, at least when
defined by treatment discontinuation.
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Introduction

Efavirenz (EFV) is a non-nucleoside reverse transcriptase inhibitor (NNRTI) that is
used as afirst line agent inthe treatment of HIV infection. It combines patient-comfort
(one pill; once-daily dosing and no food restrictions) with potent antiretroviral
activity and favorable safety properties (1;2).

A well-known disadvantage of EFV is its central nervous system (CNS) side effects,
such as insomnia, dizziness and headache. In a large clinical trial, >50% of the
patients treated with EFV-containing regimens experienced CNS adverse effects
(3). However, CNS toxicity is usually transient and pooled data from controlled
clinical trials show that only 2.7% of EFV-treated patients discontinued EFV because
of CNS toxicity (4). Nonetheless, discontinuation might occur more frequently in
clinical practice given the high discontinuation rates (13% and 24%) reported by two
small observational studies (5;6).

A number of studies (6-9) have described a relationship between CNS toxicity and
higher EFV plasma concentrations. This has led to an international consensus on a
toxic threshold (that is, 4.0 mg/L) of EFV plasma concentrations in guidelines for
therapeutic drug monitoring (TDM) (10). However, most of these studies had small
sample sizes and routine TDM is currently not recommended for EFV hecause of a
lack of data from large prospective trials (1;2). Moreover, several studies did not
establish an increased risk of CNS toxicity in patients with EFV plasma concentrations
>4.0 mg/L (11-14). Clearly, there still is a need for large studies on the relation
between EFV pharmacokinetics and pharmacodynamics to provide more insight
into the potential advantages of TDM of EFV.

An important outstanding issue is the consequence of interindividual differences
in EFV pharmacokinetics in terms of treatment discontinuation. It is important to
know whether patients with high EFV plasma concentrations are at increased risk
of toxicity-induced EFV discontinuations. If so, routine application of TDM for EFV
might prevent (unnecessary) discontinuations from this potent antiretroviral drug.

Inthe present study, we used the EuroSIDA database to study whether patients with
high EFV plasma concentrations had an increased likelihood of toxicity-driven EFV
discontinuations. Furthermore, we evaluated the influence of other potentially
relevant factors, such as the hepatitis status of the patients, on the risk of EFV
discontinuations because of toxicity.
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Methods

Patients

EuroSIDA is a prospective pan-European cohort study of >14,000 HIV type-1
(HIV-1) infected patients in 93 centres from 3L countries across Europe (also
including Israel and Argentina). Details have been previously published (15).
At 6 monthly intervals, a blood sample is taken and stored for each patient, leading
to the accumulation of a large sample repository. To date, no pharmacokinetic
analyses have been performed on these samples. Although time between last
intake and time of sampling is not noted, these samples could still be suitable for
pharmacokinetic analyses of EFV because the long elimination half-life (40-55 h) of
the drug results in minimal variability of plasma concentrations during a dose
interval (7;16).

The EuroSIDA sample repository was searched for patients with a plasma sample
collected after having started EFV treatment. Only patients that had started EFV
after 1 January 1999 were included; reasons for discontinuation of antiretroviral
agents were collected thereafter.

As only 30 patients with an available sample had discontinued EFV because of
CNS toxicity, and to ensure that we were not missing any CNS-associated toxicity
that might have been recorded as physician's/patient’s choice, we divided patients
into those that discontinued EFV because of any toxicity (including CNS toxicity) or
patient's/physician’s choice within 2 years (TOXPC group) and those that continued
on EFV for >2years (no toxicity group). Patients that had discontinued EFV because
of other reasons (for example, virologic failure) within 2 years were excluded.

For each included patient, one sample was analyzed to determine the EFV plasma
concentration. Patients with an undetectable plasma concentration (<0.20 mg/L)
were excluded to prevent bias caused by non-adherence.

EFV analyses

Plasma samples were analyzed at the laboratory of the Department of Clinical
Pharmacy of the Radboud University Nijmegen Medical Centre (Nijmegen, The
Netherlands) by a previously described validated reversed-phase HPLC method (17).

Statistical methods

Patient characteristics at the time of starting EFV were compared between patients
who continued EFV for > 2 years, those who discontinued because of CNS toxicity
and those who discontinued because of another toxicity or patient's/physician’s
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choice. EFV plasma concentrations and proportions with high concentrations (>4.0
mg/L) were compared in the TOXPC group versus the no toxicity group and in
Caucasians versus non-Caucasian patients. They were also compared in the no
toxicity group versus patients who discontinued because of CNS toxicity only.
Chi-squared tests were used for categorical data and Kruskal-Wallis tests for
continuous data. All tests were two-sided and a p-value of <0.05 was taken to be
statistically significant.

Multivariable logistic regression modeling was used to investigate the effects of EFV
plasma concentration on whether EFV was discontinued because of toxicity, after
adjustment for potentially confounding variables. Factors that were significant in
univariable analyses (p<0.10) were included in multivariable analyses and a stepwise
selection method was used to confirm final model selection. The factors investigated
included gender, ethnicity, HIV exposure group, region of Europe in which patients
visited the clinical centre, prior diagnosis of any AIDS defining illness, hepatitis B virus
(HBV) and hepatitis C virus (HCV) status, whether patients had previously received
antiretroviral therapy (ART), number of drugs in regimen, calendar year of starting
EFV, age, baseline CD4 count, nadir CD4 count, viral load, time from HIV positive
diagnosis and type of nucleoside analogue reverse transcriptase inhibitor (NRTI)
backbone. Analyses were repeated inthe subset of patients with baseline weight and
height available, adjusting for body mass index (BMI; weight in kg/ height in m2.
Sensitivity analyses were carried outwith the outcomes: whether patients discontinued
EFV because of CNS toxicity, whether patients discontinued any drug in the
EFV-based regimen and whether patients discontinued EFV within 6 months because
of toxicity. SAS software version 91 (SAS institute, Cary, North Carolina, USA,
2002-2003) was used for all statistical analyses.

Results

A total of 872 patients met the inclusion criteria and had plasma samples collected
after having started EFV. Of these patients, 29 (3.3%) were excluded from further
analysis because their plasma samples did not contain EFV; thus, 843 patients
were included in the study.

In Table 1, patient characteristics are compared between 705 (83.6%) patients in
the no toxicity group and 138 (16.4%) patients in the TOXPC group, which is split
into those who discontinued because of CNS toxicity (n=30, 3.6%) and those who
discontinued because of another toxicity or patient's/physician’s choice (n=108,
12.8%).
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Table 1  Patient characteristics at start of EFV treatment.

Characteristic

Al patients

Male
Exposure group

Ethnicity

Region of Europe

Previous AIDS
Hepatitis B status

Hepatitis C status

DU
Other

Caucasian
Non-Caucasian

North

South
Central West
East

Negative
Positive
Unknown

Negative
Positive
Unknown

Total

843
677

119
724

445
131
267

%
100.0

80.3

141
85.9

921
79

49.0
117
203
19.0
3L7

76.4
6.5
171

528
155
3L7

Continued

on EFV

n %
705 83.6
565 80.1
97 138
608 86.2
643 91.2
62 ==
333 472
77 109
153 21.7
142 20.1
226 kYA
533 75.6
45 6.4
127 18.0
383 543
103 14.6
219 311



Discontinued EFV Discontinued EFV

hecause of hecause of

CNS toxicity other toxicitiesa P-value

n % n %

30 3.6 108 12.8

28 93.3 84 778 0.16b
0.27b

4 133 18 16.7

26 86.7 90 83.3 -
0.12b

29 96.7 104 96.3

1 33 4 3.7 -
0.004b

23 76.7 57 52.8

2 6.7 20 185

3 10.0 15 13.9

2 6.7 16 14.8

9 300 32 29.6 0.86b
0.42b

25 83.3 86 79.6

3 10.0 7 6.5

6.7 15 13.9

0.25h

12 40.0 50 46.3

6 20.0 22 20.4

12 40.0 36 333
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Previous ART 670 79.5 552 78.3 24
Number of ART drugs
in regimen

<3 588 69.8 497 705 20

4 161 191 136 19.3 5

>5 94 112 [ 10.2 5

Median IQR Median IQR Median

EFV plasma concentration (mglL) 2.2 16-3.2 22 16-3.3 2.6
Date of starting EFV 401 1/00-9/02  4/01 2/00-10/02  1/02
Date of enrolment 06/97  11/96-11/01 07/97  01/97-11/01 02/97
Age (yrs) 4 35-49 4 35-49 4
CD4 count (/mm3

Baseline'l 359 205-538 353 204-529 353

Nadir0 131 50-220 129 49-214 M
Time from nadir (months) 37 6-60 37 5-59 49
Viral load (log10copies/mL)

Baseline' 32 1747 3l 1747 39

Maximum9 49 4254 49 4254 50
Time from HIV-1 diagnosis (months)1 92.1 48-141 91.0 46-139 116.0
Baseline weight (kg)1 70.4 62-77 70.1 63-77 76.0
Height (cm) 1760 170181 1760  170-181 1780

80.0

66.7
167

16.7

IR

1939
1/00-6/03
07/94-03/99
35-49

250-590
47-249
18-70

1748
4253
75-176
65-80
172-182

94

71

20

17
Median
2.3

201
04/97
42

403
161
36

35
50
97.1
712
175.0

87.0

65.7
185

15.7

IR

1630
12/99-2102
02/97-05/99
36-48

207-573
67-237
11-57

1748
40-55
51-154
61-77
170-180

“Including patients who discontinued etavirenz (EFV) because of patient'siphysician’s choice. tChl-squared tests and 'Kruskal-Wallis tests were used.

MBaseline CD4 count was available for 819 patients. eNadlr CD4 count was available for 839 patients. 'Baseline viral load was available for 803 patients.
iMaximum viral load was available for 826 patients. hDate of HIV type-1 (HIV-1) diagnosis was available for 831 patients. 'Baseline weight was available

for 484 patients. 'Height was available for 772 patients.
CNS, central nervous system; IDU, Intravenous drugs use; IQR, interquartile range.
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0.11b
0.42b

0.51c
0.12C
0.033'
0.99°

0.56°
0.18C
037°

0.62°
0.98°
0.014
0.34°
0.51c



Other toxicities included 9 patients with clinical fat abnormalities, 4 with dyslipidemia,
1 with a hypersensitivity reaction, 11 with toxicity in the abdomen/gastrointestinal
tract, Lwith toxicity inthe endocrine system and 23 with any other toxicity. A total of
33 patients discontinued because of their own choice and 26 because of the
physician’s choice. The median (interquartile range (IQR)) duration of EFV treatment
before EFV discontinuation was 12 (7-17) months and 10 (6-19) months in the
TOXPC and CNS toxicity groups, respectively.

Characteristics were mostly similar between all three groups; however, the
distribution of patients across the EuroSIDA geographical regions differed
significantly with 23 out of the 30 (76.7%) patients who discontinued because of
CNS toxicity coming from the north of Europe. The majority of patients (79.5%) were
ART-experienced when they started EFV. These patients had a median (IQR)
duration of previous treatment of 67 (43-92) months.

EFV plasma concentrations

Inthe 843 plasma samples with detectable EFV plasma concentrations, the median
(range) EFV plasma concentration was 2.2 (0.2-25.5) mg/L. A total of 50 samples
(5.9%) contained a subtherapeutic EFV plasma concentration (<1.0 mg/L). By
contrast, atotal of 119 samples (14.1%) contained a high EFV plasma concentration
(>4.0 mglL).

TOXPC group versus no toxicity group

No significant difference was found inthe EFV plasma concentrations between the
TOXPC group and the no toxicity group (median [range] 2.3 [0.6-12.3] mg/L versus
2.2 [0.2-25.5] mglL, respectively, p=0.68). A total of 20 (14.5%) patients in
the TOXPC group had EFV concentrations > 4.0 mg/L compared with 99 (14.0%) of
the patients in the no toxicity group (p=0.89).

From the TOXPC group, 30 patients discontinued because of CNS toxicity. Again
there was no significant difference in median concentrations between the CNS
toxicity group and the no toxicity group (median [range] 2.6 [0.9-11.3] mgJL versus
2.2 [0.2-25.5] mglL, respectively, p=0.24). There was also no significant difference
between the proportions of patients with high concentrations in the CNS toxicity
group compared with the no toxicity group (16.7% versus 14.0%, respectively
(p=0.60)).

Caucasians versus non-Caucasians

A total of 776 Caucasian patients and 67 non-Caucasian patients were included in
the analyses, of whom 16 (23.9%) were Asian and 51 (76.1%) were Black. There was
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a borderline significant difference in EFV plasma concentrations between
Caucasians and non-Caucasians (median [range] 2.2 [0.2-25.5] mg/L versus 2.6
[0.4-21.9] mglL, respectively, p=0.081).

A significantly higher proportion of non-Caucasian patients were found to have high
concentrations of EFV (18 [26.9%] non-Caucasians versus 101 [13.0%] Caucasians
had EFV plasma concentrations >4.0 mg/L, p=0.002).

Factors affecting discontinuation of EFV because of TOXPC

Univariable logistic regression models showed that factors such as the region of
Europe inwhich patients visited a clinical centre, HCV status, whether patients had
previously received ART, the type of NRTI backbone started as part of the regimen
and nadir CD4 count significantly affected whether patients discontinued EFV
because of toxicity. A stepwise selection method also identified baseline viral load
as significant after adjustment. In a multivariable model containing all these
variables, there was no significant difference in the odds of discontinuation between
patients with an EFV plasma concentration of <1.5 mg/L compared with 1.5-1.9
mg/L (p=0.90), 2.0-2.9 mg/L (p=0.73) or > 3.0 mg/L (p=0.77). Patients with a
positive HCV status had an 87% increased odds of discontinuation when compared
with patients with a negative HCV status (p=0.026) and there was a borderline
significant difference for ethnicity with non-Caucasians having a 59% reduced odds
of discontinuation compared with Caucasians (p=0.072; Table 2).

In a subset of 449 patients with baseline weight and height data available, BMI was
also entered as a categorical covariate inthe model, with the categories BMI <18.5,
18.5-25 and >25 kg/m2 There was a borderline significant difference in median
(IQR) EFV plasma concentrations between these three BMI groups: 3.4 (2.0-4.1)
mg/L, 2.4 (1.6-3.4) mg/L and 2.2 (1.6-2.9) mglL, respectively, for <18.5, 18.5-25
and > 25 kg/m2 (p=0.056). In the multivariable model, BMI was not found to be a
significant predictor for toxicity-induced EFV discontinuations, p=0.71.

Sensitivity analyses

A total of 30 patients discontinued EFV because of CNS toxicity only. After
adjustment for the variables as inthe main analysis, no significant differences were
found in the odds of discontinuation because of CNS toxicity between patients with
different EFV plasma concentrations (Table 3).

A total of 246 patients discontinued > 1 drug because of toxicity within 2 years of

starting the EFV-based regimen. Of these patients, 40 (16.3%) discontinued their
first drug because of CNS toxicity.
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Table 2 0dds ratios and 95% confidence intervals for discontinuation of EFV due to TOXPC

EFV plasma concentration
<1.5 mg/lL
15-1.9 mglL
2.0-2.9 mglL
>3.0 mg/L
Ethnicity
Caucasian
Non-Caucasian
Region
North
South
Central West
East
Hepatitis C status
Negative
Positive
Unknown
Previous ART
Type of NRTI backbone
ZDVi3TC
dal/d4T
ddl/3tcC
ddl/ABC

Univariable

OR

1.00
101
1
1.02

1.00
0.39

1.00
119
0.49
0.53

1.00
1.68
135
1.64

1.00
240
021
121

95% Cl

(056, 1.82)

(0.70, 1.94)
(061, 1.72)

(0.15, 0.99)

(0.70, 2.03)
(0.28, 0.85)
(031, 0.91)

(102, 2.76)

(0.90, 2.04)
(099, 2.71)

(126, 4.55)
(0.03, 1.58)
(0.39, 3.76)

0.97
0.56
0.93

0.047

052

0.010
0.022

0.041

0.15
0.057

0.008
0.13
0.75

Multivariahle

OR 95% Cl
1.00 -

1.04 (056, 1.93)
1.10 (0.64, 1.88)
0.92 (052, 161)
1.00 -

041 (0.16, 1.08)
1.00

0.96 (053, 1.75)
043 (0.24,0.77)
0.33 (0.17, 0.64)
1.00 -

187 (1.08, 3.23)
119 (0.76, 1.85)
234 (121, 453)
1.00

261 (128, 5.31)
021 (0.03, 1.60)
0.99 (029, 3.38)

0.90

0.73
0.77

0.072

0.90

0.004
0.001

0.026

0.45
0.012

0.009
0.13
0.98



d47/3TC 1.05 (0.60, 1.84) 0.87 124 (0.68, 2.25) 0.48
d4TIABC 0.52 (012, 2.29) 0.39 0.44 (0.09, 2.07) 0.30
3TCIABC 1.06 (046, 2.43) 0.90 101 (042, 2.41) 0.99
Other dual NRTI 0.46 (0.16, 1.36) 0.16 041 (013, 1.27) 0.12
> 2 NRTls 1.23 (0.65, 2.31) 0.52 1.00 (051, 1.98) 0.99
< 2 NRTIs 1.09 (0.62, 1.94) 0.76 119 (0.62, 2.28) 0.60
Baseline viral load (copies/mL)
< 500 1.00 1.00
500-10,000 1.08 (0.63, 1.85) 0.77 124 (0.69, 2.25) 047
>10,000 1.38 (092, 2.09) 012 2.24 (1.35, 3.72) 0.002
Missing 1.26 (053, 3.00) 0.60 3.22 (121, 8.61) 0.020
Nadir CD4 count per 100 cellsimm3increase 113 (0.98, 1.30) 0.085 127 (1.08, 1.49) 0.005

OR, 0dds ratio; Cl, confidence Interval; ART, antiretroviral therapy; EFV, efavirenz; NRTI, nucleoside analogue reverse transcriptase Inhibitor; ABC, abacavlr; AZT,
zidovudine; ddl, didanosine; d4T, stavudine; 3TC, lamivudine; TOXPC, discontinuation because of toxicity or by choice of the patient or physician.
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Table 3 0dds ratios and 95% confidence intervals for discontinuation of EFV because of CNS toxicity.

EFV plasma concentration
<1.5 mglL
15-1.9 mg/L
2.0-2.9 mglL
>3.0 mglL
Ethnicity
Caucasian
Non-Caucasian
Region
North
South
Central West
East
Hepatitis C status
Negative
Positive
Unknown
Previous ART
Type of NRTI backbone
ddi/a4T
Other

Univariable
OR

1.00
0.63
132
141

1.00
0.36

1.00
0.38
0.28
0.20

1.00
1.86
175
0.90

1.00
091

95% Cl

(0.16, 2558)
(047, 372)
(051, 389)

(0.05, 267)

(0.09, 1.63)
(0.08, 0.96)
(0.05, 0.88)

(068, 5.07)
(0.77, 39)
(0.36, 2.25)

(0.21, 3.94)

P

0.52
0.60
051

032

0.19
0.043
0.033

0.23
0.18
0.83

0.90

Multivariable

OR 95% Cl
1.00

0.63 (0.15, 2.65)
1.38 (048, 3.99)
159 (0.5, 4.62)
1.00

0.28 (0.04, 2.16)
1.00

0.26 (0.06, 1.18)
0.24 (0.07, 0.84)
0.11 (0.02, 0.57)
1.00

2.39 (0.82, 6.94)
147 (0.63, 3.44)
1.00 (032, 3.14)
1.00

0.59 (013, 2.70)

P

0.53
0.55
0.40

0.22

0.081
0.026
0.008

011
0.38
1.00

0.49
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Baseline viral load (copies/mL)

< 500 1.00
500-10,000 0.86
> 10,000 152
Missing 0.82
Nadir CD4 count (per 100 cells/mm3increase) 1.05

OR, Odds ratio; Cl, confidence Interval; ART, antiretroviral therapy; CNS, central nervous system; ddl, didanosine; d4T, stavudine; EFV, efavirenz;

NRTI, nucleoside analogue reverse transcriptase Inhibitor.

(0.27, 2.74)
(0.68, 3.40)
(0.10, 6.54)
(0.79, 1.40)

0.80
031
0.85
0.75

1.00
0.98
197
3.10
1.09

(0.30, 3.25)
(0.78, 4.97)
(0.3, 29.)
(0.78, 153)

0.98
0.15
032
061
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Factors found to significantly affect whether patients discontinued > 1 drug were
gender, region of Europe, HBV and HCV status, whether patients had previously
received ART, the number of drugs in the regimen, the type of NRTI backbone and
nadir CD4 counts; therefore, these were adjusted for in the multivariable model. No
significant differences were found inthe odds of discontinuation of any of the drugs
in the regimen between patients with an EFV plasma concentration of <1.5 mg/L
compared with 1.5-1.9 mg/L (adjusted odds ratio [OR] 1.10, 95% Cl: 0.65-1.88,
p=0.73), 2.0-2.9 mg/L (adjusted OR: 117, 95% ClI: 0.74-1.85, p=0.51) or > 3.0 mg/L
(adjusted OR: 1.09, 95% CI: 0.69-1.74, p=0.70).

A total of 22 patients discontinued EFV within 6 months of starting treatment,
1 patient (4.5%) because of toxicity in the gastrointestinal tract, 8 (36.4%) because
of CNS toxicity, 5 (22.7%) with any other toxicity, 4 (18.2%) discontinued as their
own choice and 4 (18.2%) because of physician’s decision. Factors found to
significantly affect this were year of starting EFV, age and baseline viral load;
therefore, these were adjusted for in the multivariable model.

No significant differences were found in the likelihood of discontinuation within
6 months between patients with an EFV plasma concentration of <1.5 mglL
compared with 1.5-1.9 mg/L (adjusted OR: 0.25, 95% CI: 0.03-2.12, p=0.20), 2.0-2.9
mg/L (adjusted OR: 0.81, 95% CI: 0.23-2.79, p=0.74) or > 3.0 mg/L (adjusted OR:
1.90, 95% ClI: 0.62-5.79, p=0.26).

Discussion

The results of our study show no apparent association between EFV plasma
concentrations and drug discontinuations because of toxicity. Some other
factors, however, were identified as independent predictors for toxicity-related
EFV discontinuations.

Patients with an HCV-positive status had an 87% increased odds for toxicity-
induced EFV discontinuations, which is probably caused by increased hepatotoxicity
of EFV in patients with HCV co-infection (18-20). The mechanism behind this is not
fully understood, but several factors might play a role (18;21). One mechanism is
immune reconstitution. Liver damage in patients with chronic hepatitis C infection
is predominantly immune-mediated and highly active antiretroviral therapy-induced
immune restoration could thus result in hypertransaminasemia or even exacerbation
of chronic hepatitis (21) (22). Another hypothesis is that HCV- coinfected patients
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have impaired drug metabolism, leading to increased drug exposure and
consequently increased drug toxicity (18). Nonetheless, recent data showed that
chronic hepatitis C in itself does not modify EFV plasma exposure (23); only patients
with liver cirrhosis have increased EFV plasma concentrations (24). Because the
present study did not find a relation between drug exposure and toxicity-related
EFV discontinuations, this mechanism seems less relevant, at least in this cohort of
patients.

Another factor that was positively correlated with EFV discontinuations because of
toxicity was the use of didanosine/stavudine as an NRTI backbone. This result
should be attributed to the toxicity of this backbone (for example, peripheral
neuropathy) (25) and is probably not directly related to EFV toxicity.

Because previous reports showed increased EFV plasma concentrations in
non-Caucasian patients (26-30), we compared EFV plasma concentrations between
Caucasians and non-Caucasian patients. Indeed, a significantly higher proportion
of non-Caucasian patients had high EFV plasma concentrations. Median EFV
plasma concentrations were only borderline statistically different, which is probably
caused bythe low number of non-Caucasian patients included and the consequently
limited power for this analysis.

EFV is predominantly metabolized by the polymorphic Cytochrome P450 2B6
(CYP2B6) enzyme (31) (32). Increased EFV plasma exposure in non-Caucasian
patients is at least partially explained by a higher frequency of certain single
nucleotide polymorphisms of CYP2B6 (30;32;33). The 516 G>T and the 785 A>G
polymorphisms, which are both more common among non-Caucasians, together
characterize the CYP2B6*6 allele (32). Individuals homozygote for CYP2B6*6 were
shown to have on average 4times higher plasma exposure to EFV (32) and lowering
the EFV dose or even starting on a lower dose appeared feasible in *6/*6 carriers
(34). Inaddition, 983T>C polymorphism, which has been only observed in Hispanic
and African populations, is strongly associated with increased EFV exposure (33).

The clinical consequences of ethnic differences in EFV pharmacokinetics are
largely unknown. In the large clinical trial ACTG A5095, Gulick et al. observed an
increased risk of virologic failure among non-Hispanic Black patients. The authors
speculated that increased EFV-plasma exposure in Black patients might have
resulted in less tolerability and compromised adherence and thus leading to higher
rates of virologic failure (35). Inthe current study, there was no significant difference
of toxicity-induced EFV discontinuations among patients of non-Caucasian or

57

Absence of a relation between efavirenz plasma concentrations and toxicity-driven efavirenz discontinuations n the EuroSIDA study

Chapter 2



Caucasian ancestry. Given the low number of non-Caucasians included (7.9%), this
result should be interpreted with caution.

It is important that additional data from other large and diverse cohorts are
forthcoming to further address the consequence of ethnic differences in EFV
pharmacokinetics in terms of (CNS) toxicity, adherence and efficacy.

Regardless of race, this analysis did not demonstrate any significant relationship
between EFV pharmacokinetics and (CNS) toxicity-induced discontinuations. There
are several explanations for this result.

The first explanation could be that there is no strong relationship between CNS side
effects and EFV plasma concentrations. Although a number of other studies did
establish such a relationship (6-9), several other studies did not, including the 2NN
study (11), the Swiss HIV cohort study (13) and two smaller prospective studies that
were performed in Sweden (12) and Japan (14). An explanation for the latter results
might be found in the development of tolerance to CNS toxicity. This phenomenon
was extensively described inthe ACTG A5097s study (36), in which the presence of
the CYP2B6 516 T/T genotype was associated with EFV CNS toxicity at week 1
after initiation of EFV therapy, but not at week 24 despite persistently higher EFV
plasma exposure (30).

Part of the explanation for the observed absence of a relationship between efavirenz
plasma concentrations and toxicity-driven discontinuations might also be that this
analysis had limited power because of the low number of patients that were reported
to have discontinued EFV as a result of CNS toxicity. Of the 3,238 patients who
started EFV after 1 January 1999, 256 (7.7%) discontinued EFV because of CNS
toxicity; however, only 30 of those 256 patients had a plasma sample available.

A comparison between these 30 patients and the 226 patients who did not have a
plasma sample available showed that their characteristics were mostly similar,
including the proportion of Caucasians in each group. However, patients with a
sample available were enrolled earlier into the EuroSIDA study (p<0.001) and more
of these patients were from the north of Europe than patients without a sample
(p<0.001).

Remarkably, a strong association was found between the geographical EuroSIDA
region and the risk for CNS toxicity-induced discontinuations, with 23 out of the
30 patients that discontinued EFV because of CNS toxicity coming from the north
of Europe. This result suggests that some centres are more aware or more active in
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reporting CNS toxicity as a reason for discontinuation and this phenomenon might
have also limited the power of this analysis. In an attempt to overcome this lack of
power, and to ensure that we were not missing any CNS-associated toxicities that
might have been recorded as physician’s/patient’s choice, we compared patients
that discontinued EFV within 2 years because of any toxicity (including patient’s/
physician’s choice) to those who did not discontinue EFV in our statistical
analyses.

A third explanation for our results might be found in the population that we have
been investigating. The majority of our cohort (670 patients, 79.5%) was treatment-
experienced atthe moment of EFV initiation with a median treatment duration of 5-6
years. Many of these patients might have been using protease inhibitor-hased (for
example, indinavir and nelfinavir) regimens with difficult dosing schedules and
tedious side effects before initiating EFV. Itis imaginable that some ofthese patients,
despite CNS toxicity, were motivated to continue EFV therapy.

In conclusion, we observed no apparent association between EFV plasma
concentrations and toxicity-driven discontinuations among patients inthe EuroSIDA
study. This result questions the designation of EFV concentrations > 4.0 mg/L as
being ‘toxic', at least when defined by treatment discontinuation.
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Abstract

Objective: To establish whether efavirenz dose reduction in patients with high
plasma concentrations prevents toxicity-induced efavirenz discontinuations.
Methods: HIV-infected patients with a high efavirenz plasma concentration (> 4.0
mg/L) while using efavirenz 600 mg once-daily as part of their HAART regimen
were selected from the ATHENA cohort study. These patients were classified into
two groups. The reduced dose group contained all patients who underwent dose
reduction following the high plasma concentration measurement; the standard
dose group consisted of patients who had no dose reduction. Kaplan-Meier and
Cox proportional hazards analysis were used to assess the impact of dose reduction
on toxicity-induced efavirenz discontinuations.

Results: 180 Patients with high efavirenz plasma concentrations were included,
47 of which subsequently had their efavirenz dose reduced from 600 mg to 400 mg
once-daily, which resulted in a 41% decrease in the median efavirenz plasma
concentration. At week 48, the Kaplan-Meier estimated cumulative incidence of
toxicity-induced efavirenz discontinuations was 11.5% in patients who continued
the standard dose versus 2.3% in patients who had a dose reduction; p=0.066
(log-rank test). Dose reduction was not associated with loss of virologic
suppression.

Conclusion: Dose reduction may prevent toxicity-induced discontinuations in
patients with high efavirenz plasma concentrations, while not compromising
virologic efficacy.
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Introduction

Therapeutic drug monitoring (TDM) has been advocated as a means to optimize
the safety and efficacy of antiretroviral therapy. Nevertheless, apart from indinavir
and nelfinavir in treatment-naive HIV-infected patients (1;2), there is no evidence
from randomized controlled trials that TDM improves therapeutic outcome (3).

Standard dosing of efavirenz (EFV), a currently preferred first-line antiretroviral
agent, leads to therapeutic plasma concentrations in at least 80% of the HIV infected
individuals (4)(5), compared to just 40% for older agents such as nelfinavir (L). As a
consequence, large and expensive trials, with more than 500 patients per treatment
arm (6), are required to obtain adequate statistical power to judge the potential
benefits of the application of TDM as a routine measurement in all patients taking
EFV. Therefore, we agree with Khoo et al. that in the present situation, the value of
TDM is best assessed by performing ‘utilitarian’ studies (6). The goal of these
studies is not to provide evidence for routine use of TDM, but to explore the use of
TDM in specific clinical situations. These studies should for instance focus on the
use of TDM during pregnancy or the use of TDM in patients with severe liver
impairment. In this paper, we describe the use of TDM to manage EFV-related
toxicity.

Central nervous system (CNS) side effects are a well-known and frequently
occurring complication of EFV therapy (7). Several reports have demonstrated the
relationship of these side effects to high EFV plasma concentrations (4;8-11).
In addition, there is international consensus on a therapeutic window for EFV plasma
concentrations: 1.0-4.0 mg/L (12).

At our TDM practice, we regularly receive requests for TDM in patients using EFV
who suffer from CNS side effects. In case these patients are found to have high
EFV plasma concentrations (> 4.0 mg/L), our advice to the clinicians is to reduce
the dose of EFV to 400 mg once-daily (QD) under the guidance of TDM. However,
we have no formal evidence that this intervention improves the clinical outcome of
these patients.

The objective of the present study was to establish whether EFV dose reduction
prevents toxicity-induced EFV discontinuations in patients with high plasma
concentrations. In addition, we aimed to evaluate whether dose reduction affects
virologic efficacy.
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Methods

Patients

All 25 Dutch hospitals that provide antiretroviral treatment participate in the AIDS
Therapy Evaluation in The Netherlands (ATHENA) observational cohort study.
Currently, data from over 15,000 patients have been anonymously recorded in a
central database that is maintained by the HIV Monitoring Foundation (13).

We selected all patients in ATHENA who had a high EFV plasma concentration
(e, > 40 mg/L) recorded within 48 weeks after commencing EFV-based
antiretroviral combination therapy. This cohort was subsequently classified into two
groups. The Reduced Dose (RD) group consisted of those who underwent dose
reduction following the high plasma concentration determination. The date of dose
reduction was considered baseline. The Standard Dose (SD) group consisted of
patients who continued the standard EFV dosage (i.e., 600 mg QD). For them,
baseline was the first documented clinic visit following the high EFV plasma
concentration measurement.

Statistics

Patient characteristics at the time of starting EFV were tabulated for patients in the
RD group and the SD group. Differences between groups were compared using
Chi-squared or Fisher's exact tests for categorical data and Mann-Whitney tests for
continuous data. All tests were two-sided and a p-value of less than 0.05 was
considered statistically significant.

Pharmacokinetics

EFV plasma concentrations before and after baseline were compared by using the
Wilcoxon matched pairs signed rank sum test. For patients that underwent dose
reduction, the EFV plasma concentration after baseline had to be taken at least 10
days after the date of dose reduction in order to have achieved new steady state
conditions.

Toxicity-induced discontinuations

Reasons for discontinuation of antiretroviral agents are collected in the ATHENA
database. Kaplan-Meier and Cox proportional hazards analysis were used to
assess the impact of dose reduction on toxicity-induced EFV discontinuations.
Patients who discontinued EFV for reasons other than toxicity were censored from
the moment of discontinuation. Possible effect-measure modification and
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confounding were assessed for the following parameters: gender, region of origin
(as a surrogate for ethnicity), age, body mass index (calculated as the weight in
kilograms divided by the square of the height in meters), hepatitis B and C status,
HIV transmission risk group, CD4 count at the start of EFV, specific NRTI backbone,
the EFV concentration before baseline and pre-treated status at the start of EFV.
Pre-treated status was categorized as follows: i) treatment naive patients that
started EFV; ii) treatment experienced patients with an undetectectable viral load
(<50 copies/mL) at the start of EFV; ii) treatment experienced patients with a
detectectable viral load at the start of EFV.

Virologic response

Multivariable logistic regression modeling was used to investigate the effect of dose
reduction on virologic response, which was defined as having a viral load below 50
copies/mL at week 24 after baseline.

We used an observed-failure approach in which patients who discontinued EFV
due to virologic failure were considered failures at subsequenttime points, whereas
patients who discontinued EFV due to other reasons (e.g., pregnancy wish) were
censored from that moment onwards. The same factors thatwe used as independent
covariables in the Cox regression analysis for toxicity-related discontinuations were
investigated (see above). In addition, plasma viral load at baseline was used as an
independent covariable. We used a stepwise selection procedure to identify
parameters that were significantly (p<0.10) associated with virologic response. The
EFV dose (reduced dose or standard dose) was a fixed parameter in all models.

Apart from the primary analysis of the virologic response 24 weeks after baseline,
several sensitivity analyses were carried out to see whether dose reduction affected
virologic suppression at week 48 after baseline and at week 24 and week 48 after
starting EFV. In addition, the analyses for the above mentioned four virologic
efficacy endpoints were repeated stratified for pre-treated status at the start of
EFV-based antiretroviral therapy. All data were analyzed with SPSS for MS Windows,
version 16.0.1.
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Results

Baseline characteristics

We identified 180 subjects who had high EFV plasma concentrations following the
start of an EFV containing antiretroviral regimen. The date of starting EFV ranged
from July 1998 to February 2007. Forty-nine patients out of the 180 patients (27.2%)
underwent a dose reduction (RD group) and 131 patients (72.8%) continued the
standard dosage regimen (SD group).

The patient characteristics between these groups differed significantly with regard
to gender, HIV transmission risk group, region of origin and EFV plasma
concentration. The median (interquartile range (IQR)) EFV plasma concentration
was significantly higher in patients who underwent dose reduction (6.8 (5.7-9.6)
mglL), compared to patients that continued the standard dose (5.1 (4.3-6.4) mglL),
p<0.001). Furthermore, there were more females, heterosexually-infected patients
and patients originating from Sub-Saharan Africa in the RD group (see Table 1).

Magnitude of Dose Reduction and pharmacokinetic outcome

The EFV dose was reduced from 600 to 400 mg in 47 out of the 49 patients in the
RD group. As a result, the median (IQR) EFV plasma concentration decreased from
6.8 (5.6-9.5) to 4.0 (3.0-5.6) mg/L (p<0.001) in these 47 patients.

Two patients underwent a dose reduction directly from 600 mg QD to 200 mg QD.
In one of these, the plasma concentration decreased from 6.4 mg/L to 2.7 mgIL.
In the other patient, the EFV plasma concentration decreased from 27.7 mg/L to
114 mg/L. The dosage was further reduced in this latter patient to 100 mg QD
which resulted in a therapeutic concentration of 2.7 mg/L. Both patients had viral
loads below 50 copies/mL at all subsequent time points and were included in all
further analyses.

The EFV plasma concentration remained above the threshold for efficacy (i.e., 1.0
mg/L) in all 42 patients who had a second plasma concentration available after
dose reduction. In spite of the significant reduction in EFV plasma concentrations
in the RD group, 22 patients still had EFV plasma concentrations above 4.0 mgiL.
Seven of these had their dosage subsequently further reduced to 200 mg QD,
which resulted in a therapeutic EFV concentration in three patients. Two patients
stil had an elevated EFV plasma concentration of 51 mg/L following the dose
reduction to 200 mg QD and for two patients no measured EFV concentrations
were available.

Half of the patients (n=68, 52%) that remained on the standard dose had no EFV
plasma concentration measured after baseline. Inthe 63 patients who had a second
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EFV plasma concentration available the median (IQR) EFV plasma concentrations
were 5.3 (4.3-6.4) and 4.6 (3.5-7.3) mg/L before and after baseline, respectively
(p=0.12).

Toxicity induced discontinuations of efavirenz

At week 48, fourteen patients from the SD group had discontinued EFV due to
toxicity, compared to 1 patient in the RD group; Figure 1 shows the Kaplan-Meier
curves for toxicity-induced discontinuations in both groups. At week 48, the
estimated cumulative incidence of toxicity-induced discontinuations was 11.5% for
patients in the SD group compared to 2.3% for patients in the RD group; p=0.066
(log-rank test).

Figure 1 Kaplan-Meier curves for toxicity-induced efavirenz discontinuations.
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Table 1  Patient characteristics at start of efavirenz treatment.

Al

Gender
Male
Female

HIV transmission risk group
IDUL
Homosexual
Heterosexual
Other

Region of origin

Western Europe

Sub-Saharan Africa

Caribbean/ Latin America

Other
Pre-treated status

Treatment naive

Treatment experienced, VL < 50 copies/mL

Treatment experienced, VL > 50 copies/mL
Viral load status at baseline

VL < 50 copies/mL

VL > 50 copies/mL

Total
n
180

11
69

57
102
16

72
54
37
17

80
42
58

118
62

100.0

61.7
38.3

28
3L7
56.7
8.9

40.0
30.0
20.6
94

444
233
322

65.6
344



Reduced dose

n
49

24
25

36

13
20

2
13
15

33
16

%
212

49.0
51.0

2.0
184
735
6.1

26.5
40.8
16.3
16.3

42.9
26.5
30.6

67.3
32.7

Standard dose

n
131

87
44

48
66
13

59
34
29

59
29
43

85
46

%
728

66.4
33.6

31
36.6
504
9.9

45.0
26.0
21
6.9

45.0
21
32.8

64.9
3.1

P-value

0.032f

0.044«

0.022f

0.82f

0.76f



NRTI backbone 0.62f

3TC + AZT kil 172 10 20.4 il 16.0

TDF + 3TC 61 339 18 36.7 43 328

TDF+ FTC 19 106 6 122 13 9.9

Other 69 38.3 15 30.6 54 412
Hepatitis B status 0.48f

Negative m 61.7 28 511 83 63.4

Positive 15 83 6 122 9 6.9

Unknown 54 300 15 30.6 39 29.8
Hepatitis C status 0.21ft

Negative 110 61.1 26 531 84 64.1

Positive 6 33 3 6.1 3 2.3

Unknown 64 35.6 20 408 44 33.6

Median IQR2 Median IQR2 Median IQR2

Age (yrs) 31 32-46 36 33-44 38 32-47 0.63¢
Date of starting EFV 4/04 2/03-9/05  6/04 10/03-7/05  1/04 12/02-9/05  0.41*
Time between start EFV and baseline (days) 92 56-174 106 66-191 a 53-172 0.35*
Body mass index (kg/m23 232 21-25 23.0 22-26 232 20-25 0.84
Viral load at baseline (logDcopies/ml) 170 1723 170 1721 1.70 1723 0.62*
CD4 count (/mm34 220 93-410 230 110415 220 77-400 045
EFV plasma concentration (mg/L) 55 44-12 6.8 57-9.6 51 4.3-6.4 <0.001*
Time between sampling and latest EFV dose (hours)5  13.2 111155 133 120-163 132 104-155  01m

fChi-squared test; ft Fisher's exact test; * Mann-Whitney test; 110U = intravenous drugs use; 2IQR = interquartile range;
3Body mass Index available for 168 patients; 4CD4 count available for 176 patients; 5Time between sampling and latest EFV dose available for 144 patients.
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Table 2 Odds ratios (ORs) and 95% confidence intervals (Cls) for patients in
the reduced dose group achieving virological suppression (VL<50
copies/mL) at week 24 & 48 after baseline and at week 24 & 48 after
starting EFV.

Univariable Multivariable
OR  95%Cl | p OR 95% Cl [p
Week 24 after baseline
Standard dose  1.00 1.00
Reduced dose 323 0.71-1477 013 3.76a 0.69-20.49 0.13
Week 48 after baseline
Standard dose  1.00 1.00
Reduced dose 509 0.64-40.48 0.12 6.88b 0.67-70.43 0.10
Week 24 after starting EFV
Standard dose  1.00 1.00
Reduced dose 124 049-3.14  0.65 043c 012150 0.19
Week 48 after starting EFV
Standard dose  1.00 1.00
Reduced dose 221 0.47-1044 032 2.28d 0.38-13.89 0.37

acorrected for pre-treated status and plasma viral load at baseline

bcorrected for pre-treated status and plasma viral load at baseline

ccorrected for pre-treated status, CD4 count, efavirenz concentration before baseline and plasma
viral load at baseline

dcorrected for pre-treated status and plasma viral load at baseline

In a Cox proportional hazards model, patients from the RD group had a lower risk
(hazard ratio 0.18, 95% Cl 0.02-1.40) of toxicity-related EFV discontinuations
compared to patients from the SD group. Further explorations using multivariable
Cox proportional hazards models showed that no other parameter was significantly
associated with the risk of discontinuation of EFV due to toxicity, nor significantly
(>10%) modified the observed effect of the dose reduction.

Virologic response

Twenty-four weeks after baseline, 95.2% of the patients in the RD group had a viral
load below 50 copies/mL, compared to 86.1% of the patients who continued the
standard dose (p=0.15). Univariable logistic regression models showed that the
pre-treated status, the plasma viral load at baseline, the HIV transmission risk group
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and the EFV concentration before baseline significantly affected whether or not
patients had virologic response. In the multivariable analysis, pre-treated status
and plasma viral load at baseline remained significantly associated with virologic
outcome. Patients who had undergone dose reduction had an adjusted OR of 3.76
(95% Cl: 0.69-20.49, p=0.13) for virologic response when compared to patients that
continued the standard dose.

Sensitivity analyses

Table 2 shows the adjusted ORs for achieving virologic response at week 48 after
baseline and at week 24 and week 48 after starting EFV. At most time points,
patients in the RD group trended towards better virologic response, although
statistically significant differences were not observed. After stratification for
pre-treated status, dose reduction still had no negative impact on virologic response
(data not shown).

Discussion

This study demonstrates that TDM guided EFV dose reduction may prevent toxici-
ty-induced discontinuations in patients with high plasma concentrations. This result
is conforming our expectations. We hypothesized that by reducing EFV plasma
concentrations, CNS toxicity would diminish, which would thereupon prevent
toxicity-induced EFV discontinuations.

In addition, we did not observe any detrimental effect of dose reduction on virologic
response (see Table 2). Pre-treated status appeared to be the most important factor
predicting virologic response. Treatment-experienced patients with a detectable
viral load (>50 copies/mL) performed significantly worse in all virologic analyses,
compared to either treatment naive patients or treatment experienced patients that
had no detectable viral load when switching to EFV. Therefore, we repeated all
virologic analyses stratifying for pre-treated status at the start of EFV-based
antiretroviral therapy. Again, dose reduction was not associated with virologic
response in any of these strata. These results demonstrate that dose reduction is
safe in patients with high EFV plasma concentrations, regardless of the pre-treated
status at the start of EFV.

Of importance, no patient decreased to subtherapeutic EFV plasma concentrations
(e., <1.0 mglL) following dose reduction, which also confirms the safety of the
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dose reduction strategy. It is often stated that EFV trough levels should be at least
1.0 mg/L, butthis is infact not in line with the work of Marzolini etal., who established
the therapeutic window of EFV based on mid-dose interval plasma levels which
were taken during the day, 8 to 20 hours after EFV administration at bedtime (4).

In this study we also used mid-dose interval plasma levels, which were taken on
average 13 hours post-dose, both before and after baseline.

Patients who underwent dose reduction had higher baseline EFV plasma
concentrations (median 6.8 mg/L) than patients that continued the standard dose
(median 51 mgl/L). This difference may be caused by a tendency of physicians to
decrease the dose with increasing plasma concentrations, but it may also be
explained by increased EFV-toxicity at higher plasma concentrations, resulting in a
higher clinical necessity to adjust the dose. Despite this unbalance at baseline
favoring the patients who continued the standard dose, the proportion of patients
who stopped EFV because of toxicity was still higher inthe latter group, demonstrating
the effectiveness of the dose reduction strategy inthose who are most in need of it.

Women and patients originating from Sub-Saharan Africa were over-represented in
the RD group. Previous studies indeed demonstrated higher EFV plasma
concentrations inwomen (5) and black African patients (5;14;15). EFV is metabolized
by the polymorphic Cytochrome P450 2B6 (CYP2B6) enzyme (16)(17) and black
patients are known to have higher frequencies of certain CYP2B6 polymorphisms
(e.g., 516 G>T and 983T>C), which are clearly associated with elevated EFV plasma
concentrations (11;17;18). Possible causes for higher plasma concentrations in
women are differences in body weight (in this cohort, female patients had an
average weight of 63 kg compared to 73 kg for men), hormonal influences and
body composition.

The ATHENA cohort study does not collect data on the seriousness of drug toxicity.
Thus, the only reliable endpoint available to evaluate the pharmacodynamic
consequence of dose reduction was discontinuation of EFV due to toxicity. Because
there were only 15 toxicity-induced discontinuations, we had limited statistical
power, which is a limitation of our analysis. A study in which CNS toxicity had been
scored systematically before and after dose reduction could have been more
powerful. Nonetheless, discontinuation of a drug due to toxicity is the ultimate
consequence of drug-toxicity and we consider this a clinically relevant endpoint.
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Another limitation is the retrospective design of this analysis. The best evidence for
the dose reduction strategy would come from a controlled trial with a prospective
design, inwhich one would randomly assign subjects to a TDM group in which the
results of EFV concentration measurements plus advice (e.g., dose reduction) were
reported to the treating physician, or to a control group for whom TDM results were
not reported. Because it is quite improbable that such a trial will be ever organized,
we must rely on alternative evaluations ofthe potential benefits of TDM in HIV-disease
management.

In conclusion, our study demonstrates that TDM guided dose reduction can be
considered in patients who have high EFV plasma concentrations. Dose reduction
does not negatively affect virologic efficacy and may prevent toxicity-induced
discontinuations.
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International guidelines suggest that HIV-tuberculosis (TB) co-infected patients are
treated with efavirenz (EFV)-based antiretroviral regimens, because rifampicin
decreases EFV plasma concentrations only modestly (22-35%) (1-4). It is
recommended to use the standard EFV dose in patients weighing <50 kg and to
consider an increase of the dose to 800 mg in patients weighing >50 kg (1) or >60
kg (2. In addition, therapeutic drug monitoring (TDM) may aid to ensure adequate
EFV plasma exposure.

We describe a rifampicin-treated patient who was severely overdosed by using the
standard EFV dose.

A 46-year-old man from Mauretania, known with Takayashu arteriitis, chronic
hepatitis C and HIV commenced antiretroviral treatment with nevirapine (NVP),
emtricitabine and tenofovir in 2004. NVP was used in a dose of 400 mg once-daily
(QD) and this resulted in average NVP plasma exposure (i.e., 6.6 mg/L four hours
after the latest drug intake). In March 2007, the 50 kg weighing patient was admitted
in our hospital because of chest pain. At that time, the HIV viral load was below the
limit of detection (<40 copies/mL) and the CD4 count was 190 cells/mm3
The patient was diagnosed with tuberculosis and treatment was initiated containing
rifampicin, isoniazid, ethambutol and pyrazinamide. Simultaneously, NVP was
replaced by EFV in a dose of 600 mg QD. After switching to EFV, our patient had
complaints such as drowsiness and weariness and was by times very agitated or
even aggressive. At one and two months after switching therapy, the EFV mid-dose
levels were measured and both appeared unexpectedly high (71 mg/L and 10.6
mglL, respectively). Because the patient kept on being agitated, the EFV dose was
lowered to 400 mg QD, resulting in a plasma level of 5.8 mg/L. Signs of agitation
were still present and the dose was further decreased to 200 mg QD, which resulted
in an EFV concentration of 2.2 mg/L (Fig. 1).

After the second dose reduction, patient’s complaints decreased considerably and
his behaviour became relaxed again. The HIV viral load remained undetectable and
the patient completed TB treatment without further complications. Afterwards, the
patient was switched back to his original HAART regimen. Again, the NVP plasma
concentration was of average value.

In this patient, concomitant use of EFV and rifampicin resulted in unexpectedly
high EFV plasma exposure and persisting neuropsychiatric side effects. Indeed,
our patient had some characteristic features that have been related to high EFV
plasma exposure, such as low body weight and black ethnicity (4). However, these
factors have also been related to higher NVP exposure (4) (5) and therefore such
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Figure 1 Efavirenz plasma concentrations during concomitant treatment
with rifampicin. The therapeutic window of efavirenz plasma
concentrations is 1.0to 4.0 mg/L (12). EFV denotes efavirenz,
RIF denotes rifampicin

Start RIF + 600mg EFV

Time after starting efavirenz + rifampicin (months)

high EFV plasma exposure was not expected, especially given the presence of
rifampicin. In an attempt to understand this, we performed pharmacogenetic testing
of the Cytochrome P450 2B6 (CYP2B6) enzyme, which plays a major role in both
EFV and NVP metabolism, although NVP is also metabolised via CYP3A4 (6;7).

At first, the three most frequently observed polymorphisms related to high EFV
plasma concentrations were investigated, being the 516 G>T exchange, the 785
A>G exchange (together characterizing the CYP2B6*6 allele) and the 1459 C>T
exchange (8). To our surprise, none of these three single nucleotide polymorphisms
(SNPs) were found. Subsequently, all CYP2B6 exons were sequenced and the
sample proved homozygote for the 1172 T>A polymorphism in exon 8, which
characterizes the CYP2B6*15 allele (9).
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Until today, this polymorphism had been only described in 5 patients by Lang and
colleagues, who demonstrated that 1172 T>A polymorphism results in undetectable
CYP2B6 enzyme activity (9). Whereas their study comprised Caucasian patients
heterozygote for 1172 T>A, we describe a black patient with CYP2B6*15
homozygosity and the phenotypic consequences for NVP and EFV plasma
concentrations.

The explanation for the observed unexpected high EFV exposure inthe presence of
rifampicin may be as follows. Rifampicin induces CYP2B6 activity by increasing
CYP2B6 gene transcription (10). Nonetheless, in a patient homozygote for 1172
T>A, increased formation of CYP2B6 mRNA will merely lead to enhanced production
of poor-functioning CYP2B6 enzyme, which apparently does not reverse a poor
metabolizer phenotype into a normal metabolizer phenotype (11).

In spite of poor-functioning CYP2B6, our patient had no high NVP plasma levels.
However, NVP is also metabolised via CYP3A4 which may serve as an escape
route for NVP metabolism in patients with poor-functioning CYP2B6 (7).

In conclusion, physicians should be aware of the possibility of high EFV plasma
exposure and persisting neuropsychiatric side effects in patients that start EFV in
conjunction with rifampicin, even if former NVP plasma exposure did not indicate
reduced CYP2B6 metabolism. TDM and pharmacogenetic testing can be valuable
in such cases.

85

Efavirenz dose reduction © 200 ng once-daily n a patient treated with rifampicin

Chapter 4



Reference List

@

@

Pozniak AL, Miller RF, Lipman MC, Freedman AR, Ormerod LP Johnson MA et al. BHIVA treatment
guidelines for tuberculosis (TB)/HIV infection 2005. HIV Med 2005; 6 Suppl 2:62-83.

Working Group of the office of AIDS Research Advisory Council (OARAC). Guidelines for the Use of
Antiretroviral Agents in HIV-1-Infected Adults and Adolescents, 2008. Available at http:/faidsinfo.nih.
gov/contentfiles/AdultandAdolescentGL.pdf [Accessed December 3, 2008].

Lopez-Cortes LF, Ruiz-Valderas R, Viciana P Alarcon-Gonzalez A, Gomez-Mateos J, Leon-Jimenez
E et al. Pharmacokinetic interactions between efavirenz and rifampicin in HV-infected patients with
tuberculosis. Clin Pharmacokinet 2002; 41(9):681-90.

Stohr W, Back D, Dunn D, Sabin C, Winston A, Gilson R et al. Factors influencing efavirenz and
nevirapine plasma concentration: effect of ethnicity, weight and co-medication. Antivir Ther 2008;
13(5):675-85.

De Maat MM, Huitema AD, Mulder JW, Meenhorst PL, Van Gorp EC, Beijnen JH. Population
pharmacokinetics of nevirapine in an unselected cohort of HIV-1-infected individuals. Br J Clin
Pharmacol 2002; 54(4):378-85.

Ward BA, Gorski JC, Jones DR, Hall SD, Flockhart DA, Desta Z. The cytochrome P450 2B6
(CYP2B6) is the main catalyst of efavirenz primary and secondary metabolism: implication for HIV/
AIDS therapy and utility of efavirenz as a substrate marker of CYP2B6 catalytic activity.

J Pharmacol Exp Ther 2003; 306(1):287-300.

Erickson DA, Mather G, Trager WF, Levy RH, Keirns JJ. Characterization of the in vitro biotransfor-
mation of the HIV-1 reverse transcriptase inhibitor nevirapine by human hepatic cytochromes P-450.
Drug Metab Dispos 1999; 27(12):1488-95.

Rotger M, Tegude H, Colombo S, Cavassini M, Furrer H, Decosterd L et al. Predictive value of
known and novel alleles of CYP2B6 for efavirenz plasma concentrations in HIV-infected individuals.
Clin Pharmacol Ther 2007; 81(4):557-66.

Lang T, Klein K, Richter T, Zibat A, Kerb R, Eichelbaum M et al. Multiple novel nonsynonymous
CYP2B6 gene polymorphisms in Caucasians; demonstration of phenotypic null alleles.
J Pharmacol Exp Ther 2004; 311(1):34-43.

(10) Faucette SR, Wang H, Hamilton GA, Jolley SL, Gilbert D, Lindley C et al. Regulation of CYP2B6 in

primary human hepatocytes by prototypical inducers. Drug Metab Dispos 2004; 32(3):348-58.

(11) Kwara A, Lartey M, Sagoe KW, Xexemeku F, Kenu E, Oliver-Commey J et al. Pharmacokinetics of

efavirenz when co-administered with rifampin in TB/HIV co-infected patients: pharmacogenetic
effect of CYP2BG6 variation. J Clin Pharmacol 2008; 48(9):1032-40.

(12) Marzolini C, Telenti A, Decosterd LA, Greub G, Biollaz J, Buclin T. Efavirenz plasma levels can

86

predict treatment failure and central nervous system side effects in HIV-1-infected patients.
AIDS 2001; 15(1):71-5.


http://aidsinfo.nih

Chapter 4 Efavirenz dose reduction to 200 mg once-daily in a patient treated with rifampicin






Chapter

Adherence to therapeutic drug monitoring
guidelines in The Netherlands

Matthijs van Luin 13 Ferdinand W. Wit 4 Colette Smit5, Irma M. Rigter 6,
Eric JF. Franssen 7 Clemens Richter 8 Frank Kroon 9, Frank de Wolf 510,
David M. Burger 12

Radboud University Nijmegen Medical Centre, Department of Clinical Pharmacy, Nijmegen,

The Netherlands; Nijmegen Institute for Infection, Inflammation and Immunity (N4i), Nimegen,
The Netherlands; 3lysis Zorggroep, Department of Clinical Pharmacy, Amhem, The Netherlands;
LCentre for Poverty-related Communicable Diseases, Amsterdam Institute for Global Health and
Development, Academic Medical Centre, Amsterdam, the Netherlands; SHIV Monitoring Foundation,
Amsterdam, The Netherlands; “Academic Medical Centre, Department of Clinical Pharmacy,
Amsterdam, The Netherlands; TOnze Lieve Vrouwe Gasthuis, Department of Clinical Pharmacy,
Amsterdam, The Netherlands; 8Alysis Zorggroep, Department of Internal Medicine, Amhem,

The Netherlands; 9.eiden University Medical Centre, Department of Infectious Diseases, Leiden,
The Netherlands; lImperial College, Department of Infectious Disease Epidemiology, London,
United Kingdom

Submitted



Abstract

Several international HIV treatment guidelines recommend therapeutic drug
monitoring (TDM) for specific clinical scenarios, such as drug interactions or
pregnancy. The adherence to these recommendations is unknown. We evaluated
the adherence to the Dutch TDM guideline of 2005. From the ATHENA observational
cohort study, we selected three scenarios for which the guideline recommended
TDM: ) start of a combination of lopinavir/ritonavir + efavirenz or nevirapine
(drug-drug interaction); ii) start of efavirenz (routine TDM), iii) use of nelfinavir during
pregnancy. The adherence to the TDM guideline was 46.7% in patients who started
lopinavir/ritonavir plus efavirenz or nevirapine; 9.5% for patients who started
efavirenz; and 58.5% for patients who used nelfinavir during pregnancy. Patients
treated in clinics that had a TDM assay locally available and patients treated in
academic clinics were more likely to receive TDM. A higher baseline HIV viral load
was another significant predictor for the utilization of TDM.
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Introduction

Therapeutic drug monitoring (TDM), meaning the use of drug plasma concentrations
in the management of antiretroviral therapy, is frequently utilized in some European
countries such as The Netherlands, Spain and France. In addition, several
international treatment guidelines, including the US Department of Health and
Human Services (DHSS) guidelines, recommend TDM for specific clinical scenarios,
such as in patients with drug-drug interactions, with drug concentration-dependent
toxicities or in patients with lack of virologic response (1).

The scientific basis for TDM consists of three observations. First, the importance of
sufficiently high plasma drug concentrations for adequate suppression of HIV
replication (2-6). Second, the large inter-individual variability in plasma
concentrations of protease inhibitors (PIs) and non-nucleoside transcriptase
inhibitors (NNRTIs) among patients taking the same dose (3;7-9). Third, data from
two randomized controlled trials which demonstrated better therapeutic outcome in
treatment-naive patients who received routine TDM of nelfinavir or indinavir (10;12).

Little is known about the adherence of clinicians to TDM recommendations in HIV
treatment guidelines. In addition, the determinants of adherence to TDM
recommendations are unknown. For instance, a potential determinant might be the
local availability of a TDM assay in the hospital of an HIV outpatient clinic. By
understanding which factors are associated with adherence to TDM guidelines,
strategies can be developed to improve adherence of clinicians to the guidelines as
well as to improve the TDM guidelines themselves.

To obtain more insight into the use of TDM and the determinants of its use, we
evaluated the use of TDM in The Netherlands from January 2004 to December 2008.
Within this period, in 2005, the Dutch Association of AIDS Physicians (NVAB) issued
evidence-based guidelines for the treatment of HIV-infected patients, including
recommendations for TDM (12;13). The guidelines were published (13), they were
discussed at plenary NVAB meetings and they were distributed by mail to all Dutch
HIV-physicians. We studied the utilization of TDM in three specific clinical scenarios
for which TDM was recommended by the Dutch guideline (12;13). In addition, we
studied whether TDM use was associated with therapeutic outcome.

The first scenario was the use of TDM in the setting of a drug-drug interaction,
namely patients who started with the combination of the HIV-1 protease inhibitor
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lopinavir/ritonavir plus a non-nucleoside reverse transcriptase inhibitor (NNRTI),
either efavirenz or nevirapine. NNRTIs induce CYP3A-mediated metabolism of
lopinavir, and it is therefore recommended to increase the dose of lopinavir/ritonavir
when concomitant use is indicated (14). TDM of lopinavir may be helpful to achieve
optimal lopinavir plasma exposure in this situation.

The second scenario was the use of routine TDM in patients starting efavirenz in
combination with two nucleoside analogue reverse transcriptase inhibitors (NRTIS).
Although there was no formal evidence that routine TDM would benefit patient
outcome for efavirenz, the scientific committee recommended it because efavirenz
had similar pharmacological characteristics as indinavir and nelfinavir (i.e. large
inter-individual variability in pharmacokinetics; and an established relationship
between the plasma concentration of efavirenz and antiretroviral efficacy and
toxicity (3)).

The third scenario was in patients who used a nelfinavir-containing regimen during
pregnancy. At the moment of the introduction of the guideline in 2005, nelfinavir in
combination with lamivudine and zidovudine was a commonly used regimen for
HIV-infected pregnant women in the Netherlands (12). Nelfinavir plasma
concentrations may be decreased during pregnancy (15;16), which may in turn lead
to an increased risk of virologic failure (17). In order to ensure adequate nelfinavir
plasma concentrations during pregnancy, the guideline recommended TDM of
nelfinavir during pregnancy.

Methods

Patients

All Dutch hospitals that provide antiretroviral treatment participate in the AIDS
Therapy Evaluation in The Netherlands (ATHENA) observational cohort study.
Currently, data from over 16,000 patients have been anonymously recorded in a
central database that is maintained by the HIV Monitoring Foundation (18).

Scenario 1: Drug interaction lopinavir + efavirenz/nevirapine

From the ATHENA observational cohort study, we selected all adult patients who
started lopinavir/ritonavir + efavirenz or nevirapine hetween 1 January 2004 and
31 December 2008. Adherence to the guideline was defined as the presence of a
lopinavir plasma concentration in the ATHENA database between week 1 and 12
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Patients who discontinued the combination of lopinavir + efavirenz or nevirapine
within three weeks were excluded.

Scenario 2: Routine TDM of efavirenz

We selected all adult patients who started for the first time efavirenz in combination
with two NRTIs between 1January 2004 and 31 December 2008. For efavirenz, the
guideline recommended to determine plasma concentrations at week 4 and week
24 after commencing therapy. Therefore, we defined full adherence to the guideline
as the presence of plasma concentrations of efavirenz in the ATHENA database
between week 2 and 8, and between week 16 and 32. Patients who discontinued
efavirenz within 32 weeks were excluded. In addition, we defined ‘partial adherence’,
defined as having at least a measurement at week 4. For this analysis, we excluded
patients who had discontinued efavirenz within 8 weeks.

Scenario 3: TDM of nelfinavir during pregnancy

For scenario 3, we selected all adult female patients who started nelfinavir during
pregnancy or who became pregnant while using nelfinavir between 1January 2004
and 31 December 2008. We defined adherence to the guideline as the availability
of at least one plasma concentration of nelfinavir during pregnancy. Patients who
used nelfinavir for less than 8 weeks during pregnancy were excluded.

Statistics

Baseline characteristics

Patient characteristics at the start of one of the three scenarios were tabulated for
patients who received TDM according to the guideline and those who did not.
Differences between groups were compared using Chi-squared or Fisher's exact
tests for categorical data and Mann-Whitney U tests for continuous data. All tests
were two-sided and a p-value of less than 0.05 was considered statistically
significant.

Adherence to the guidelines
We used multivariable logistic regression modeling to investigate the relationship of
the following factors with the utilization of TDM.
1 Time period of starting therapy i,
) pre-introduction of guideline (2004);
ii) - introduction of guideline (2005-2006);
iil) post-introduction of guideline (2007-2008).
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2. Context of outpatient clinic. Outpatient clinics were categorized as follows:
) small academic HIV outpatient clinics,
i) large academic outpatient clinics;
iii) small non-academic outpatient clinics; and
iiil) large non-academic outpatient clinics.
Outpatient clinics were classified as large or small if they had greater or fewer
than the median number of patients for academic (n=354) and non-academic
HIV outpatient clinics (n=221), respectively.
3. Regular presence of a clinical pharmacist at multidisciplinary HIV
treatment-team meetings.
4, Presence of a TDM assay in the hospital laboratory of the outpatient clinic.
In addition, we evaluated the influence of several patient-related factors, namely
gender, country of birth (as a surrogate for ethnicity), age, body mass index
(calculated as the weight in kilograms divided by the square of the height in meters),
hepatitis B and C status, HIV transmission risk group, CD4 count, HIV viral load at
the start of the regimen of interest, specific NRTI backbone, and pre-treated status
at the start of therapy. Pre-treated status was categorized as follows: i) treatment
naive patients; i) treatment experienced patients with an undetectable viral load
(< 50 copies/mL) at the start of the regimen of interest iii) treatment experienced
patients with a detectable viral load at the start of the regimen of interest.

Effect of adherence to the guidelines on virologic response and
toxicity-driven drug discontinuations

To assess whether adherence to the TDM guideline affected therapeutic outcome,
we investigated the effect of adherence to the TDM guideline on virologic response
and toxicity-driven drug discontinuations.

For scenarios 1 and 2, virologic response was defined as a viral load below 50
copies/mL at week 48. For scenario 3 (nelfinavir use during pregnancy), virologic
response was a viral load below 50 copies/mL at the last viral load measurement
before delivery. For the latter scenario, we included the time on nelfinavir as an
extra independent variable in our logistic regression models.

We used an observed-failure approach in which patients who discontinued their
regimen due to virologic failure were considered failures at subsequent time points,
whereas patients who discontinued due to other reasons were censored from that
moment onwards. Multivariable logistic regression association models were
constructed to adjust for potential confounders. All patient-related factors which
were used in the analysis for guideline-adherence were tested for confounding.
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We used a stepwise selection procedure, by which a parameter was identified as a
confounder if its addition to the model resulted in a >10% change of the regression
coefficient of TDM on virologic response.

Cox proportional hazards analysis was used to assess the impact of adherence to
the TDM guideline on drug discontinuations due to toxicity or patient’s choice within
the first year of therapy. Patients who discontinued the drug of interest for other
reasons were censored from the moment of discontinuation. Confounding was
assessed for the same parameters and in the same manner as for the analysis of
virologic response.

All data were analyzed with SPSS for MS Windows, version 16.0.1.

Results

Table 1 presents some key characteristics of the Dutch HIV outpatient clinics which
were considered potentially relevant for the uptake of the TDM recommendations.
Academic outpatient clinics were generally larger than non-academic outpatient
clinics; in addition academic outpatient clinics had more frequently a TDM assay
locally available.

Scenario L Drug interaction lopinavir + efavirenz/nevirapine

Between 2004 and 2008, 304 patients started CART which contained lopinavir/
ritonavir plus efavirenz or nevirapine. Within the first three weeks, 47 patients
discontinued the use of this combination. Thus, 257 patients were included in the
analysis, of which the majority (158, 61.5%) used efavirenz in combination with
lopinavir.

A total of 120 of the 257 patients (46.7%) had a lopinavir plasma concentration
determined as recommended by the guideline. As shown in Table 2, baseline
characteristics for the TDM and non-TDM group were mostly similar.

The use of TDM increased from 32.4% in 2004 (pre-guideline) to 55.3% during
introduction of the guideline in 2005-2006. In 2007-2008, the use of TDM remained
stable (49.0%). Multivariable logistic regression analysis demonstrated that patients
in large non-academic outpatient clinics were significantly less likely to receive TDM
compared to patients in academic clinics (see Table 3). Furthermore, treatment-
experienced patients were more likely to receive TDM compared to treatment naive
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Table 1 TDM-related characteristics of the 24 Dutch HIV outpatient clinics.

Academic Non-academic P-value
n % n 11%
Al 8 16
Presence of a clinical pharmacist at multidisciplinary HIV treatment-team meetings
Never 2 25.0 8 50.0 0.39%
Regularly 6 75.0 8 50.0
Presence of a local HIV TDM assay
Present 5 62.5 5 313 0.20t
Not present 3 37.5 u 68.8

Median Range  Median  Range

Number of patients under care 354 255-1636 221 69-1490  0.032*
at 1January 2006

t Fisher's exact test; * Mann-Whitney test

patients, especially those treatment-experienced patients with detectable viral
loads at baseline (Table 3).

Forty-eight weeks after baseline, 79.6% of the patients who received TDM had a
viral load below 50 copies/mL, compared to 73.9% of the patients who were not
monitored by TDM (p=0.50). Inthe univariable logistic regression analysis, baseline
CD4 count and baseline viral load were significantly associated with virologic
response at week 48. After adjusting for these and other factors that confounded
the effect of adherence to the guideline (namely gender, BMI, hepatitis B status,
pre-treated status and NRTI backbone), patients who received TDM had an adjusted
odds ratio (OR) of 1.77 (95% Cl 0.36-8.37, p=0.48) for achieving virologic response
at week 48. At week 24, adherence to the guideline was also not associated with
virologic response (data not shown).

At week 48, 15 out of the 137 patients who did not receive TDM had discontinued
lopinavir due to toxicity or patient’s choice (TOXP), compared to 3 out of the 120
patients who did receive TDM (p=0.008, log-rank test). In bivariable Cox-propor-
tional hazards models, only baseline CD4 count significantly (>10%) modified the
effect of adherence to the guideline on the risk of TOXP discontinuations. After
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adjusting for this parameter, patients who received TDM still had a significantly
lower risk of toxicity-induced lopinavir discontinuations (adjusted HR 0.16, 95% Cl
0.036-0.71, p=0.016).

Scenario 2: Routine TDM of efavirenz

A'total of 3,057 patients started antiretroviral treatment with efavirenz in combination
with two NRTIs between 2004 and 2008. Within the first 36 weeks, 588 patients
(19.2%) discontinued efavirenz, which left 2,469 patients for the analysis. Of these
patients, 234 (9.5%) had an efavirenz plasma concentration determined at week 4
and 24 as recommended by the guideline. As shown in Table 2, patients who
received TDM had generally lower CD4 counts and higher viral loads at baseline
compared to patients who did not receive TDM.

The use of TDM of efavirenz decreased significantly from 15.8% in 2004
(pre-guideline) to 11.5% during introduction of the guideline in 2005-2006. In
2007-2008, the adherence to the guideline decreased further to 5.7%. As for
scenario 1, patients treated in non-academic outpatient clinics were less likely to
receive TDM than patients in academic settings. In addition, large academic clinics
had lower adherence to the guideline compared to small academic clinics. The
presence of a clinical pharmacist at multidisciplinary team meetings resulted in
lower adherence to the 2005 TDM guideline whereas the local availability of a TDM
assay resulted in greater adherence to the guideline. Finally, patients with higher
baseline viral loads were more likely to receive TDM of efavirenz (see Table 3).

Partial adherence to the guideline, defined as the presence of an efavirenz plasma
concentration at week 4, was 30.4%. Partial adherence was stable over time (30.8%
in 2004, 30.7% in 2005-2006 and 30.0% in 2007-2008). Baseline viral load,
hospital-type, the presence of a local TDM assay, and the presence of a clinical
pharmacist at multidisciplinary team meetings predicted partial adherence in the
same manner as they did for full adherence to the guideline (data not shown).

Forty-eight weeks after baseline, 89.5% of the patients in the group of patients who
received TDM according to the guidelines had a viral load below 50 copies/mL,
compared to 93.3% of the patients who did not receive TDM (p=0.054). After
adjusting for factors that confounded the effect of adherence to the guideline on
virologic response (BMI and baseline CD4 count), patients who received TDM were
less likely to achieve virologic response (adjusted OR (95% CI) 0.49 (0.29-0.85),
p=0.010).
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Table 2  Patient characteristics at the time of starting the regimen of interest.

Al

Gender
Male
Female

Region of origin
Western Europe
Caribbean / Latin America
Sub-Saharan Africa
Other

Pre-treated status
Treatment naive

Treatment experienced, VL < 50 copies/mL
Treatment experienced, VL > 50 copies/mL

Age (years)
Date of starting therapy

Body mass index (kg/m3
CD4 count (/mm3
Viral load (logDcopies/ml)2

Lopinavir + NNRTI

TDM
n %
120 46.7
9% 80.0
24 20.0
86 717
3 108
3 108
8 6.7
40 333
19 158
6l 50.8
Median  IQR1
43 37-51
06/06  06/05-
10/07
22.5 20-25
230 120-463
4.7 3.6-5.8

No TDM
n %
137 53.3
113 82.8
24 175
8 56.9
16 117
27 19.7
16 117
47 34.3
32 234
57 41.6
Median  IQR1
42 36-59
04/06  10/04-
11/07
22.9 21-25
300 140-440
45 3.4-55

NA = not applicable; f Chl-squared test; * Mann-Whitney test LIQR, Interquartile range;
2includes only data from patients with a detectable viral load at baseline.
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0.61f

0.067f

0.22f

0.37*
0.31*

0.65*
0.63*
027



Efavirenz

TDM No TDM p-value
n % n %
234 95 2235 90.5
194 82.9 1827 817 0.66f
40 171 408 183
145 62.0 1413 63.2 0.75f
28 120 247 11
| 175 349 156
20 8.5 226 101
161 68.8 1516 67.8  0.034f
36 154 462 20.7
37 158 251 112
Median  IQR1 Median  IQR1
40 35-48 4 3548 038
12105 10/04- 12006  07/05- <0.001*
03/07 01/08
22.7 21-25 231 21-25  0.051*
210 100-310 245  160-350 <0.001*
50 4.6-5.3 49 4453 0051

TDM
n %
79 58.5
NA -
79 58.5
15 19
Ik} 16,5
45 57.0
6 16
66 835
7 8.9
6 16
Median  IQR1
29 2532
06/05  09/04-
02/06
247 2330
410 283-565
3.9 3.3-45

Nelfinavir
No TDM p-value
n %
56 415
NA -
56 415
71 0.065f
5 8.9
44 78.6
3 54
44 78.6 0.61f
8 143
4 71
Median  IQR1
29 2533 0.67
02/05  08/04-  0.74*
04/06
26.2 24-28 0.85*
390 281518 051
40 3144 096
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Table 3 Factors predictive of adherence to the Dutch TDM guidelines in multivariable logistic regression analyses

Scenario L lopinavir + NNRTI drug interaction

Treatment period
Pre-introduction (2004)
Guideline-introduction (2005-2006)
Post-introduction (2007-2008)

Context of outpatient clinic
Academic
Non-academic-small (<221 patients)
Non-academic-large (>221 patients)

Patient’s pre-treated status
Naive

Treatment experienced, VL <50 copies/mL
Treatment experienced, VL >50 copies/mL

Scenario 2: routine TDM of efavirenz at week 4 and week 24

Treatment period
Pre-introduction (2004)
Guideline-introduction (2005-2006)
Post-introduction (2007-2008)

adjusted OR

0.24
1.00
0.52

1.00
049
0.24

1.00
1.16
2.62

165
1.00
048

95% Cl

0.10-0.56

0.23-1.20

0.18-1.34
0.098-0.57

0.42-3.26
1.08-6.40

1.15-2.37

0.34-0.67

P

0.004
0.001

012

0.004

0.16
0.001

0.058

0.082
0.034

<0.001
0.007

<0.001
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Context of outpatient clinic
Academic-small (<354 patients)
Academic large (>354 patients)
Non-academic-small (<221 patients)
Non-academic-large (>221 patients)

Presence of a local TDM assay for efavirenz
Not present
Present

Presence of a clinical pharmacist at HIV MDT1meetings
Not present
Regularly present

Baseline viral load (copies/imL) (per Log increase)

Scenario 3: nelfinavir during pregnancy

Context of outpatient clinic
Academic
Non-academic-small (<221 patients)
Non-academic-large (>221 patients)

Presence of a local TDM assay for nelfinavir
Not present
Present

IMDT, multidisciplinary team.

1.00
0.20
0.076
0.13

1.00
2.06

1.00

0.56
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0.13-0.29
0.035-0.17
0.089-0.19

1.31-3.26

0.37-0.86

1.06-1.29

0.12-1.24
0.066-0.49

145-9.87

<0.001
<0.001

<0.001
<0.001

0.002

0.009

0.003

0.004

011
0.001

0.006



Patients who received TDM of efavirenz at week 4 (i.e., partial adherence to the
guideline) were also less likely to achieve virologic response (adjusted OR 0.59
(0.39-0.89), p=0.013).

Because there were only afew patients who discontinued efavirenz because of TOXP
after week 32, we examined the association between partial adherence to the
guideline (at least a week 4 efavirenz plasma sample available) and TOXP driven
discontinuations. Within 48 weeks, 11 out of the 836 patients inthe TDM group (2.5%)
had discontinued efavirenz because of TOXP versus 41 out of the 1915 (3.5%) of
the patients in the non-TDM group (p=0.19, log-rank test). After adjusting for
confounding factors in a multivariable Cox proportional hazards analysis (baseline
CD4 count and the NRTI backbone), patients who received TDM had an adjusted HR
(95% Cl) of 0.72 (0.44-1.18) (p=0.19) for TOXP discontinuations of efavirenz.

Scenario 3: TDM of nelfinavir during pregnancy

Atotal of 161 patients started antiretroviral treatment with nelfinavir during pregnancy
or before becoming pregnant. Of these patients, 135 used nelfinavir for more than
8 weeks during pregnancy. The great majority of these patients (n=130, 96.3%)
started nelfinavir during pregnancy; 5 patients had already started nelfinavir before
they became pregnant.

Table 2 shows that most women (n=79, 58.5%) had at least one plasma concentration
of nelfinavir determined during pregnancy. There were no statistically significant
differences in baseline characteristics between patients who did or did not receive
TDM during pregnancy (see Table 2).

The use of TDM slightly increased from 54.9% in 2004 (pre-guideline) to 61.8%
during introduction of the guideline in 2005-2006. After introduction of the guideline,
in 2007-2008, the use of TDM decreased (50.0%). In the multivariable logistic
regression model, patients treated in large non-academic outpatient clinics were
less likely to receive TDM than patients in academic clinics. In addition, the local
availability of a TDM assay was associated with more use of TDM during pregnancy
(see Table 3).

At the last viral load measurement before delivery, 94.2% in the group of patients
who received TDM during pregnancy had a viral load below 50 copies/mL,
compared to 94.1% of the patients who did not receive TDM (p=1.00). After
adjusting for confounders (baseline CD4, baseline viral load and time on nelfinavir),
the adjusted OR (95% CI) to achieve an undetectable load was 1.45 (0.18-11.73),
p=0.73 for patients who received TDM. There were 2 TOXP discontinuations of
nelfinavir during pregnancy in the TDM group, and 2 in the non-TDM group (p=1.00).

102



Discussion

The main goal of this study was to evaluate the adherence of clinicians to the Dutch
TDM guidelines of 2005. The adherence to the recommendations varied from low
for routine TDM of efavirenz (full adherence 9%; partial adherence 30%), to moderate
for nelfinavir in pregnancy (59%), and lopinavir concomitantly used with an NNRTI
(47%).

We cannot compare these results to those of other countries or databases, because
this is, to our knowledge, the first evaluation of HIV physician adherence to TDM
guidelines. Part of the explanation for the moderate adherence to the TDM
recommendations might be that most recommendations were based on expert
opinion. The only exceptions are nelfinavir and indinavir (10;11). In agreement with
this, adherence to the TDM recommendations was highest for the nelfinavir
scenario. HIV therapy is rapidly changing and improving due to continuous drug
development. Between 2004 and 2008, the antiretroviral armamentarium was
extended with several potent and relatively well-tolerated drugs. Therefore,
physicians have increased opportunities for switching therapy instead of managing
drug-related problems with TDM. This may form a second explanation for the
moderate adherence to the TDM recommendations.

The adherence to the recommendation to perform routine TDM of efavirenz at week
4 and week 24 was extremely low, and declined from 16% in 2004 to 6% in the
period 2007-2008. At present, there is international consensus among clinical
pharmacologists that TDM should be applied selectively, and not routinely (L 19-21).
It is well possible that during our study period, an increasing number of Dutch HIV
physicians, as well as clinical pharmacists (see Table 3), got convinced that TDM is
only indicated in selected situations. This may explain the declining rates for routine
TDM of efavirenz between 2004 and 2008.

A second important goal of this study was to identify determinants of TDM use.
The data from our study indicate that Dutch HIV physicians are more likely to use
TDM in patients with a higher baseline viral load (efavirenz scenario) or in treatment-
experienced patients who start therapy with a detectable viral load (lopinavir
scenario). TDM s thus used in the most vulnerable patients, who have the highest
a-priori chance of virologic failure. Other patient-related determinants of TDM use
were not identified.
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Independent of the context of the outpatient clinic, the local availability of an
analytical assay for the measurement of antiretroviral drug concentrations was
associated with increased use of TDM. The availability of a local assay will probably
ease TDM logistics, thereby shortening the time delay between the moment of
blood sampling and the TDM result. As a consequence, HIV physicians might
become more prone to apply TDM, which in turn, will lead to increased experience
with TDM.

Another health-system related determinant of TDM use was the context of the HIV
outpatient clinic. Academic centres were more likely to apply TDM than non-academic
centres for all investigated TDM scenarios. It is difficult to explain this result, which is
probably caused by multiple factors. One factor might be that academic HIV physicians
are more willing to adhere to expert opinion based recommendations. A second
possible explanation might be the presence of trainees who specialize in infectious
diseases in academic clinics. These trainees were actively educated on the Dutch TDM
guidelines and they may have propagated the use of TDM in their outpatient clinics.
Finally, the time period in which therapy was initiated was associated with TDM use
for efavirenz (discussed above) and for lopinavir. Only for lopinavir in combination
with efavirenz or nevirapine, the results from our study suggest that the introduction
of the TDM recommendations led to increased use of TDM.

The ATHENA database offers unique opportunities for TDM research because it
comprises detailed information on TDM results as well as clinical information.
Although not the primary goal of our analysis, we were also interested whether
adherence to the TDM guidelines was associated with virologic response or
drug-toxicity (the latter being deduced from toxicity or patient's decision induced
drug discontinuations).

For the lopinavir scenario, patients who received TDM appeared less likely to
discontinue lopinavir because of toxicity or patient's choice. For efavirenz, patients
who received TDM were less likely to achieve an undetectable viral load atweek 48.
One should cautiously interpret both results, because our study design is
observational. Thus, patients were not randomized to a TDM or a non-TDM group;
they may have received TDM for a particular reason, which might be associated
with the likelihood of achieving the studied outcome. Given the low adherence to
the efavirenz routine TDM guideline, it is most probable that efavirenz TDM was
applied selectively, rather than routinely. As described above, TDM was mostly
applied inthose patients who had the highest a-priori chance of virologic failure. In
our analysis, we attempted to adjust for such a selection bias, (e.g., by including
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baseline viral load in the regression model), but there certainly remains residual
confounding (e.g., preferential utilization of TDM in patients suspected of
non-adherence). Confounding by indication is in our view the most likely explanation
for the worse virologic outcome in patients who received TDM of efavirenz.

The lower discontinuation rate of lopinavir in the TDM group might be caused by
dose reduction of lopinavir in patients with lopinavir adverse effects and high
lopinavir plasma concentrations. Five patients in the TDM group had their lopinavir
dose reduced after initially starting an increased dose, which may have prevented
some toxicity induced lopinavir discontinuations in the TDM group. High lopinavir
plasma concentrations have been related to hypercholesterolemia (22) and, anecdotally,
to gastro-intestinal symptoms, such as nausea and abdominal pain.

Although this study evaluated the adherence to the Dutch TDM guidelines of 2005,
drug-drug interactions (lopinavir scenario) and pregnancy (nelfinavir scenario) are
still regarded as valid scenarios for TDM by current international HIV treatment
guidelines (L;21). Present-day HIV treatment guidelines do not recommend
unselected, routine use of TDM anymore. However, efavirenz is one of the few
antiretroviral drugs with a high likelihood of concentration-related adverse effects,
which is still a valid indication for TDM (3;23).

In conclusion, we have seen moderate to low adherence to the Dutch TDM
recommendations of 2005. In addition, we have identified multiple determinants of
TDM use. What can we leamn from this study for future implementations of TDM
guidelines? First, scientific committees that draft TDM guidelines should be cautious
in making TDM recommendations based on expert opinion, especially if the impact
is large in terms of time and costs (e.g., routine TDM). This might lead to better
acceptance of TDM recommendations in clinical practice. Second, the
implementation of a TDM guideline might be more successful with a more pro-active
implementation by the clinical pharmacologists of the drafting scientific committee.
For the Dutch TDM guidelines of 2005, only trainees working in academic clinics
were actively and continuously educated. Finally, a denser network of laboratories
with TDM assays might lead to better adherence to TDM guidelines.
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Abstract

Objective: Atovaquone/proguanil is frequently used as malaria prophylaxis by
HIV-infected travellers. The objective of this study was to compare atovaquone/
proguanil pharmacokinetics in healthy volunteers to those in HIV-infected patients
who were treated with efavirenz, lopinavir/ritonavir or atazanavirfritonavir.

Methods: This was an open-label, multi-centre, phase-l, single-dose trial.
On Day 1 asingle dose of atovaquone/proguanil was administered during a strictly
fat-standardized breakfast and blood was collected throughout a 168-hour period.
Plasma concentrations of atovaquone and proguanil were determined using a
validated HPLC method. Pharmacokinetic parameters were calculated using
WinNonLin version 5.2.1.

Results: Seventy-six subjects were available for statistical evaluation: 18 healthy
volunteers, 20 HIV-infected patients on efavirenz, 19 patients on lopinavir/ritonavir,
and 19 patients on atazanavir/ritonavir. The geometric mean (95% confidence
interval (95% CI)) atovaquone AUCO‘was 103.6 (79-137) h*mg/L in healthy
volunteers, compared to 29.6 (23-39), 31.7 (24-42), and 64.3 (49-84) h*mg/L
in patients treated with efavirenz, lopinavir/ritonavir, and atazanavir/ritonavir,
respectively. The geometric mean (95% CI) atovaquone Cnaxwas 1.80 (1.4-2.3)
mg/L in healthy volunteers versus 1.06 (0.84-1.3), 113 (0.90-1.4), and 1.02
(0.81-1.3) mg/L in patients using efavirenz, lopinavir/ritonavir, and atazanavir/
ritonavir, respectively. In addition, the AUCOMof proguanil was 38-43% lower in the
three groups of HIV-infected patients versus the healthy controls.

Conclusions: Physicians should be alert for atovaquone/proguanil prophylaxis
failures in HIV-infected patients treated with efavirenz, lopinavir/ritonavir or, to a
lower extent, atazanavir/ritonavir. In patients treated with efavirenz or lopinavir/
ritonavir, an increase of the dose of atovaquone/proguanil should be considered.
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Introduction

Atovaquone coformulated with proguanil is used for the treatment and prophylaxis
of malaria. Due to its efficacy and favorable safety profile (1), atovaquone/proguanil
is frequently used as chemoprophylaxis by HIV-infected patients who travel to
malaria endemic destinations.

Nevertheless, there are indications for drug interactions of atovaquone with some
frequently prescribed antiretroviral drugs. Despite a lack of data, the summary of
product characteristics of lopinavir/ritonavir and ritonavir warn that, theoretically,
co-administration may lead to decreased atovaquone plasma concentrations (2;3).
The postulated mechanism for this theoretical drug-drug interaction is enhanced
glucuronidation of atovaquone (4). Indeed, lopinavir/ritonavir may induce
glucuronidation (5). Other ritonavir boosted protease inhibitors (PIs), such as
atazanavir/ritonavir, and non-nucleoside reverse transcriptase inhibitors (NNRTIs),
such as efavirenz, may induce glucuronidation as well (6-7).

The consequences of these theoretical drug-drug interactions are potentially
serious, since diminished exposure to atovaquone may result in suboptimal
prophylaxis of malaria. Therefore, we compared atovaquone/proguanil pharma-
cokinetics in healthy volunteers to those in HIV-infected patients who were on stable
antiretroviral treatment with regimens that contained either efavirenz, lopinavir/
ritonavir or atazanavir/ritonavir.

Methods

This open-label, multi-centre, phase-I, single-dose trial was conducted from May
2007 until December 2008 at the Erasmus Medical Centre Rotterdam, the Rijnstate
Hospital Amhem, the Radboud University Nijmegen Medical Centre, the Leiden
University Medical Centre, and the Elisabeth Hospital Tilburg, all in the
Netherlands.

Study design

Participating subjects received one single dose of atovaquone/proguanil 250/100
mg with breakfast in the morning at their clinic. The breakfast in this study was
strictly fat-standardized because the absorption of atovaquone is highly dependent
on the fat content of the meal taken with the drug (8). The Ethical Review Board of
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the Radboud University Nijmegen Medical Centre approved the trial. Local approval
by the ethical committees of all other participating centres was obtained as well.

Study population

HIV-infected patients with CD4 positive lymphocyte counts higher than 200 cells/L,
who were for at least one month stable on antiretroviral regimens containing either
efavirenz 600 mg once-daily (QD), atazanavir/ritonavir 300/200 mg QD or lopinavir/
ritonavir in a dosage of 400/100 mg twice-daily (BD) or 800/200 mg QD, were
invited to participate in the trial. The main exclusion criteria were: suspicion of
non-adherence to antiretroviral medication and use of medication known to interfere
with the pharmacokinetics of atovaquone or proguanil.

The reference group in this study consisted of healthy volunteers, who had to be in
a good, age-appropriate health condition as established by physical examination,
medical history, biochemical, hematologic, and urinalysis testing within 4 weeks
before the single dose. The main exclusion criteria for the healthy volunteers were a
positive HIV test result; a positive hepatitis B or C test result and therapy with any
drug (for 2 weeks preceding dosing), except for acetaminophen.

All subjects, both the HIV-infected patients and the healthy volunteers, had to be
aged 18-65 years on the day of dosing, had to have body mass indexes of 18 to 30
kg/m2 and had to be willing and able to sign the Informed Consent Form before
screening evaluations. The main exclusion criteria for all subjects were: sensitivity/
idiosyncrasy to atovaquone/proguanil or chemically related compounds, a relevant
medical history or current condition that might interfere with atovaquone/proguanil
pharmacokinetics, creatinine clearance less than 60 mL/min (calculated from
serum creatinine), and pregnant or breast-feeding females. At screening (within 4
weeks prior to the single dose), eligibility for inclusion was established.

Safety assessments and pharmacokinetic sampling

Blood samples for pharmacokinetics were collected throughout a 168-hour period
0,05 12 3 45 6, 8 24, 48, 72, and 168 hours (7 days) after atovaquone/
proguanil intake (13 samples) to characterize drug absorption, distribution and
elimination. Serum biochemistry, hematology and urinalysis test results were
checked on days 1and 8 Adverse events were assessed during the same visits
and on days 2, 3, and 4.
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At day 1and 8 of the study, we determined mid-dose plasma concentrations for
efavirenz and trough plasma concentrations for lopinavir and atazanavir. In some
cases, the latter was not possible due to practical reasons. Inthese cases, plasma
concentrations were taken at similar (+/- 2 hours) periods after drug-intake on days
land 8.

Bioanalysis

Plasma concentrations of atovaquone and proguanil were analyzed at the
Department of Clinical Pharmacy of the Rijnstate Hospital (Arnhem, The
Netherlands). We used a solid-phase extraction (SPE) - high-performance liquid
chromatography (HPLC) method for the simultaneous quantitative analysis of
atovaquone and proguanil, which has been described by Lindegardh et al. (9).
Atovaquone and atovaquone internal standard (IS) (compound 59C80) were kindly
provided by Glaxo Smith Kline (Hertfordshire, UK); proguanil was kindly provided
by Astra Zeneca (Cheshire, UK). 1-(2.5)-dichlorophenylbiguanide (Sigma-Aldrich,
Zwijndrecht, The Netherlands) was used as an internal standard for proguanil.
Briefly, to 500 |iL plasma, 1,000 |il of atovaquone-IS (2.5 |iM) in ice-cold acetonitrile
was added. After vortex-mixing, the tubes were centrifuged at 13,400 G for 10
minutes. The supernatant was mixed with 1,000 |iL of proguanil-IS 2.5 |iM in
phosphate buffer (pH 6.8, 0.01M) and then loaded onto an SPE column (Isolute
HCX-Q, Biotage, Uppsala, Sweden). The extraction procedure was exactly the
same as described by Lindegardh et al. (9). The eluate was evaporated to dryness
under a gentle stream of nitrogen at 600C. The residue was reconstituted in 100 |iL
of methanol: water (90:10 viv). Twenty |iL of the resulting solution was run on a
Zorbax SB-CN 250 x 4.6 mm 5 |im column (Agilent Technologies, Amstelveen,
The Netherlands) with a flow rate of 1.0 mL/min using the mobile phases elution
scheme described by Lindegardh (9). Atovaquone and proguanil were detected by
ultraviolet spectroscopy at 245 nm.

The accuracy values for atovaquone were 107, 103 and 99% at 0.275, 0.573 and
4.58 mglL, respectively. At the same concentrations, the precision values (within
day, coefficient of variation) were 7.9, 31 and 3.4%, respectively. The calibration
curve was linear over a concentration range of 0.183 to 5.50 mg/L. For proguanil,
the accuracy values were 101, 98 and 96% at concentrations of 0.029, 0.272 and
0.544 mglL. The precision values at the same concentrations (within day, coefficient
of variation) were 4.8, 2.6 and 2.9%, respectively. The calibration curve for proguanil
was linear over a concentration range of 0.019 to 0.580 mgiL.
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Efavirenz, lopinavir and atazanavir plasma concentrations were analyzed at
the laboratory of the Department of Clinical Pharmacy of the Radboud University
Nijmegen Medical Centre by previously described validated HPLC methods (10) (11).

CYP2C19 genotyping

Subjects were tested for the presence of *2 (681G>A, rs4244285), *3 (636G>A,
rs4986893), and *17 (806C>T, rs12248560) alleles of CYP2C19, which is a key
enzyme involved in proguanil metabolism. DNA was isolated from EDTA blood
(Total Nucleic Acid isolation kit (Roche Diagnostics, Mannheim, Germany) on a
MagnaPure LC (Roche Diagnostics)). Genotyping was performed on 5 ng DNA
using Tagman allelic discrimination assays (ABI Prism 7000 Sequence Detection
system, Applied Biosystems, Nieuwerkerk a/d 1Jssel, The Netherlands).

Assay IDs were C_25986767_70 (CYP2C19*2) and C_27861809_10), with thermal
profiles 50 cycles (15 seconds 92 oC, 90 seconds 60 oC). Genotypes were scored
by allele-specific fluorescence using SDS 2.2.2 software (Applied Biosystems).
Assays were validated previously via direct sequencing of wild type, heterozygous
and homozygous variant samples. Assay performance was monitored by including
positive and negative controls. After genotyping, subjects were categorized as
follows: homozygous ultra-rapid metabolizers (*17/¥17), heterozygous ultra-rapid
metabolizers (*1/*17), extensive metabolizers (*1/*1), intermediate metabolizers
(*1/*2, *1/¥3,), and poor metabolizers (*2/*2, *2/*3, *3/*3). There were 6 subjects
with mixed CYP2C19 *2/*17 genotypes.

Pharmacokinetic analysis

Pharmacokinetic parameters for atovaquone and proguanil were calculated by
non-compartmental methods using the WinNonlin® software package (version 5.2;
Pharsight, Mountain View, CA, USA) and the log/linear trapezoidal rule. On the
basis ofthe individual plasma concentration-time data, the following pharmacokinetic
parameters of atovaquone and proguanil were determined: the area under the
plasma concentration-time curve from t=0 (drug intake) to the last quantifiable
concentration (AUCOY; in hour*milligram/liter), the maximum plasma concentration
of the drug (Cyyg in milligrams per liter), the time to reach Cg (Tyge in hours), and
the apparent elimination half-life (tU2 in hours). The AUCO™was used instead of the
AUCO'mbecause AUCO™mcontained extrapolated areas greater than 20% in the
majority of subjects for both atovaquone and proguanil.
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Sample size and statistical analysis

The study was powered to detect a 20% difference in atovaquone AUC between the
healthy controls and each of the other three HIV-1 positive groups. The required
number of participants was calculated as 20 per study arm.

Patient characteristics at day 1 (baseline) were tabulated for the four groups: the
healthy volunteers and the HIV-infected patients treated with efavirenz, lopinavir/
ritonavir and atazanavirfritonavir, Differences between groups were compared
using Chi-squared tests or Fisher's exact tests where appropriate for categorical
data and the Kruskal-Wallis test for continuous data. All tests were two-sided and a
p-value of less than 0.05 was considered statistically significant.

The AUCOY, Crma and t12were natural log transformed before analysis, and all
corresponding confidence intervals (Cls) for means (for the difference of two
means) were constructed on the natural log scale. Exponentiation was performed
on the means (mean differences and lower and upper limits of these CIs) prior to
reporting.

We used multiple variable linear regression models to assess the effect of efavirenz,
lopinavir/ritonavir and atazanavir/ritonavir on the AUCO, Crmex and t120f atovaquone
and proguanil. Potential confounding parameters that were assessed were race,
age, smoking behaviour, body weight, CYP2C19 genotype, and body height. We
used a stepwise selection procedure, by which a parameter was identified as a
confounder if its addition to the model resulted in >10% change of the regression
coefficient of efavirenz, lopinavir/ritonavir or atazanavir/ritonavir.

To determine the effect of the CD4 count, the HIV-1 RNA viral load and the specific
nucleoside analogue reverse transcriptase inhibitor (NRTI) backbone on
atovaquone/proguanil plasma exposure, we used linear regression models with the
natural logarithm of the AUCOMof atovaquone or proguanil as the dependent
variable and the CD4 count (per 100 cells/L increase), the viral load status (using
aviral load <40 copies/mL as reference) and the NRTI backbone as independent
variables.

Plasma concentrations of the antiretroviral drugs on days 1 and 8 were compared
by paired-samples t-tests after natural log transformation of the data.

Statistical evaluations were carried out using SPSS for Windows, version 16.0.1
(SPSS, Chicago, IL, USA).
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Results

Baseline characteristics

A total of 79 subjects were included: 20 healthy volunteers and 59 HIV-Infected
patients who were treated with efavirenz (n=20), lopinavir/ritonavir (n=20) or
atazanavir/ritonavir (n=19). The blood samples of two healthy volunteers were lost
due to an unfortunate accident. In addition, one patient on lopinavir/ritonavir was
excluded from statistical evaluations because of unapproved concomitant use of
phenytoin, a well-known enzyme inducer. Thus, 76 subjects were evaluable for
statistical evaluation.

In Table 1, baseline characteristics are compared between the healthy volunteers
and the three groups of HIV-infected patients. Eleven of these patients used
lopinavir/ritonavir tablets in a dosage of 400/100 mg BD; eight patients used
lopinavir/ritonavir tablets in a dosage of 800/200 mg QD. Compared to the healthy

Figure 1 Atovaquone plasma concentration-time curves after a single dose
of atovaquone/proguanil.

Time after intake (h)

Data are presented as arithmetic mean + standard error of the mean.

118



volunteers, there were more males and smokers among all categories of HIV-Infected
patients. In addition, the healthy volunteers were generally younger than the
HIV-Infected patients.

Pharmacokinetics of atovaquone / proguanil

Because there were no significant differences in any of the pharmacokinetic
parameters of atovaquone or proguanil between patients who took lopinavir/
ritonavir QD or BD, the group of patients who took lopinavir/ritonavir was regarded
as one single group in the statistical analyses.

Figure 1 and figure 2 show the atovaquone and proguanil plasma concentration-
time curves, respectively, after a single dose of atovaquone/proguanil. The single-

dose pharmacokinetic parameters derived from plasma concentration-time data
are summarized in Table 2

Figure 2 Proguanil plasma concentration-time curves after a single dose of
atovaquone/proguanil.

0,10

Time after intake (h)

Data are presented as arithmetic mean + standard error of the mean.
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Table 1

Al study participants
Gender
Male
Female
Race
Caucasian
Non-Caucasian
HIV transmission risk group
Homosexua
Heterosexual
IDU
Other
NRTI backbone
TDF + FTC
TDF + 3TC
AZT + 3TC
ABC + 3TC
Other
Smoking status
Non-smoker
Smoker

Baseline characteristics.

Total

76

61
15

59
17

17

o~

48
28

%
100.0

80.3
19.7

776
224

67.2
241
34
52

29.3
379
121
121
8.6

63.2
36.8

Healthy

volunteers

15

NA
NA
NA
NA

NA
NA
NA
NA
NA

16

%
23

5.
44,

83.
16.

88.
11



HIV-infected

patients

on efavirenz

20

19

15

16

10

«©

%
26.3

95.0
50

75.0
250

80.0
20.0

40.0
50.0
100

450
55.0

HIV-infected
patients

on lopinavir/
ritonavir

n %
19 25.0
16 84.2
3 15.8
15 788
4 211
12 63.2
3 158
2 105
2 105
2 105
6 316
4 211
3 158
4 211
10 52.6
9 474

HIV-infected

patients
on atazanavir/
ritonavir

n %
19 25.0
16 84.2
3 158
1 737
5 26.3
il 579
7 36.8
1 53
7 36.8
6 316
1 53
4 211
1 53
3 68.4
6 316

p-value

0.025¢

0.93f

0.22f

0.032f

0.028ft



Viral load at screening

<40 copies/mL 44

>40 copies/mL 14
CYP2C19 genotype

Ultra-rapid 6

metabolizers

(*171*17)

Heterozygous ulra- 18
rapid metabolizers

{*11*17)

26
{*11*1)
Mixed genotype 6
{*21*17)
Intermediate 17

metabolizers
(*11*2, *11*3)

Poor metabolizers 1

#21+2)
Unknown 2
Median
Age (years) 46
CD4 count (/mm3 450
Weight (kg) 73
Height (cm) 180

75.9 NA
24.1 NA
79 1
23.7 2
34.2 9
79 1
224 5
13

2.6

IQR Median
32-51 23
338-655 ND
66-80 70
171-184 179

56

11

50.0

56

278

-IQR

20-44
ND
64-77
170-181

17

Median

47
465
78
181

85.0 Ik}
150 6
150 1
40.0 4
20.0 9
10.0 2
10.0 3
5.0

IQR Median
3850 48
318-613 370
67-83 73
176-186 180

68.4 i
31.6 5
5.3 1
211 4
474 4
105 1
158 7

- 2
IQR Median
4552 49
260-720 450
67-718 70
174-185 179

737
263

53

211

211
53

368

105
IR
3551
400-730
67-19
170-181

0.47f

0.24f

0.001'
057
0.38*
0.21*

f Fisher's Exact Test; ftChi-Squared Test; * Kruskai-Wallis Test; IQR, interquartile range; IDU, intravenous drugs use; NA, not applicable; ND, not determined;
NRTI, nucleoside analogue reverse transcriptase Inhibitor; TDF, tenofovlr; FTC, emtricltabine; 3TC, lamivudine; AZT, zidovudine; ABC, abacavir.
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Table 3 shows the geometric mean ratios of the pharmacokinetic parameters of
atovaquone and proguanil obtained after adjustment for factors that confounded
(>10%) the observed effect of efavirenz, lopinavir/ritonavir and atazanavir/ritonavir
on the pharmacokinetic parameters of atovaquone and proguanil. Compared to the
healthy volunteers, HIV-infected patients who used efavirenz or lopinavir/ritonavir
had substantially lower plasma exposure to atovaquone, while patients on
atazanavir/ritonavir had modestly lower atovaquone exposure. The AUCO™ of
proguanil was 38-43% lower in the three groups of HIV-infected patients versus the
healthy controls (see Table 3).

Effect of HIV-specific parameters

The CD4 count (p=0.030, p=0.48), nor the viral load status (P= -0.146, p=0.51) nor
any of the NRTI backbones were associated with plasma exposure to atovaquone.
The same analyses for proguanil yielded similar results.

Plasma concentrations of the antiretroviral drugs

There were no patients with undetectable plasma concentrations of efavirenz,
lopinavir or atazanavir. The geometric mean mid-dose efavirenz concentration was
21 mg/L at both day 1and day 8 (p=0.52). The geometric mean plasma concentrations
for lopinavir and atazanavir were 41 mg/L and 11 mg/L on day 1, respectively,
compared to 4.3 mg/L (p=0.88) and 1.2 mg/L (p=0.46) on day 8, respectively.

Adverse events and safety assessments

The single dose of atovaquone/proguanil was well tolerated. Six subjects reported
a total of 8 non-serious adverse events. The majority of these events (n=7, 88%)
were classified as grade | the remaining event, namely transient diarrhea on the 4t
day after the single dose of atovaquone/proguanil, was classified as grade II.
Only one adverse event was considered possibly or probably related to the single
dose of atovaquone/proguanil: a patient who was treated with lopinavir/ritonavir,
zidovudine and lamivudine had a transient headache in the afternoon of study
day 1 which did not require additional treatment.
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Table 2 Pharmacokinetic parameters of atovaquone and proguanii after a single dose of atovaquone/proguanil (250/1 00mg)

Pharmacokinetic Healthy volunteers HIV-infected patients HIV-infected patients HIV-infected patients
parameter (n=18) on_efavirenz on_Ioginavir/ritonavir on_atazanavir/ritonavir
(n=20) (n=19) (n=19

Atovaquone GM 95% Cl GM 95% Cl GM 95% Cl GM 95% Cl
AUCM (hv*mg/l) 1036 (79,137) 296 (23,39) 317 (24,42) 64.3 (49,84)
Cma (mglL) 1.80 (14,23) 106 (0.8413) 113 (0.90,14) 102 (0.81,1.3)
TR() 93.6 (74,118) 482 (38,62) 477 (37,62) 90.6 (72,114)
Tmax (h)a 40 35 40 35 40 2-5 4.0 35

Proguanii GM 95% Cl GM 95% Cl GM 95% Cl GM 95% Cl
AUCM (h*mgll)  0.62 (0.440.87) 032 (0.23,0.44) 038 (0.27,053) 039 (0.28,0.55)
Crax(mg/L) 0.09 (0.08,0.11) 0,07 (0.05,0.08)  0.07 (0.06,0.07) 007 (0.06,0.09)
TR2() 54 (39,7.6) 45 (34,60) 60 (43,84 38 (27,52
T (Ma 30 2-4 30 2-4 20 13 30 24

n, number of subjects; GM, geometric mean; Cl, confidence interval;
“Median and Interquartile range reported forTng,

4}
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Table 3 Unadjusted and adjusted geometric mean ratios (GMRS) of the pharmacokinetic parameters of atovaguone
and proguanii in HIV-infected patients treated with efavirenz, loplnavir/rltonavir, or atazanavlr/ritonavlr versus those
obtained In healthy volunteers.

Pharmacokinetic
parameters

Atovaquone
AUCm (h*mg/L)
c_ (mgl)
T120h)
Proguanii
AUCM (h*mglL)
Cng.(mglL)

T10h)

HIV-infected patients

on efavirenz

GMR
(95% C)

0.29
(0.20-0.42)

059
(043-0.82)

051
(0.37:0.72)

GMR
(95% C)

051
(0.32:0.82)

073
(058:0.92)

083
(054-1.30)

Adjusted GMR
(95% CI)

0.25a
(0.16-0.38)

0.56b
(0.39-0.80)

0,58°
(0.41-0.83)

A?usted GMR
(95% CI)
0.57d
(0.35-0.93)

0.8%
(0.70-1.14)

090’
(0.55-1.48)

HIV-infected patients on lopinavir/

ritonavir

GMR
(95% C)

031
(0.21-0.45)

063
(0.45-0.89)

051
(0.36-0.72)

GMR
(95% C)

061
(0.38-0.99)

0.79
(0.62-1.00)

111
(0.69-1.79)

Adjusted GMR
(95% CI)

0.26a
(0.17-041)

0.56b
(0.39-0.82)

053°
(0.36-0.78)

A(yusted GMR
(95% CI)
0.62d
(0.39-0.99)

0.88¢
(0.70-1.10)

112
(0.67-1.89)

HIV-infected patients
on atazanavir/ritonavir

GMR
(95% C)

062
(0.42:0.91)
057

(041-0.79)

097
(0.70-1.34)

GMR
(95% C)

0.64
(0.40-1.03)

0.79
(0.66-1.00)

0.69
(043-1.12)

Adjusted GMR
(95% CI)

0.54a
(0.35-0.83)

0.51b
(0.36:0.73)

105'
(0.75-1.48)

Adg'usted GMR
(95% CI)
0.59d
(0.38-0.93)

0.83
(0.66-1.05)

060’
(0.36-0.99)

GMR, geometric mean ratio; aadjusted for age; badjusted for age and body weight; adjusted for age, body weight and gender; dadjusted for CYP2C19 genotype,
body height and smoking status; eadjusted for CYP2C19 genotype, body height, body weight and gender; fadjusted for CYP2C19 genotype, age, race, and gender.



Discussion

The objective of our study was to compare atovaquone/proguanil pharmacokinetics
in healthy volunteers to those in HIV-infected patients who were treated with
efavirenz, lopinavir/ritonavir or atazanavir/ritonavir, respectively. The differences in
atovaquone exposure appeared to be substantial. HIV-infected patients who used
efavirenz or lopinavir/ritonavir had on average 75% lower exposure to atovaquone
compared to the healthy controls, while patients on atazanavir/ritonavir had 40-50%
lower exposure to atovaquone.

It is not possible to establish from our study the exact mechanism behind the lower
atovaquone plasma concentrations in the three groups of HIV-infected patients.
The mechanism might be increased atovaquone glucuronidation (4), although there
are only indirect data that suggest that atovaquone may be metabolized by
glucuronidation (12-14). The lower atovaquone exposure in patients treated with
lopinavir/ritonavir compared to those treated with atazanavir/ritonavir is in line with
such a mechanism, because lopinavir/ritonavir seems to have stronger inductive
effects on glucuronidation enzymes than atazanavir/ritonavir (5;7;15).

Another potential mechanism might be a pharmaceutical interaction in the gastro-
intestinal tract, caused by simultaneous intake of the antiretroviral agents and
atovaquone/proguanil. However, this is unlikely because atovaquone/proguanil
peak plasma concentrations did not differ significantly in patients who took
atovaquone/proguanil and antiretroviral medication simultaneously (within a time
frame of 3 hours) and those who did not (e.g., patients who took atazanavir/
ritonavir in the evening) (data not shown).

Plasma exposure to proguanil was on average 38-43% lower in the three groups of
HIV-infected patients. Proguanil, which bolsters atovaquone activity (16), is
predominantly metabolized by CYP2C19. Lopinavir/ritonavir and efavirenz may
induce CYP2C19 (17;18), which may explain the lower proguanil exposure in these
groups. In addition, patients treated with atazanavir/ritonavir had reduced proguanil
exposure, which might be due to CYP2C19 induction by ritonavir, atazanavir or both.

Despite the substantially lower atovaquone plasma exposure observed in our study,
no clinical reports have been published so far that describe atovaquone/proguanil
chemoprophylaxis failure in HIV-infected travellers treated with ritonavir boosted
Pls or NNRTIs. In addition, there are no established minimum effective atovaquone
plasma concentrations in the setting of malaria prophylaxis, which makes it difficult
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to assess the precise clinical relevance of decreased atovaquone plasma
concentrations. Nevertheless, the difference in atovaquone plasma exposure with
the healthy volunteers was substantial. Therefore, physicians should be alert for
atovaquone/proguanil prophylaxis failures in HIV-infected patients treated with
efavirenz, lopinavir/ritonavir or atazanavir/ritonavir.

We did not choose for a design inwhich therapy naive HIV-infected patients served
as a reference group, because the HIV-physicians at our clinics felt itwould be very
difficult to motivate this group of patients to participate in our trial. Because of the
chosen design, it remains unknown whether HIV-infection itself resulted in lower
atovaquone plasma concentrations, which is a limitation.

On the other hand: our study mimics the ‘real world situation’. HIV-infected patients
treated with antiretroviral regimens travel to malaria endemic areas like healthy
people do, and phase 3 trials of atovaquone/proguanil for malaria prophylaxis were
only conducted in healthy subjects (2).

Another potential limitation of our study is that we used a single dose design for
atovaquone/proguanil. However, as shown by Thapar et al. (19), the AUC0™mof
atovaquone after a single dose of Malarone® was predictive of the AUCOY of
atovaquone at steady state (19). Therefore, we judged itwould be possible to obtain
our main objectives using a single dose design, which appeared to be safe and
convenient for the participating subjects.

In summary, our study shows considerably lower plasma exposure to atovaquone
in HIV-infected patients treated with efavirenz or lopinavir/ritonavir, and modestly
lower plasma exposure to atovaquone in those treated with atazanavir/ritonavir,
compared with a group of healthy volunteers. In addition, plasma concentrations of
proguanil, which bolsters atovaquone activity, were modestly reduced in patients
treated with efavirenz, lopinavir/ritonavir or atazanavir/ritonavir.

Therefore, physicians should be alert for atovaquone/proguanil prophylaxis failures
in HIV-infected patients treated with efavirenz, lopinavir/ritonavir or atazanavir/
ritonavir. We recommend emphasizing adherence to atovaquone/proguanil in
HIV-infected travellers treated with these drugs, i, strict daily intake during the
main meal. In addition, an increase of the dose of atovaquone/proguanil should be
considered in patients treated with efavirenz or lopinavir/ritonavir.
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