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What is already known about this subject

 

• The concentration of protease and non-nucleoside reverse 
transcriptase inhibtors in plasma has been related to both 
efficacy and toxicity.

• Most antiretroviral concentration data come from selected 
populations of patients undergoing therapeutic drug 
monitoring programmes, which may overestimate 
interindividual variability.

 

What this study adds

 

• Our study has demonstrated the large interindividual 
variability in antiretroviral drug concentrations in an 
unselected population of patients during routine clinical 
practice.

• These results may provide interesting information to clinicians 
for the management of antiretroviral therapy in HIV-infected 
patients.

 

Aims

 

The objective of this study was to assess interindividual variability in trough concen-
trations of plasma of non-nucleoside reverse transcriptase inhibitors (NNRTI) and
protease inhibitors (PI) among HIV-infected adults in a routine outpatient setting.

 

Methods

 

One hundred and seventeen patients who attended our clinic for routine blood tests,
and who were receiving antiretroviral therapy which included NNRTI or PI were
studied. Patients were not informed that drug concentrations were going to be
measured until blood sampling. The times of the last antiretroviral dose and of blood
sampling were recorded. Drug concentrations were considered optimal if they were
above the proposed minimum effective value. In addition, efavirenz, nevirapine and
atazanavir concentrations were considered potentially toxic if they were 

 

>

 

4.0 mg l

 

−

 

1

 

,

 

>

 

6.0 mg l

 

−

 

1

 

 and 

 

>

 

0.85 mg l

 

−

 

1

 

, respectively.

 

Results

 

Overall, interindividual variability of NNRTI and PI concentrations in plasma was
approximately 50%, and only 68.4% of the patients had drug concentrations within
the proposed therapeutic range. Poor adherence explained only 35% of subthera-
peutic drug concentrations.

 

Conclusion

 

Interindividual variability in trough concentrations of NNRTI and PI among HIV-infected
adults is large in routine clinical practice, with drug concentrations being outside the
therapeutic window in a significant proportion of patients. These findings provide
further evidence that therapeutic drug monitoring may be useful to guide antiretroviral
therapy in clinical practice.



 

Variability in NNRTI and PI concentrations in clinical practice

 

Br J Clin Pharmacol

 

62

 

:5 561

 

Introduction

 

Current highly active antiretroviral therapy (HAART)
can successfully suppress HIV replication and its wide-
spread use has resulted in a marked decrease in HIV-
related morbidity and mortality [1]. However, despite
the initial favourable response to HAART, it fails to
maintain complete viral suppression in the long term in
a significant proportion of HIV-infected subjects [2–4].
Treatment failure may be due to poor adherence on the
part of the patients, the development of viral resistance,
or to pharmacokinetic issues.

There is growing evidence of a relationship between
non-nucleoside reverse transcriptase inhibitors (NNRTI)
and  protease  inhibitors  (PI)  concentrations  in  plasma
and the efficacy and toxicity of these drugs [5]. In this
regard, small decreases in plasma concentrations of anti-
retroviral drugs can render them unable to maintain
complete viral suppression, promoting treatment failure
and evolution of viral resistance. On the other hand,
excessively high drug concentrations may contribute, at
least in part, to the appearance of antiretroviral therapy-
related adverse events [6–18].

Marked differences in NNRTI and PI concentrations
in plasma have been reported among HIV-infected sub-
jects [5, 13, 15, 19, 20]. Moreover, a large proportion of
patients had trough PI concentrations lower than the
proposed minimum effective concentration (MEC) in
previous studies [19–22]. This interindividual variability
may be explained by differences in drug absorption,
distribution, metabolism and elimination. In addition,
poor adherence to treatment, concomitant disease and
drug–drug or food–drug interactions may further
enhance this variability.

Most of the currently available information regarding
interindividual variability in the concentration of anti-
retroviral agents comes from clinical trials and therapeu-
tic drug monitoring (TDM) units. However, results
obtained in such settings may substantially differ from
those observed in routine clinical practice with unse-
lected patient populations. Thus, the objective of the
present study was to assess the interindividual variability
in trough NNRTI and PI concentrations in plasma among
HIV-infected adults in a routine outpatient setting.

 

Patients and methods

 

HIV-infected subjects aged 

 

≥

 

18 years, who attended
consecutively our clinic during a 2-week period for rou-
tine outpatient blood tests, were studied. To be eligible,
patients had to be receiving an NNRTI- or a PI-based
HAART for at least 4 weeks. Patients on treatment with
more than one PI (ritonavir was not considered as a
second PI when given at boosting doses) or with com-

binations of PI with NNRTI, were excluded. Informed
consent was obtained from all patients at the time of
blood sampling, and the protocol was approved by the
ethics committee of our institution.

The primary end-point of the study was assess the
interindividual variability in trough NNRTI and PI con-
centrations in plasma among HIV-infected adults. The
relationship between drug concentrations and virologi-
cal outcome or drug-related toxicity was also explored.

Demographic and clinical variables including age,
sex, time since HIV diagnosis, hepatitis C virus coin-
fection, concomitant medication, treatment adherence,
HIV-1 RNA load evolution and drug-related toxicity
were recorded for each subject. Treatment adherence
was self-reported as the number of doses taken out of
those prescribed within the week before the sample col-
lection. Viral load was recorded at the time of sampling
and every 12 weeks thereafter up to 48 weeks of follow-
up. Virological failure was defined as the presence of an
HIV-1 RNA load 

 

>

 

50 copies ml

 

−

 

1

 

 in two consecutive
determinations after at least 24 weeks on HAART or if
previously undetectable. Specific drug-related toxicities
were recorded in those patients on treatment with drugs
for which an upper limit of the therapeutic window has
been proposed. Thus, hypersensitivity reactions or liver
enzyme elevations were registered in patients taking
nevirapine, central nervous system disorders in those
taking efavirenz, or total bilirubin or jaundice in those
patients receiving atazanavir.

In an attempt to avoid modifying their normal adher-
ence to antiretroviral therapy, subjects were not in-
formed that drug concentrations were going to be
measured until blood sampling. The time of the last dose
of antiretroviral treatment and that of blood sampling
were recorded for each patient. Because trough concen-
trations have been proposed as the most suitable phar-
macokinetic parameter for routine clinical monitoring
[5], only blood samples collected between 10 and 13 h
or between 21 and 25 h after the last treatment intake
were used in patients taking antiretroviral drugs twice
or once daily, respectively. In the case of patients taking
efavirenz once daily at bedtime, samples were collected
during the day, at least 8 h after the last dose [15].

Blood samples were collected into potassium and
ethylenediamine tetraacetic acid (EDTA)-containing
tubes.  Plasma  was  isolated  by  centrifugation  (1200 

 

g

 

for 15 min) and stored at 

 

−

 

20 

 

°

 

C until analysis. Drug
concentrations were determined by using a high-
performance liquid chromatograph with a PDA detector
(2996 Waters, Barcelona, Spain). Concentrations of nev-
irapine were measured using a NovaPak

 

®

 

 C18 3.9 

 

×

 

150 mm analytical column and a NovaPak

 

®

 

 C18 guard
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column (Waters). The method involved precipitation of
proteins with perchloric acid and injecting the superna-
tant by isocratic elution with phosphate buffer acetoni-
trile containing 0.1% of triethylammine (pH 6). The
method was linear over a concentration range of 0.1–
10 mg l

 

−

 

1

 

. Efavirenz concentrations were determined
using solid-phase extraction, according to the method
described by Sarasa-Nacenta 

 

et al

 

. [23]. The analytical
column was a NovaPak

 

®

 

 C8, 4.6 

 

×

 

 150 mm and the
guard column was a NovaPak

 

®

 

 C8 (Waters). The method
was validated over the range of 0.1–10 mg l

 

−

 

1

 

. Concen-
trations of lopinavir, nelfinavir, saquinavir, amprenavir,
atazanavir and indinavir were quantified simultaneously.
The analytical column used was a NovaPak

 

®

 

 C18
3.9 

 

×

 

 150 mm and the guard column was a NovaPak

 

®

 

C18 (Waters). The method involved liquid–liquid extrac-
tion of the six drugs from plasma with tert-butyl methyl
ether after basification and a second wash with hexane.
Gradient elution using a mobile phase of phosphate
buffer acetonitrile (pH 6.70) was performed. The method
was linear over the range of 0.05–20 mg l

 

−

 

1

 

 for lopinavir,
amprenavir, 0.042–17 mg l

 

−

 

1

 

 for nelfinavir, 0.044–
17.5 mg l

 

−

 

1

 

 for saquinavir and atazanavir and 0.04–
16 mg l

 

−

 

1

 

 for indinavir. The intraday and interday
coefficients of variation of each method were lower than
8.2% and 8.7%, respectively. Our laboratory is subjected
to the KKGT quality assurance programme organized
by the Dutch Association for Quality Assessment in
Therapeutic Drug Monitoring and Clinical Toxicology
of the Radbound University Medical Centre Nijmen,
with 36 laboratories being involved in 2004 [24]. Plasma
HIV-1 RNA was quantified by the Amplicor

 

®

 

 Ultrasen-
sitive Assay (Roche Amplicor HIV-1 Monitor assay,
v1.5), with a limit of detection of 50 copies ml

 

−

 

1

 

.
Based on previously published data [18, 25], drug

concentrations were considered optimal if they were
above the proposed MEC. Thus, target trough concen-
trations were 3.4 mg l

 

−

 

1

 

 for nevirapine, 1.0 mg l

 

−

 

1

 

 for
efavirenz, 0.8 mg l

 

−

 

1

 

 for nelfinavir, 0.1 mg l

 

−

 

1

 

 for indi-
navir and for saquinavir, 0.15 mg l

 

−

 

1

 

 for atazanavir,
1.0 mg l

 

−

 

1

 

 for lopinavir (4.0 mg l

 

−

 

1

 

 in patients who
previously failed on PI therapies) and 0.4 mg l

 

−

 

1

 

 for
amprenavir (1.2 mg l

 

−

 

1

 

 in patients who previously fail-
ured on PI therapies). In addition, efavirenz, nevirapine
and atazanavir concentrations were considered poten-
tially toxic if they were higher than 4.0 mg l

 

−

 

1

 

, 6.0 mg l

 

−

 

1

 

and 0.85 mg l

 

−

 

1

 

, respectively [18, 25, 26].
Statistical analysis was performed using SPSS Ver-

sion 11.5 software (SPSS Inc., Chicago, IL, USA). Data
with a normal distribution were presented as means
(SD),  whereas  medians  [interquartile  range  (IQR)]
were presented for variables not normally distributed.

Interindividual variability in drug concentrations was
assessed only for those agents administered to at least
five patients. The coefficient of variation (CV) was cal-
culated as the quotient of the SD divided by the mean.
Proportions were compared by the 

 

χ

 

2

 

 or the Fisher’s
exact test, where appropriate.

 

Results

 

One hundred and ninety-one patients receiving NNRTI
or PI therapy attended our clinic for routine blood tests.
Of these, 117 patients were eligible for the study and
were included. Median (IQR) length of time on the
current antiretroviral regimen was 20 (8.5–39) months.
Overall, compliance with antiretroviral therapy was high
and 82% of the patients stated that they had taken all
the prescribed doses within the previous week. Table 1
summarizes the demographic and clinical characteristics.

Sixty patients were receiving one NNRTI and 57 sub-
jects one PI when blood samples were collected
(Table 1). Forty-two patients were receiving efavirenz
(600 mg once daily) and 18 were using nevirapine
(200 mg twice daily). Forty-three subjects were taking
lopinavir/ritonavir (400/100 mg twice daily), nelfinavir
(1250 mg twice daily) was being used by seven patients,
saquinavir/ritonavir (1000/100 mg twice daily) by one,
amprenavir/ritonavir (600/100 mg twice daily) by two,

 

Table 1

 

Demographic and clinical characteristics of the 117 
patients studied

 

n

 

 (%)

 

Gender
Male 79 (67.5)
Female 38 (32.5)

Age (years)* 41.1 (9.4)
HCV 50 (42.7)
Years since HIV diagnosis* 10.5 (5.2)
Months on ARV therapy† 20.0 (8.5–39.0)
Current ARV treatment

NNRTI 60 (51.3)
PI 57 (48.7)

Missing doses within the previous week
0 96 (82.1)
1 16 (13.7)

 

≥ 

 

2 5 (4.2)

 

Data are expressed as

 

 n 

 

(%), except where noted. HCV,
Hepatitis C virus; ARV, antiretroviral; NNRTI, non-
nucleoside reverse transcriptase inhibitor; PI, protease
inhibitor. 

 

*

 

Mean (SD).

 

 

 

†

 

Median (interquartile range).
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atazanavir (400 mg once daily) by three and indinavir
(1200 mg twice daily) by one patient. No one was
receiving ritonavir as single PI when samples were
collected.

The mean (SD) sampling time was 11.3 (0.8) h after
the last dose for subjects on a twice-daily antiretroviral
regimen (

 

n

 

 

 

=

 

 72), 22.0 (1.1) h for patients on a once-
daily regimen at breakfast time (

 

n

 

 

 

=

 

 3) and 10.2 (1.1) h
for patients receiving efavirenz once daily at bed-time
(

 

n

 

 

 

=

 

 42).
The plasma concentration data are presented in

Figure 1. One sample, taken from a patient receiving
lopinavir, was below the lower limit of quantification.
Overall, interindividual variability in plasma NNRTI
and PI concentrations was approximately 50%. In addi-
tion, 12% of the patients showed drug concentrations
below the MEC, with only 68% of NNRTI or PI con-
centrations being within the proposed therapeutic range
(Table 2).

When drug class was considered, drug concentrations
were optimal in only 52% of the patients treated with
NNRTIs, compared with 86% receiving PIs (odds ratio
0.17; 95% confidence interval 0.06, 0.46; 

 

P

 

 

 

<

 

 0.001).
Out of the 18 patients on nevirapine therapy, drug
concentrations were subtherapeutic in five (28%),
potentially toxic in eight (44%) and optimal in only five
subjects (28%). Similarly, efavirenz concentrations
were within the therapeutic range in 62% of the patients
who were receiving this drug. Although only one patient
on efavirenz therapy had drug concentrations 

 

<

 

1.0 mg l

 

−

 

1

 

,
concentrations were found to be potentially toxic in 15
(36%) of the patients being treated with this drug. The
proportion of patients with PI concentrations above the
proposed MEC was approximately 80% in those receiv-
ing lopinavir/ritonavir and 100% in those using nelfi-
navir, saquinavir, amprenavir, atazanavir or indinavir
(Table 2).

Out of the 14 patients achieving NNRTI or PI plasma
concentrations below the MEC, nonadherence was
found to be a possible explanation for five cases (36%).
The reason that the remainder of this group had subther-
apeutic drug concentrations is unknown.

Overall, 17 patients developed virological failure dur-
ing the 48-week period which followed blood sampling.
Drug concentrations were above the proposed MEC in
16 patients and only one subject had subtherapeutic drug
concentrations (

 

P 

 

=

 

 0.69). No patient receiving nevirap-
ine or atazanavir therapy developed significant drug-
related toxicity during the follow-up. On the other hand,
nine out of the 42 patients who were receiving efavirenz
experienced central nervous system disturbances. How-
ever, concentrations of this drug in plasma were consid-

ered optimal in most of the patients and only two (22%)
had concentrations 

 

>

 

4.0 mg l

 

−

 

1

 

. Similarly, the propor-
tion of subjects who developed central nervous system
symptoms while receiving efavirenz was similar in
patients with drug concentrations above and below
4.0 mg l

 

−

 

1

 

 (

 

P 

 

=

 

 0.451).

 

Discussion

 

Our results show that plasma concentrations of NNRTI
and PI may vary widely among HIV-infected adults in
a routine outpatient setting. In addition, drug concentra-

 

Figure 1 

 

Trough plasma concentrations of non-nucleoside reverse transcriptase 

inhibitor and protease inhibitor. The box plot provides a five-point summary 

of the data: minimum, 1st quartile, median, 3rd quartile and maximum. 

NVP, Nevirapine; EFV, efavirenz; LPV, lopinavir; NFV, nelfinavir; APV, 

 

amprenavir; ATV, atazanavir; SQV, saquinavir; IDV, indinavir
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tions were outside the recommended therapeutic win-
dow in almost one-third of our patients.

Overall, our results are concordant with previously
reported data. In a study performed by de Maat et al. of
97 subjects, drug concentrations were subtherapeutic in
one-quarter of the 1145 samples analysed [20]. The
lower prevalence of subtherapeutic drug concentrations
observed in our study is probably because the drug
analyses in the study by de Maat et al. were all requested
for TDM purposes and samples were not collected in a
systematic way. In addition, many patients in that study
had repeated drug determinations over time. As a con-
sequence, the inclusion of patients whose drug concen-
trations were suspected to be outside the therapeutic
range might have been favoured, leading to an overesti-
mation of the true prevalence of subtherapeutic drug
concentrations. The present study included all subjects
on NNRTI or PI therapy attending our clinic over a
representative period of time and only one sample was
collected from each patient. Thus, our results may
represent more accurately the actual prevalence of drug
concentrations outside the therapeutic window among
HIV-infected adults in routine clinical practice.

Variability in drug concentrations may have important
consequences for antiretroviral therapy. Subtherapeutic
drug concentrations may prevent sustained viral sup-
pression in HIV-infected patients and may predispose
them to the development of viral resistance, limiting
future re-utilization of antiretroviral agents [27]. On the
other hand, inappropriately high drug concentrations are
associated with adverse events, which may have a neg-
ative effect on quality of life and treatment adherence
[18, 25, 26]. In our study, interindividual variability in
drug concentrations in subjects receiving the same dose

of each NNRTI or PI was about 50%. Fourteen out of
the 117 patients studied showed drug concentrations
below the proposed MEC and one-third of the patients
receiving NNRTI therapy had potentially toxic drug
concentrations. In addition, inappropriate adherence
explained less than half of the subtherapeutic drug con-
centrations. This finding suggests that individual differ-
ences in drug absorption, distribution, metabolism or
elimination may be responsible for variability in drug
concentrations and that, although other factors such as
intraindividual variability should also be considered [5],
monitoring drug concentrations of antiretroviral agents
might be of help in clinical practice.

We found no relationship between drug exposure and
the development of virological failure or drug-related
toxicity in this study. Thus, the proportion of patients
who developed virological failure was similar between
patients with drug concentrations below and above the
proposed MEC. Our results are in disagreement with
previous observations [11–19] and may suggest that the
role of TDM is limited. However, several points should
be considered when interpreting these findings. First,
the main objective of this study was to assess interindi-
vidual variability in drug concentrations in clinical prac-
tice and only few patients developed treatment failure
or drug-related toxicity during follow-up. As a conse-
quence, the study may not have been powerful enough
to relate clinical outcome to drug exposure. In addition,
we measured drug concentrations at only a single time
point, which may not have been representative of values
throughout follow-up. Finally, the clinical usefulness of
the limits of the therapeutic window proposed for some
antiretroviral agents continues being debated. In this
regard, although Marzolini et al. identified efavirenz

Antiretroviral
drug Number

Concentration
(mg l−1)*

CV
(%)

Optimal
n (%)

Nevirapine 18 5.31 (2.13) 40.1 5 (27.8)
Efavirenz 442 3.62 (1.70) 46.9 26 (61.9)
Lopinavir 43 7.26 (3.91) 53.8 35 (81.4)
Nelfinavir 7 3.02 (1.11) 36.7 7 (100)
Saquinavir/rtv 1 0.350 1 (100)
Amprenavir/rtv 2 2.06 (1.66–2.45]† 2 (100)
Atazanavir 3 0.67 (0.62–1.52)† 3 (100)
Indinavir 1 0.10 1 (100)
Total 117 80 (68.4)

CV, Coefficient of variation; rtv, ritonavir. *Data are expressed as mean (SD), except
where noted. †Median (interquartile range).

Table 2
Distribution of the plasma concentrations 
of non-nucleoside reverse transcriptase 
inhibitors and protease inhibitors
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concentrations >4.0 mg l−1 as being associated with cen-
tral nervous system disorders [15], Kappelhoff et al.
found no relationship between efavirenz exposure and
the development of neuropsychiatryic disturbances [28].
In addition, the target MEC may vary widely between
individuals, or even within the same subject with time,
due to the accumulation of drug resistance mutations in
the viral genome and to the gradual decrease in drug
susceptibility.

In conclusion, wide interindividual variability in
plasma concentrations of PI and NNRTI among HIV-
infected adults in routine clinical practice was observed,
with drug concentrations being outside the proposed
therapeutic window in a significant proportion of
patients. These results, in combination with the lower
intraindividual variability in PI and NNRTI concentra-
tions previously reported [15, 29], support a potential
role for TDM of antiretroviral therapy. Prospective, ran-
domized, appropriately powered trials assessing the
clinical usefulness of this strategy are needed.

J.M. is supported by FIS trough grant 030135 from the
Fundació per a la Recerca Biomédica Germans Trias i
Pujol in collaboration with the Spanish Health Depart-
ment. M.V. is supported by FIS trough grant CP04/
00121 from the Spanish Health Department in collabo-
ration with Institut de Recerca de l’Hospital de la Santa
Creu i Sant Pau, Barcelona.
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