
 

DOI:10.1111/j.1365-2125.2005.02413.x

 

British Journal of Clinical Pharmacology

 

© 2005 Blackwell Publishing Ltd

 

Br J Clin Pharmacol

 

60

 

:3 291–299 291

        

Correspondence

 

John Ray MSc,

 

 Division of Clinical 
Pharmacology & Toxicology, Institute 
of Laboratory Medicine, Xavier 
Building L6, St. Vincent’s Hospital, 
Victoria Street, Darlinghurst NSW 
2010, Sydney, Australia.

 

Tel:

 

 

 

+

 

61 2 8382 9190

 

Fax:

 

 

 

+

 

61 2 8382 3016

 

E-mail:

 

 jray@stvincents.com.au

 

Keywords

 

HIV, atazanavir, pharmacokinetics, 
therapeutic drug monitoring, toxicity 

 

Received

 

8 October 2004

 

Accepted

 

20 January 2005

 

Therapeutic drug monitoring of atazanavir: surveillance of 

 

pharmacotherapy in the clinic

 

John E. Ray,

 

1

 

 Debbie Marriott,

 

2

 

 Mark T. Bloch

 

3

 

 & Andrew J. McLachlan

 

4

 

1

 

Division of Clinical Pharmacology & Toxicology, Institute of Laboratory Medicine, 

 

2

 

Division of Microbiology, Institute of Laboratory 
Medicine, St. Vincent’s Hospital, Sydney, 

 

3

 

Holdsworth House Medical Practice, Darlinghurst, Sydney, 

 

4

 

Faculty of Pharmacy, The University 
of Sydney, Australia

 

Background

 

Therapeutic failure with antiretroviral therapy (ART) is a substantial issue where viral
rebound, viral resistance and drug-related toxicity remain serious concerns. Drug
exposure-response relationships have been described for the protease inhibitors,
pharmacokinetic variability is substantial for this class of drugs and drug interactions
can also alter ART exposure. Given this background we established a therapeutic drug
monitoring (TDM) service to monitor atazanavir (ATV) plasma concentrations early
after the therapy was made available to treatment-experienced people infected with
HIV who were managed in a clinical setting.

 

Methods

 

This was a prospective observational study which evaluated plasma samples from
110 highly treatment-experienced people with HIV using TDM and applied pharma-
cokinetic analysis over a five month period.

 

Results

 

ATV trough concentrations exhibited substantial intersubject variability (

 

<

 

25–
2108 

 

m
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). A substantial number of subjects (50%,13/26) who received
ATV400 mg daily had low exposure to ATV. Serum bilirubin concentrations correlated
significantly with higher ATV trough concentrations (

 

r

 

 

 

=

 

 0.803; 

 

P

 

 

 

<

 

 0.001) and 55%
(29/53) of subjects who received ATV300/100 mg RTV daily had plasma concentra-
tions above a proposed target concentration associated with elevated bilirubin con-
centrations. This study confirmed low ATV exposure in eight subjects with HIV
receiving ATV 400 mg daily. Reasons for low ATV exposure in this cohort include
administration of interacting drugs, including a possible interaction with ritonavir,
fluticasone and ATV, impaired ATV absorption secondary to suspected achlorhydria
and potential interactions with colchicine and nandrolone. Viral load remained unde-
tectable in most of these subjects with low ATV exposure.

 

Conclusions

 

TDM and targeted pharmacokinetic studies should be viewed as fundamental tools
in the development and clinical application of ART, to improve pharmacotherapy for
people with HIV.
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Introduction

 

Forty per cent of therapy-naïve people with HIV expe-
rience virological failure during the first two years of
antiretroviral therapy (ART), with low plasma concen-
trations of antiretroviral drugs predictive of more rapid
immunological failure and failure to achieve virological
success in the first year of therapy [1]. Furthermore, a
substantial number of people receiving ART discontinue
therapy in the first 45 weeks of treatment, the majority
stop therapy because of drug related toxicity [2]. The
therapeutic strategy of giving the same antiretroviral
dose to all people has been challenged and therapeutic
drug monitoring (TDM) has been proposed as an alter-
native strategy to individualize therapy for people with
HIV [3].

Atazanavir (ATV) is an azapeptide protease inhibitor.
Unlike other protease inhibitors ATV has not been asso-
ciated with abnormal lipid profiles [4]. Furthermore,
ATV has a unique pharmacokinetic profile among the
protease inhibitors and is suitable for once-daily oral
administration [4]. A clinical study in 56 treatment-
naïve people with HIV assessing the efficacy of ATV
has shown that exposure measured by area under the
concentration–time curve (AUC) was a predictor of viral
suppression and people with higher AUCs were more
likely to have an increased serum bilirubin concentra-
tion [5]. This study evaluated therapeutic and safety
response relationships of ATV at three doses (200, 400,
and 500 mg daily) given as monotherapy for 2 weeks
before commencing stavudine and didanosine [5].
Logistic regression identified low AUC as a predictor of
failure to achieve 1.5 log reduction in HIV RNA [5].
Furthermore, the probability of an increase in serum
bilirubin concentration (

 

>

 

43 

 

m

 

mol l

 

-

 

1

 

) was greater in
subjects with higher ATV AUC values. Similar drug
exposure-response relationships have been demon-
strated for other protease inhibitors [6, 7].

The management of HIV infection with antiretroviral
therapy is complex. Interpatient variability in the
absorption, distribution and elimination of antiretroviral
agents is substantial [3]. The effect of food on drug
absorption is variable, and antiretroviral drug–drug
interactions and interactions with other drugs or com-
plementary medicines can also alter ART exposure [1].
Furthermore, pharmacokinetic ‘boosting’ of ART with
low doses of ritonavir (typically 100 mg once or twice
daily), one of the most potent drug metabolizing inhib-
itors adds more complexity to ART therapy [8]. The
rising complexity of ART regimens has increased the
risk of adverse outcomes caused by prescribing errors
[9] and research has shown that polypharmacy in gen-
eral practice has been associated with adverse drug reac-

tions [10]. Major polypharmacy (concurrent use of five
or more drugs) is not uncommon in people with HIV
and there may be substantial drug interactions that have
not yet been identified. Furthermore, in the clinic setting
there are many clinical and social variables, logistical
complexities, and cost considerations that have the
potential to alter therapeutic effectiveness and safety
[11, 12]. Therefore, given this background we estab-
lished a TDM service at St. Vincent’s Hospital, Sydney,
Australia to monitor ATV pharmacotherapy, which was
made available through a special access programme to
treatment-experienced people with HIV who were
treated in a clinic setting. The aim of this study is to
report a series of interesting clinical observations from
the early use of ATV therapy by primary care practitio-
ners and highlight the utility of TDM and the importance
of surveillance when new antiretroviral therapies are
introduced in the clinic.

 

Methods

 

This is a prospective observational study which evalu-
ated TDM data from a cohort of 110 people with HIV
who received ATV over a 5-month period.

A therapeutic drug monitoring service for ATV was
established at St. Vincent’s Hospital, Sydney, in
December 2003 and 160 requests for ATV drug moni-
toring from 110 treatment-experienced people with
HIV (who received ART for at least 1 year) were
received over a 5-month period. The mean age of the
study participants receiving 300 mg ATV plus 100 mg
RTV daily (ATV300/r) or 400 mg ATV daily (ATV400)
was 46 

 

±

 

 9 and 46 

 

±

 

 11 years, respectively. There were
only two females in the study cohort. Forty-two
requests (26%) were rejected because of insufficient
information to interpret the result (e.g. time of last
dose, sample time or dose missing). Clinical data from
people who received ATV300/r (

 

n

 

 

 

=

 

 92) or ATV400
(

 

n

 

 

 

=

 

 26) were reviewed after gaining approval from the
St. Vincent’s Hospital Human Research Ethics Com-
mittee. Plasma samples for TDM were collected at
various times over the dosing interval for ATV300/r:
0–8 h (

 

n

 

 

 

=

 

 5), 8–16 h (

 

n

 

 

 

=

 

 20) and 16–30 h (

 

n

 

 

 

=

 

 67)
and ATV400: 8–16 h (

 

n

 

 

 

=

 

 2) and 16–30 h (

 

n

 

 

 

=

 

 24).
Although a 24 h trough collection was preferred, when
samples were collected at other times the estimated
trough concentration was calculated using standard
pharmacokinetic formulae [13] and half-lives reported
for ATV300/r [14] and ATV400 given as a single daily
doses [15]. In some people samples were collected
more than 24 h after the previous ATV dose which
reflects the logistical complexity of sampling in the
clinic setting.
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A number of people (11 of 20; Figure 1) with trough
plasma ATV concentrations below the limit of detection
(25 

 

m

 

g l

 

-

 

1

 

) of the assay and who agreed to participate,
were selected for pharmacokinetic evaluation. Each per-
son was interviewed to assess medication adherence and
medical records were examined to identify potential
interacting drugs. Steady-state pharmacokinetic analysis
was performed on 11 people (eight received 400 mg
ATV daily and three ATV300/r daily) who had plasma
samples collected 0, 3, 6, 9 and 24 h after an observed
ATV dose was taken with a standard meal (14 g fat;
1900 kJ). After the 24 h sample was collected the next
ATV dose was given with 100 ml of an acidic beverage
(Coca-Cola Classic, pH 2.5) and a single 3 h blood sam-
ple was collected to observe the effect on ATV concen-
trations. Subjects were reluctanct to participate in a
second pharmacokinetic study to assess the effect of the
acidic beverage so a single 3 h collection was selected
to represent an approximate maximum plasma concen-
tration that occurred 2–3 h after the dose [15]. One
person who received RTV, fluticasone and ATV and who
had clinical signs of Cushing Syndrome was studied for
a possible dual drug interaction. This person used
inhaled corticosteroids for asthma prophylaxis (flutica-
sone, 250 

 

m

 

g bid) with ‘boosted’ ATV for 7 months
before TDM was done. ATV pharmacokinetics were
studied in the presence of RTV and fluticasone after an
observed dose of ATV300/r was taken with a standard
meal. Plasma samples were collected at 0, 3, 6, 9 and
24 h after the ATV300/r dose. The subsequent dose of

ATV300/r was taken with 100 ml of an acidic beverage
(Coca-Cola Classic, pH 2.5) and a 3 h blood sample was
collected to examine the effect on the ATV concentra-
tion. A second ATV pharmacokinetic study was con-
ducted 28 days after fluticasone was ceased.

ATV plasma concentrations were quantified by high-
performance liquid chromatography (HPLC) adapted
from a previously reported method [16]. Plasma
(0.5 ml) and standards were extracted with 5.0 ml 1-
chlorobutane. After mixing and centrifugation the
organic solvent was evaporated to dryness and the resi-
due resuspended in mobile phase (0.5 ml acetonitrile:
10 m

 

M

 

 potassium phosphate buffer pH 7.0; 50 : 50).
The mobile phase was washed twice with 3 ml 99%
hexane and 50 

 

m

 

l was injected onto the HPLC column.
Separation was performed on a phenyl hexyl column
(250 

 

¥

 

 4.6 mm; 5 

 

m

 

m) with ultraviolet detection at
205 nm. The ATV calibration standards ranged from
50 to 10 000 

 

m

 

g l

 

-

 

1

 

 (

 

r

 

 

 

=

 

 0.999) and the lower limit of
ATV quantification was 50 

 

m

 

g l

 

-

 

1

 

. Precision was better
than 6% RSD and accuracy was within 4% of the
expected values for the assay. Cross validation of the
ATV assay was done by analysis of selected samples,
calibrators and quality control aliquots by an indepen-
dent laboratory (Tandem Laboratories, Ewing, NJ,
USA). Comparison of all results showed a difference
of 

 

<

 

17% and samples submitted for validation that
were reported as 

 

<

 

25 

 

m

 

g l

 

-

 

1

 

 (LOD) for this study were
recorded as 

 

<

 

5 

 

m

 

g l

 

-

 

1

 

 by the reference laboratory. All
measurements of HIV-1 RNA and CD4 cell counts
were performed at one of two laboratories and were
collected as standard of care for most patients. The
detection limit of the HIV-1 RNA assays was 50
copies ml

 

-

 

1

 

.
Population pharmacokinetic analysis was performed

on data from 77 people including 90 ATV plasma con-
centrations that were collected at various times over the
dosing interval. Additional measurements were taken
from four subjects to obtain a full concentration–time
profile, with five blood samples drawn over 24 h. These
data were combined for the population pharmacokinetic
analysis of ATV300/r daily. Population pharmacokinetic
analysis was also performed on data from 13 patients
(excluding those patients with low ATV exposure) who
received ATV400 and had ATV plasma concentrations
collected at various times over a dosing interval. Con-
centration–time rich data sets were obtained from four
additional subjects and combined with the single data
points collected from the other 13 subjects to perform
the population pharmacokinetic analysis in subjects who
received ATV400 daily. All samples were obtained dur-
ing steady-state conditions and patients received ATV

 

Figure 1

 

Distribution of observed trough ATV plasma concentrations in 92 people 

with HIV receiving ATV300/RTV100 mg daily and 26 people receiving ATV 

400 mg daily (MEC is the minimum effective concentration required to 

 

suppress viral replication [5])
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daily doses in combination with other antiretroviral
agents. Population pharmacokinetic analysis was per-
formed using Kinetica V 4.2 (InnaPhase Corp. PA,
USA) [17]. A two-compartment pharmacokinetic model
with first-order absorption was selected for the popula-
tion analysis and initial pharmacokinetic estimates were
selected from previously published reports [4, 5]. The
adequacy of the pharmacokinetic model in describing
the data was evaluated by using AIC, visual examination
of the predictions for individual concentration–time
profiles, the distribution pattern of the scatter plot of
observed 

 

vs.

 

 predicted concentrations of the drug in
plasma, statistical comparison of observed 

 

vs.

 

 predicted
concentrations of the drugs in plasma by Student paired

 

t

 

-test, and visual inspection of the weighted residual and
individual pharmacokinetic parameter distribution prob-
ability curves.

Pharmacokinetic analyses were also performed on
data sets obtained from patients with low exposure to
ATV and who provided multiple blood samples over the
dosing interval using Kinetica V 4.2. Statistical tests
(e.g. correlation analysis using Spearman Rank Corre-
lation for data that was not normally distributed) were
performed with Sigma Stat (version 2.03; SPSS Inc.,
Chicago, IL).

 

Results

 

ATV exhibited substantial interpatient variability with
observed median 

 

C

 

min

 

 concentrations of 30 

 

m

 

g l

 

-

 

1

 

 (range

 

<

 

25–390 
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1

 

) for ATV400 and 476 
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 (range 

 

<

 

25–
2108 

 

m

 

g l
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) for ATV300/r (Figure 1). The median ATV

 

C

 

min

 

 was significantly higher in the ATV300/r regimen
(

 

P

 

 

 

<

 

 0.001; Mann–Whitney Rank Sum Test) when com-
pared with the ATV400 effect target desired from the
regimen. Eighteen per cent of results were below the
protein-binding adjusted IC

 

90

 

 of ATV for Wild Type
virus (100 

 

m

 

g l

 

-

 

1

 

; personal communication Bristol-
Myers Squibb). Additionally, 49% of ATV results from
subjects who received ATV300/r were greater than the
suggested concentration associated with elevated serum
bilirubin concentrations [5]. Estimates of the ATV phar-
macokinetic parameters were generated from sparse
data sets using population modelling as indicated by
optimal goodness-of-fit criteria (e.g. observed 

 

vs.

 

 cal-
culated plasma concentrations correlated significantly
for ATV300/r; 

 

r

 

 

 

=

 

 0.998, 

 

P

 

 

 

<

 

 0.0001 and ATV 400;

 

r = 0.989, P < 0.0001). Population pharmacokinetic
analysis in people receiving ATV400 found the individ-
ual Bayesian model-based estimates of half-life varied
from 1.9 to 4.1 h and that 13% of people receiving
ATV300/r had a half-life <4 h (median half-life was
5.1 h; range 2.3–11.2 h in the ATV300/r cohort).

Figure 2 shows the relationship between serum biliru-
bin concentrations and the steady-state observed Cmin

concentration of ATV. Serum bilirubin concentrations
correlated significantly with higher ATV Cmin concentra-
tions (r = 0.803; P < 0.001, Figure 2). Only 9 of 26 ATV
Cmin concentrations (35%) that were below the ATV
concentration thought to correlate with raised serum
bilirubin (500 mg l-1 [5]), produced abnormal serum
bilirubin results (median 15.0; range 4–49 mmol l-1, Fig-
ure 2); however, all ATV Cmin plasma concentrations
>500 mg l-1 were associated with abnormal serum biliru-
bin results (median 55.5; range 24–119 mmol l-1, Figure
2).

A number of ATV trough plasma concentrations
below the limit of detection (25 mg l-1) of the assay
(Figure 1) were recorded. Seven people who received
ATV300/r and 13 people who received ATV400 had
trough plasma concentrations reported as ‘not detected’.
Eight of 13 people receiving ATV400 were available to
be interviewed by their primary care practitioners who
were confident that nonadherence was unlikely in this
group of people. A detailed review of each person’s
medical history (including self-administered comple-
mentary medicines) revealed coadministration of medi-
cines suspected to interact with ATV in two patients
(efavirenz and esomeprazole). Multiple timed samples

Figure 2
Spearman correlation between serum bilirubin and observed ATV trough 

plasma concentrations for people receiving 300 ATV/RTV 100 mg daily. 

Horizontal dashed line represents normal serum billirubin target of 

18 mmol l-1. Vertical dotted line (500 mg l-1) is the suggested target above 

which the probability of serum bilirubin elevation >43 mmol l-1 is likely [5]. 

Solid line is the regression line
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over a dosing interval were obtained from eight people
who received ATV400 and this confirmed low ATV
exposure (Figure 3 and Table 1) compared with popula-
tion mean pharmacokinetic data from people with HIV
reported elsewhere [18]; the mean area under the curve
(AUC0-24) was 13 027 mg l-1 h (range 3,499–23 354;

n = 8) in this cohort of people with low ATV exposure,
compared with the population mean AUC0-24 reported in
people receiving standard dosing regimens (22 262 mg
l-1 h; SD 20 159, Table 1). Furthermore, the mean
model-based estimate of ATV half-life tended to be
lower in this group (3.8 h; range 1.7–5.1 h) compared
with people infected with HIV who received ATV400
daily (mean half-life 6.5 ± 2.6 h [15]. Three additional
patients who received ATV400 showed a 23–300%
increase in Cmax after administration of the ATV dose
with an acidic beverage (Coca-Cola) suggesting
increased absorption of ATV under acidic conditions
(Table 1). Colchicine and nandrolone were coadminis-
tered with ATV in two other patients and a possible
interaction with these agents is suspected and worthy of
further investigation. In one patient there was no clear
reason for the observed low ATV exposure. Surprisingly,
viral load remained undetectable (<50 copies ml-1) in
these patients with low ATV exposure. Seven of eight
subjects who had received ATV 400 mg daily for at least
2 months (range 2–6 months) had low ATV exposure
and undetectable viral loads. These subjects received
dual or triple nucleoside therapy with ATV 400 mg daily.

Only three of seven subjects who received ATV300/r
and who had ATV plasma concentrations below the limit
of detection of the assay, were interviewed to confirm
their adherence to the prescribed regimen and had their
medical records reviewed to assess potential drug inter-

Figure 3
Observed ATV concentration–time profiles in 8 people with HIV receiving 

400 mg daily who had undetectable trough plasma concentrations (MEC 

is the minimum effective concentration required to suppress viral 

replication [5])

Time (hrs)
0 5 10 15 20 25 30

A
ta

za
na

vi
r 

co
nc

en
tr

at
io

n 
(m

g/
L

)

0

500

1000

1500

2000

2500

3000

3500

4000

MEC

Table 1
Pharmacokinetic parameters at steady-state for eight people with HIV who had low ATV exposure after an ATV 400 mg daily 
dose compared with data in HIV patients who received the same dose [18]

AUC0-24 mg l-1 h Tmax (h) Cmax mg l-1

Cmax mg -1

plus Coke C0 mg l-1 C24 mg l-1 Half-life (h)

HIV patients* 22 262 (20 159) 2.0 3152 (2231) NA† – 273 (298) 6.5 (2.6)

Patients
1 9 574 3.0 1605 1331 77 42 4.6
2 23 354 3.0 3485 ND 74 104 4.5
3 11 599 3.2 2065 576 <25 <25 1.7
4 12 970 3.0 1756 2154 <25 94 5.1
5 17 167 3.0 1728 2793 106 89 4.4
6 3 499 3.0 689 1934 <25 <25 2.2
7 4 229 3.0 685 ND‡ <25 <25 2.6
8 2 877 3.0 664 3347 <25 <25 ND§

*HIV Patients data expressed as Mean (SD); †NA = not applicable; ‡ND = not done, ATV dose not given with Coca-Cola in this
patient; §ND = not done, insufficient samples on terminal phase to calculate half-life; AUC0-24 (area under the curve from 0 to
24 h), Tmax (time to maximum ATV plasma concentration), Cmax (maximum ATV plasma concentration), C0 (ATV plasma
concentration just before observed dose was given), C24 (ATV plasma concentration 24 h after the observed dose was given),
half-life (elimination half-life).
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actions. Pharmacokinetic studies in three people con-
firmed low exposure to ATV. Coadministration of
esomeprazole resulting in raised gastric pH and poor
ATV solubility was believed to be responsible for low
ATV exposure in one person. Review of a second case
identified a subject with Cushing Syndrome and a pos-
sible interaction between fluticasone, RTV and/or ATV
was suspected. This subject was a 44-year-old Cauca-
sian male who had been HIV positive since 1986 and
had a long history of ART. The patient also had long-
standing hypertension and asthma and commenced
fluticasone (Flixotide) accuhaler 500 mg bid and
eformoterol (Oxis) 12 mg bid 2 years earlier. His asthma
had been well controlled. ART was altered to include
lopinavir/ritonavir and the subject received concomitant
therapy with fluticasone for 11 months before being
switched to ATV300/r. Seven months later the patient
was reviewed by a general practitioner who diagnosed
steroid related side-effects including mild Cushingoid
appearance, bruising, acne, hirsutism, mild hypertension
and low serum cortisol concentrations. The physician
concluded that the patient had iatrogenic Cushing Syn-
drome, probably due to inhibition of fluticasone metab-
olism by RTV and/or ATV. Multiple blood samples were
collected over the dosing interval to confirm low ATV
exposure. Fluticasone was ceased and the subject was
started on montelukast (Singulair, Merck Sharp and
Dohme (Aust) Pty Ltd, Granville, NSW, Australia;
10 mg daily) before a second pharmacokinetic study
was performed after a two week washout period. The
AUC for ATV increased from 21 447 mg h-1 l during
coadministration of fluticasone to 38 384 mg h-1 l when
fluticasone was ceased in this person (Figure 4). There
was no effect from coadministration of an acidic bever-
age in this patient and while the data suggest that an
interaction between fluticasone, RTV and ATV is possi-
ble the mechanism is unknown and requires further
investigation. The second of these three patients with
low ATV exposure who received ATV300/r also
received this combination of fluticasone, RTV and ATV.
The three patients who had received ATV300/r for at
least 2 months (2, 5 and 6 months for the three subjects)
had undetectable viral loads (<50 copies ml-1) over this
period despite low exposure to ATV.

Discussion
We report the results of a prospective observational
study using TDM as a surveillance tool to monitor ATV
pharmacotherapy in treatment-experienced people man-
aged in a clinic setting. A number of observations
uncovered during TDM were evaluated using assess-
ment of subjects by interview, review of medical records

and subsequent pharmacokinetic analysis. ATV was
found to exhibit substantial pharmacokinetic variability
when given as an ATV400 or ATV300/r daily dose
which is consistent with previously reported data [15,
19]. Thirteen per cent of people in this cohort who
received ATV300/r had a half-life <4 h while the mean
ATV half-life reported for people infected with HIV
receiving the same dose was 6.5 ± 2.6 h [15]. People
with shorter half-lives of ATV may need regular moni-
toring and dose individualization to prevent low expo-
sure to ART. Based on these observations and those of
others the current therapeutic practice in ART of giving
the same dose to all subjects (a ‘one-size- fits-all’ dosing
strategy) without regard to differences in systemic expo-
sure caused by pharmacokinetic variability may contrib-
ute to variability in response [20]. The characterization
of the pharmacokinetics of a drug in the patient popula-
tion of interest with particular consideration of influen-
tial factors and other patient related variables provides
understanding to allow optimization of drug dose.

This study confirmed a relationship between elevated
serum bilirubin concentration and higher ATV concen-
trations, and the data appear to support a derived target
of 500 mg l-1 above which serum bilirubin concentra-
tions are likely to double (Figure 2; [5]). However this
preliminary safety target concentration requires further
validation in a prospective cohort of people with HIV
taking ART.

ART drug–drug interactions are complex and at
times unpredictable [21, 22]. This study has described

Figure 4
Concentration–time profile in a person with HIV receiving boosted ATV 

demonstrating a dual interaction between RTV, fluticasone and ATV. 400/

100 + fluticasone (�), HIV pop 300/100 (—), 400/100 + fluticasone + 

cola drink ( ), 400/100 - fluticasone (�)
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a possible drug interaction between RTV, fluticasone
and ATV. Additionally, observations from this study
suggest that interaction studies involving colchicine and
nandrolone are worthy of further investigation. ATV is
metabolized by the CYP3A4 isoenzyme, and many
substrates of this drug metabolizing enzyme family are
known to increase or reduce drug activity. When the
complications of major polypharmacy (concurrent use
of five or more drugs [10]) and complementary medi-
cines are considered it would be reasonable to assume
that many interactions have not been identified or their
significance studied. Systemic availability of inhaled
corticosteroids is generally low but considerable inter-
subject variability in the extent of systemic absorption
and diurnal variation in fluticasone pharmacokinetics
has been reported [23]. A drug interaction between a
metabolic inhibitor of CYP3A4 (itraconazole) and
inhaled corticosteroids causing Cushing Syndrome in a
patient has been described [24]. The coadministration
of RTV and fluticasone is not recommended due to the
ability of RTV to inhibit CYP3A4 mediated fluticasone
metabolism causing iatrogenic Cushing Syndrome [25–
27]. Furthermore, some corticosteroids are known
inducers of the P-gp efflux transporter protein [28] and
cytochrome metabolizing enzymes that can cause
decreased exposure to drugs [29]. The mechanism of
the interaction between RTV, fluticasone and ATV is
unclear. One possible explanation is that RTV inhibited
the metabolism of fluticasone which caused an
increased systemic accumulation of this agent subse-
quently leading to Cushing Syndrome and low expo-
sure to ATV caused by metabolic induction or low
systemic availability due to increased expression of
P-gp. Interestingly, the subject had been receiving a
combination of RTV, fluticasone and lopinavir for
11 months prior to the introduction of ATV without
signs of Cushing Syndrome. The onset of Cushing Syn-
drome in patients who received RTV and fluticasone is
variable (5–12 months [25–27]) and may be related to
the frequency of use of fluticasone which we did not
monitor in this study. We have reported two subjects
with low ATV exposure who received either colchicine
or nandrolone, two drugs that potentially interact with
ATV. A reversible malabsorption syndrome has been
reported for colchicine [30] and it is known to be an
inducer of P-gp [31]. Few interactions have been
reported for testosterone or nandrolone, two anabolic
steroids that are regular pharmacotherapy in patients
infected with HIV. Testosterone has been shown to
induce P-gp activity 1.7-fold in vitro and the hydroxy-
lation on the carbon at position 20 appears to be essen-
tial for this activity [28]. This hydroxylation is present

in nandrolone [28]. Furthermore, endogenous steroids
have been shown to activate CYP3A4 mediated metab-
olism and interactions by some drugs (e.g. nevirapine)
with endogenous steroids in the active site of CYP3A4
can alter the activity of this isoenzyme [32]. For exam-
ple, nevirapine 2-hydroxylation was strongly activated
by many endogenous steroids including testosterone
[32]. The effect of testosterone and nandrolone on ART
metabolism is yet to be rigorously investigated.

ATV is a drug that is only slightly soluble in water
and the aqueous solubility decreases when the pH of the
solution is above pH 3.0 [15]. Adequate gastric acidity
is required for dissolution and absorption of the drug.
Reduced plasma concentrations of ATV are expected
when the drug is used in combination with antacids,
buffered medications, H2-receptor antagonists and pro-
ton-pump inhibitors [15]. Impaired absorption of keto-
conazole secondary to achlorhydria in healthy subjects
and patients with HIV has been reported [33]. The sys-
temic absorption in achlorydrics was increased when
ketoconazole was coadministered with a palatable
acidic beverage (Coca-Cola Classic, pH 2.5) [33]. In
this study we reported a similar response to ATV
(400 mg daily dose) absorption after the administration
of an acidic beverage in three people infected with HIV.
While the extent of this problem is unknown, TDM is
recommended in people who receive ATV to help iden-
tify people at risk of potential therapeutic failure.

A surprising finding in this study was the undetectable
viral load in 10 of 11 people who had low exposure to
ATV. All people in this study were highly treatment-
experienced and had received ATV for at least 2 months
before low ATV exposure was detected using TDM.
These subjects had low viral loads for at least 1 year
before ATV was commenced. The implications of this
observation are unclear but perhaps people with unde-
tectable viral loads can tolerate short periods of low drug
exposure over a dosing interval for one drug within triple
drug regimens. A ‘post antibiotic-like’ effect that is
dependent on the intracellular pharmacokinetics of the
protease inhibitor may be an important determinant of
efficacy [34]. A second study simulating effect-
relationships for dual combination therapy has shown
that drug effect can persist for 3 h after the plasma
concentration of the drug has fallen below the minimum
effective concentration for viral suppression [35].
Furthermore, 2–6 months low exposure to ATV may be
too short a period for viral rebound to occur in this
cohort. It takes longer for virus to grow to above detec-
tion limits when the virus count is already suppressed
to a very low level [36]. Huang et al. [36] also simulated
HIV dynamics when every other dose of one drug in
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HAART was missed, a pattern of imperfect adherence
not dissimilar to the low ATV exposure we reported in
this cohort. In this simulation viral load did not rebound
for at least 200 days [36]. Additional evidence of slow
evolution of viral rebound in patients who have unde-
tectable viraemia (<500 copies ml-1) and are adherent to
HAART but have plasma drug concentrations below the
minimum effective concentration suggests a period of
approximately 32 weeks is necessary for virological
rebound to occur [37]. Therefore, it would be reasonable
to suggest that measuring both adherence and plasma
drug concentrations in patients with suppressed viral
load may be useful to predict future virological rebound.
These data suggest that the clinical practitioner has two
therapeutic strategies to consider. A ‘wait and see’
approach where a standard dose is given to all patients,
regular monitoring is practised until a clinical change
occurs (viral suppression, therapeutic failure or drug
related toxicity). While this approach has proven effec-
tive, therapeutic failure, viral resistance and drug related
toxicity remain serious concerns [1, 2]. Alternatively, a
pre-emptive approach would apply TDM, consider this
result with all relevant clinical information, intervene to
educate the patient, educate the practitioner, change the
regimen, change dose, etc. and monitor clinical outcome.
Data from randomized-controlled trials suggest that the
latter strategy is worthy of consideration [38, 39].

The results of this observational study in a cohort of
people with HIV who received ATV suggest that TDM
and applied clinical pharmacokinetic studies are funda-
mental tools for optimizing pharmacotherapy in people
infected with HIV. Early intervention in the clinical
development of new antiretroviral therapy using these
tools can provide vital information to inform prescribers
and facilitate the quality use of medicines.
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