Letters to the Editors

Long-term suppression of viral replication
despite low plasma saquinavir concentrations in
the CHEESE Study

There is a growing interest in therapeutic drug monitoring
(TDM) of protease inhibitors (PIs) as a potential tool to
optimize the treatment of HIV-infection, as recently
discussed in this journal [1]. A prerequisite for the
introduction of TDM is the definition of minimal eftective
concentrations. To date, the target concentrations of
the Pls are largely unknown. Proposed minimal effective
concentrations for the PI saquinavir range from 100 to
200ngml~" [1]. Results from the CHEESE study, how-
ever, suggest that the threshold concentration may be
even lower for antiretroviral naive HIV-1-infected
patients concomitantly treated with zidovudine (AZT)
and lamivudine (3TC).

In the CHEESE study, antiretroviral naive patients
were treated with saquinavir soft-gelatin capsules 1200 mg
three times daily (or indinavir 800 mg three times daily),
in combination with AZT 200 mg three times daily plus
3TC 150 mg twice daily [2]. To explore pharmacokinetic—
pharmacodynamic (PK—PD) relationships, blood samples
for the quantification of saquinavir were obtained at
regular intervals. Plasma concentrations of saquinavir
were determined with a sensitive and validated assay [3].
The accuracy of this assay was confirmed in a cross-
validation with a commercial contract laboratory using a
radioimmunoassay.

Three patients experienced virological treatment failure
prior to week 48 (one had two plasma saquinavir con-
centrations below 100 ngml ™", one had no concentrations
below 200ngml™', and no saquinavir concentrations
were available from the remaining patient). Twenty-two
patients (median baseline plasma HIV-1 RNA concentra-
tion (viral load) 4.99 log;( copies/ml), completed 48 weeks
follow-up. After 48 weeks, 19/22 patients (86%) had a
plasma viral load below 50 copies/ml. A total of 151
plasma saquinavir concentrations were available ranging
from undetectable (four samples from three patients) to
3792ngml” " (median 145ngml™") (Figure 1).

No PK-PD relationships were observed, possibly due
to a lack of statistical power. Surprisingly, however, a
potent and durable suppression of viral replication
(<50 copies/ml) was observed in 86% of the patients,
despite low plasma saquinavir concentrations throughout
the study period. When applying the proposed threshold
concentrations of 100 and 200 ngml ™", the proportion of
patients with at least one ‘suboptimal’ saquinavir con-
centration was 77 and 91%, respectively. Fifteen patients
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continued the study drugs beyond 48 weeks. After a
median follow-up of 93 weeks (range 62-106 weeks),
13/15 patients (87%) maintained a plasma HIV-1 RNA
concentration below 50 copies/ml, despite continuing low
plasma saquinavir concentrations (median concentration
52ngml ™).

The satistactory antiviral response may be explained by
the intracellular pharmacokinetics of saquinavir. Com-
pared with other protease inhibitors, saquinavir showed
the most pronounced accumulation in peripheral blood
mononuclear cells, resulting in a 5.45-fold higher expo-
The

intracellularly saquinavir concentration may be a better

sure intracellularly as compared with plasma [4].

predictor of the virological response to therapy than the
plasma concentration, since viral replication takes place
within cells.

Despite low plasma concentrations, saquinavir con-
tributed to the virological response. A decline in plasma
viral load of 2.4log;,copies/ml was observed after
24 weeks [2], whereas previous studies of AZT plus
3TC in naive patients showed only a drop of about
1.11ogo copies/ml after 24 weeks [5].

Recent results from a randomized, prospective study on
TDM (the ATHENA trial), suggested that antiretroviral
naive HIV-1-infected patients may benefit from TDM of
indinavir and nelfinavir [6]. TDM of PIs seems thus an
attractive option to optimize antiretroviral therapy, and is
increasingly advocated as the next tool in the management
of HIV-l-infected patients. We argue, however, that
more knowledge on the PK—PD relationships of saqui-
navir is required, before the introduction of TDM in daily
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Figure 1 Scatterplot of the saquinavir plasma concentrations
(n=151) obtained from 22 HIV-1 infected patients at regular
intervals during a 48 week period. The patients used saquinavir soft
gelatin capsules 1200 mg three times daily plus zidovudine and
lamivudine. The dotted lines represent threshold concentrations
of 100 and 200ngml ™",
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clinical practice can be justified. Definition of target
concentrations for TDM is crucial to prevent a waste of
health-care resources.
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Pharmacokinetics of methadone in HIV-positive
patients receiving the non-nucleoside reverse
transcriptase efavirenz

We find that the work titled ‘“The pharmacokinetics of
methadone in HIV-positive patients receiving the non-
nucleoside reverse transcriptase efavirenz’, authored by
Clarke et al. [1], adequately describes an interaction with
possible clinical significance between methadone and
efavirenz. Nevertheless, from a pharmacokinetic view-
point the study lacks the exploration or discussion of some
important issues.

In the introduction the authors write, ‘we designed a
study to assess the effect of efavirenz, EFV, on methadone
pharmacokinetics, the timing of withdrawal symptoms,
and the requirement for a dose escalation in methadone’.
Then, based only on C,,. (obtained by inspection
of the data) and the area under the curve of plasma
levels (AUC) from 0-24h (noncompartmental analysis)
Clarke et al. make prescription recommendations for
efavirenz to injection drug users receiving oral methadone
concurrently.

The authors do not discuss any kinetic parameter
that could serve to predict dosification schedules such as
volume of distribution after a single dose, clearance at
steady state, or half-life (in order to adjust the dosage
interval).

Methadone is characterized by large interindividual
variation in pharmacokinetics and by a rapid and extensive
distribution phase (half-life of 2-3 h) and a slow elimina-
tion phase (1, half-life of 15-60h) [2, 3]. This alone could
have important clinical implications.

In a recent study [4], of steady state pharmacokinetics
and pharmacodynamics in methadone maintenance
patients, the only difference between individuals with
strong and weak withdrawal symptoms was the signifi-
cantly more rapid hourly rate of decline in the plasma
Ctnax
in methadone

concentration within the period from until
Also,
AUC were observed between the two symptom extremes.
Clarke et al. do not discuss this possibility which could
explain, at least in part, their finding of small changes
(increases) required in methadone dosage after efavirenz
(22%) although the AUC was reduced by over 50%

(since the latter appears not be an adequate correlate of

the next dose. no differences

symptom severity.)
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Also, the pharmacokinetics of methadone in main-
tenance treatment for opiate users show adaptive changes.
In a recent population study, changes in CL and 1/ with
the time of methadone treatment had to be considered in
order to explain and predict plasma drug concentrations
during continuous administration [5]. These authors
attributed the time-dependence in the kinetics of
methadone to an increase in CL with time due to an
autoinduction of CYP3A4. The changes in IV with time
can reflect both up- and down-regulation of o -acid
glycoprotein (AAG), the major binding site for metha-
done in plasma [6, 7]. One more recent study [8] has
evaluated the quantitative importance of the metabolic
pathway and concludes that it is not possible to adapt
the daily doses to the hepatic metabolic activity of
suggesting that intestinal CYP3A4 is
involved in the metabolism (efavirenz and the other

the patients,

antiretroviral drugs are administered orally). An eftect of
P-glycoprotein in intestinal absorption of methadone
has also been suggested [9].

The results of Clarke ef al. (Figure 1 [1]) with a lower
AUC do not lead to the conclusion that the interaction
described is only due to induction in the hepatic
metabolism of methadone by efavirenz. A change in
AUC, without primary pharmacokinetic changes, can be
due to changes at the intestinal level (CYP3A4 or
glycoprotein). Also, the fact of not observing appreciable
changes, in this figure, in the elimination slope seems to be
more in accord with this last mechanism, which is not
discussed. Given that methadone is administered as a race-
mic mixture (R-(4)-methadone and S-(-)-methadone of
which only the former shows significant opioid receptor
affinity) the possibility of stereoselective interaction [10]
could also be explored.

Another possibility which the authors do not con-
template is the interaction with AAG binding which
would lead to lower plasma levels of methadone as a result
of elevated IVand CL (methadone is a low extraction ratio
drug). The half-life could again remain unaltered if 7 and
CL changed proportionally [11]. Although there are no
specific data about the degree of binding of efavirenz,
other non-nucleoside reverse transcriptase inhibitors, such
as GW420867X, are highly bound to plasma proteins
(range 89% to 94%) [12].

Finally, the ranges of C,,., and AUC are very broad,
even in those individuals only under methadone, which
implies possibly appreciable interindividual variability in
the kinetics. In this situation it is not advisable to establish
dosage regimens without performing a proper population
analysis and establishing subject-specific covariate models
for the parameters. With these parameter estimates the
authors could then perform simulations to explore the
appropriate dose intervals for coadministration of oral
methadone with efavirenz.
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Recreational bupropion abuse in a teenager

There are a few reports of intentional overdose of the
antismoking drug, bupropion (amfebutamone/Zyban)
amongst teenage patients, but no reports of recreational
use. Significant overdose has led to reports of cardiotoxicity
[1], and seizure activity that has resulted in hypoxia and
death [2]. A case of overdose is reported in an adolescent girl
who took bupropion believing the drug to be a stimulant.
A 13-year old Caucasian girl with a past history of
deliberate illicit drug ingestion and evidence of a con-
duct disorder and mood upset symptoms was admitted to
the paediatric ward after intentionally swallowing four
bupropion tablets (600 mg total) that were supplied by a
friend. She had been persuaded that the tablets would give
her a ‘better high than amphetamine’, and had willingly
experimented. She had no suicidal intent. She admitted her
overdose 10 h after ingestion, and was referred to the local
hospital. No adverse effects were reported and clinical
examination revealed no abnormalities over a further 16 h
period. Serum electrolytes and creatinine were normal. No
seizures or side-effects of the bupropion were observed,
and she was discharged home the following day.
Bupropion is licensed for smoking cessation and aug-
ments validated cessation rates from using a combination
of willpower and nicotine replacement therapies [3]. Itis a
monocyclic antidepressant that is thought to aid smoking
cessation by its dopaminergic and noradrenergic effects
in the brain [4]. Rather than replacing the nicotine,
bupropion increases dopamine levels that fall during ciga-
rette abstinence, thus reducing the ‘craving’ associated
with quitting smoking. The reduction in the normal
noradrenergic responses to nicotine deprivation seen with
bupropion may alter the withdrawal symptoms experi-
enced by the patient. The side-effect profile of bupropion
makes it an unlikely candidate for abuse. The adverse
events most commonly reported include insomnia, dry
mouth, anxiety and dizziness. Indeed, human studies
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have confirmed that bupropion does not provide any
amphetamine-like or stimulant effects [5].

Bupropion overdose has previously been reported as
attempted suicide by Ayers et al. [6] who reports a 14 year
old who ingested between 1.5 and 3 g. A fatal overdose has
been recorded in a man who ingested 23 g that resulted
in seizures, hypoxia and cardiac arrest [2]. In the largest
published series from Philadelphia, adverse eftects includ-
ing sinus tachycardia, lethargy, tremors and seizures were
reported [7].

This case broadens the experience of bupropion over-
dose in the paediatric population and represents the first
documented case of recreational use of bupropion. There
is no evidence of other teenagers in the area experimenting
with bupropion. This patient did not experience her
desired effect, nor did she sufter any adverse effects from
her overdose. Although bupropion overdose is rare in the
paediatric population, the threshold for toxicity remains to

be fully defined.
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