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Chapter 9 

Abs t r ac t 

For a number of antiretroviral drugs, prolonged suppression of viral replica
tion is related to drug exposure. Therefore, it is important to maintain stable 
concentrations during prolonged therapy. While studies suggest that saqui
navir concentrations decrease over time, we show that concentrations of zi
dovudine, stavudine, lamivudine, abacavir, and nevirapine in serum and 
cerebrospinal fluid are stable during two years of therapy. 
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Stable drug concentrations in serum and CSF 

In t roduc t ion 

With the advent of currently available combination antiretroviral therapy 50-
80% of HIV-1 infected patients maintain undetectable plasma HIV-1 RNA 
levels after one year of therapy.1'2 However, the percentage of patients with 
plasma HIV-1 RNA levels below 50 copies/mL decreased from 75% after one 
year to 65% after three years of triple therapy.2 It is not clear how this late 
virological breakthrough in patients on stable antiretroviral therapy should 
be explained. One possible explanation might be sub-optimal drug concentra
tions, due to decreased adherence to antiretroviral therapy over time or due 
to a gradual decrease in antiretroviral drug concentrations over time despite 
good adherence.34 For instance, plasma concentrations of the protease inhibi
tor (PI) saquinavir have been shown to decrease substantially over time.3'4 As 
the exposure to Pis has been linked to virological success and toxicity, regu
lar monitoring of PI concentrations, even in apparently compliant patients, is 
suggested to become part of routine patient care.511 The exposure to non-
nucleoside reverse transcriptase inhibitors (NNRTIs) has also been linked to 
efficacy and toxicity.1215 Recent clinical trials showed that for nevirapine 
(NVP) steady state concentrations above 3.4 ug/mL are necessary for long-
term virological suppression.14'15 The clinical utility of measuring plasma 
concentrations of nucleoside reverse transcriptase inhibitors (NRTIs) has not 
been established yet. NRTIs require intracellular phosphorylation to exert 
their antiretroviral activity. The measurement of intracellular triphosphate 
anabolite concentrations is technically complicated and currently only avail
able in research laboratories. The relationship between extracellular drug 
concentrations and intracellular phosphorylation is complex and the correla
tion between serum concentrations and intracellular triphosphate concentra
tions is weak or absent.1621 Nevertheless, availability of extracellular drugs 
is a prerequisite for subsequent phosphorylation of NRTIs. 

Data available show that plasma zidovudine (ZDV) and lamivudine (3TC) 
concentrations are stable between weeks 2 and 28 of therapy.22 As data on 
RTI concentrations in blood and cerebrospinal fluid (CSF) during prolonged 
antiretroviral therapy are missing, we evaluated whether the concentrations 
of the NRTIs ZDV, stavudine (d4T), 3TC, abacavir (ABC), and the NNRTI 
nevirapine (NVP) in serum and CSF showed clinically relevant changes 
during two years of stable therapy. 
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Chapter 9 

P a t i e n t s and Methods 

Fifteen HIV-1 infected men, aged 31- 60 years, were treated with ZDV (300 
mg twice daily (bid)) (or d4T (40 mg bid)), 3TC (150 mg bid), ABC (300 mg 
bid), NVP (200 mg bid, after a 2-week lead-in of 200 mg once daily), and 
indinavir (IDV)(1000 mg three times daily).2324 All but one patient were 
therapy naive at the start of treatment. In two patients ABC and NVP were 
stopped because of hypersensitivity reactions. In five patients ZDV was 
changed to d4T during the course of therapy because of toxicity. In four pa
tients the NVP dosage was temporarily changed from 200 mg twice daily to 
400 mg once daily. Since IDV dosages were adjusted in case of sub
therapeutic drug concentrations as has previously been described,24 it was 
not considered stable therapy and therefore IDV was not included in the pre
sent study. 

A serum pharmacokinetic profile was obtained at weeks 8, 24, 48, 72 and 96. 
Blood was collected prior to drug administration (t=0h) and at 1, 2, 4, 6, 8 
and 10 hours thereafter. Serum was obtained by centrifugation at 4°C for 20 
minutes at 1600g. A cerebrospinal fluid (CSF) sample was collected 1 hour 
after taking the drugs, at weeks 8, 24, 48 and 96. All samples were stored at 
-70°C until analysis. The study was approved by the Medical Ethics Commit
tee of our hospital and informed consent was obtained from all patients. 

Concentrations of ZDV, d4T, 3TC, ABC, and NVP in serum and CSF were 
measured using high-performance liquid chromatography or radioimmunoas
say (ZDV, d4T).25"27 The lower limit of quantification for ZDV, d4T, 3TC, 
ABC, and NVP in serum was 2.5, 20, 20, 18, and 25 ng/mL, respectively, and 
in CSF 2.5, 20, 20, 5, and 5 ng/mL, respectively. 

The serum concentration (C) versus time (t) data were analysed by noncom-
partmental methods.28 The highest observed concentration was defined as 
peak concentration (Cmax) and the values for Ci2h and C24h were defined as 
trough concentrations (Cmin) for the twice daily and once daily dosing, respec
tively. The terminal, log-linear period (log C versus t) was defined by the last 
data points (N>3) by visual inspection. The absolute value of the slope 
((3/2.303) was calculated by least squares linear regression analysis. The con
centrations at 12h and 24h after ingestion of the drugs were calculated using 
the equation Ci2h=Cioh * ep<tl2tl°) and C24h=Cioh * ef><t24-t10» in the twice daily 
and once daily regimen, respectively. The area under the serum concentra
tion versus time curve from 0-12h (AUC [o-i2h]) and 0-24h (AUC [o-24h]) in the 
twice daily and once daily regimen, respectively, were calculated by applying 
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Stable drug concentrations in serum and CSF 

the trapezoidal rule from 0-12 h and 0-24 h, respectively. The NVP AUC [o-24h] 
in the twice-daily regimen was calculated by multiplying the AUC [o-i2h] by 
two. 

Pharmacokinetic parameters from weeks 8 to 96 were loge-transformed to 
approximate normal distribution. 
For the four patients who temporarily used NVP 400 mg once daily, only the 
AUC[o-24h] was included in the analyses, as the daily exposure to NVP as 
measured by the AUC[o-24h] is not different in a 400 mg once daily or a 200 mg 
twice daily dosing regimen.29 

To assess changes over time and within- and between-patient variability in 
Cmin,, Cmax, AUC[0-i2h] or [o-24h], and CSF concentrations of the five drugs, ran
dom linear growth modelling was applied. To assess the most appropriate 
way to describe these data, two models within the random linear growth 
modelling procedure were used. The first being the intercept and slope 
model, in which intercept and slope were included as random effects (random 
slope model). This resulted in estimates of individual intercepts and slopes. 
The second model estimated only each patient's intercept (random intercept 
model), assuming all patients having identical slopes. The fit of the second 
model was compared to the first using a log-likelihood ratio test. If the ran
dom slope model did not have a significantly (P < 0.05) better fit, the simpler 
random intercept model was used. 

The calculated slope represents the change in logo-transformed pharmacoki
netic parameters over time. The intercept is the intersection of each patient's 
slope and the Y-axis. The within-patient variability in both models is the de
viation of the pharmacokinetic parameters obtained at different timepoints 
from each patient's individual slope. The between-patient variability in the 
random intercept model is expressed by the variability in intercepts. In the 
random slope model, the between-patient variability is not only given by the 
variability in intercept, but also by the variability in slope. Data were ana
lysed using the SAS software package (version 8.0, SAS Institute, Cary, 
North Carolina, USA). 

Resul ts 

For all but five pharmacokinetic parameters the random intercept model was 
found to be adequate. For the Cmax of 3TC, and the concentration of NVP in 
CSF the random slope model showed a significantly better fit. For three pa
rameters (AZT Cmin and Cmax, and NVP Cmin), the random linear growth 
model could not be fitted due to small sample size and/or large variability. 
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Stable drug concentrations in serum and CSF 

Nearly all parameters were relatively stable during two years of therapy. 
The change over time varied from -0.97 to 0.57 % per week, with only the 
ABC AUC[o-i2h] decreasing statistically significant over time (-0.41 % per 
week, 95% CI: -0.75 - -0.07 % per week)(Table 1). The within-patient and be
tween-patient variability of Cmin, Cmax,, AUC[o-i2hj or [o-24h], and CSF are de
scribed in Table 1. In the case of a between-patient variability of 0%, all vari
ability can be explained by the within-patient variability. 

Conclusion 

This study demonstrated that for most of the pharmacokinetic parameters 
the within-patient variability was higher than the between-patient variabil
ity. Furthermore, the pharmacokinetic parameters of ZDV, d4T, 3TC, ABC, 
and NVP in blood and CSF do not change during prolonged therapy, sug
gesting that altered bioavailability and/or clearance of these drugs do not ex
plain decreased virological efficacy during prolonged therapy. So, if decreased 
efficacy is caused by less exposure to NRTIs, the mechanism might be de
creasing intracellular phosphorylation during prolonged antiretroviral ther
apy.30-31 
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