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Objectives: Differential exposure to saquinavir/ritonavir may lead to therapy failure. The objective was
to identify factors that influence variability of saquinavir/ritonavir plasma concentrations.

Methods: Saquinavir/ritonavir data, dosed as 1600/100 mg once daily, from three separate pharmacokinetic
studies, in 45 patients from Thailand and the UK, were pooled. Pharmacokinetic parameters were based on
non-compartmental analysis. Univariate analysis was performed with saquinavir as the dependent variable,
and ritonavir area under the curve (AUC), gender, body weight, body mass index (BMI) and study site as
independent variables. Variables with a P value <0.10 were included in a multivariate linear regression
analysis.

Results: Higher saquinavir AUCs, maximum concentrations (Cnax) and minimum concentrations (Cpin)
were seen in Thai patients than in UK patients. Univariate analysis showed associations between body
weight, gender, study site and ritonavir AUC and saquinavir AUC (P<0.05), whereas BMI (P=0.13) did not. In
the multivariate analysis, ritonavir AUC (P=0.0001) and study site (P=0.0021) were significantly related to
saquinavir AUC (R? = 0.50).

Conclusions: The ritonavir AUC and study site appeared to be related to exposure of saquinavir. Study site
should be viewed as the total of country- and study-specific differences—such as differences in lifestyle,
environment, genetic background and dietary composition—between the analysed studies.

Keywords: HIV, clinical pharmacology, protease inhibitors, Thailand, United Kingdom

Introduction of saquinavir/ritonavir of 1000/100 mg. Once-daily dosing has not
been approved, but dosing of 1600/100 mg once daily has been

The favourable pharmacokinetic profile of the HIV protease inhib- ~ studied in clinical trials.'~

itors saquinavir/ritonavir may allow for once-daily dosing. The US The minimum recommended effective concentration for

Food and Drug Administration (FDA) approved twice-daily dosing  saquinavir is 0.1 mg/L.4 Ritonavir is able to boost the plasma
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Ritonavir boosted saquinavir pharmacokinetics

concentration of saquinavir. Therefore, currently ritonavir is added
to saquinavir regimens in doses of 100 mg once or twice daily. This
is arelatively low dose in order to minimize adverse events related
to higher doses of ritonavir. In the dose range of 100-400 mg,
the boosting effect is independent of the dose of ritonavir.” The
pharmacological action of boosting saquinavir by ritonavir is based
on inhibition of hepatic and intestinal cytochrome P-450 iso-
enzyme 3A4, and it has been suggested that the inhibition of
P-glycoprotein, an ATP-dependent drug efflux pump, contributes
to the boosting effect. Several in vitro studies have supported this
mechanism of action, which in vivo has yet to be established
conclusively.®’

When treating HIV with a saquinavir-containing regimen, drug
concentrations should be considered, because high saquinavir
plasma concentrations are related to better virological outcome.®”
Dosing of saquinavir/ritonavir at 1600/100 mg once daily leads to
lower plasma concentrations than when dosed at 2000/100 mg once
daily or 1000/100 mg twice daily, and low plasma concentrations
can subsequently lead to low exposure. Extensive variability of
saquinavir plasma concentrations could also result in suboptimal
exposure.'®"? Low exposure to saquinavir may lead to the selec-
tion of antiretroviral-resistant HIV strains and therefore to therapy
failure.

Factors that can potentially influence the clinical pharmaco-
kinetic properties of a drug and the pharmacokinetic variability
are patient characteristics such as age, gender, body composition
and ethnic background.” In terms of gender, Fletcher e al.” showed
that female HIV-infected patients have higher saquinavir concen-
trations than their male counterparts, and that high concentrations
in female patients were correlated with better virological response.
For other protease inhibitors such as indinavir, it has been shown
that Thai patients—whose body weight is generally lower than
Caucasians—had higher maximum concentrations.'* In addition,
lower clearance of the non-nucleoside reverse transcriptase inhib-
itor efavirenz has been described in Black or Hispanic HIV-patients
than in their Caucasian counterparts.'”

It is not yet clear which variables are responsible for the
non-uniformity of boosted saquinavir concentrations. The object-
ive of this analysis was to investigate the factors that deter-
mine saquinavir plasma concentrations and the heterogeneity of
saquinavir plasma concentrations when saquinavir is combined
with low-dose ritonavir in a once-daily regimen at 1600/100 mg
in two different ethnic populations of HIV-infected patients.

Material and methods

Study design, setting and patients

Data sets of three studies were combined. One study (study 1) was
performed at Chelsea and Westminster Hospital in the UK,'” and two
studies (study 2 and study 3) were performed at the HIV Netherlands
Australia Thailand Research Collaboration (HIV-NAT), the Thai Red
Cross AIDS Research Centre in Thailand.'"'

All studies were single-centre, open-label, pharmacokinetic studies
and included adult female or male patients with asymptomatic HIV
infection. Viral load or CD4 restrictions were not applied. In study 1,
18 patients with a minimum of 2 weeks of saquinavir/ritonavir intake,
were included. Study 2 included 14 patients and study 3, 20 patients
with long-term (>4 weeks) saquinavit/ritonavir intake. All patients
from studies 1 and 3 were included in the final analysis; data from
one patient in study 2 was excluded because of incorrect intake of the
medication. Six patients subsequently participated in studies 2 and 3;

however, only data from study 3 were used in this analysis, because the
actual measured concentrations at 24 h were available for patients in
study 3 (see section entitled Pharmacokinetic methods). In the current
analysis, only data from patients who received 1600/100 mg
saquinavir/ritonavir were included.

Detailed descriptions of the study criteria can be reviewed in the
previously indicated publications.'® "' Studies were approved by the
local ethical committees, and all patients gave informed consent.

Pharmacokinetic methods

All patients were treated with hard gel capsules of saquinavir
(200 mg/capsule) and ritonavir (100 mg/capsule), and a nucleoside
reverse transcriptase backbone. Co-medication that could interfere
with the pharmacokinetics of saquinavir or ritonavir was not allowed.

Medications were taken on the study days with standardized meals
(study 1: 40 g of fat; study 2: 1015 g of fat, 400-700 kcal, study 3: 12 g
of fat, ~500 calories). In study 1, blood sampling was performed just
before intake, and at 30 min, 1, 2, 3,4, 6, 8, 10, 12 and 24 h after intake
of the medications. In study 2, blood was sampled before intake, and
at 30 min, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10 and 12 h after intake of the
medications. The 24 h time-point was extrapolated (see details in next
paragraph). Sampling in study 3 was scheduled before intake, and at 2,
4,6, 8,10, 12 and 24 h after intake. Plasma concentrations of saquinavir
and ritonavir were measured by validated reversed-phase high-
performance liquid chromatography (HPLC). HPLC measurements
were performed at the pharmacokinetic laboratories of the participat-
ing centres. These laboratories participated in the same international
quality control and quality assessment (QA/QC) pharmacokinetic pro-
gramme, and therefore have cross-validation with each other. In
study 1, HPLC with tandem mass spectrometry was used with a
lower limit of quantification (LLOQ) of 0.01 mg/L for both protease
inhibitors. In studies 2 and 3, UV detection was used with an LLOQ of
0.04 mg/L. In study 1, slightly lower values could be detected for low
levels; however, this has a minimal effect on the AUC from 0-24 h.

Full concentration—time data sets of saquinavir and ritonavir for all
three studies were available. Non-compartmental analyses of pharma-
cokinetic parameters were performed using the same approach in the
three studies. Pharmacokinetic calculations were performed with
WinNonlin (version 4.1, Pharsight Corporation, Paola Alto, CA, USA)
software. The area under the curve, AUC,_;, or AUC_»4, was defined
as the area under the plasma concentration—time curve until the last
measurable plasma concentration calculated with the log-linear trap-
ezoidal method. In study 2, the 24 h time-point or minimum concen-
tration (Cy,;,) was extrapolated, using the last concentration that was
measured at 12 h, with the following formula: Co4 = C5 X e B2 1y
this formula, a linear relationship is assumed between the saquinavir
concentration at 12 and 24 h in the log-linear time—concentration
profile. To estimate the rate of the decline of concentration from 12
to 24 h, the elimination rate constant () was derived from the
following relationship: B = —slope x In10. The slope was calculated
using least square linear regression analysis. Cy4 is the estimated Cy;,.
In studies 1 and 3, the C,,,;, was the observed concentration just before
the next dosing of the medications. The peak concentration, defined as
Cinax» Was the highest concentration during the dosing interval. The 7/,
(h) was calculated using In(2/A). The definition of #,, was the apparent
elimination half-life associated with the terminal slope of a semi-
logarithmic concentration—time curve in which A is the elimination
rate constant.

Statistical analysis

Baseline characteristics and pharmacokinetic parameters of the
patients were summarized as medians plus (interquartile) ranges or
means and standard deviations.
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The variability of the pharmacokinetic parameters was expressed as
coefficient of variance (CV).

Comparisons between the three studies were tested with the
Kruskal-Wallis Test or the Fisher Exact Test, whichever was appro-
priate. Comparisons between the UK and Thai studies were tested by
the Mann—Whitney U-test. Univariate linear regression analysis was
performed with the log-transformed saquinavir AUC as the dependent
variable. Ritonavir AUC, body weight, body mass index, study site and
gender were the independent variables.

Parameters with P values <0.10 in univariate analysis were included
in a multivariate linear regression model. Correlations between some
of the independent variables were described by the Spearman correla-
tion coefficient. Data were analysed by SPSS statistical software (ver-
sion 11.5.2, SPSS Inc, Chicago, IL, USA).

Results

In total, data from 45 patients were available. Patient characteristics
and history are summarized in Table 1. All baseline characteristics
differed per study.

Table 1. Patient characteristics, median [range]

Pharmacokinetic data

The saquinavir and ritonavir pharmacokinetic parameters are listed
in Table 2. The median saquinavir AUCs were different across the
studies, with an AUC of 17.88 in study 1, 67.05 in study 2 and
42.42 mg-h/L in study 3 (P <0.001). Comparing the AUCs between
Thai and UK patients, saquinavir AUCs were notably higher in
patients from Thailand (<0.001, respectively). Also, the ritonavir
AUC:s differed between the three studies but less markedly than the
saquinavir AUCs (P =0.047). The ritonavir AUCs between the UK
and Thai patients differed significantly (0.019).

Comparisons of the other saquinavir pharmacokinetic paramet-
ers showed significant differences between saquinavir Cy,;, and
Cinax Of the three studies, but not for 7. Saquinavir C,,;, and
Cmax between the UK and Thai groups were higher in patients
from Thailand (P values 0.001 and 0.003, respectively).

For ritonavir, the C,,,, concentrations reached statistical differ-
ence but Cy,;, concentrations were in the same range (Table 2).
The ritonavir Cp,,x, were higher and 1, lower in the Thai patients
(P values 0.014 and 0.001, respectively).

Study 1 (n = 18) Study 2 (n =7) Study 3 (n = 20) P value
Age, years 42 [22-61] 32 [25-48] 35 [30-42] <0.001
Gender, M/F 15/3 5/2 4/16 <0.001
Ethnicity®, number Caucasian, 16; Black, 2 Thai, 7 Thai, 20 <0.001
Body weight, kg 68 [49-85] 46 [35-75] 54 [49-68] <0.001
BMI, kg/rn2 22.34 [14.55-31.10] 19.5 [15.43-26.26] 21.09 [18.04-25.00] 0.025
CD4, cells/mm’ 362 [99-967] 644 [601-964] 593 [298-825] <0.001
Viral load, copies/mL 91 [<50-14508] <50 [<50-<50] <50 [<50-9780] 0.003
Prior use of SQV/RTV, months 31 [1-92] 15 [14-15] 34 [32-46] 0.011
Prior use of NRTI, months 73 [4-162] 56 [55-56] 75 [64-87] 0.013

n, number of patients; M, male; F, female; BMI, body mass index; SQV, saquinavir; RTV, ritonavir; NRTI, nucleoside reverse transcriptase inhibitors.

“Self-reported ethnicity.

Table 2. Pharmacokinetic parameters of saquinavir 1600 mg once daily and ritonavir 100 mg once daily, median [range]

Saquinavir Ritonavir
study 1 study 2 study 3 P value study 1 study 2 study 3 P value

AUC (mg-h/L) 17.88 67.05 42.42 <0.001 6.97 11.61 11.21 0.05
[8.92-63.16]  [46.56-92.00]  [10.53-105.07] [4.88-19.56]  [3.22-14.42]  [4.60-21.74]

CV? (%) 66 25 57 48 40 39

Ciax (mg/L) 2.84 7.55 5.68 0.002 0.95 1.22 1.38 0.04
[0.98-9.21] [5.37-9.92] [1.31-12.36] [0.39-2.27] [0.53-2.51] [0.57-3.08]

Cv 64 21 57 49 52 47

Cinin (mg/L) 0.09 0.38 0.25 0.003 0.06 0.03 0.04 0.59
[<0.01-0.64] [0.10-1.09] [0.06-1.07] [<0.01-0.32]  [<0.04-0.36] [<0.04-0.32]

Cv 99 81 79 92 137 112

t12 (h) 4.62 4.47 443 0.86 4.85 3.74 3.63 0.006
[3.26-6.30] [2.96-6.96] [3.84-6.44] [3.47-6.53] [1.50-11.34]  [1.80-14.03]

Cv 18 32 16 18 70 58

Chin, minimum observed concentration; Cy,,x, maximum observed concentration; AUC, area under the plasma concentration-time curve.
“Coefficient of variation (CV) expressed as standard deviation divided by the mean.
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Interestingly, in study 1, nine patients had a concentration below
the minimum recommended trough concentration for effective
treatment of 0.10 mg/L. In study 2, there were two patients with
exactly 0.1 mg/L, and in study 3 there were three patients with low
concentrations (see Figure 1).

Univariate analysis and multivariate analysis

In the univariate analysis, body weight, gender, study site and
ritonavir AUC were significantly related to the log AUC of
saquinavir (P < 0.05), whereas body mass index was not (P =0.13).
In the final multivariate model, ritonavir AUC (P = 0.0001)
and study site (P = 0.0021) were significantly associated with
the log-transformed saquinavir AUC (R* = 0.50) (Table 3). In
particular, patients with higher ritonavir AUCs and patients at
the Thai study site had higher saquinavir AUCs (Figure 2). AUCs
of common time-points of the samples were calculated and fitted
in the univariate and multivariate model, which gave the same
results.

The variables of the study sites may consist of several factors, of
which one could be body weight. Thai people are smaller in posture
and accordingly have a lower body weight than the Caucasian
population. To investigate whether the association with study site
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Figure 1. Minimum observed concentration (Cy,;,) of saquinavir for individual
patients. Open triangle, individual saquinavir C,,;,, concentration.

JAC

antiviral
could be attributed to body weight, further analysis was performed
between these variables.

A strong correlation existed between study site and weight
(R =0.69, P <0.0001). A further multivariate analysis, in which
study site is replaced by body weight, resulted in a model (R*=0.43)
that included ritonavir AUC (P = 0.00005) and body weight (P =
0.0379). Patients with higher ritonavir AUCs and patients with
lower body weights had higher saquinavir AUCs.

Study site was also correlated with gender (R =0.49, P =0.0006).
However, replacing study site by gender in the multivariate model
did not result in inclusion of gender in the model.

Weight differences between male and females reached statist-
ical significance (P < 0.001, median body weight for males: 64.4 kg
and females: 47.0 kg), but not for body mass index (P = 0.176,
median body mass index for males: 22.1 and females: 20.0). There-
fore, study site was replaced by both gender and body weight,
which did not result in a significant model.

Multivariate analysis with other pharmacokinetic parameters,
the log transformed saquinavir Cy,;, and Cy,x, showed similar
results, i.e. ritonavir AUC (Cpin P = 0.0001, Cpax P = 0.003)
and study site (Cpin P = 0.012, Cpax P = 0.021) were significantly
associated with saquinavir Cp;y, (R2 =0.47) and Cpax (R2 =0.35).
Replacing weight for site resulted in models with a slightly
worse fit (data not shown; R. S. Autar, E. Hassink, U. Siangphoe,
F. W. N. M. Wit and D. M. Burger).
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0 5 10 15 20 25
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Figure 2. Correlation between ritonavir (RTV) area under the curve (AUC) and
saquinavir (SQV) AUC. Filled square, individual patient. Data is plotted for
individual patients. Linear equation: 2.86 RTV AUC + 10.15 = SQV AUC.

Table 3. Univariate and multivariate analysis with saquinavir AUC as the dependent variable

Univariate Multivariate
Variable parameter estimate R? P value parameter estimate® P value parameter estimate® P value
BMI (kg/m?) -0.02016 0.05 0.1308
Gender 0.20249 0.10 0.0307 —0.04430 0.6143
Weight (kg) -0.01160 0.24 0.0007 -0.00153 0.7055
RTV AUC (mg-h/L) 0.03909 0.37 <0.0001 0.03116 0.0004 0.03111 0.0001
Study site —0.34388 0.29 0.0001 —0.23664 0.0222 —0.24288 0.0021

BMI, body mass index; RTV AUC, ritonavir area under the curve.
R? = 0.50.
°R? = 0.50.
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Discussion

All patients in this analysis were using saquinavir/ritonavir 1600/
100 mg once daily. By performing this analysis in patients who
were taking the same dosages, it was possible to investigate
other variables that determine saquinavir exposure. This analysis
showed wide-ranging variability of saquinavir pharmacokinetic
parameters between and within the studies. Patients with higher
ritonavir AUC and patients at the Thai study site had higher
saquinavir exposure. However, in the multivariate analysis, after
correction for ritonavir exposure, study site was more strongly
associated with saquinavir AUC than ritonavir AUC.

The finding that exposure to ritonavir influences exposure to
saquinavir has not been reported yet. Previous studies investigated
the relationship between the dose of ritonavir and saquinavir AUC.
These studies showed that in healthy volunteers and HIV-infected
patients the dose of ritonavir (ranging from 100-400 mg) does not
affect saquinavir plasma exposure.>'’ Ritonavir inhibits intestinal
and hepatic isoenzyme CYP 3A4. While the dose of ritonavir will
be of importance for the absorption of saquinavir in the gut, the
ritonavir AUC will mainly have an effect on inhibition in the liver.

The saquinavir AUCs in the UK study were lower than the
AUCs of the Thai patients.

A study with Caucasian patients, in which saquinavir soft gel
capsules were administrated at 1600 mg with low dose ritonavir,
showed comparable median saquinavir AUCs of 18.13 mg-h/L."®
The difference between the saquinavir AUCs of the two Thai
studies probably reflects the variability that is seen with saquinavir
plasma concentrations, for which one explanation might be lower
body weight in study 2. Saquinavir plasma concentrations can be
higher in patients with small body size and body composition.3
Higher drug concentrations may be expected in subjects with small
volumes of distribution or low body weight. Thai patients in this
study had, relatively, low body weight and high exposure to
saquinavir and ritonavir. Relationships with body weight have
been seen with other protease inhibitors such as for indinavir."
Nevertheless, this relationship has not led to body weight-depend-
ent dose recommendations, as for some of the nucleoside analogue
reverse transcriptase inhibitors. Body fat percentage could also
affect the plasma concentration because of the lipophilicity of
saquinavir.

Gender may affect the bioavailability of a drug by differential
expression of CYP3A and P-glycoprotein in the gastrointestinal
tract. Metabolism in the liver might be faster in men, but the total
clearance of CYP3A substrates may be faster in women.’ In our
multivariate analysis, an effect of gender was not observed. How-
ever, another study showed that females, compared with men, have
higher exposure to saquinavir.9

The patient group in study 1 was more diverse in terms of CD4.
Studies 2 and 3 were immunologically more similar at the start of
the pharmacokinetic study. Differences in disease stage may result
in different pharmacokinetic profiles due to impaired absorption,
variation in protein binding or altered clearance. We performed
regression analyses including CD4 cell count; however, this did not
add significance to the model (data not shown; R. S. Autar,
E. Hassink, F. W. N. M. Wit and D. M. Burger).

An alternative explanation to describe the relationship between
saquinavir and ritonavir exposure is that individuals with good
pharmacokinetic profiles are able to absorb both drugs efficiently.
These individuals will present with high concentrations for
several other drugs. In this case, the association between ritonavir

and saquinavir exposure does not necessarily implicate a causal
relationship.

Retrospective analysis and small sample size are limitations in
this exploratory study. The third limitation is that the UK study
patients received study medication with a breakfast that contained a
higher fat percentage than in the Thai studies. Saquinavir can be
facilitated by high fat percentage and high gastric pH.?""** How-
ever, patients with the highest fat content in their meal—patients
from the UK—had lower saquinavir pharmacokinetic parameters
than patients from Thailand. If saquinavir was taken with a standard
breakfast in the UK study perhaps even lower pharmacokinetic
parameters would have been seen.

Fourthly, ethnic differences between the studies cannot be
excluded. Ethnic differences concern dissimilarities between phar-
macogenomic background, lifestyle, and environmental factors.
About 40 variants of the gene coding for CYP3A4 have been
described. CYP3A4*1B is present in Caucasians but not in East
Asians (Japanese and Chinese). Higher tacrolimus doses are
needed to reach target trough concentration in patients with the
CYP3A4*IB allele. However, the functionality of CYP3A4*IB is
not clear. In vitro studies have shown an association with increased
enzyme activity, while clinical studies show decreased enzymes
and no association was seen in microsomal studies.”*>** Pharma-
cogenomic data were not available for our analysis. Lifestyle and
environmental factors have not been studied extensively because of
the complexity around defining and measuring these factors.

These limitations and the differences between the Thai and
English data stress the need to investigate the effect of the
above mentioned factors on saquinavir exposure further.

In the literature, ritonavir-boosted saquinavir regimens show
lower inter-individual variability than unboosted saquinavir regi-
mens in healthy volunteers.>* However, looking at data from this
analysis and previous studies performed in HIV-infected patients,
high variability was seen for boosted saquinavir regimens.26 In an
attempt to reduce variability, twice-daily dosing has been used
instead of once-daily dosing. A study with lopinavir/ritonavir
showed lower inter-individual variability in twice-daily dosing
compared with once-daily dosing.”’ As opposed to lopinavir/
ritonavir, saquinavir/ritonavir twice-daily regimens (1000/
100 mg) are not associated with lower Variability.m’12

Variability may lead to low saquinavir plasma concentrations
and low saquinavir exposure. Therapeutic drug monitoring of
saquinavir pharmacokinetic parameters can be used to detect
low concentrations. However, which pharmacokinetic parameter
(i.e. AUC, Cyy, or perhaps another parameter) should be monitored
in relationship to clinical outcome is still a matter of debate. The
Chins as a single time point concentration, is a practical pharma-
cokinetic parameter to measure. Although Cy,;, has been shown to
predict virological response for some protease inhibitors, analyses
in two studies were not able to show a significant relationship
between saquinavir Cpy;,, and virological outcome.?**® Conversely,
total exposure to saquinavir was correlated with virological out-
come; however, measurement of AUC is difficult to realize in
clinical practice.> Further studies are required to investigate
the relationships between clinical outcome and saquinavir
pharmacokinetic parameters.

The present analysis was conducted to identify which factors
have a role in saquinavir plasma exposure and variability. The
outcomes of this study indicate that exposure to ritonavir and
study site are related to the exposure of saquinavir, where
study site might reflect differences in body weight, food intake,
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pharmacogenomic, environmental and other ethnic differences.
Regarding ritonavir, further investigations are needed to verify
the role of ritonavir AUC in other saquinavir/ritonavir dose com-
binations. To our knowledge, this is the first study in which the
relationship between ritonavir AUC and saquinavir is reported. To
identify ethnic, environmental and pharmacogenomic variables,
and to investigate the effect of body weight and different
food intake on saquinavir pharmacokinetics, further studies in
heterogeneous patient populations are necessary.
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