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Objectives: To study the pharmacokinetics and short-term efficacy of low and standard dose lopinavir/
ritonavir and saquinavir combinations in Thai, human immunodeficiency virus (HIV)-infected, treat-
ment-naive patients.

Methods: In this open-label, 24-week, prospective study, 48 treatment-naive patients were randomized
to lopinavir/ritonavir 400/100 mg1saquinavir 1000 mg twice daily (arm A), lopinavir/ritonavir 400/
100 mg1saquinavir 600 mg twice daily (arm B), lopinavir/ritonavir 266/66 mg1saquinavir 1000 mg
twice daily (arm C), or lopinavir/ritonavir 266/66 mg1saquinavir 600 mg twice daily (arm D). A 12 h.
pharmacokinetic profile in all patients was performed. Plasma concentrations of saquinavir and lopina-
vir were determined using an HPLC technique. HIV-1 RNA was measured over 24 weeks.

Results: Forty-three subjects were included in the pharmacokinetic analysis. The total exposure dif-
fered significantly for the different arms. Median values for lopinavir area under the curve at 0–12 h
were 128.2, 119.2, 66.1 and 68.5 mg.h/L for arms A–D, respectively. For saquinavir, the median values
were 36.9, 19.2, 25.3 and 12.4 mg.h/L for arms A–D, respectively. The proportion of patients having a
viral load below 50 copies/mL at week 24 was 39% for arm A, 63% for arm B, 55.0% for arm C, and 69%
for arm D.

Conclusions: The pharmacokinetic parameters for the different treatment arms were adequate. However,
the proportion of subjects with an undectable viral load at week 24 was lower than anticipated.
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Introduction

The use of potent combination antiretroviral (ARV) therapy,
also referred to as highly active retroviral therapy (HAART), has
been associated with dramatic reductions in mortality and mor-
bidity in the population infected with the human immunodefi-
ciency virus (HIV).1 Despite the virological and immunological
benefits observed with HAART, failure rates of 15% to 50% are
reported within the first year of HAART in ARV-naive
patients.2 – 4 This rate of failure only increases with successive
treatment regimens.5 – 7 With scaling up of the ARV, these
figures may not apply to the current situation in developed
countries anymore. However, in Thailand, where the most used
first-line regimen is still the fixed-dose combination of nevira-
pine, stavudine and lamivudine, the failing rate can still be high
due to possible toxicity and poor monitoring.8,9 In order to
improve this situation, more tailor-made strategies have to be
explored for different populations, to avoid rapid development
of resistance and reduce costs.

With the introduction of HAART as the standard of care in
Thailand, it became evident that the pharmacokinetics of distinc-
tive protease inhibitors (PIs) in this population differ signifi-
cantly from Caucasians. Dose-finding studies for saquinavir and
indinavir showed the benefits of dose reduction in the Thai
population.10 – 12 With lower dose regimens, similar plasma
levels of the PIs as in the Caucasian population were achieved,
with similar potency and potentially less toxicity and lower
costs. As a result, ritonavir-boosted indinavir and saquinavir are
widely used in a lower dose (400/100 mg twice daily and 1600/
100 mg once daily, respectively) in Thailand. More data are
required for further dose adjustment of other frequently used
combination regimens. A potentially interesting regimen that can
be explored is the double-boosted PI combination of saquinavir
together with lopinavir/ritonavir (Kaletraw) in a dose-reduced
setting. It is essential to investigate the pharmacokinetic inter-
actions of any potential PI combination because all the currently
available PIs are metabolized by cytochrome P450 isozymes and
can act both as inducers and inhibitors of this enzyme system,
giving rise to sometimes unpredictable interactions when their
use is combined.

The combination of lopinavir/ritonavirþsaquinavir has been
investigated in salvage therapy settings. These studies demon-
strated no significant interaction between lopinavir and saquina-
vir, while the boosting effect of ritonavir (RTV) is maintained
for both drugs.13 – 15 In the study of Staszewski et al.,16 the lopi-
navir/ritonavirþsaquinavir combination, without nucleoside
reverse transcriptase inhibitor (NRTI) backbone, showed good
immunological and virological activity in a salvage setting over
48 weeks. Moreover, in vitro data showed a synergistic effect on
the inhibition of HIV-1 viral replication when saquinavir was
combined with lopinavir.17 The need for salvage therapy options
in Thailand is urgent. The limited access to resistance and viral
load testing enhances resistance development, due to prolonged
use of failing non-NRTI (NNRTI)-based HAART regi-
mens.8,18,19 Especially, at the start of our study, the access to
drugs was heavily constrained in the Thai setting.

Studying lopinavir/ritonavir and the saquinavir regimen in
treatment-naive patients will generate useful and clean data
about the pharmacokinetics and short-term tolerability of this
combination in different doses, without the contamination of
other ARVs. Data can be used to conduct trials in a salvage

setting as well as for larger trials in treatment-naive patients. If
the preliminary efficacy data look promising, using lopinavir/
ritonavir together with saquinavir in treatment-naive patients
might be an option for future first-line treatment, preserving
other drug classes for future second-line treatment. In the
current ARV guidelines, the double-boosted PI combination is
not incorporated as an option at any time during the course of
the disease.

Therefore, we conducted a pilot study to explore the pharma-
cokinetics and efficacy of a double-boosted PI treatment for
different dosing regimens in Thai HIV-1-infected adults.

Methods

Study design

This study was approved by the Ethics Committee of the Faculty of

Medicine Chulalongkorn Hospital (approval number 235/2004), and
written informed consent was obtained for all patients.

Eligible patients were ARV-naive, HIV-1-infected Thai patients,
who were recruited from the Thai Red Cross Society’s Anonymous
Clinic and the HIV Outpatient Immune Clinic of King

Chulalongkorn Memorial Hospital. The study took place from
October 2004 to March 2006.

This was an open label, randomized, pilot study in which
co-administration of saquinavir hard gel capsules (Invirasew, Roche,
Basel Switzerland) and lopinavir/ritonavir (Kaletraw, Abbott

Laboratories, Abbott Park, IL, USA), fixed-dose combination (soft
gel capsules) was evaluated in 48 patients. The study participants
were randomized to four arms (A–D).

Arms A and B received lopinavir/ritonavir 400/100 mg twice

daily, whereas arms C and D received lopinavir/ritonavir 266/66 mg
twice daily. Saquinavir was administered in a 1000 mg twice-daily
dose for arms A and C and 600 mg twice-daily dose for arms B and
C. No NRTI backbone was part of the ARV treatment. At the dis-
cretion of the study physician, therapy could be intensified with sta-

vudine plus lamivudine, which currently is no longer the standard of
practice. Guidance for intensification was less than a one-fold
decrease of the viral load in combination with good adherence at
week 12. No concomitant medication, known to interfere with
saquinavir and lopinavir/ritonavir pharmacokinetics, was used.

Baseline data, including demographic data, and prior AIDS-defining
diseases, according to the 1993 Centre for Disease Control and
Prevention classification, were obtained. The safety and tolerability
of the study medication were assessed throughout the study on the
basis of clinical and laboratory adverse events. World Health

Organization toxicity grading scales were used to characterize
abnormal laboratory results (liver and kidney function tests, fasting
blood lipids and haematology) and physical examination. Study
visits were scheduled at baseline, weeks 2, 4, 9, 12 and 24. CD4

count was obtained at every visit; routine laboratory tests were
obtained every visit, except for weeks 4 and 9. Plasma HIV-1 RNA
concentrations (viral load) were obtained at days 214, 27, 0, 1, 3,
7, 10, 14, 17 and at weeks 3, 4, 6, 9, 12, 18 and 24 in order to gain
enough data to calculate a first- and second-phase decay of the viral

load. Viral loads were assessed using the Roche Amplicor HIV-1
monitor assay (version 1.5, Roche).

Pharmacokinetic analysis

Blood samples for the PK analysis were obtained 2 weeks after
initiation to ensure steady state. After one night of fasting, patients
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ingested lopinavir/ritonavir and saquinavir, together with their pro-
vided standardized breakfast. Blood samples were drawn just before
ingestion of the drugs and at 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 6.0,
8.0, 10 and 12 h after drug intake. Plasma was isolated by centrifu-

gation (1500 rpm) on the same day and stored at 2808C until
analysis.

Plasma concentrations of lopinavir, saquinavir and ritonavir were
measured in all available samples using a validated HPLC
method.20 The HIV-NAT pharmacokinetic laboratory participates in

an international quality control and quality assessment programme
and therefore has been cross-validated with other pharmacokinetic
laboratories.21 A UV detection was used with a lower limit of
quantification of 0.04 mg/L. Calculations of pharmacokinetic par-
ameters such as area under the plasma concentration–time curve

(AUC) from 0 to 12 h, maximum concentration (Cmax), minimum
concentration (Ctrough), time of maximum concentration (Tmax) and
half-life (t1/2) of the PIs were made by non-compartmental methods
using WinNonlin software (version 5.0.1, Pharsight Corporations,

Mountain View, CA, USA).

Statistical analysis

Descriptive statistics were generated for all pharmacokinetic
measures. Statistical analysis was performed using SPSS version
12.01 (SSPS, Chicago, IL, USA). For the comparison between four
different treatment arms, the Kruskal–Wallis test was used, and for
a two-arm comparison, the Mann–Whitney U-test was used.

Proportion of patients with undetectable viral load at week 24 was
assessed according to intention-to-treat (ITT) as well as
on-treatment analysis (OT) principles; patients with missing values
were imputed as virological failures. Patients who required intensi-
fication of their regimen were considered as failures.

The dynamics of viral decline were determined using a non-
linear least square fitting model for the first phase and a linear
spline model for the second phase. The limit of the first and second
phase was determined by the model with the best goodness of fit.

No imputation techniques were used in this analysis; therefore, only
observed data were included in the model.

No sample size calculation was performed as it was a pilot
study. Ten patients per arm are generally sufficient for pharmacoki-
netic pilot studies. Taking drop outs into account, 12 patients per

arm were included. The study was not powered to demonstrate
differences in tolerability, toxicity and efficacy. Therefore, these
measurements are only secondary endpoints.

Results

Baseline characteristics

A total of 48 patients were randomized to the four treatment
arms of the study (13 to arm A, 11 to arm B, 11 to arm C and
13 to arm D). There were a total of 28 women and 20 men with
a median age of 35.5 years. Median CD4 count at baseline was
114 [interquartile range (IQR), 55–196] cells/mm3. Baseline
characteristics were not different between the arms (Table 1).
During the 24 weeks of follow-up, five patients discontinued the
study medication. One was lost to follow-up (week 1, arm B).
Two patients discontinued their medication because of personal
reasons (week 13, arm A; week 21 arm D), one hepatitis B virus
co-infected subject had to stop due to grade 4 transaminase
elevation (week 5, arm B), and one subject was switched to a
simplified standard-of-care regimen (fixed-dose stavudine,

lamivudine, nevirapine: GPO-vir) by the physician due to
non-adherence (week 6, arm C). After interim analysis at week
12, the treatment of two patients, one from arm C and one from
arm D, was intensified; stavudine and lamivudine were added as
viral load decline was insufficient, whereas self-reported adher-
ence was adequate.

Pharmacokinetics

A total of 43 curves were used for the analysis, two patients
were excluded from the analysis due to non-adherence (one arm
B and one arm C), and one patient was lost to follow-up before
week 2 (arm B). Two other cases (both arm A) showed very
inconsistent pharmacokinetic curves, highly suspected for non-
adherence, during the first 2 weeks of the study and therefore
excluded from the analysis. The baseline characteristics of the
five patients excluded from the PK analysis did not differ signifi-
cantly. Lopinavir subtherapeutic trough concentrations (defined
as ,1.0 mg/L) were observed in four patients: one in each arm.
Saquinavir trough concentrations were above the minimum
effective concentration (0.1 mg/L) for all patients, except one
(arm B). The median plasma concentration–time profiles of
lopinavir are shown in Figure 1, and for saquinavir, the median
plasma concentration–time levels are plotted in Figure 2.
Median plus IQR values for the relevant pharmacokinetic par-
ameters are listed in Tables 2 and 3.

The median AUC of lopinavir/ritonavir 400/100 mg com-
bined with saquinavir 1000 mg twice daily (arm A) was 49%
higher (P , 0.001) than lopinavir/ritonavir 266/66 mg with
saquinavir 1000 mg twice daily (arm C). When accompanied
with the lower dose of saquinavir (arms B and D), the lopinavir
AUC for arm B is 42% higher when compared with arm D
(P , 0.001). Looking into the different doses of saquinavir,
about the same percentages were found; however, no statistical
significance was reached. When comparing saquinavir 1000 mg/
lopinavir 400/100 mg twice daily (arm A) with saquinavir
600 mg/lopinavir/ritonavir 400/100 mg twice daily (arm B), a
42% higher AUC was found for arm A (P ¼ 0.15). A 54%
higher increase in AUC was found when comparing saquinavir
1000 mg together with lopinavir/ritonavir 266/66 mg with the
saquinavir 600 lopinavir/ritonavir 266/66 mg combination
(P ¼ 0.10).

Comparing the equally dosed saquinavir arms with each
other (arms A–C and B–D), a 31% higher AUC was found
when saquinavir 1000 mg was combined with lopinavir/ritonavir
400/100 mg (arm A) in comparison with the saquinavir 1000 mg
lopinavir/ritonavir 266/66 mg arm (P ¼ 0.39). A similar trend
was found when comparing the two saquinavir 600 arms: a 36%
higher exposure for arm B, which was accompanied with lopina-
vir/ritonavir 400/100 mg (P ¼ 0.01).

In contrast, no large quantitative differences in lopinavir
AUC were found when the equally dosed lopinavir arms were
evaluated.

Irrespective of the used dose of saquinavir, the use of lopina-
vir/ritonavir 400/100 mg resulted in higher Cmax and Ctrough

when compared with the use of lopinavir/ritonavir 266/66 mg;
P values were less than 0.001. For saquinavir, the differences
for Ctrough and Cmax were less straightforward: the most outspo-
ken difference was found between arm A (high-dose saquinavir,
high-dose lopinavir/r) and arm D (low-dose saquinavir, low-dose
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lopinavir/r), with P , 0.001 for both values. The other pairwise
comparisons were more variable (Tables 2 and 3).

Virological and immunological activity

Immunological response. The overall median rise in the CD4
count was þ125 cells/mm3 (IQR 58–165) after 24 weeks
(P , 0.001). The absolute increase per arm was þ140 (IQR
65–224) for arm A, þ130 (IQR 92–206) for arm B, þ69 (IQR
25–136) for arm C, and þ108 (IQR 67–130) for arm D.

Virological response. Viral load changes in individual patients
and the mean changes in the four arms are shown in Figure 3.
Overall, plasma HIV-1 RNA titres fell from baseline to week 24
by an average of 22.62 log10 (IQR 23.04 to 22.13). By the
ITT analysis, the proportion of patients reaching a plasma
HIV-1 RNA concentration below 50 copies/mL was 39%, 63%,
55% and 62% for arms A–D, respectively. The overall

proportion was 56.2%, whereas the OT analysis showed a pro-
portion of 62.5%.

Estimated virological decay. We found no significant difference
for the estimated half-life for viral decay of the first and second
phase between study arms in both the ITT and OT analyses.
Estimates of the half-life values in all arms of the study for two
distinct periods (first phase, second phase, OT) are shown in
Table 4. Only the OT was depicted as this gives a better picture
of the intrinsic ARV capacity.

Safety and tolerability

No statistically significant differences between treatment arms in
frequency of specific adverse events of any severity or relation-
ship to study drug were noted. Mild gastrointestinal adverse
events were reported frequently (.80% of the patients), but did
not differ among the study arms.

Table 1. Subject demographic data and baseline characteristics, medians (IQRs), or n where appropriate

Parameters

LPV/RTV/SQV 400/100/

1000 twice daily (arm A)

LPV/RTV/SQV 400/100/

600 twice daily (arm B)

LPV/RTV/SQV 266/66/

1000 twice daily (arm C)

LPV/RTV/SQV 266/66/600

twice daily (arm D)

P

value

n 13 11 11 13

Male/female 6/7 4/7 5/6 5/8 0.820

Age (years) 35 (1.97) 37 (3.53) 38 (1.89) 35 (2.98) 0.641

Weight (kg) 60.0 (49.8–70.0) 55 (41–60) 60 (47–70) 55 (48–62) 0.654

Height (cm) 160 (156–165) 159 (153–165) 165 (159–170) 158 (152–66) 0.654

CD4 (cells/

mm3)

175 (93–238) 114 (102–265) 107 (35–192) 74 (24.5–178) 0.196

Log10

HIV-RNA

4.86 (4.68–5.00) 4.87 (4.52–4.98) 4.90 (4.01–5.16) 4.80 (4.41–5.20) 0.964

LPV, lopinavir; RTV, ritonavir; SQV, saquinavir.
n, number of patients.

Figure 2. Median concentration–time curve of lopinavir. Filled circles,

lopinavir/ritonavir (400/100 twice daily)þsaquinavir (1000 twice daily), arm

A; filled triangles, lopinavir/ritonavir (400/100 twice daily)þsaquinavir (600

twice daily), arm B; filled diamonds, lopinavir/ritonavir (266/66 twice

daily)þsaquinavir (1000 twice daily), arm C; filled squares, lopinavir/

ritonavir (266/66 twice daily)þsaquinavir (600 twice daily), arm D.

Figure 1. Median concentration–time curve of saquinavir. Filled circles,

lopinavir/ritonavir (400/100 twice daily)þsaquinavir (1000 twice daily), arm

A; filled triangles, lopinavir/ritonavir (400/100 twice daily)þsaquinavir (600

twice daily), arm B; filled diamonds, lopinavir/ritonavir (266/66 twice

daily)þsaquinavir (1000 twice daily), arm C; filled squares, lopinavir/

ritonavir (266/66 twice daily)þsaquinavir (600 twice daily), arm D.
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There were a total of 12 adverse events in nine patients who
were classified as moderate or severe and were reported as at
least possibly related to the study drugs (two in arm A, six in B,
one in C and three in D). Four gastrointestinal events (diarrhoea/
vomiting), four liver enzyme elevations, one hypertriglyceridae-
mia, one rash, one hypercholesterolaemia and one hypokalaemia
were reported.

Of these 12 events, 2 were severe: the hypokalaemia and a
grade 4 elevated liver enzymes. The hypokalaemia was induced
by diarrhoea, which already existed before the start of the study,
but worsened after taking the study drugs. The patient was
treated with potassium chloride and loperamide orally and was
able to continue the study. The patient with grade 4 aspartate
aminotransferase, alanine amino transferase and bilirubin
elevation in the presence of hepatitis B permanently discontin-
ued the study drugs. Another, not study drugs related, serious
adverse event was reported. This patient developed
insulin-induced hypoglycaemia grade 4 and later in the study
non-fatal cardiac failure.

Discussion

In this pilot study of double-boosted lopinavir/saquinavir/ritona-
vir in ARV-naive patients, adequate PK parameters were
observed for all four different dose regimens.

The observation that lower dosages of PIs result in adequate
plasma levels in Thai individuals is consistent with earlier dose-
finding studies carried out in the region.11,12 For lopinavir,
however, it was the first time that its use was investigated in a
reduced dose in Thai patients.

As reported earlier, saquinavir does not seem to have a sig-
nificant effect on the lopinavir levels.15,22 The two high-dose
lopinavir groups (arms A and B) showed similar PK results as
did the two reduced-dose arms (arms C and D), irrespective of
the dose of saquinavir.

In contrast, the dose of lopinavir/ritonavir did have an influence
on the AUC of saquinavir. Although no statistical significance was
reached between the saquinavir 1000 mg twice-daily arms (A and
C), the median of arm A is 11 mg.h/L higher than that for arm C.

Table 2. Steady-state pharmacokinetic parameters of saquinavir for all study arms

Parameters

LPV/RTV/SQV 400/100/

1000 twice daily (arm A)

LPV/RTV/SQV 400/100/

600 twice daily (arm B)

LPV/RTV/SQV 266/66/

1000 twice daily (arm C)

LPV/RTV/SQV 266/66/

600 twice daily (arm D)

P value

Kruskal–

Wallis

n 11 9 10 13

Ctrough (mg/L) 1.70 (0.52–2.06) 0.61 (0.56–1.27) 0.92 (0.37–1.51) 0.36 (0.24–074) 0.018a

Cmax (mg/L) 5.97 (3.25–8.48) 3.02 (2.44–4.32) 4.39 (1.90–5.70) 1.68 (1.18–3.17) 0.0013b

AUC (mg.h/L) 36.89 (19.54–68.51) 19.20 (18.40–39.78) 25.33 (15.24–38.31) 12.35 (7.67–22-52) 0.0018c

t1/2 (h) 3.95 (3.17–5.30) 4.02 (3.70–5.82) 3.89 (2.88–5.90) 3.53 (2.83–4.36) 0.656

Tmax (h) 3.0 (3–4) 4.0 (3–4) 4.0 (3–4) 4.0 (4–6) 0.169

LPV, lopinavir; RTV, ritonavir; SQV, saquinavir.
Values are expressed as medians with IQRs.
aP , 0.001 (Mann–Whitney U-test) for comparison A to D; P , 0.05 (Mann–Whitney U-test) for comparison B to D.
bP , 0.001 (Mann–Whitney U-test) for comparison A to D; P , 0.05 (Mann–Whitney U-test) for comparisons A to B and B to D; P , 0.05 (Mann–
Whitney U-test) for comparison C to D.
cP , 0.001 (Mann–Whitney U-test) for comparison A to D; P , 0.05 (Mann–Whitney U-test) for comparison B to D.

Table 3. Steady-state pharmacokinetic parameters of lopinavir for all study arms

Parameters

LPV/RTV/SQV 400/100/

1000 twice daily (arm A)

LPV/RTV/SQV 400/100/

600 twice daily (arm B)

LPV/RTV/SQV 266/66/

1000 twice daily (arm C)

LPV/RTV/SQV 266/66/

600 twice daily (arm D)

P value

Kruskal–

Wallis

n 11 9 10 13

Ctrough (mg/L) 6.57 (5.44–8.18) 5.39 (4.58–10.91) 3.43 (1.34–4.31) 2.77 (1.55–3.76) ,0.001a

Cmax (mg/L) 14.98 (11.97–16.36) 13.06 (10.28–19.08) 8.74 (5.85–10.11) 8.86 (6.54–11.24) ,0.001a

AUC (mg.h/L) 128.20 (119.53–135.11) 119.20 (92.87–179.46) 66.10 (44.09–88.43) 68.47 (52.03–86.42) ,0.001a

t1/2 (h) 7.01 (6.26–14.14) 9.23 (7.10–13.23) 7.66 (3.86–13.09) 5.46 (3.26–7.83) 0.151

Tmax (h) 4.0 (1.5–4.0) 4 (1.8–5.0) 2.0 (1.5–3.3) 4 (1.5–6.0) 0.532

LPV, lopinavir; RTV, ritonavir; SQV, saquinavir.
Values are expressed as medians with IQRs.
aP , 0.001 (Mann–Whitney U-test) for comparisons A to C, A to D, B to C and B to D.
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When comparing the two 600 mg arms (B and D), a significantly
higher AUC is found when combined with lopinavir 400/100 mg.
This suggests that the higher dose of lopinavir/ritonavir has a sub-
stantial effect on the concentrations of saquinavir. The most
reasonable explanation for this phenomenon is the difference in
ritonavir dosing, more than lopinavir itself, as the inhibition of the
P450 cytochrome by ritonavir is much stronger.23,24 The idea that

lopinavir does not affect the saquinavir parameters was also
suggested in the study of Stephan et al.,13 in which saquinavir
co-administered with standard dose lopinavir/ritonavir did not
reveal different PK values for saquinavir when compared with a
control group with saquinavir/ritonavir plus a regular backbone.

As far as we know, there is only very limited information on
the boosting effect on saquinavir of ritonavir dosed below

Figure 3. Viral decline for the different treatment arms. In grey, the individual curves for each patient; in black, the mean decline for each arm.

(a) Lopinavir/ritonavir 400/100 mgþsaquinavir 1000 mg twice daily. (b) Lopinavir/ritonavir 400/100 mgþsaquinavir 600 mg twice daily. (c) Lopinavir/

ritonavir 266/66 mgþsaquinavir 1000 mg twice daily. (d) Lopinavir/ritonavir 266/66 mgþsaquinavir 600 mg twice daily.

Table 4. Mean viral decay in days (SD), on-treatment analysis for the different treatment arms

Parameters

LPV/RTV/SQV 400/100/

1000 twice daily (arm A)

LPV/RTV/SQV 400/100/

600 twice daily (arm B)

LPV/RTV/SQV 266/66/

1000 twice daily (arm C)

LPV/RTV/SQV 266/66/

600 twice daily (arm D)

P value

ANOVA

n 12 10 9 11

First phase

(days)

5.55 (0.06) 5.53 (0.08) 5.45 (0.15) 5.57 (0.11) 0.880

Second phase

(days)

47.98 (1.62) 51.33 (1.66) 48.02 (1.86) 52.43 (1.76) 0.167

LPV, lopinavir; RTV, ritonavir; SQV, saquinavir.
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100 mg. However, the literature on the saquinavir-boosting
effect of different doses of ritonavir is conflicting. Some studies,
in which different booster doses of ritonavir in combination with
saquinavir were studied, showed a significant increase in the PK
parameters for saquinavir when the ritonavir dose was
increased.25,26 However, other studies do not support these con-
clusions; in a pilot study of Kilby et al.,27 in healthy volunteers,
different dose levels of ritonavir did not show an increase in any
of the PK parameters. This could be possibly explained by a
complete inhibition of cytochrome P450 at a dose of 100 mg
ritonavir, resulting in no additional boosting effect when a
higher dose of ritonavir is added. Our study did show that
higher doses of ritonavir (and lopinavir) significantly increased
the saquinavir exposure.

When comparing the pharmacokinetic parameters of lopina-
vir that we observed with the findings of Cameron et al.,28 in
which the same combination of PIs was used, the PK values of
this Caucasian population appear to be lower than that in the
Thai population. The parameters of the study of Cameron et al.
for lopinavir 400/100 mg were 99.7 mg.h/L, 5.6 mg/L and
10.8 mg/L for AUC, Ctrough and Cmax, respectively, compared
with 128.2 mg.h/L, 6.57 mg/L and 14.98 mg/L for these par-
ameters in our study (arm A).

In the Cameron study, the same combination and the same
dose, as our arm C, were used (lopinavir/ritonavir 400/100þ
saquinavir 600 twice daily). The Cmax (mg/L), Ctrough (mg/L)
and AUC (mg.h/L) for saquinavir in this dose regimen were
2.44, 0.51 and 15.59, respectively, compared with 2.98, 0.59 and
19.20 in our study. Body weight and environmental factors may
explain these differences, and also a racial or genetic effect
cannot be ruled out.

Another remarkable finding was the lower than expected viro-
logical efficacy. Although the increase in CD4 count can be con-
sidered to be adequate, the virological response is disappointing
when considering the proportion of patients with plasma HIV-1
RNA levels below 50 copies/mL. Other studies have shown
good ARV responses in a salvage setting as well as in a naive
population with similar regimens. Two studies report efficacy
and safety of the saquinavir/lopinavir/ritonavir combination in a
PI-naive population.28,29 Both are 48-week pilot studies. In the
study of Hellinger et al., the proportion of patients with
undetectable HIV-1 RNA levels was 90%. The study of
Cameron et al. showed a somewhat more similar proportion as
we did, 63%, showing no inferiority when compared with a stan-
dard HAART regimen.

Regarding the fact that the treatment arm with the highest PK
values (arm A) had the worse efficacy, a positive correlation
between plasma levels and viral efficacy is very unlikely. The
most likely explanation is non-adherence due to toxicity and/or
pill burden (16 pills a day in the high/high group). Although the
self-reported adherence was good, no drug accountability was
done, and no other extensive adherence measurements were
obtained. With 19% of the patients suffering from one or more
moderate or severe adverse events and 80% with a mild event
(in arm A even 100%), the tolerability can be qualified as poor
and a reason for the high proportion of failures. Especially,
when compared with the current first-line options, the amount of
adverse events was large.30,31 However, as stated earlier, the
most commonly used ARV combination in Thailand is the fixed-
dose combination of nevirapine, stavudine and lamivudine
(GPO-vir), a regimen that has shown significant toxicity as

well.32 Nevertheless, the efficacy of GPO-vir appears more ade-
quate than that in our study.33

As other studies showed good predictive correlation between
fast, early viral decay, and long-term efficacy, early viral decay
was calculated in order to look into the potency of the different
regimen.34,35 No difference in potency was found. The viral
decay, during the first and the second phase, appears much
slower than previously reported in the literature.36,37 All pre-
viously reported decay rates were from patients using standard
dual-class HAART regimens, which might be a possible expla-
nation for the difference. PIs prevent the production of new
virions. Therefore, infection by virions produced before the start
of treatment still occurs. In case the HIV protease is not sup-
pressed fully, production of infectious cells will continue, result-
ing in a slower decline of plasma virus. The mathematical
model used is very sensitive to outliers, especially with the
small sample size used. Owing to these outliers, the ITT analysis
resulted even in a negative number for arm B, and when recalcu-
lated with an OT analysis, the figures became more realistic.

In summary, this study reinforced that more research towards
a population-driven treatment is indicated. With adequate PK
parameters for the low-dosed PIs, this pilot study justifies
further well-powered prospective randomized trials to confirm
that low-dose PIs achieve non-inferior efficacy and safety out-
comes in Thai patients. Especially, the expensive PI-based regi-
mens need further attention, preferably in a HAART setting, as,
in terms of efficacy and tolerability, this double-boosted PI
regimen appears inferior to a standard HAART regimen in
ARV-naive patients.
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