
EUROPEAN JOURNAL OF MEDICAL RESEARCH June 30, 2006

Abstract
Objectives: The authors evaluated the pharmacokinet-
ics and tolerability of indinavir/lopinavir/ritonavir in a
protease inhibitor only combination. 
Methods: Plasma drug levels of patients taking indi-
navir/lopinavir/ritonavir 800/400/100mg twice daily
(n = 24, group 1) were compared to patients taking ei-
ther lopinavir/ritonavir 400/100mg (n = 35, group2)
or indinavir/ritonavir 800/100mg (n = 33, group3)
twice daily plus nucleos(t)ide reverse transcriptase in-
hibitors (NRTI). Steady-state drug concentrations
were measured by LC/MS/MS. Minimum and maxi-
mum concentrations ( Cmin, Cmax), area under the con-
centration-time curve (AUC0-12h), total clearance (CLtot)
and half-life (t1/2) were calculated. HIV viral load,
CD4 cell count and adverse events causing early termi-
nation of therapy were correlated over a period of 48
weeks.
Results: Plasma levels of lopinavir/ritonavir were sig-
nificantly enhanced when combined with indinavir
compared to a regimen of lopinavir/ritonavir+NRTI:
Mean lopinavir AUC(0-12h) 80912 ng*h/mL vs. 60548
ng*h/mL; Cmin 4633 ng/mL vs. 3258 ng/mL; 
Cmax 8023 ng/mL vs. 6710 ng/mL. Mean ritonavir
AUC(0-12h) 6907 ng*h/mL vs. 3467 ng*h/mL; Cmin 220
ng/mL vs. 125 ng/mL; Cmax 1059 ng/mL vs. 522
ng/mL. Indinavir levels were comparable for both in-
dinavir containing regimen. A significantly smaller
number of patients stopped indinavir/lopinavir/riton-
avir therapy (group1: 16.7%) than indinavir/ritonavir
+ NRTI treatment (group3: 45.5%) due to adverse
events. Virological failure was the main reason for ear-
ly termination of treatment with indinavir/lopinavir/
ritonavir before week 48 (group1: 50%)
Conclusions: indinavir/lopinavir/ritonavir 800/400/
100mg twice daily represents a therapy option with an
adequate safety but only short term efficacy for exten-
sively pretreated patients. 

Key words: Double protease inhibitor, pharmacokinet-
ics, indinavir, lopinavir, ritonavir

INTRODUCTION

Antiretroviral therapy options for patients who no
longer have treatment alternatives with reverse tran-
scriptase inhibitors due to toxicity or viral resistance
are limited. Some boosted double protease inhibitor
therapy regimens have been evaluated and described as
therapy alternatives for these patients. Lopinavir/
saquinavir [1-4] and atazanavir/saquinavir [5, 6] used
low-dose ritonavir as pharmacoenhancer. Neverthe-
less, potential pharmacokinetic interactions might limit
their use, as most protease inhibitors are substrates of
the same cytochrome P450 liver pathways. They are
metabolized by these enzymes and inhibit or induce
them to varying degrees [7, 8]. Also autoinduction of
cytochromes plays a role in exhibiting different plasma
exposure over the first weeks of treatment, as it was
demonstrated for ritonavir [9-11]. Combinations of
lopinavir/ritonavir 400/100mg and amprenavir 600mg
[12-15] or fosamprenavir 700mg twice daily [16, 17]
demonstrated complex two-way pharmacokinetic in-
teractions. If more than two protease inhibtors are co-
administered it is difficult to predict drug-drug inter-
actions in such combinations. Furthermore therapeu-
tic options of boosted dual-PI regimen are often limit-
ed by resistance or toxicity [18, 19]. 

The goal of this observational study was to evaluate
the steady state pharmacokinetic interactions of a
combination of lopinavir/ritonavir 400/100mg and in-
dinavir 800mg twice daily as a protease inhibitor thera-
py in the absence of either nucleos(t)ide or non-nucle-
oside reverse transcriptase inhibitors. It was conducted
in patients, who were treatment-experienced and had
lost therapy options with nucleoside or non-nucleo-
side reverse transcriptase inhibitors due to toxicy or vi-
ral resistance. All compounds are established protease
inhibitors with well described pharmacokinetics, safety
profile and efficacy for different dosing regimens.  In-
dinavir has been approved unboosted for a thrice daily
intake of 800mg and boosted for a twice daily dosage
of indinavir/ritonavir 800/100mg [20] and ritonavir
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boosted lopinavir has been approved in a single for-
mulation for the twice daily dosage of lopinavir/riton-
avir 400/100mg [21]. Pharmacokinetic interactions of
lopinavir/ritonavir with indinavir 400 or 600mg [22,
23] have been studied as well as a combination of
lopinavir/ritonavir 400/100mg with 800mg indinavir
in a small number of patients [24].

METHODS

PATIENTS

The observational study was performed in adult HIV-
infected outpatients. Patients in group 1 (n = 24) were
treated with lopinavir/ritonavir 400/100mg and indi-
navir 800mg twice daily without the addition of nucle-
oside/nucleotide or non-nucleoside reverse transcrip-
tase inhibitors. Two groups of patients who were pre-
dominantly antiretroviral treatment-naïve or less thera-
py experienced served as controls. Group 2 (n = 35)
consisted of patients, taking lopinavir/ritonavir 400/
100mg plus 2-3 nucleoside/nucleotide reverse tran-
scriptase inhibitors and patients in group 3 (n = 33)
received indinavir/ritonavir 800/100mg twice daily
also in combination with 2-3 nucleoside/nucleotide re-
verse transcriptase inhibitors. 

All three groups included patients at any CD4 cell
count or viral load at baseline of therapy. Protease in-
hibitor therapy-experienced patients were elected for
the indinavir/lopinavir/ritonavir therapy regimen after
interpretation of a genotypic resistance testing, show-
ing sufficient sensitivity of the HIV to the therapy
compounds [25]. Patients completed a 12h-pharmaco-
kinetic measurement following a standardized pharma-
cokinetic protocol [1]. Routine liver function tests as-
sured that patients with hepatic impairment were ex-
cluded from the analyses as well as subjects with
comedication expected to inhibit or induce CYP3A4
metabolism. All data were obtained as part of the ther-
apeutic drug monitoring (TDM) which is regularly
performed in the medical HIV treatment and research
unit. Verbal consent for the TDM procedure was ob-
tained from patients and documented in the patients
records. This study design is observational, no addi-
tional intervention was performed and ethics approval
was not obtained according to the National Medical
Act and the advice of the responsible ethics commit-
tee.

STUDY PROTOCOL

After at least two weeks on the regimen (median 4
weeks for group 1 and 2, 12 weeks for group 3 respec-
tively) patients underwent a pharmacokinetic assess-
ment following a standardized protocol at steady state
conditions. The schedule of drug intake was docu-
mented by the patients for 6 half-lifes prior to the
pharmacokinetic assessment. In addition all concomi-
tant drug intake had to be documented by the patient
and physician, including daily intake of herbal agents
or nutritive supplements. At the day of the pharmaco-
kinetic assessment fasting trough levels were obtained
immediately before drug intake, followed by a stan-
dardized continental breakfast. Plasma samples were

then collected at 1; 2; 4; 6; 9; 12 hours after the drug
intake, while patients remained in-house.

PHARMACOKINETIC ASSAY

Lopinavir, indinavir and ritonavir plasma concentra-
tions were determined by liquid chromatography-tan-
dem mass spectrometry methods (equipment from
Merck-Hitachi, Germany at Therapia GmbH Berlin,
Germany).  The lower limit of quantification (LLQ)
was 20ng/mL, linearity was proven up to 20000
ng/mL [26]. 

PHARMACOKINETIC EVALUATION

Pharmacokinetic calculations based on plasma con-
centrations which were above the LLQ. Cmin and Cmax
values were read directly from the plasma concentra-
tion-time curves of lopinavir, indinavir and ritonavir
within the standard dosing interval (τ = 12 hours).
The following pharmacokinetic parameters were ob-
tained by using a non-compartmental analysis model:
The AUC (τ) = AUCss (0,12) is the area under the con-
centration-time curve at steady state conditions from
time zero (trough) over the time span of the dosing in-
terval t = 12h, obtained with the logarithmic trape-
zoidal rule. The total clearance of lopinavir, indinavir
and ritonavir was determined by CL tot = D/AUC(t)
assuming complete bioavailability. This implies that
changes in the bioavailability by interaction between
the compounds could not be differentiated from a re-
duction in the clearance by other causes. The elimina-
tion half-life t1/2 is calculated from the elimination
constant λz with the equation

ln2 = 0.69315
t1/2 =  –––    ––––––

λz                 λz

(time) at steady state conditions. All pharmacokinetic
analyses were performed with TOPFIT2.0® [27].

The pharmacokinetic evaluation followed two ma-
jor questions: First of all we calculated the difference
of steady state pharmacokinetic parameters between
the three therapy regimens in order to evaluate poten-
tial interactions between the applicated drugs. Then
we compared the pharmacokinetic parameters of re-
sponders and non-responders to therapy and patients
who stopped therapy due to the experience of drug re-
lated adverse events before week 48. Response to ther-
apy was defined as a sustained increase in CD4 cell
count and a minimum decrease in viral load of >2log10
over 48 weeks. 

STATISTICAL METHODS

Pharmacokinetic parameters were subject to descrip-
tive and exploratory statistics (mean, standard devia-
tion). Primary target variables were the AUCss (τ),
Cmax, Cmin, CLtot and t1/2 of lopinavir, indinavir and ri-
tonavir. The statistical analysis was based on the com-
parison of the primary target variables with the T-test
for the absolute difference between the groups, in-
cluding the Levene variance ratio test for the equality
of group means. Absence of a significant difference
between lopinavir, indinavir and ritonavir exposure be-
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tween groups was suggested when no significant dif-
ference according the T-test, together with a 95% con-
findence interval including 0, was determined. SPSS
11.5 for Windows was used for the statistical analyses
[28, 29].

RESULTS

DISPOSITION OF PATIENTS

The demographics and characteristics of patients at
therapy baseline were comparable for all groups, ex-
cept parameters correlated with pretreatment history
(see Table 1). Mean age was between 41 and 42 years.
The majority was male and caucasian with a compara-
ble bodyweight and CDC-status. Baseline viral load
and CD4 cell count differed between the groups ac-
cording to the variability of length and history of pre-
treatment: Baseline CD4 cell count exhibited a mean
of 129/µl, 215/µl and 196/µl for the groups 1, 2 and
3. Baseline viral load showed a reciprocal relation with
a mean log10 of 4.9,4.3 and 4.76 respectively. Clinical
and laboratory tests did neither detect markedly elevat-
ed liver enzymes nor signs of cirrhosis in any patient
included in the analyses.

In contrast to the control groups, most of the pa-
tients of the indinavir/lopinavir/ritonavir group 1
were multiply pretreated patients. Patients in group 1
showed a mean of 10 previous treatments versus 3
previous treatments in group 2 and a majority of treat-
ment naïve patients in group 3. The majority of pa-
tients in group 1 experienced prior treatment failure
and no patient was treatment naïve at the beginning of
double protease inhibitor treatment. In contrast, 45.7
% of patients in group 2 and 75.8 % in group 3 re-
ceived their first-line therapy in this study. 

The concomitant reverse transcriptase inhibitors
which have been taken in both control groups include
zidovudin (group 2 n = 18; group 3 n = 19), lamivudin
(group 2 n = 31; group 3 n = 27), didanosin (group 2
n = 2;group 3 n = 3), abacavir (group 2 n = 4; group 3
n = 4), tenofovir-DF (group 2 n = 11; group 3 n = 7)
and stavudin (group 2 n = 4; group 3 n = 3). 

PHARMACOKINETICS

Table 2 presents the pharmacokinetic parameters of
lopinavir, indinavir and ritonavir for the different ther-
apy regimens (groups 1, 2 and 3). The plasma expo-
sure of lopinavir exhibits significant differences be-
tween groups 1 and 2 over the entire dosing interval,
when coadministered either with indinavir/ritonavir or
with ritonavir and nucleoside/nucleotide reverse tran-
scriptase inhibitors (Table 2, Fig. 1a). The mean lopina-
vir AUCss was 80912 ng*h/mL in group 1 versus
57395 ng*h/mL in group 2 (difference = +41.0%; p =
0.001). Also mean Cmax (8023 ng/mL for group 1 ver-
sus 6451 ng/mL for group 2, +24.4%, p = 0.030),
Cmin (4633 ng/mL for group 1 versus 3056 ng/mL for
group 2, +51.6%, p = 0.004), T1/2 (12.95 h in group 1
versus 8.9 h in group 2, +45.5, p = 0.010) and CL tot
(94 mL/min for group 1 versus 132 mL/min for the
group 2, -28.8%, p = 0.002) were significantly differ-
ent in both groups. 

Indinavir plasma levels did not exhibit considerable
differences between groups 1 and 3. Mean AUCss was
37617 ng*h/mL for group 1 versus 38607 ng*h/mL
for group 3 (difference = +2.6%), Cmax was 5777
ng/mL for group 1 versus 5754 ng/mL for group 3
(+0.4%), Cmin was 839 ng/mL for group 1 versus 931
ng/mL for group 3 (-9.9%) Also t1/2 and CLtot.  were
comparable between both groups (Table 2, Fig. 1b).
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Table 1. Patients baseline characteristics.

IDV/LPV/RTV LPV/RTV + NRTI IDV/RTV + NRTI
group 1 (n = 24) group 2  (n = 35) group 3 (n = 33)

parameter mean (±SD)      [%] mean (±SD)      [%]         mean (±SD)      [%]

male / female 21/ 3       [87.5  /12.5] 29/6      [82.9/17.1] 23/10  [69.7/20.3]

caucasian/other 21/ 3       [86.7/14.3] 30/5      [85.7/14.3] 30/3    [90.9/9.1]

age 41 (±7) 42 (±7) 41 (±9)

CDC1 C3 13           [54.2] 18         [51.4] 11       [33.3]

B3 6             [25.0] 5           [14.3] 9         [27.3]

A3 3             [12.5] 8           [22.9] 9         [27.3]

A2 or B2 2             [8.3] 4           [11.4] 4         [12.1]

bodyweight 72 (±10) 71 (±13) 73 (±13)

CD 4 129 (±124) 215 (±190) 196 (±168)

log 10  HI-Viral Load 4.90 (±1.06) 4.30 (±1.71) 4.76 (±1.44)

previous treatments 10.3 (±7.5) 2.6 (±3.7) 1.0 (±2.0)

previously taken PI 2.5 (±2.08) 0.7 (±0.8) 0.3 (±0.6)

treatment naive 0 16          [45.7] 25       [75.8]

1Classification according to the Center for Disease Control and Prevention
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Fig. 1. (a) Mean ± SD plasma concentration-time profiles for
lopinavir (LPV) 400mg BID in the presence of  indinavir/ri-
tonavir (IDV/RTV) 1000/100mg BID or ritonavir plus nu-
cleoside/nucleotide reverse transcriptase inhibitor (NRTI)
(b) Mean ± SD plasma concentration-time profiles for indi-
navir (IDV) 1000mg BID in the presence of  lopinavir/riton-
avir (LPV/RTV) 400/100mg BID or ritonavir 100mg BID
plus nucleoside/nucleotide reverse transcriptase inhibitor
(NRTI).
(c) Mean ± SD plasma concentration-time profiles for riton-
avir (RTV) 100mg BID in the presence of  lopinavir/indinavir
(LPV/IDV) 400/1000mg BID or either lopinavir 400mg BID
or indinavir 1000mg BID plus nucleoside/nucleotide reverse
transcriptase inhibitors (NRTI).
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In contrast, ritonavir plasma levels (Table 2, Fig. 1c)
showed significant differences between all groups. The
ritonavir AUCss of group 1 was 6907 ng*h/mL versus
3394 ng*h/mL for group 2 (difference = +103.5%,
p<0.001) and 14707 ng*h/mL for group 3 (+53.0%,
p<0.001). Ritonavir  Cmin was 220ng/mL for group 1
versus 118 ng/mL for group 2 (+86.4%, p = 0.004)
and 517 ng/mL for group 3 (-57.5, p = .001). Cmax re-
flected a comparable correlation and was 1059 ng/mL
for group 1 versus 519 ng/mL for group 2 (+104.0%,
p = 0.025) and 1735 ng/mL for group 3 
(-39.0%, p<0.010). 

EFFICACY OF THE INDINAVIR/LOPINAVIR/RITONAVIR
THERAPY REGIMEN

Regarding response, non-response and early termina-
tion of therapy, we found the following results: The
majority of patients in the lopinavir/indinavir/ritonavir
group (66.7%) did not complete the 48 week period of
treatment. Reasons for discontinuation of treatment
were virological failure (50%) and the experience of ad-
verse events (16.7%). In the lopinavir/ritonavir and
NRTI group the majority of patients (71.4%) complet-
ed 48 weeks of treatment. Five patients who were pro-
tease inhibitor pretreated (14.3%) discontinued treat-
ment before week 48 due to virological failure and two
patients (5.7%) experienced adverse events leading to
early termination of therapy. Two patients discontinued

therapy due to non-compliance  (at week 12 and 24 re-
spectively) and one patient died of a non- disease relat-
ed reason (at week 44). In contrast to these results 17
patients (51.5%) of the indinavir/ritonavir plus NRTI
group did not complete a 48-week period of therapy
and in 15 cases (45.5%) adverse events were the reason
for an early termination of treatment.

We could not find a correlation between drug plas-
ma exposure of any of the measured drugs and virolog-
ical failure of therapy in our study groups. The analysis
of the lopinavir/indinavir plasma exposure of group 1
showed no differences between responders (n = 8,
33.3%) and non-responders (n = 12, 50%): Mean lopi-
navir AUCss was 83503 vs. 78319 ng*h/mL (-6.2%),
Cmin 4549 vs. 4718ng/mL (+3.6%) and Cmax were 8209
vs. 7836 ng/mL (+4.8%). Mean indinavir AUCss was
38810 vs. 36423 ng*h/mL (-6.2%), Cmin 828 vs. 851ng/
mL (+2.8%) and Cmax were 6041 vs. 5513ng/mL (-9.6
%). Despite high protease inhibitor plasma levels, most
of the non-responders emerged in group 1. The evolu-
tion of CD4 cell count and viral load is described by
Figures 2a and 2b in the as-treated analysis.

SAFETY OF THE INDINAVIR/LOPINAVIR/RITONAVIR
THERAPY REGIMEN

Although the plasma levels of indinavir were compara-
ble, the number of patients discontinuating therapy
before week 48 due to therapy-related adverse events
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Fig. 2. (a) Mean (±SD) viral load decline in the as-
treated analysis. 
(b) Mean (±SD) CD4 cell count in the as-treated
analysis.
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differed markedly between group 1 (indinavir/lopina
vir/ritonavir: n = 3, 12.6%) and group 3 ( indinavir/ri-
tonavir plus NRTI; n = 15, 45.5%).  Differences were
found between the indinavir plasma drug levels of pa-
tients who discontinuated treatment  due to emerging
adverse events and patients completing 48 weeks of
teatment in group 3 only: Mean indinavir AUCss was
44766ng*h/mL vs. 32721ng*h/mL (difference =
+36.8%; p = 0.036) and Cmax 6597ng/mL vs.
4912ng/mL (+34.3%; p = 0.014). Differences in
group 1 concerning the plasma exposure inpatients dis-
continuating treatment were non-significant: Mean in-
dinavir AUCss was 42724ng*h/mL vs.36595 ng*h/mL
(difference = +16.7%) and Cmax 6888ng/mL vs.
5554ng/mL (+24%). Also ritonavir plasma concentra-
tions were not significantly different between patients
who discontinuated treatment due to adverse events or
those who completed 48 weeks of treatment (mean
AUCss 16369ng*h/mL vs. 13649ng*h/mL, difference
= +20.0%; mean Cmax 1974ng/mL vs. 1550ng/mL,
+27.3%; mean Cmin 678ng/mL vs. 399ng/mL, +70.0%,
p = 0.08). In addition there was no correlation detect-
ed between lopinavir levels and premature discontinu-
ation of therapy.

EMERGENCE OF SEVERE ADVERSE EVENTS

The emergence of severe adverse events leading to the
early termination of treatment differed markedly be-
tween the compared regimens. 4 patients (16.7%) of
the indinavir/lopinavir/ritonavir group discontinued
treatment due to skin-related  adverse events such as
xerodermia (n = 2; 8.3%), panaris (n = 1; 4.2%) and
alopecia (n = 1; 4.2%). Only 2 patients (6.0%) taking
lopinavir/ritonavir plus NRTI discontinued therapy
showing up with a skin rash (n = 1; 3.0%) and contin-
uous diarrhea (n = 1; 3.0%). Whereas 15 patients
(45.5%) taking indinavir/ritonavir plus NRTI stopped
the treatment due to skin rash (n = 3; 8.6%), xeroder-
mia (n = 2; 5.7%), hyperbilirubinemia (n = 1; 2.9%),
increase of creatinine (n = 1; 2.9%), continuous vomit-
ing (n = 4; 11.4%), kidney stone or renal colic (n = 2;
5.7%), lipodystrophy (n = 1; 2.9%) or sexual dysfunc-
tion (n = 1; 2.9%).

DISCUSSION

To date, a number of pharmacokinetic studies on dif-
ferent combinations of boosted protease inhibitors
have been performed, either with or without the addi-
tion of reverse transcriptase inhibitors. Therapy regi-
mens combining amprenavir and lopinavir/ritonavir
have resulted in complex pharmacokinetic interac-
tions, so that dose adjustments were recommended
[14, 21, 23, 30, 31]. The ACTG study A5143 was even
closed to enrolement because pharmacokinetic data
showed a significant decrease of plasma levels of
lopinavir and amprenavir in a combination of
lopinavir/ritonavir 400/100mg and fosamprenavir
700mg twice daily [16]. Also the new protease in-
hibitor tipranavir decreased plasma levels of lopinavir,
ritonavir, saquinavir and amprenavir significantly [32].
In contrast, a boosted double protease inhibitor com-
bination of saquinavir/lopinavir/ritonavir 1000/400/

100mg  exhibited no influence of either saquinavir on
lopinavir and vice versa [1, 4]. And therapies contain-
ing atazanavir, saquinavir and ritonavir turned out with
pharmacokinetic data, suggesting their benefit for pa-
tients who need to achieve high plasma drug levels [5,
6]. We also took into acount, that the influence of in-
dinavir on CYP3A4 has been described, exhibiting a
considerable inhibitory potency (Ki for CYP 3A4 =
0.17 ± 0.01 microM) which may be combined in a
double protease inhibitor therapy with the low-dose ri-
tonavir boosting effect [7, 33]. As a result, our obser-
vational study investigated the pharmacokinetic and
pharmacodynamic interactions within a boosted dou-
ble protease inhibitor therapy of lopinavir/ritonavir
400/100mg plus indinavir 800mg twice daily in the ab-
sence of reverse transcriptase inhibitors in therapy ex-
perienced patients.

LOPINAVIR/RITONAVIR LEVELS ARE ENHANCED WHEN
COMBINED WITH INDINAVIR

The key finding of the pharmacokinetic analysis was
the significant enhancement of plasma levels of
lopinavir and ritonavir, when coadministered with in-
dinavir, while the overall plasma concentrations of in-
dinavir showed no differences when administered with
or without lopinavir. Kilby et al. have described the
correlation between ritonavir doses of 100, 200 or
400mg and protease inhibitor boosting effect in volun-
teer pharmacokinetic drug interaction studies. A
strong effect of any dose of ritonavir on Cmax and Cmin
of saquinavir but no greater effect of higher versus
lower ritonavir dosages on either parameter was found
[34]. This agrees with previously published data, un-
derscoring the dissociation between plasma exposure
of ritonavir and pharmacoenhancing effect on
saquinavir and lopinavir. Even very low ritonavir plas-
ma concentrations sufficiently enhanced saquinavir
and lopinavir plasma concentrations [1, 35]. Therefore
we can assume that higher lopinavir levels in combina-
tion with indinavir and ritonavir (800/100mg twice
daily) are due to the fact that indinavir itself works as a
second booster [34] for lopinavir (1,37–fold plasma
exposure in the presence of indinavir) rather than the
elevated ritonavir plasma exposure.  As the twice daily
intake of indinavir 400mg in combination with
lopinavir/ritonavir 400/100mg described by Isaak et
al. did not significantly alter the median lopinavir PK
parameters [22], the higher indinavir dose of 800mg
may have had an impact on lopinavir plasma exposure
in our study population. 

Also ritonavir plasma exposure exhibited significant
differences between all three groups. The comparably
low ritonavir levels in combination with lopinavir
(group 2) are well described [1, 15, 16, 35-38]. As ex-
pected ritonavir plasma levels were significantly higher
when combined with lopinavir/indinavir or indinavir
alone compared to a combination with lopinavir and
NRTI. This leads to the assumption, that low ritonavir
levels result from a CYP 3A4 enzyme induction by
lopinavir which is partially superseded by the inhibiton
of the same enzyme by indinavir.  Even so low riton-
avir levels sufficiently enhance indinavir plasma expo-
sure in patients. 
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BOOSTED DOUBLE PROTEASE INHIBITOR
THERAPIES

Focusing the discussion on boosted double protease
inhibitor therapies it should be taken into account,
that the interactions of more than two protease in-
hibitors are hard to predict. This is not only due to the
fact that all protease inhibitors are substrates of
CYP450. Also yet unknown mechanisms of interac-
tion of the cytochromes or drug transporters in the
gastrointestinal mucosa or the target tissues may play a
role, possibly influencing resorption and distribution
of lopinavir and indinavir in human compartments. A
modulation of P-glycoprotein function by protease in-
hibitors has allready been shown in human lympho-
cytes and cell-monolayers [39] and the inhibition of P-
glycoprotein or multidrug resistance-associated pro-
teins increased the saquinavir brain uptake in mice sig-
nificantly [40]. And it has been described that plasma
concentrations of some protease inhibitors as sub-
strate of P-gp are influenced by either genotypes en-
coding P-gp expression in human cells or P-gp inhibi-
tion by comedication [39-46]. As mentioned before
there are various examples for drug-drug interactions
in protease inhibitor combinations, which were de-
scribed but finally not yet explained.

CORRELATIONS BETWEEN INDINAVIR/RITONAVIR
PLASMA EXPOSURE AND ADVERSE EVENTS

Concerning possible pharmacodynamic effects of the
pk-interactions, the increased levels of lopinavir,
which could cause a higher rate of gatrointestinal side
effects or elevated plasma lipids [12, 47-49]  were ex-
pected to be a limitation of the treatment in combina-
tion with indinavir. This concern has indeed not been
confirmed in this study. Regarding the markedly high-
er plasma exposure of lopinavir, it was not related to a
significant occurrence of severe drug related adverse
events: All four adverse events resulting in early ter-
mination of indinavir/lopinavir/ritonavir treatment
were consistent with commonly reported indinavir-re-
lated adverse events (xerodermia, panaris and alope-
cia). 

On the other hand plasma drug levels of indinavir
showed differences between patients experiencing or
not experiencing adverse events severe enough to
stop treatment. Despite comparable mean indinavir
plasma levels in both indinavir containing regimens, a
significantly smaller number of patients stopped ther-
apy due to adverse events in the
indinavir/lopinavir/ritonavir group. This may be ei-
ther a result of the increased acceptance of drug relat-
ed adverse events by patients being treatment-experi-
enced or due to the influence of the comedication
with nucleoside/nucleotide reverse transcriptase in-
hibitors or ritonavir. Particularly as significantly higher
ritonavir plasma levels were detected when coadminis-
tered together with indinavir and nucleoside reverse
transcriptase inhibitors. Although most of the report-
ed adverse events were presumably related to the ex-
posure of indinavir this may have had an additional
effect on the cumulation of drug related adverse
events in this treatment group.

We have to be aware of the limitations of this study,
which was not designed to prove a direct correlation
between drug plasma exposure and the occurrence of
severe adverse events in single patients. The pharma-
cokinetic assessment was performed around  week 4
while the described adverse events occurred at any
time during the following 44 weeks.

NO EVIDENCE OF CORRELATION BETWEEN PLASMA
DRUG LEVELS AND EFFICACY

We could not find a correlation between drug plasma
exposure of indinavir and lopinavir and virological
failure of therapy in the boosted double protease in-
hibitor regimen. Rather than the -comparably high-
plasma drug levels other factors may play a role in de-
veloping viral resistance in extensively pretreated pa-
tients such as the number of protease inhibitor resis-
tance mutations allready existing as a result of prior
treatment [50]. Replaced by protease inhibitor-suscep-
tible virus at time of the beginning of therapy these
virus strains may be reselected under a protease in-
hibitor only therapy. 

PHARMACOKINETIC STUDIES IN OUTPATIENTS

Although studies in outpatients are not common for
the investigation of drug-drug interactions or pk/pd-
correlations, this sampling strategy followed a stan-
dardized protocol, which was designed to assess com-
parable data from patients in an ambulatory setting.
The sample size as well as the normal distribution of
values in the tested groups points should have limited
the influence of intraindividual variability on the re-
sults, which has been reported recently [51]. Therefore
the interindividual range of plasma drug levels in this
study is representative and was not rejected as a bias.
Furthermore it points to the necessity of therapeutic
drug monitoring and its potential benefit for the single
patient [52, 53]. If warranted therapeutic drug moni-
toring should follow a standardized protocol and be
repeated frequently.

SUMMARY AND OUTLOOK

Keeping in mind the limitations of this observational
study design and the comparably small number of
participants we can carefully state that lopinavir/ri-
tonavir 400/100mg plus indinavir 800mg twice daily
is a boosted double protease inhibitor combination
of virologically potent compounds with an adequate
saftey but only short term efficacy for protease in-
hibitor treatment experienced patients. As the evalu-
ated groups are not comparable regarding pretreat-
ment history and clinical baseline data, purely de-
scriptive data on viral load and CD4 cell count are
presented. We could not find a correlation between
plasma exposure of indinavir or lopinavir and viro-
logical success of the boosted double protease in-
hibitor therapy regimen. Higher lopinavir levels in
this combination did not admittedly improve therapy
outcome: Only 33.3 percent of patients finished a 48
week period of treatment. Virological failure oc-
curred mostly between week 12 and 24 (n = 10,
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41.7%), two cases were reported after week 36
(8.3%). This boosted double protease inhibitor thera-
py regimen must be seen in a historic context and
must be compared to other boosted double protease
inhibitor combinations [54] such as lopinavir/sa-
quinavir/ritonavir or atazanavir/saquinavir/ritonavir
which are available today.
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