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The aim of this study was to correlate results of therapeutic drug monitoring, genotypic resistance and
viral response to lopinavir/ritonavir (LPV/r) or saquinavir/ritonavir (SQV/r) containing antiretroviral
regimens. The retrospective short-term study included 20 patients with LPV/r and 20 patients with SQV/
r containing highly active antiretroviral therapy (HAART). At baseline 7 LPV/r patients and 10 SQV/r
patients had CD4+T cell counts above 410 cells/Ill. After 6 months CD4+T cells had doubled in 5 LPV/r and
2 SQV/r patients. In LPV/r patients the mean serum concentration oflopinavir (LPV) was 2.6 ppm and 67 %
of all LPV/r samples had 50 or fewer viral copies/ml. In SQV/r patients the mean serum concentration of
saquinavir (SQV) was 2.1 ppm. 79% of all SQV/r samples had 50 or fewer viruses/ml. Pharmacoenhanced
regimens efficiently suppress human immunodeficiency virus type 1 (HIV -I) and the risk of developing
resistance mutations is therefore reduced. The implementation of drug monitoring is an additional tool to
determine optimal treatment conditions.

Protease Inhibitors (PIs) have significantly
changed antiretroviral therapy. With their
introduction impressive long term effects regarding
viral suppression have been achieved. Treatment
guidelines recommend the use of PIs for initial
therapies in HIV-1 infected individuals (l).

The HIV protease targets amino acid sequences
in the gag and gag-pol polyproteins, which need to
be cleaved before nascent viral particles can ma
ture (2). All PIs are metabolised by cytochrome
p450 (CYP 450) isoenzyme 3A4 present in the
liver and small intestine. CYP 450 is responsible
for numerous interactions between PIs and other
drugs. Serum concentrations are decreased by
coadministration of CYP3A4 inducers or increased
by CYP3A4 inhibitors (3). Certain combinations

of PIs can exploit these pharmacokinetic interactions
in order to improve the plasma pharmacokinetic
profile of the boosted drug (4). Ritonavir (RTV) at
low doses is used as a booster agent
(pharmacoenhancer) when co-administered with
another PI, for example with SQV or LPV.

Pharmacoenhanced treatment regimens have
several advantages: higher drug exposures provide
increased antiretroviral effects, the genetic barrier
can be raised (4), and an increased concentration
in the central nervous system as well as other body
compartments can be achieved. Furthermore, these
PI combination therapies reduce the pill burden.
Additionally they widen the range of "salvage"
therapy settings.
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Therapeutic drug monitoring (TDM) is a helpful
tool to avoid supratherapeutic antiretroviral serum
levels, which might cause side effects (5-7). There
are significant interindi vidual differences
concerning pharmacokinetics, such as intestinal
activity, inflammation, liver and renal function,
body mass indices or sex.

In the case of drug levels being too low,
escape mutants are likely to occur. The major
amino-acid mutations associated with clinical
resistance have been mapped to the protease and
reverse transcriptase enzymes (8). In general, initial
single amino acid mutations yield only a slight
chance, by less than a factor of 5, of reduced drug
sensitivity (9-10). However, secondary mutations
that may accumulate in viral subsets of HIV
infected individuals may cause high-level drug
resistance. In addition, cross resistance mutations
among PIs frequently occur in these patients (11
12). Having acquired resistance to PIs, viral load
levels and CD4+T cell counts may return to
pretreatment values.

Pharmacological studies are required in order
to evaluate several factors influencing virologic
responses to LPV Ir- and SQVIr-containing
antiretroviral regimens. The aim of this study was
to evaluate the importance of serum drug levels in
response to combination therapies containing LPV I
r or SQVIr regimens.

MATERIALS AND METHODS

Patients
A non-randornised, single-centre, retrospective,

short-term study was performed. Forty patients, older
than 18 years, at different clinical stages of HIV-I
infection were included. Their viral load levels were
below 6.1 log 10 copies/ml. Exclusion criteria were
active cytomegalovirus, toxoplasmosis or tuberculosis
infection and pregnancies

All 40 patients were treated with 2 nucleoside
reverse transcriptase inhibitors (NRTIs). Half of the
patients were additionally administered LPV and RTV
(400mg/ IOOmg) twice a day, while the second half was
treated with SQV and RTV (I OOOmg/lOOmg) twice a
day. Determination of PI serum levels and virologic
response parameters were performed regularly every 3
months - at baseline and then at least twice more. In
order to measure drug levels, blood samples were taken
from the patients two hours after drug administration

(C
max

[ppm]). Baseline data, including age, sex, history
of antiretroviral treatment and progression to acquired
immunodeficiency syndrome (AIDS) according to CDC
(Centre of Disease Control) guidelines were determined.
Four patients were randomly chosen from each group
and their serum level determined prior (C

Ill Il1
[ppm]) and

two hours post (C
max

[ppm]) drug administration. The
local ethic commission at the University Innsbuck
approved the study.

Virologic and immunologic parameters
HIV -I-RNA quantification was performed using

the Cobas Amplicor HIV -I Monitor Test (Roche
Molecular Systems, Brachburg, NJ, USA) according to
the manufacturer's instructions. Lymphocyte subsets
were determined as described by Zangerle et al. (13),
who defined the lowest non-pathologic limit with 410
CD4+T cells/ul. Urinary neopterin was determined as
previously described (14) and 161 umol/rnol was
recommended as the highest normal limit.

Genotypic mutation analysis
In order to detect mutations viral protease genotypes

were performed using primer [5'-CTC AGG TCA CTC
TTT GGC AAC-3'] and primer [5'-GTA TGG TAA
ATG CAG TAT ACT TCC-3 '] as described previously
(15-16).

Sequencing reactions were performed using the
Prism Big Dye Terminator Cycle Sequencing Ready
Reaction Kit (PE Biosysterns, Foster City, CA) (17).
DNA was loaded on aCE 310 Genetic Analyser (PE
Biosystems, Foster city, CA) and electrophoresis was
conducted according to the manufacturer's
recommendations. Analysis was performed using ABD
Prism Sequencing Analysis Software, Version 3.0, and
Sequence Navigator Software, Version 1.0.1 (Perkin
Elmer, Norwalk, CT).

The PI resistance-associated-mutations complied
by Shafer (8) were identified manually comparing
nucleotide viral sequence derived from these patients
with the wild-type-strain HIV NL4-3 (accession number:
M 19921). Genotypic results were confirmed by another
independent laboratory, where viral isolation,
amplification and sequencing procedures were separately
performed.

Serum level measurements

Prior to high performance liquid chromatography
(HPLC) analysis, serum samples were filtered to remove
debris and preconcentrated by solid-phase extraction
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(SPE) with C2 cartridges (Varian, Harbor Cityt, CA,
USA). HPLC analyses were performed as published
previously (I8) using a Zorbax SB-C 18 protected by a
guard column (Zorbax SB-C 18 guard carts, Agilent
Technologies, Vienna, Austria). Absorbance detection
of SQV and RTV was performed at 210 nm, detection
of LPV was carried out at 239 nm.

Statistical analysis
Correlations of viral load level, CD4+T cell counts

and neopterin levels of the two different therapeutic
groups were calculated with either Chi-Quadrat (Pearson)
or with the Fishers exact test. P values were calculated
and a value < 0.05 was considered statistically significant.

RESULTS

In this study 40 HIV-positive individuals were
investigated. The majority of these patients were
sexually infected (Table I). Treatment histories
prior to initiation of pharmacoenhanced regimens
were comparable in both therapy groups (Table I).
Due to virologic failure or side effects their treatment

regimens were switched to either LPV/r or SQV/
r combined with two NRTIs.

Patients in the LPV Ir group had baseline mean
RNA levels of 2.4log l0copies/ml (Fig. 1a) and in
the SQV /r group of 2.3 log., copies/ml (Fig. 1b).
After 3 months of treatment with these two different
pharrnaco-enhanced regimens LPV /r and SQ V/r
patients exhibited mean viral load levels of 2.1
log 10 copies/ml and 1.9log locopies/ml,respectively.
After six months the mean viral load levels were
1.9 log 10 copies/ml and 1.7 log 10 copies/ml for the
LPV/r and SQV/r group patients, respectively. It
has to be emphasized, that data points representing
viral loads below 1.69 loglo copies/ml (detection
limit of 50 copies/ml) are drawn at an arbitrary
level of 1 log., copies/ml in the graphs. However,
the calculated geometric mean values were obtained
by setting these values to 1.69 loglo copies/ml to
avoid a false positive trend.

At the time of inclusion, 7 LPV/r-patients and
10 SQV/r-patients (Tab. II) had CD4+T cell levels
of more than 410 cells/ul (range, LPV/r: 4-589
CD4+T cells/til; SQV/r: 72-1500 CD4+T cells/~).

Table I. Baseline LPV/r SQV/r
characteristics of the 20
patients of the LPVlr Age (years) [mean (range)] 38.5 (25-52) 40.4 (28-59)

combination therapy and
Female sex (%) 5 0 25

the 20patients ofthe SQVI
r combination therapy. HIV transmission rate (%)

• haemophile 5 0

• homosexual contact 30 35

• heterosexual contact 30 30

• injecting drug use 35 35

Duration of prior antiretroviral therapy (months)

[mean (range)]

• PIs 23.2 (0-53) 19.2 (0-52)

PIs. protease inhibitors;
• NRTIs 38.6 (0-110) 40.1 (2-86)

NRTIs. nucleoside

reverse transcriptase
• NNRTIs 1.3 (0-8) 2.7 (0-17)

inhibitors; NNRTIs. non-
nucleoside reverse Stage of disease - AIDS (%) 8 5 65
transcriptase inhibitors.
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Fig. 1. Development ofviral load
levels [log}lml in the LPVlr and

in the SQVlr group.
Vertical bars present viral load
levels. In the LPVlr and in the
SQVlr group mean viral load levels

were decreasingfrom 2.4 log and
2.3 log at the beginning, to 2.1
log and 1.91og after 3 months of
pharmacoenhanced therapy and
to 1.9 log and 1.7 log after 6
months.
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After 6 months of pharmacoenhanced treatment
regimens 9 patients in the LPV/r group and 14
patients in the SQV/r group displayed C04+T cell
levels above 410 cells/pl.

As indicated in Table III, 5 LPV/r and 2 SQV/
r patients had doubled their C04+T cell counts
within this time period. Viral load reductions of
more than 2 log., copies/ml were observed in 3
patients in the LPV/r group and 5 patients in the
SQV/r group. Neopterin levels developed very
similarly in both groups - at baseline one patient
in each group (Tab. 11) had less than lol umol/rnol
(range, LPV/r: 113-956 umol/mol; SQV/r: 125
717llIDollmol). Having received pharmacoenhanced
antiretroviral therapy for 6 months, 5 patients in
the LPV/r and 6 patients in the SQV/r group had

neopterin levels below 161 umol/mol. Reductions
of urine neopterin levels of more than 200 umol/
mol (Table III) were observed in 4 LPV/r patients
and 3 SQV/r patients during the course oftreatment.

Genotypic mutations: it was possible to perform
genotypic resistance analysis in 4 LPV/r-patients
with 10 serum samples taken at different time
points. In one patient a mutation was identified at
position 33. The nonpolymorphic mutation L33F
can enhance resistance to compounds such as
indinavir (lOV), amprenavir (APV) and LPV (8).
In some patients mutation M46L and I47V could
be detected as well. They may be associated with
reduced drug susceptibility towards IOV, RTV,
APV and LPV, when other additional mutations
are present. There was no patient in this group
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Table II. CD4+T cells and Neopterin levels.

CD4+T cells: > 4101,.tl (n=20) Neopterin: < 161 umol/mol (n=20)

LPV/r SQV/r p-va1ues LPV/r SQV/r p-va1ues

Baseline 7 10 0.5 1 1 1

3 months 10 14 0.3 3 4 1

6 months 9 14 0.2 5 6 1

A higher but not statistically significant number ofpatients with SQV/r containing antiretroviral treatment had
CD4+T cells counts above 41O/f.ll compared to patients with LPV/r containing regiments. Considering neopterin
levels no differences between the two study groups could be determined.
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Fig. 2. Correlation of serum level
measurements [ppm] with viral load
levels [copies/ml].
Vertical bars present mean serum
concentrations at all points oftime with
the exception of baseline parameters.
The majority ofpatients had no detectable
viral load levels with 2.6 ppm in the
LPV/r group and with 2.1 ppm in the
SQV/r group. Mean drug concentrations
were measured in the LPV/r patients
with 2.0 ppm and in SQV/r patients with
2.2 when viral load levels were between
50 and 200 copies/mi. Few patients had
more than 200 viral copies/ml. In this
case, mean LPV drug concentrations
were 0.8 ppm and mean SQV drug
concentrations were 1.3 ppm.
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Table III. Summary of developments of CD4+T cell counts, viral load levels and neopterin levels
within the study period.

CD4+T cell increase: <50%

CD4+T cell increase: 50-100%

CD4+T cell increase: > 100%

Viral load reduction: <1 loglO

copies/ml

Viral load reduction: 1-2 log]()

copies/ml

Viral load reduction: >2 log lO

copies/ml

Neopterin reduction: < 100 urnol/rnol

Neopterin reduction: 100-200

umol/rnol

Neopterin reduction: >200 umol/mol

LPV!r

12

3

5

11

6

3

10

6

4

SQVr

12

6

2

9

6

5

10

7

3

CD4+T cell increased more than 100% in 5 patients ofthe LPV/r compared to 2 patients in the SQV/

r group. Viral load reductions ofmore than 2 log 10 copies/ml were observed in 3 LPV/r patients and
in 5 SQV/r patients. 4 LPV/r and 3 SQV/r patients had significant neopterin reductions ofmore than

200 umol/mol during the observation period.

with more than 2 changes in the PI genome which
were related to decreased protease sensitivity.

Due to low viral load levels in the SQV/r
group, genotypic resistance analysis could be
performed in only 3 patients with 6 serum samples.
Aminoacid changes were detected in positions 33
and 46. Surprisingly, there was no resistance
mutation directly associated with SQV. For
genotypic resistance analysis lowest viral
amplification limit was 2.6 Iog, RNA copies/m!.

Therapeutic drug monitoriug.ui all 40 patients
therapeutic drug monitoring was performed by
HPLC. Serum samples were taken from patients at

baseline, after 3,6, and in several cases also 9 and
12 months later. LPY and SQY levels were
determined and their concentrations [ppm] were
correlated with viral load levels. In the LPY/r
group the mean serum concentration of LPY was
2.6 ppm and 67% of all LPY/r samples had 50 or
fewer viral copies/ml (Fig. 2a). In the SQY/r
group the mean serum concentration of SQY was
2.09 ppm and 79% of all SQYIr samples also had
50 or fewer copieslml (Fig. 2b). Complete
suppressive viral response had not been achieved
when the mean serum concentration of LPY was
2.0 ppm in the LPYIr group as viral load levels
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were between 50 and 200 copies. When viral load
levels were higher than 200 copies/ml (9
measurements), median lopinavir concentrations
were 0.8 ppm.

Low dose RTV was measured in 65% of all
LPV serum samples with a mean concentration of
0.3 ppm whereas it was detectable in 90% of all
SQV serum samples with a mean concentration of
0.8 ppm.

Additionally, four patients were randomly
chosen from each group and their serum level
determined prior and two hours post drug admini
stration. These results were correlated with current
viral load levels (Table IV). In one patient of each
group drug serum levels increased less than 0.5
ppm within two hours. Nevertheless, none of these
8 patients had more than 200 viral copies/ml.

Patients with high detectable serum levels
suffered adverse effects such as tiredness (7 LPV/
r patients, 6 SQV/r patients; data not shown),

diarrhoea (6 LPV/r patients, 0 SQV/r patients) and
nausea (3 LPV/r patients, I SQV/r patient). It is to
note that the patient who had highest lopinavir
levels (7.3 ppm) suffered particularly from these
effects. Statistical analyses showed that diarrhoea
occurred significantly more often after treatment
with lopinavir than with saquinavir (p=0.02, Fishers
exact test, data not shown). However, taking into
consideration other side effects, resistance
developments, virologic and immunologic
parameters both lopinavir and saquinavir in
combination with ritonavir containing antiretroviral
regimens achieved similar results.

DISCUSSION

In patients treated with either LPV or SQV
containing antiretroviral regimens, drug serum
levels, genotypic resistance mutations, virologic
and immunologic parameters were determined.

Table IV. Serum levels ofLPV and SQV were determined prior (C
m

;" [ppm]) and 2 hours post (C
m

" , [ppm]) drug
administration. In one patient in each group serum levels rose less than 0.5 ppm.

Patients Cmin [ppm] Cmax[ppm] DC Viral Load [log]

LPV/r-Ol 2.3 2.8 0.5 0.6

LPV/r-05 n.d.* 1.3 1.3 1.3

LPV/r-06 0.6 1.3 0.7 1.6

LPV/r-20 1.7 3.2 1.5 1.5

SQV/r-03 0.5 0.6 0.1 2.0

SQV/r-05 1.6 2.7 1.1 1.6

SQV/r-09 0.3 0.8 0.5 n.d.*

SQV/r-ll 1.0 7.3 6.3 1.6

*n.d. (not detected)
LPV levels increased in the patients between 0.5 and 1.5 ppm, the SQV drug concentrations varied between 0.1
and 6.3 ppm. The levels of the antiretrovirals were determined two hours after administration by HPLC as
described in the Materials and Methods section.
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The duration of exposure to different classes of
antiretrovirals was comparable between LPVIr
and SQV/r patients (Table I). There was a slight,
although not significant difference between the
two study groups.

The virologic response parameters obtained
in this study indicated that there are very few
differences when comparing treatment success.
After 6 months of pharmacoenhanced antiretroviral
regimens 9 patients in the LPV/r group and 14
patients in the SQV/r group had CD4+T cell levels
of more than 410 cells/ul (Table 11). During these
6 months the CD4+T cell level doubled in 5 LPV/
rand 2 SQV/r patients (Table III). Both LPVIr and
SQV/r containing antiretroviral regimens seemed
to be very efficient. Due to pharmacoenhanced
antiretroviral therapies mean viral load levels in
both study groups had decreased by more than 0.5
log., copies/ml (Fig. I) within 6 months. A reduction
of viral load levels of more than 2 log., copies/ml
could be found in 3 LPV /r and 5 SQVIr patients
(Tab. III) within this time period.

As indicated in Fig. 2a, 67% of all viral load
measurements in the LPV /r group were below 50
copies/ml and 79% were under the limit ofdetection
in the SQVIr group (Fig. 2b). Furthermore patients
with undetectable viral load levels had mean drug
concentrations of 2.6 ppm for lopinavir and 2.1
ppm for saquinavir in pharmacoenhanced treatment
regimens.

Some patients in the LPV/r group had very
low or even no detectable drug serum levels. 5 out
of 9 LPV/r patients had viral load levels higher
than 200 copies/ml and undetectable serum levels
(Fig. 2a). Thus in patients who received LPV/r,
drug levels seem to correlate with viral load. In the
SQV/r group (Fig. 2b) patients with more than 200
viral copies/ml had mean SQV levels of 1.3 ppm
indicating that despite detectable amounts of SQV
in the serum viral replication was not completely
suppressed. Since no SQV mutations were detectable
in the protease genome of patients' isolates, other
reasons such as mutations in the reverse transcriptase
genome may be responsible for this incomplete
suppression.

Serum levels determined in this study were in
accordance with HPLC data published by Langmann
et al. (19) and Boffito et al. (20). In their study
responders had 5.9 ± 1.8 ug/rnl of detectable
lopinavir. When analysing results of serum level

concentrations prior (C . [ppm]) and two hours
01111

post drug administration (C
max

[ppm]) (Tab. IV),
in one patient of each group minor rising drug
levels were detected «0.5 ppm). Surprisingly,
these two patients had fewer than 200 viral copies/
mi. The reasons for this phenomenon are unknown
and may be due to delayed resorption of the
compound.

TOM provides valuable information to
clinicians as there are a number of factors that
influence a successful therapy. Serum levels may •
be affected by high interpatient variabilities which
are due to differences in resorption, metabolism
and elimination of the antiretrovirals. Additional
important factors are food intake, diarrhoea and
renal as well as liver activity, which may be
decreased by coinfections such as hepatitis C,
liver dysfunctions or cirrhosis (21). Furthermore,
sex, body mass indices, and drug-drug interactions
may also influence drug serum levels (22).
Nowadays pharmacoenhanced treatment regimens
take advantage of pharmacokinetic boostering
effects by inhibiting CYP 450. Enhanced drug
levels may cause unnecessary side effects.
Nevertheless, suboptimal drug levels cause reduced
antiretroviral efficacy and may promote the
development of resistance mutations.

Genotypic resistance analyses in this study
showed, that in patients with viral load levels
higher than 2.610g lo copies/ml only 3 patients had
acquired mutations in position 46 or 47. Amplifying
low viral load levels (2.610g lo copies/mI), the risk
of multiplying non representative quasi species is
increased. However, in 16 serum samples the only
mutations directly associated with PI resistance
were detectable in positions 46 and 47.

The 46 or 47 mutation alone does not induce
resistance towards LPV, however, in combination
with mutations in positions 50,82,84, and 90 LPV
will have reduced suppressive effects (8, 23).
Surprisingly, in the SQV/r study group no SQV
mutation was detectable at all. These genotypic
results may indicate that RTV-boostered regimens
raise the genetic barrier (4) and reduce the possibility
of mutation developments. Some RTV mutations
[46,47,32] could be detected in both study groups.
As RTV is the booster substance in these
combination regimens rather than the suppressive
drug, these mutations seem to have no negative
effect. Problems may occur in cases where RTV is
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subsequently applied as the suppressive substance.
Due to different mutation patterns of LPV and

SQV, each ofthese PIs may be an alternative drug,
for substituting each other.

In order to follow clinical progression
parameters, viral load levels, CD4+T cell counts,
and neopterin levels were determined at baseline
and then every 3 months. Human monocytesl
macrophages appear to constitute the most relevant
source of neopterin (24) when activated with
interferon-v (INF-)'). Therefore the production of
neopterin closely correlates with INF-)'
concentrations (25) and the activation of cell
mediated immunity. Thus neopterin provides useful
diagnostic and prognostic information as well as
insight into disease progression. Although neopterin
levels correlate with HIV infection (26-27), this
soluble marker is not HIV specific and is also
increased during other viral infections or infections
with intracellular bacteria such as mycobacteria
tuberculosis.

There were no significant differences between
neopterin level developments of patients in the
LPV Ir and in the SQV Ir group (p= I, Fishers exact
test). In both groups neopterin levels decrease
indicating that both regimens are successful. A
reduction of neopterin levels of more than 200
mgldl was observed for 4 patients in the LPV Ir
group and 3 patients in the SQV Ir 3 during the
study (Table III).

The use of RTV as a boostering agent is
increasingly used in clinical practice nowadays as
this approach has several advantages. Interpatient
variabilities can be diminished (4), twice- or possibly
once-daily applications are enabled and these
treatment regimens are not necessarily food
dependent. In addition, pill burden can be reduced
and, as a consequence, the costs are lowered as
well.

Pharmacoenhanced regimens represent a good
strategy in active antiretroviral treatment, which
appears to be very efficient. Further investigations
will be required in order to determine serum doses
to prevent on the one hand mutation developments
of viral particles and on the other hand unnecessary
side effects.

As the present study is limited in scale a more
detailed evaluation will be necessary in order to
prove assumptions concerning therapeutic drug
monitoring. However, the data obtained from the

investigated patients give good indications of
correlations ofdrug serum levels, viral progression
parameters and genotypic resistance.
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