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The genotypic inhibitory quotient (GIQ) has been proposed as a way to integrate drug exposure and
genotypic resistance to protease inhibitors and can be useful to enhance the predictivity of virologic response
for boosted protease inhibitors. The aim of this study was to evaluate the predictivity of the GIQ in 116 protease
inhibitor-experienced patients treated with lopinavir-ritonavir. The overall decrease in human immunodefi-
ciency virus type 1 (HIV-1) RNA from baseline to month 6 was a median of �1.50 log10 copies/ml and 40% of
patients had plasma HIV-1 RNA below 400 copies/ml at month 6. The overall median lopinavir study-state Cmin
concentration was 5,856 ng/ml. Using univariate linear regression analyses, both lopinavir GIQ and the
number of baseline lopinavir mutations were highly associated with virologic response through 6 months. In
the multivariate analysis, only lopinavir GIQ, baseline HIV RNA, and the number of prior protease inhibitors
were significantly associated with response. When the analysis was limited to patients with more highly mutant
viruses (three or more lopinavir mutations), only lopinavir GIQ remained significantly associated with
virologic response. This study suggests that GIQ could be a better predictor of the virologic response than
virological (genotype) or pharmacological (minimal plasma concentration) approaches used separately, espe-
cially among patients with at least three protease inhibitor resistance mutations. Therapeutic drug monitoring
for patients treated by lopinavir-ritonavir would likely be most useful in patients with substantially resistant
viruses.

The development of human immunodeficiency virus (HIV)
drug resistance during antiretroviral therapy can compromise
the efficacy of subsequent regimens following virologic failure.
Several studies have shown that changes in baseline viral ge-
notype, compared to that of wild-type virus, adversely affect
the virologic response of antiretroviral-experienced subjects
with a subsequent regimen (3, 4, 19). However, the efficacy of
antiretroviral treatment can be impaired by several factors,
including poor adherence to treatment regimens, suboptimal
antiviral potency and/or drug concentrations, and of course
selection of antiretrovirus agent-resistant HIV quasispecies.

More information on the effect of these parameters should

be beneficial for optimizing the use of protease inhibitors in
salvage therapy. The inhibitory quotient, mainly used for the
protease inhibitors, has been proposed as a way to integrate
drug exposure and viral susceptibility. Defined as the ratio
between the trough concentration of a drug in a patient and
the susceptibility of the virus in that patient to that drug, the
inhibitory quotient has been associated with virologic response
to protease inhibitor-based antiretroviral therapy in several
studies (6, 17; J. Hellinger, A. B. Morris, S. Piscitelli, D. Gor-
don, K. Foy, L. Jackson-Pope, D. Cordeiro, M. Peeters, R.
Hoetelmans, P. J. de Caprariis, and C. J. Cohen, Abstr. 9th
Conf. Retrovir. Opport. Infect., abstr. 451W, 2002).

The susceptibility of the virus has been initially expressed as
the plasma protein-corrected in vitro 50% inhibitory concen-
tration, as determined by a phenotypic assay or alternatively by
the virtual phenotype. However, genotypic scores (based on
the number of baseline mutations out of a cumulative number
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of mutations that were found to be associated with lowered
rates of virologic response) are other ways to evaluate the
magnitude of protease inhibitor resistance (8). Recently, in a
cohort of protease inhibitor-experienced patients treated with
an amprenavir-ritonavir-based regimen, the genotypic inhibi-
tory quotient (GIQ, ratio of trough amprenavir concentration
to number of baseline protease inhibitor mutations) was shown
to be a significant predictor of the virological response to a
protease inhibitor-containing regimen (11).

Lopinavir is a protease inhibitor that is rapidly metabolized
in vitro. However, coadministration with ritonavir (an inhibitor
of the CYP P450 3A4 isoenzyme) inhibits lopinavir metabo-
lism, significantly increasing plasma concentrations of the drug
and affording high and consistent levels of lopinavir. Thus, a
coformulation of lopinavir (lopinavir-ritonavir) has been de-
veloped for clinical use in treatment-naive and in protease
inhibitor-experienced patients (1, 8, 14). Previously, 11 muta-
tions in HIV protease were found to be associated with signif-
icant changes in in vitro susceptibility to lopinavir (9). These 11
mutations constitute the original lopinavir mutation score. In
study 957, virologic response to lopinavir-ritonavir, efavirenz,
and nucleoside reverse transcriptase inhibitors in multiple pro-
tease inhibitor-experienced, nonnucleoside reverse transcrip-
tase inhibitor-naive patients was highest in those patients with
a baseline lopinavir mutation score of 5 or less. Intermediate
response was observed in patients with a baseline mutation
score of 6 to 7, and the lowest response was observed in
patients with 8 or more of the above 11 mutations at baseline
(8). Similar data were obtained in another study, suggesting
that the lopinavir mutation score is relevant for predicting the
virologic response to lopinavir-ritonavir (13); however, the de
novo analysis of response with respect to genotype has not
been adequately characterized. Furthermore, the original lopi-
navir mutation score was based on an analysis of 112 viral
isolates from protease inhibitor-experienced patients. Muta-
tions that were underrepresented in that panel of isolates are
not currently included in this score, despite the possibility that
some may contribute to significantly reduced susceptibility to
lopinavir (16).

In order to further characterize genotypic resistance to lopi-
navir-ritonavir and to quantitatively assess the effect of indi-
vidual mutations within the mutation score on virologic re-
sponse, data from the lopinavir-ritonavir authorization for use
(expanded-access) program were analyzed. In these highly an-
tiretroviral agent-experienced patients, mutations at 10 posi-
tions in the protease (10, 20, 24, 33, 36, 47, 48, 54, 82, and 84)
were found to be associated with lowered rates of virologic
response (J. D. Isaacson, D. J. Kempf, V. Calvez, I. Cohen-
Codar, D. Descamps, E. Guillevic, B. Bernstein, E. Sun, J. P.
Chauvin, and R. A. Rode, Abstr. 9th Conf. Retrovir. Opport.
Infect., abstr. 559, 2002). The total number of these mutations
appeared to predict virologic response better than any individ-
ual mutation and better than the original lopinavir mutation
score for this data set.

The aim of the present study was to integrate the descriptors
of genotypic resistance to lopinavir with pharmacological pa-
rameters to construct a GIQ that is predictive of virologic
response to lopinavir-ritonavir in protease inhibitor-experi-
enced patients. In addition, we analyzed whether the GIQ was
more predictive of response than genotype alone.

(This study was presented at the second International AIDS
Society meeting in July 2003, Paris, France, abstract 827.)

MATERIALS AND METHODS

Study population. From March 2000 to April 2001, the French Drug Agency
authorized the prescription of lopinavir-ritonavir in the setting of a temporary
authorization for use. Highly antiretroviral agent-experienced patients (n � 792)
were enrolled in an observational cohort. At the initiation of lopinavir-ritonavir
therapy, demographic data, prior and current antiretroviral regimen, HIV-1
RNA, CD4 cell count, as well as HIV-1 protease and reverse transcriptase gene
sequences were collected. Patients were followed up at months 1, 3, and 6 with
HIV-1 RNA and CD4 measurements. Within this cohort, 116 patients with
complete genotype, including mutation polymorphisms in the protease gene and
during-study viral load and pharmacokinetic data available were extensively
analyzed. For inclusion in the analysis, all patients were required to have at least
one plasma lopinavir Cmin value and had an HIV-1 RNA value at month 3 to 6.
Baseline patient characteristics are presented in Table 1.

Virological analyses. Quantification of plasma HIV-1 RNA was performed
using the Cobas Amplicor Monitor assay v1.5 (Roche Diagnostics, Bazel, Swit-
zerland) with a detection limit of 400 copies/ml.

Plasma HIV-1 RNA was used for sequence analysis of the reverse transcrip-
tase (reverse transcriptase) gene (codons 1 to 240) and protease gene (codons 1
to 99). Plasma HIV-1 RNA was amplified by a one-step reverse transcription-
PCR using the TITAN one tube reverse transcription PCR kit (Boehringer
Mannheim) followed by a nested PCR with AmpliTaq Gold (Applied Biosys-
tems, Foster City, California). All primers used were described previously (7, 10,
15). Direct sequencing of the PCR product was performed using the d-rhoda-
mine terminator cycle sequencing ready reaction kit (PE Applied Biosystems,
Foster City, CA). Sequencing reaction products were analyzed on an ABI 377
Genetic Analyzer (PE Applied Biosystems). The sequences were analyzed using
the Sequence Navigator software (PE Applied Biosystems) by comparing the
sense and antisense strands of each fragment with the wild-type virus HXB2
sequence. For each patient at baseline, the number of lopinavir mutations was
defined as those occurring at the following 10 amino acid positions: 10, 20, 24, 33,
36, 47, 48, 54, 82, and 84 (J. D. Isaacson, D. J. Kempf, V. Calvez, I. Cohen-Codar,
D. Descamps, E. Guillevic, B. Bernstein, E. Sun, J. P. Chauvin, and R. A. Rode,
Abstr. 9th Conf. Retrovir. Opport. Infect., abstr. 559, 2002).

Pharmacological analyses. Blood samples were collected to determine lopi-
navir and ritonavir plasma concentrations at steady state. Intervals between the
last drug intake and sampling were recorded. The time frame after dose was 12
� 2 h. Lopinavir and ritonavir minimal plasma concentrations (Cmin) were
determined by reversed-phase high-pressure liquid chromatography using a
slightly modified method previously described for ritonavir (12). The lopinavir
and ritonavir methods were validated over plasma concentration ranges of 30 to
15,000 ng/ml and 30 to 7,500 ng/ml, respectively, with lower limits of quantifi-
cation of 30 and 30 ng/ml, respectively. The between-assay bias for lopinavir and
ritonavir was below 9% and 10% for all assays, respectively.

TABLE 1. Baseline patient characteristicsa

Parameter Value

Male, no. (%) ..................................................................... 96 (83)
Median age, y (range)........................................................ 40 (27–68)
CDC stage C, no. (%) ....................................................... 67 (58)
Median plasma HIV-1 RNA, log copies/ml

(range) .........................................................................
4.9 (2.3–6.9)

Median CD4 cell count/mm3 (range) ..............................120 (2–626)
Median no. of previous:

Antiretroviral agents (range) ........................................ 9 (3–14)
Nucleoside analogues (range)....................................... 5 (1–6)
Nonnucleoside analogues (range) ................................ 1 (0–3)
Protease inhibitors (range)............................................ 3 (1–5)

Protease inhibitor exposure, no. of patients (%)...........
Indinavir........................................................................... 95 (82)
Nelfinavir ......................................................................... 76 (66)
Ritonavir .......................................................................... 81 (70)
Saquinavir ........................................................................ 79 (68)
Amprenavir ..................................................................... 36 (31)

a Total number of study patients � 116.
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Statistical analyses. The efficacy variable was HIV-1 RNA change from base-
line to month 6. For each patient, the HIV-1 RNA value during months 3 to 6
that was closest to month 6 was used. The effects of the number of baseline
lopinavir mutations, lopinavir Cmin, and lopinavir genotypic inhibitory quotient
(lopinavir GIQ) were assessed by linear regression. For each patient, lopinavir
Cmin was defined as the median of all available lopinavir concentrations from
months 1 to 6. The lopinavir GIQ was defined as the ratio of lopinavir Cmin to
the number of baseline lopinavir mutations, as described for amprenavir (11),
with the exception that patients with 0 baseline protease inhibitor mutations were
assigned a lopinavir GIQ equal to their Cmin value. In addition to lopinavir GIQ,
covariates considered included baseline HIV-1 RNA level, baseline CD4 cell
count, number of prior protease inhibitors, number of active nucleoside reverse
transcriptase inhibitors (NRTIs), non-NRTIs (NNRTIs) used in an NNRTI-
naive patient, gender, Centers for Disease Control class C status, and age.

Quantitative independent variables were evaluated to determine whether the
relationship with HIV-1 RNA change from baseline was linear. For most vari-
ables, the assumption of a linear relationship was reasonable; however, for
lopinavir GIQ a nonlinear relationship was observed that suggested this variable
should be log-transformed for analysis. The number of active NRTIs was deter-
mined using genotypic resistance testing criteria derived from the French ANRS
AC11 algorithm (http://www.hivfrenchresistance.org). Each NRTI used by a
patient was assigned a value of 1 (susceptible), 0.5 (possible resistance) or 0
(resistant).

To confirm the effects observed in the univariate analysis, a multiple linear
regression analysis was conducted using a forward stepwise selection procedure
with a significance level of 0.10 to enter and remain in the model. Variables
considered statistically significant or marginally significant in the univariate
model (P � 0.10) were included in the multiple linear regression model.

Based on observations that viruses with 0 to 2 mutations often display wild type
susceptibility (9), and because differences in Cmin would not be expected to
correlate with initial response in patients with lopinavir-sensitive HIV variants,
we repeated the analyses described above in the subset of 67 patients with 3 or
more baseline mutations (i.e., those whose baseline variants are more likely to
have substantially reduced susceptibility to lopinavir).

If undetectable HIV-1 RNA is achieved by a substantial proportion of pa-
tients, analysis of the mean change from baseline has the potential to produce
misleading results due to censoring of HIV-1 RNA values. Therefore, using
logistic regression, we conducted a sensitivity analysis to assess the association of
lopinavir GIQ and number of baseline lopinavir mutations with HIV-1 RNA �
400 copies/ml at month 6.

RESULTS

Baseline characteristics. The 116 patients enrolled in this
study had at least one plasma lopinavir Cmin value and had an

HIV-1 RNA value at month 6. Baseline characteristics indi-
cated a relatively advanced population, with a median of 9
prior antiretroviral agents including a median of 3 prior pro-
tease inhibitors, and a median baseline CD4 cell count of 120
cells/mm3 (Table 1). Patients had a median (range) of 3 (0 to
7) baseline lopinavir mutations. A majority of patients received
concurrent treatment with two NRTIs and 29% of patients
used an NNRTI. The median number of active NRTIs was 1.

Virologic response to lopinavir-ritonavir containing regi-
men and pharmacological results. The overall decrease in
HIV-1 RNA from baseline to month 6 was a median (range) of
�1.50 (�0.73, �4.64) log10 copies/ml, and 46 patients (40%)
had plasma HIV-1 RNA below 400 copies/ml at month 6. The
overall median (range) lopinavir steady-state Cmin concentra-
tion was 5856 (84–16091) ng/ml. Pharmacokinetic measure-
ments and lopinavir GIQ are summarized in Table 2. GIQ
values ranged from 36 to 16,091. Virologic response with re-
spect to GIQ, expressed by quartiles, is shown in Fig. 1. The

FIG. 1. HIV-1 RNA mean change from baseline to month 6 and proportion of patients with HIV-1 RNA � 400 copies/ml at month 6 by
quartiles of lopinavir (LPV) genotypic inhibitory quotient.

TABLE 2. Summary of pharmacokinetic measurements and
lopinavir GIQa

Parameter Value

No. of Cmin measurements
1 ............................................................................................. 13 (11)
2 ............................................................................................. 75 (65)
3 ............................................................................................. 24 (21)
4 ............................................................................................. 4 (3)

LPV Cmin (ng/ml)
Median.................................................................................. 5,856
Interquartile range ..............................................................3,920–7,931

Intrasubject variability in LPV Cmin
No. of patients with value �1 ........................................... 103
Median %CV....................................................................... 35

Lopinavir GIQ
Median.................................................................................. 2,125
Interquartile range ..............................................................1,043–3,638

a Cmin, minimum concentration; CV, coefficient of variation; GIQ, genotypic
inhibitory quotient; LPV, lopinavir.
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mean decline in HIV RNA increased to a maximum of ca. 2
log10 copies/ml in the patients with GIQ values above the
median (GIQ � 2,125). Similarly, �50% of patients with GIQ
� 2,125 and achieved HIV RNA � 400 copies/ml, whereas
only 15% of patients with GIQ � 1,043 (lowest quartiles)
experienced complete virologic response.

Predictors of virologic response. The quantitative relation-
ships between various pharmacological and baseline variables
and virologic response were probed using simple linear regres-
sion (Fig. 2). As observed previously, no correlation between
lopinavir Cmin and response was observed (6). In contrast,
having fewer baseline lopinavir mutations and a higher (log
transformed) lopinavir GIQ were both significant predictors of
a greater decline in HIV-1 RNA. Virologic response was also
better among the 9% of patients who were NNRTI-naive and
received a NNRTI concomitant with lopinavir-ritonavir. In
contrast, the number of active NRTIs was not significantly
associated with response in this highly treatment-experienced
cohort. Other factors either statistically significantly or mar-
ginally associated with response were having fewer prior pro-
tease inhibitors (Fig. 2), lower age, and higher baseline HIV-1
RNA (Table 3). The final model from the multiple linear

regression analysis using forward stepwise selection included
lopinavir GIQ, baseline HIV-1 RNA, and number of prior
protease inhibitors.

In the subset of 67 patients with three or more baseline
lopinavir mutations (i.e., those whose baseline variants are
more likely to have substantially reduced susceptibility to lopi-
navir), using univariate analysis, the number of baseline lopi-
navir mutations was no longer significantly correlated with
HIV-1 RNA change from baseline. The correlation of lopina-
vir GIQ with response remained statistically significant in this
subset. Interestingly, the lopinavir Cmin became marginally as-
sociated with response (Table 3, Fig. 3). In the final multiple
linear regression model using forward stepwise selection, the
lopinavir GIQ and the use of a new NNRTI were significant
predictors of HIV-1 RNA decline.

A second analysis of the predictors of response was con-
ducted using HIV-1 RNA � 400 copies/ml at month 6 as the
response variable. Results were similar to the analysis of
HIV-1 RNA change from baseline. Among all patients, lopi-
navir GIQ and number of baseline lopinavir mutations were
significantly associated with HIV-1 RNA � 400 copies/ml at
month 6 (P � 0.001 for each by univariate logistic regression).

FIG. 2. Univariate effects of selected baseline and pharmacologic characteristics on HIV-1 RNA change from baseline to month 6 among all
patients. PIs, protease inhibitors.
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Among patients with 3 or more baseline lopinavir mutations,
lopinavir GIQ (P � 0.039) was significantly associated with
HIV-1 RNA � 400 copies/ml, but number of baseline lopinavir
mutations (P � 0.159) was not associated with response.

DISCUSSION

In this study, we analyzed the response to lopinavir-ritonavir
in a cohort of highly antiretroviral agent-experienced patients
with respect to various pharmacological and baseline parame-
ters. Using univariate linear regression analyses, both lopinavir
GIQ and the number of baseline lopinavir mutations were
highly associated with virologic response through 6 months. In
the multivariate analysis, only lopinavir GIQ, baseline HIV
RNA and the number of prior protease inhibitors were signif-
icantly associated with response. When the analysis was limited
to patients with more highly mutant virus (3 or more lopinavir
mutations), the number of mutations no longer predicted re-
sponse, but the lopinavir Cmin was marginally associated.
Taken together, these results suggest that variability in lopina-
vir pharmacokinetics are likely to be most important when
significant resistance is present at baseline. Consequently,
higher doses of lopinavir-ritonavir might be useful in some
patients with protease inhibitor-resistant HIV (R. Bertz, J. Li,

FIG. 3. Univariate effects of selected baseline and pharmacologic characteristics on HIV-1 RNA change from baseline to month 6 among
patients with three or more baseline protease inhibitor (PI) mutations.

TABLE 3. Effects of baseline and pharmacologic characteristics on
HIV-1 RNA change from baseline among all patients and patients

with three or more baseline protease inhibitor mutationsa

Variable

All patients Patients with three or
more PI mutations

P (simple
linear

regression)

P (multiple
linear

regression)

P (simple
linear

regression)

P (multiple
linear

regression)

No. of LPV mutations 0.001 ns 0.25
LPV Cmin 0.47 0.06 ns
Log10 LPV GIQ 0.001 0.008 0.03 0.04
Baseline HIV-1 RNA 0.10 0.04 0.32
Baseline CD4 count 0.59 0.29
No. of prior PIs 0.004 0.04 0.17
No. of active NRTIs 0.17 0.46
NNRTI use in an

NNRTI-naive patient
0.05 ns 0.06 0.09

CDC class C status 0.27 0.18
Gender 0.58 0.36
Age 0.05 ns 0.56

a PI, protease inhibitor; LPV, lopinavir; GIQ, genotypic inhibitory quotient;
NRTI; nucleoside reverse transcriptase inhibitor; NNRTI, nonnucleoside re-
verse transcriptase inhibitor; ns, not significant.
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M. King, D. J. Kempf, D. Podzamczer, C. Flexner, C. Katlama,
D. V. Havlir, S. Letendre, J. Eron, L. Weiss, J. Gatell, A.
Simon, K. Robinson, and S. Brun, Abstr. 11th Conf. Retrovir.
Opport. Infect., abstr. 134, 2004). The loss of the association of
baseline genotype with response in the above subset also sug-
gests that as more mutations accumulate (and the number of
possible combinations of mutations greatly expands), the vari-
ability in the phenotypic susceptibility of variants with a given
number of mutations increases compared to viruses with just
one or two mutations.

Notably, according to the present method, the change in
GIQ values for a given Cmin is incrementally smaller as more
baseline mutations are present (for example, between one and
two patients, GIQ changes by 50% at a constant Cmin whereas
the incremental changes only 20% between four and five mu-
tations). The observation that the log-transformed GIQ but
not the GIQ itself (data not shown) was predictive of response
suggests that the average change in lopinavir susceptibility is
relatively constant with increasing numbers of mutations. This
general relationship has been observed in studies characteriz-
ing the relationship of in vitro lopinavir phenotype and HIV
genotype (8, 9).

The overall median decrease from baseline in HIV-1 RNA
in our study was �1.50 log10 copies/ml in these highly pre-
treated, NNRTI- and multiple protease inhibitor-experienced
patients, with a high number of protease inhibitor resistance
mutations at baseline. This efficacy of lopinavir-ritonavir in
protease inhibitor experienced patients was observed previ-
ously in clinical trials or in other expanded access datasets and
in the whole cohort of 792 patients (8, 13) (V. Calvez, I.
Cohen-Codar, A. G. Marcelin, E. Guillevic, J. Isaacson, R.
Rode, B. Bernstein, E. Sun, D. Kempf, J. P. Chauvin. Abstr.
5th Int. Work. HIV Drug Resist. Treat. Strat., abstr. 90, 2001).
Previous studies evidenced the effect of protease inhibitor Cmin

on the virologic response among protease inhibitor experi-
enced patients (5, 11). This correlation has been also suggested
for lopinavir-ritonavir (2);D. Gonzales de Requena, O. Gal-
lego, F. Blanco, L. Valer, T. Garcia-Benayas, C. De Mendoza,
I. Jimenez-Nacher, and V. Soriano. Abstr. 10th Conf. Retrovir.
Opport. Infect., abstr. 525, 2003).

In the current retrospective analysis, we demonstrated that
inhibitory quotient evaluated using genotypic test results was a
better predictor of the virologic response than virological (ge-
notype) or pharmacological (Cmin) approaches used sepa-
rately, especially among patients with at least 3 protease inhib-
itor resistance mutations. The observation of predictivity of the
GIQ, even among patients with substantially reduced geno-
typic susceptibility to lopinavir-ritonavir, is in accordance with
its pharmacokinetic profile, in which mean trough levels (5,500
ng/ml) are sustained far above (�75-fold when dosed at 400/
100 mg twice-daily) the human serum-adjusted 50% inhibitory
concentration for wild-type virus (inhibitory quotient � 75).
This finding also suggests that therapeutic drug monitoring,
which is essential for calculation of GIQ, is likely to be most
useful in lopinavir-ritonavir-treated patients with substantially
resistant viruses.

The correlation of GIQ with response is consistent with
findings of other observational cohorts using amprenavir/
ritonavir, saquinavir/ritonavir and atazanavir (11) (V. Soriano,
L. Valer, D. Gonzales de Requena, C. De Mendoza, and J.

Gonzalez-Lahoz. Abstr. 43rd ICAAC, abstr. H-1999, 2003; A.
Barrios, A. Rendon, P. Rios, L. Martin-Carbonero, D. Conza-
lez de Requena, O. Gallego, L. Valer, I. Maida, I. Jimenez-
Nacher, J. Gonzalez-Laboz, and V. Soriano. Abstr. 11th Conf.
Retrovir. Opport. Infect., abstr. 606, 2004). Use of GIQ, which
is based on a relatively inexpensive and accessible genotypic
assay, may have practical advantages over inhibitory quotient
approaches based on phenotypic assays. Notably, the GIQ will
be subject to the inherent limitations of the rules-based geno-
typic algorithm upon which it is based (18). For example, the
10 lopinavir mutations considered in this study do not include
some low-prevalence mutations known to be associated with
reduced lopinavir susceptibility (16). However, the present
findings suggest that the GIQ may enhance the predictivity of
genotype interpretation. Thus, this approach might be useful in
therapeutic drug monitoring to define the target plasma con-
centration required to control replication of viruses at different
stages of protease inhibitor resistance measured by the number
of protease inhibitor resistance mutations. Consequently, the
predictability of response by GIQ should be validated in other
datasets and in prospective clinical trials.
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