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Several genotypic resistance algorithms have been proposed for quantitation of the degree of phenotypic
resistance to the human immunodeficiency virus (HIV) protease inhibitor (PI) lopinavir (LPV), including the
original LPV mutation score. In this study, we retrospectively evaluated 21 codons in HIV protease known to
be associated with PI resistance in a large antiretroviral agent-experienced observational patient cohort,
“Autorisation Temporaire d’Utilization” (ATU), to assess whether a more optimal algorithm could be derived
by using virologic response data from patients treated with LPV in combination with ritonavir (LPV/r). Five
of the 11 mutations constituting the LPV mutation score were not associated with a virologic response, while
4 additional mutations not included in this score demonstrated an association. Therefore, the LPV ATU score,
which includes mutations at codons 10, 20, 24, 33, 36, 47, 48, 54, 82, and 84, was constructed and shown in two
different types of multivariable analyses of the ATU cohort to be a better predictor of the virologic response
than the LPV mutation score. The LPV ATU score was also more strongly associated with a virologic response
when it was applied to independent clinical trial populations of PI-experienced patients receiving LPV/r. This
study provides the basis for a new genotypic resistance algorithm that is useful for predicting the antiviral
activities of LPV/r-based regimens in PI-experienced patients. The refined algorithm may be useful in making
clinical treatment decisions and in refining genetic and pharmacologic methods for assessing the activity of
LPV/r.

The use of potent antiretroviral therapy for the treatment of
human immunodeficiency virus (HIV) type 1 (HIV-1) infec-
tion has led to a reduction in HIV-related morbidity and mor-
tality over the past decade (6). However, the emergence of
viable HIV-1 strains that are resistant to the available antiret-
roviral drugs has presented significant challenges to the suc-
cessful long-term treatment of HIV-1 infection (7). Drug-re-
sistant HIV-1 strains emerge when drug levels in the blood are
too low to prevent viral replication but are high enough to
exert selective pressure (11). Because resistance to one drug
can engender cross-resistance to other drugs in the same class,
the potency of subsequent antiretroviral therapy may be com-
promised (7, 9). Therefore, quantitative assessment of drug
resistance is essential for constructing optimal drug combina-
tions when the presence of drug-resistant HIV-1 is suspected.

Genotypic and/or phenotypic resistance testing has been
widely used in clinical practice to select regimens for the treat-
ment of HIV-1 infection. Although the results of phenotypic
tests are conceptually easier to interpret, genotypic assays are
generally less costly and more readily available and may pro-
vide more precise information regarding susceptibility to cur-
rent antiretroviral drugs and the potential for further resis-
tance development (genetic barrier). For these reasons, the
development of genotypic algorithms has been a major focus,

resulting in several HIV-1 drug resistance scores (1, 7, 17, 22,
24). However, due to the dynamic nature of the virus and the
introduction of new drugs that select for different viral mu-
tants, it is necessary to review and refine the available scores on
an ongoing basis. One means of accomplishing this is to con-
tinually test the existing algorithms as new data on viral isolates
become available from controlled clinical studies, observa-
tional cohort studies, and larger patient databases.

The HIV-1 protease inhibitor (PI) lopinavir (LPV) is cofor-
mulated with low-dose ritonavir (with the combination abbre-
viated LPV/r), resulting in enhanced plasma LPV levels due to
decreased LPV metabolism through ritonavir inhibition of in-
testinal and hepatic cytochrome P450 3A. LPV/r has been
shown to have substantial antiviral activity in patients infected
with HIV-1 strains resistant to other PIs (2, 12, 23). Several
genotypic resistance algorithms have been constructed to
quantitate the degree of phenotypic resistance to LPV (13, 21,
25). The first algorithm was defined by the analysis of the
relationship between genotypic data and phenotypic suscepti-
bility from a limited set (n � 112) of viral isolates (13). This
initial analysis led to the identification of 11 codons in the
protease gene, mutations at which were associated with re-
duced in vitro susceptibility to LPV (LPV mutation score):
wild-type amino acid L at position 10 mutated to F, I, R, or V
(abbreviated L10F/I/R/V), K20M/R, L24I, M46I/L, F53L,
I54L/T/V, L63P, A71I/L/T/V, V82A/F/T, I84V, and L90M,
with each individual mutation assigned an equal weight. The
number of these mutations present at the baseline correlated
with the virologic response in multiple-PI-experienced, non-
nucleoside reverse transcriptase inhibitor (NNRTI)-naive clin-
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ical trial subjects (12). Subsequently, two separate analyses of
the genotypic and phenotypic relationships for subject samples
(n � 1,300) from much larger databases resulted in two refined
lists of mutations that correlated with in vitro resistance to
LPV: Parkin et al. (21) included L10F/I/R/V, G16E, K20M/R,
L24I, V32I, L33F, E34Q, K43T, M46I/L, I47A/V, G48M/V,
I50V, I54A/L/M/S/T/V, K55E, L63P/T, A71I/L/T/V, G73T,
T74S, V82A/F/S/T, I84V, L89I/M, and L90M, with each indi-
vidual mutation assigned a weight of 1, with the exception of
the I47A, I50V, I54A/M/S/T/V, and V82A/F/S mutations,
which were each assigned a weight of 3; and Wang and Larder
(25) included L10I, Q18Y, L24I, V32I, L33F/M, K43T, K45T,
M46I/L, G48V, F53L, I54A/S/V, K55R, Q58E, A71V, I72V,
G73S/T, T74S, V82A, I84V, I85V, L90M, and C95F/L, with
each individual mutation assigned an equal weight.

Since these analyses were based on larger data sets, the
newer algorithms included mutations that occur at relatively
low frequencies. Both of these algorithms were shown to be
superior to the LPV mutation score in predicting reduced in
vitro susceptibility to LPV (21, 25).

The three LPV resistance algorithms discussed above were
developed by examining the relationship between the genotype
and in vitro phenotypic susceptibility. In theory, algorithms
defined by analysis of the virologic response to a specific ther-
apy with respect to the baseline genotype should be more
clinically relevant. In order to test this possibility and to deter-
mine whether refinement of the LPV mutation score would
yield a more optimal algorithm, we assessed the effects of
individual mutations within the LPV mutation score on the
virologic response after treatment with LPV/r and evaluated
whether additional codons were associated with an impaired
response to LPV/r. This assessment was performed by retro-
spective analysis of the association between the virologic re-
sponse and the baseline HIV-1 genotype in patients receiving
LPV/r in a large observational cohort.

(The data presented in this report have been presented
previously [8, 14, 20].)

MATERIALS AND METHODS

Patients. The “Autorisation Temporaire d’Utilization” (ATU; an LPV/r pre-
registrational usage program in France) observational cohort (n � 792) included
antiretroviral agent-experienced HIV-1-infected patients for whom the baseline
HIV-1 drug resistance genotype and follow-up data were available. The entry
criteria initially restricted enrollment to subjects with CD4� T-cell counts of
�200 cells/mm3; the restrictions were gradually reduced to allow the use of
LPV/r in a broader PI-experienced population. The data collected included the
plasma HIV-1 RNA level, CD4� T-cell count, and serious adverse events.

Virologic analyses. Quantification of plasma HIV-1 RNA was performed by
using the COBAS AMPLICOR Monitor (version 1.5) assay (Roche Diagnostics,
Basel, Switzerland), which has a lower limit of detection of 400 copies/ml.

Plasma HIV-1 RNA was used for sequence analysis of the protease gene
(codons 1 to 99). Plasma HIV-1 RNA was amplified by a one-step reverse
transcription-PCR by using a TITAN one-tube reverse-transcription PCR kit
(Boehringer Mannheim, Mannheim, Germany), followed by a nested PCR with
AmpliTaq Gold (Applied Biosystems, Foster City, CA). The primers used were
described previously (10, 15, 19). Direct sequencing of the PCR product was
performed by using the dRhodamine Terminator cycle sequencing ready reac-
tion kit (PE Applied Biosystems). The sequencing reaction products were ana-
lyzed on an ABI 377 genetic analyzer (PE Applied Biosystems). The sequences
were analyzed by the use of Sequence Navigator software (PE Applied Biosys-
tems) by comparing the sense and antisense strands of each fragment with the
wild-type virus HXB2 sequence at codons 10, 20, 24, 30, 32, 33, 36, 46, 47, 48, 50,
53, 54, 63, 71, 73, 77, 82, 84, 88, and 90 within the HIV-1 protease domain.

Baseline characteristics. Descriptive statistics were calculated for demograph-
ics, baseline characteristics, and treatment history. The baseline prevalence of
the mutations at each codon was summarized by number and percentage.

Virologic response. Two virologic response end points were assessed: (i) a
1.0-log10 decrease from the baseline in the plasma HIV-1 RNA level at any time,
and (ii) the achievement of a plasma HIV-1 RNA level of �400 copies/ml at any
time. Subjects achieving a response as defined for the second end point were
considered responders for the first end point, even if they did not demonstrate a
1.0-log10 copy/ml decrease due to low baseline HIV-1 RNA levels and the lower
limit of quantitation of the assay.

For each end point, the proportion of responders was summarized overall and,
for each codon, for subjects with and without a mutation. Odds ratios and 95%
confidence intervals (CIs) were reported. For each end point, the response was
analyzed as a function of the LPV mutation score by logistic regression.

Relationship between HIV-1 genotype and virologic response. The LPV mu-
tation score was defined as the sum of the mutations (see the Introduction) in the
protease domain derived from the genotypic-phenotypic correlations described
previously (13). To assess the relationship between the HIV-1 genotype and the
virologic response directly, each codon was evaluated as follows: first, for each
subject, the LPV mutation score was computed while ignoring the codon of
interest. Second, logistic regression analyses were used to assess the significance
of a mutation at the codon of interest after adjustment for the LPV mutation
score. One analysis evaluated the probability of a 1.0-log10 decrease in the
plasma HIV-1 RNA level, while a second one evaluated the probability of
achieving a plasma HIV-1 RNA level of �400 copies/ml. Codons demonstrating
statistically significant (P � 0.05) reductions in the probability of response for
both end points and codons that were nonsignificant but that exhibited evidence
of a reduced likelihood of a response (odds ratio, �0.85 for both end points; i.e.,
a 15% reduction in the odds of a response) were retained. The number of such
mutations for each subject was defined as the LPV ATU score. The relationship
between the proportion of responders and the LPV ATU score for each end
point was analyzed by logistic regression.

Multivariable analyses. Two analyses were conducted to assess the signifi-
cance of the two mutation scores in the context of other baseline variables. In
particular, a multiple logistic regression model invoking a stepwise selection
procedure (P � 0.05 to enter and stay in the model) and binary recursive
partitioning (classification tree analysis [3]) were used to assess the probability of
a 1.0-log10 decrease from the baseline in the plasma HIV-1 RNA level. Potential
predictor variables included the LPV mutation score; the LPV ATU score;
individual protease mutations; the baseline plasma HIV-1 RNA level; and mea-
sures of previous and concurrent antiretroviral medication use, including the
number of prior medications by class, the number of active antiretroviral med-
ications in the background regimen, active NNRTI use (no baseline NNRTI
mutations and NNRTI use in the regimen), or new NNRTI use (no prior NNRTI
use and NNRTI use in the regimen). For partitions based on continuous or
ordinal variables, the algorithm used for binary recursive partitioning selects the
optimal division among the values of the variable; therefore, breakpoints are not
prespecified. As a sensitivity analysis, the relationship between the mutation
scores and the maximum decrease from the baseline in the plasma HIV-1 RNA
level was assessed by using an analysis of covariance with factors for the number
of PIs used previously, the use of a new NNRTI, and the baseline plasma HIV-1
RNA level.

Application to other populations. The LPV ATU score was applied separately
to three clinical study populations of antiretroviral agent-experienced HIV-1-
infected subjects who participated in one of the following previously described
LPV/r clinical studies: Study 765 and Study 888 each enrolled single PI-experi-
enced, NNRTI-naive patients to receive LPV/r with nevirapine and two nucle-
oside reverse transcriptase inhibitors (NRTIs) (2, 23); and Study 957 enrolled
multiple-PI-experienced, NNRTI-naive patients to receive LPV/r with efavirenz
and two NRTIs (12). For these analyses, a virologic response was defined as a
plasma HIV-1 RNA level of �400 copies/ml at week 48 by using an intent-to-
treat, dropouts-as-censored analysis. Based on the findings of Parkin and col-
leagues (21) that mutations at codons 47, 50, 54, and 82 may have a greater effect
on LPV resistance, an exploratory weighted version of the LPV ATU score by
the use of weights of 3 at codons 54 and 82 and weights of 1 at each of the other
codons was calculated and applied to each of the three clinical study populations.
An additional weight was not assigned at codons 47 and 50 due to the low
prevalence of mutations at those codons.

Statistical software. Analyses were conducted by using SAS (version 8.2; SAS
Institute, Cary, NC), except for binary recursive partitioning, which was con-
ducted by using CART (Salford Systems, Inc., San Diego, CA).
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RESULTS

Baseline characteristics. The ATU cohort comprised 792
subjects with a mean age of 42 years, of whom 82% were male
and 53% had previously experienced an AIDS-defining illness
(Centers for Disease Control and Prevention category class C
[4]). The mean � standard deviation baseline plasma HIV-1
RNA level and CD4� T-cell count were 4.8 � 0.76 log10

copies/ml and 178 � 159 cells/mm3, respectively. The mean
number of prior PIs used was 3.1, and 78% of the subjects were
NNRTI experienced. The median (25th to 75th percentile)
duration of follow-up was 14 (9 to 23) weeks.

Mutations at amino acid positions 10, 63, 71, and 90 in the
protease gene were the most prevalent, occurring in more than
50% of the subjects (Table 1).

Virologic response. The overall proportions of subjects dem-
onstrating at least a 1.0-log10-copies/ml viral load decrease
from the baseline or a plasma HIV-1 RNA level of �400
copies/ml at any time point were 72% and 47%, respectively.
The virologic responses by the presence or absence of a mu-
tation at each codon are presented for both end points in Table
1. Baseline mutations at codons 10, 20, 24, 36, 54, and 82 were
significantly associated with a lowered virologic response in
unadjusted analyses by using both end points (Table 1), while
the presence of a mutation at codon 30 appeared to be asso-
ciated with a better virologic response.

For each virologic end point, a higher LPV mutation score
was associated with a decrease in the virologic response by
logistic regression (Fig. 1). For example, 79% of the subjects
with zero to five mutations demonstrated a 1.0-log10-copies/ml
decrease from the baseline in plasma HIV-1 RNA level,
whereas 58% of those with six or more mutations experienced

such a decrease (P � 0.001, Fisher’s exact test). However,
some of the 11 mutations within the LPV mutation score were
not individually associated with a response (Table 1), suggest-
ing that the score could be improved to provide a better pre-
diction of the virologic response to LPV/r.

Construction of LPV ATU score. In order to create a score
more predictive of a virologic response, the odds ratio for each
of the individual 11 codons constituting the LPV mutation
score was calculated after adjustment for the contribution of
the remaining 10 codons within the score (Table 1). Several
codons remained significantly associated with a response
(codons 10, 20, 54, and 82; P � 0.05 for both virologic response
end points) or demonstrated evidence of a reduced response
(codons 24 and 84; odds ratio, �0.85 [see Materials and Meth-
ods]). Several codons from the LPV mutation score exhibited
no association with the virologic response (codons 53, 63, 71,
and 90), and codon 46 demonstrated a trend toward a reduced
response but did not meet the criteria to be retained. In a
similar manner, the effects of baseline mutations at the remain-
ing 10 codons recorded in the ATU cohort were analyzed after
adjustment for the LPV mutation score. By using the criteria
described above, the presence of mutations at positions 33, 36,
47, and 48 appeared to be associated with a reduced response.
The presence of a substitution at codon 30 was marginally
associated with an improved response; whether this represents
direct sensitization of the virus to LPV/r or the absence of
other key resistance mutations cannot be determined. The
remaining codons analyzed were not associated with a virologic
response. Graphical representations of the relationships be-
tween the absence or the presence of mutations and the prob-
ability of achieving plasma HIV-1 RNA levels of �400 cop-

TABLE 1. Prevalence of protease mutations at baseline and association with virologic response to LPV/r

Codon
(protease)

No. (%) with
individual

mutations at
baseline

Subjects with 1.0-log10-copies/ml HIV-1 RNA
decrease from baseline Subjects achieving HIV-1 RNA levels of �400 copies/ml

Proportion responding
(% with mutation vs
% without mutation)

Unadjusted odds
ratio (95% CI)

Adjusted odds
ratioa (95% CI)

Proportion responding
(% with mutation vs
% without mutation)

Unadjusted odds
ratio (95% CI)

Adjusted odds
ratioa (95% CI)

10 506 (64) 65 vs 83 0.41 (0.29, 0.58) 0.58 (0.39, 0.88) 39 vs 62 0.40 (0.29, 0.53) 0.48 (0.34, 0.68)
20 138 (17) 59 vs 74 0.50 (0.34, 0.73) 0.63 (0.42, 0.93) 32 vs 50 0.47 (0.32, 0.69) 0.56 (0.38, 0.84)
24 34 (4) 56 vs 73 0.48 (0.24, 0.96) 0.60 (0.30, 1.22) 26 vs 48 0.39 (0.18, 0.85) 0.48 (0.22, 1.06)
30 27 (3) 93 vs 71 5.08 (1.19, 21.6) 3.09 (0.71, 13.4) 74 vs 46 3.35 (1.40, 8.02) 2.31 (0.95, 5.61)
32 23 (3) 74 vs 72 1.11 (0.43, 2.86) 1.39 (0.53, 3.62) 43 vs 47 0.86 (0.37, 2.00) 1.06 (0.45, 2.47)
33 43 (5) 63 vs 72 0.64 (0.34, 1.22) 0.79 (0.41, 1.51) 26 vs 48 0.37 (0.18, 0.74) 0.44 (0.22, 0.89)
36 313 (40) 66 vs 76 0.63 (0.46, 0.86) 0.72 (0.52, 1.00) 40 vs 52 0.61 (0.46, 0.82) 0.68 (0.50, 0.91)
46 342 (43) 67 vs 76 0.64 (0.47, 0.87) 0.78 (0.56, 1.07) 43 vs 50 0.75 (0.57, 1.00) 0.92 (0.68, 1.24)
47 13 (2) 54 vs 72 0.45 (0.15, 1.36) 0.59 (0.19, 1.79) 23 vs 47 0.33 (0.09, 1.22) 0.43 (0.12, 1.59)
48 54 (7) 67 vs 72 0.77 (0.43, 1.39) 0.83 (0.46, 1.51) 37 vs 48 0.65 (0.36, 1.14) 0.70 (0.39, 1.25)
50 5 (1) 100 vs 72 NMb NM 0 vs 47 NM NM
53 29 (4) 62 vs 72 0.63 (0.29, 1.36) 0.93 (0.43, 2.03) 52 vs 47 1.22 (0.58, 2.56) 1.80 (0.84, 3.84)
54 310 (39) 62 vs 78 0.45 (0.33, 0.62) 0.60 (0.43, 0.84) 37 vs 53 0.53 (0.39, 0.71) 0.68 (0.49, 0.94)
63 577 (73) 71 vs 75 0.78 (0.55, 1.12) 0.96 (0.66, 1.40) 46 vs 49 0.88 (0.64, 1.20) 1.07 (0.77, 1.48)
71 470 (59) 69 vs 75 0.74 (0.53, 1.01) 1.21 (0.84, 1.75) 45 vs 50 0.81 (0.61, 1.08) 1.29 (0.93, 1.79)
73 117 (15) 68 vs 72 0.82 (0.54, 1.26) 0.99 (0.64, 1.53) 49 vs 47 1.09 (0.73, 1.61) 1.33 (0.89, 1.99)
77 182 (32) 73 vs 71 1.07 (0.77, 1.50) 1.01 (0.72, 1.43) 52 vs 45 1.34 (0.99, 1.81) 1.31 (0.97, 1.78)
82 334 (42) 62 vs 79 0.42 (0.31, 0.58) 0.52 (0.38, 0.73) 37 vs 54 0.51 (0.38, 0.68) 0.63 (0.46, 0.85)
84 165 (21) 67 vs 73 0.76 (0.52, 1.10) 0.83 (0.57, 1.21) 41 vs 49 0.72 (0.51, 1.02) 0.80 (0.56, 1.14)
88 35 (4) 77 vs 72 1.34 (0.60, 2.99) 0.92 (0.40, 2.11) 54 vs 47 1.35 (0.69, 2.68) 1.02 (0.51, 2.05)
90 471 (59) 72 vs 72 1.02 (0.74, 1.39) 1.29 (0.92, 1.80) 46 vs 48 0.92 (0.69, 1.22) 1.14 (0.85, 1.55)

a Adjusted odds ratio, odds ratio for mutation after accounting for (other) mutations in the LPV mutation score.
b NM, not meaningful.
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ies/ml are displayed in Fig. 2 for a set of representative codons
(codons 10, 90, 36, and 30) from the categories discussed
above. On the basis of these analyses, a new mutation score,
the LPV ATU score, was defined as the number of mutations
among the following codons in protease: 10, 20, 24, 33, 36, 47,
48, 54, 82, and 84.

Prediction of virologic response by use of LPV ATU score.
The LPV ATU score was highly associated with a virologic
response, with an odds ratio of 0.71 (95% CI, 0.65 to 0.78; P �
0.0001) per additional mutation by using a 1.0-log10 decrease
from the baseline in plasma HIV-1 RNA as the end point and
an odds ratio of 0.72 (95% CI, 0.65 to 0.79; P � 0.0001) per

FIG. 1. Observed virologic response rates (circles and triangles) and logistic regression-estimated virologic response rates (lines) in ATU cohort
by baseline LPV mutation score. The sizes of the circles and triangles are proportional to the sample size for each category.

FIG. 2. Logistic regression analysis of representative codons included or excluded from the LPV ATU score. (A) Codon 10, included in the
LPV mutation score and the LPV ATU score; (B) codon 90, included in the LPV mutation score but excluded from the LPV ATU score; (C) codon
36, not included in the LPV mutation score but included in the LPV ATU score; (D) codon 30, not included in either score; the presence of a
mutation in this codon was marginally associated with an improved virologic response. Gray and black bars, observed response rates with and
without a mutation, respectively, at the codon of interest; gray and black lines, predicted response rate with and without a mutation, respectively,
at the codon of interest. The calculation of the LPV mutation score in each panel excludes the codon of interest.
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additional mutation by using a plasma HIV-1 RNA level of
�400 copies/ml as the end point (Fig. 3). The proportions of
subjects with 1.0-log10 decreases from the baseline in the
plasma HIV-1 RNA level and LPV ATU scores of 0 to 2, 3 to
5, or 6 or more were 81%, 62%, and 50%, respectively. The
corresponding proportions for subjects achieving plasma
HIV-1 RNA levels of �400 copies/ml were 57%, 37%, and
21%, respectively.

Two multivariable analyses were employed to assess the
LPV ATU score in the context of other variables. By using
stepwise logistic regression analysis, a lower LPV ATU score
(odds ratio, 0.80 per additional mutation; P � 0.001) and the
previous use of a lower number of PIs (odds ratio, 0.83 per PI;
P � 0.012) were associated with a higher likelihood of achiev-
ing 1.0-log10 decreases from the baseline in plasma HIV-1

RNA levels. A lower baseline plasma HIV-1 RNA level, the
absence of a mutation at codon 82, and the use of a new
NNRTI were also associated with this end point. Similar re-
sults were observed for the end point of HIV-1 RNA levels of
�400 copies/ml.

A classification tree for the ATU cohort was developed by
using binary recursive partitioning. The final tree contained
baseline covariates similar to those in the final stepwise logistic
regression model. Notably, the initial partitioning occurred
between subjects with lower (zero to two mutations) and
higher (three or more mutations) LPV ATU scores. Further
partitioning indicated that in subjects with lower LPV ATU
scores, the number of PIs used previously was associated with
a response, while in subjects with a higher LPV ATU score, the
use of a new NNRTI was associated with a response (Fig. 4).

FIG. 3. Observed virologic response rates (circles and triangles) and logistic regression-estimated virologic response rates (lines) in ATU cohort
by baseline LPV ATU score. The sizes of the circles and triangles are proportional to the sample size for each category.

FIG. 4. Classification tree analysis for assessment of the probability of a 1.0-log10 decrease in the plasma HIV-1 RNA from the baseline.
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In a sensitivity analysis, a lower LPV ATU score was statis-
tically significantly associated with a greater maximum de-
crease from the baseline in the plasma HIV-1 RNA level, with
a stronger association than the LPV mutation score either
before or after adjustment for other significant variables, such
as the number of PIs used previously, the use of a new NNRTI,
and the baseline plasma HIV-1 RNA level.

Comparison of LPV ATU score and LPV mutation score in
independent populations. In both of the multivariable analyses
of the ATU cohort described above, the LPV ATU score
demonstrated a stronger association with a response than the
original LPV mutation score. In order to validate this finding
in independent data sets, data from three clinical studies of
LPV/r-based regimens in PI-experienced subjects were ana-
lyzed by using logistic regression with a stepwise selection
procedure. In Studies 888 and 957, the LPV ATU score was a
statistically significant predictor of a response, while the LPV
mutation score did not remain in the model. An apparent
breakpoint was observed at between two and three mutations
and, to a lesser extent, at between five and six mutations (Table
2). In Study 765, neither scoring method was a significant
predictor of a response.

Finally, a weighted version of the LPV ATU score was
evaluated that, based on the findings of Parkin and colleagues
(21), assigned threefold weights to mutations at codons 54 and
82. Although it remained unassociated with a response for
Study 765, the weighted score had a stronger association with
a virologic response than the unweighted score for Studies 888
and 957. For Study 888, the odds ratio for each one-unit in-
crease in the weighted score was 0.83 (95% CI, 0.72 to 0.95),
and the P values were 0.005 for the weighted score and 0.034
for the unweighted score. For Study 957, the odds ratio was
0.71 (95% CI, 0.55 to 0.91), and the P values were 0.008 for the
weighted score and 0.017 for the unweighted score.

DISCUSSION

We previously derived the LPV mutation score based on the
relationship between the genotype of the protease gene and
the in vitro susceptibility (phenotype) to LPV of HIV-1 isolates
from subjects with virologic failure during PI-based therapy.
Although this score was derived from in vitro data, it has
proven useful in providing guidance on the clinical use of
LPV/r in PI-experienced patients (12, 13). In the present study,
we evaluated whether a mutation score based on the virologic
response rather than in vitro susceptibility data would provide
a superior resistance algorithm. We retrospectively assessed
the degree to which mutations at each of 21 codons commonly
associated with PI resistance were associated with a virologic
response, after accounting for the contribution of the LPV
mutation score in the ATU cohort, a large prospective obser-
vational study of PI-experienced patients treated with LPV/r-
based regimens. Five of the 11 mutations constituting the LPV
mutation score were not associated with a virologic response,
whereas 4 mutations not contained in the score demonstrated
an association with a response. The LPV ATU score was there-
fore defined as the number of mutations among the following
codons in the protease domain: 10, 20, 24, 33, 36, 47, 48, 54, 82,
and 84. The LPV ATU score was found to be a better predictor
of the virologic response in the ATU cohort than the LPV
mutation score, for both an end point based on achievement of
a 1.0-log10 decrease in the plasma HIV-1 RNA level and an
end point based on achievement of a plasma HIV-1 RNA level
of �400 copies/ml. The proportions of subjects with a 1.0-log10

decrease in the plasma HIV-1 RNA level were 81%, 62%, and
50% in those with LPV ATU scores of 0 to 2, 3 to 5, and 6 or
more, respectively. The corresponding proportions of subjects
achieving plasma HIV-1 RNA levels of �400 copies/ml in each
category were 57%, 37%, and 21%, respectively.

In two types of multivariable analyses of the ATU cohort,
logistic regression and binary recursive partitioning, the LPV
ATU score was found to be a better predictor of a virologic
response than the LPV mutation score, even after adjustment
for other variables associated with a response, such as the
number of PIs used previously, the baseline plasma HIV-1
RNA level, and the use of an NNRTI in NNRTI-naive sub-
jects. These results are not unexpected, since the LPV ATU
score was derived from data for the ATU cohort. Therefore, to
validate these findings, we compared the performance of the
two mutation scores using data for three independent clinical
trial populations of PI-experienced subjects and stepwise lo-
gistic regression analyses. For the subjects in two of the three
studies, both scores were statistically significant predictors of a
virologic response, but in both cases, the LPV ATU score was
more strongly associated with a response. In each of these two
study populations, an apparent “breakpoint” was observed be-
tween two and three mutations in the LPV ATU score and, to
a lesser extent, between five and six mutations. In the third
study, neither score was associated with a response, probably
due to the limited degree of baseline LPV resistance in that
study, in which only a single subject had a baseline LPV ATU
score greater than 3. A version of the LPV ATU score that
assigned higher weights to mutations at codons 54 and 82
strengthened the relationship to the response in the first two
studies, corroborating the findings of Parkin and colleagues

TABLE 2. Virologic response to LPV/r by LPV ATU score in
clinical trials of LPV/r

LPV ATU score

No. of subjects with virologic response/
total no. of subjects (%)

Study 765 (single
PI experienced,
NNRTI naive;

n � 56)

Study 888 (single
PI experienced,
NNRTI naive;

n � 130)

Study 957
(multiple PI
experienced,

NNRTI naive;
n � 50)

0 14/18 (77.8) 33/46 (71.7) 3/4 (75.0)
1 13/17 (76.5) 23/31 (74.2) 10/10 (100.0)
2 7/10 (70.0) 20/26 (76.9) 6/6 (100.0)
3 8/10 (80.0) 6/12 (50.0) 6/9 (66.7)
4 0/1 (0.0) 5/8 (62.5) 7/11 (63.6)
5 2/6 (33.3) 5/6 (83.3)
6 0/1 (0.0) 1/2 (50.0)
7 0/2 (0.0)
0–2 34/45 (76) 76/103 (74) 19/20 (95)
3–5 8/11 (73) 13/26 (50) 18/26 (69)
6 or more 0/1 (0) 1/4 (25)

Odds ratio per
additional
mutation
(95% CI)

0.85 (0.50, 1.44) 0.77 (0.60, 0.98) 0.60 (0.39, 0.91)

P value 0.544 0.034 0.017
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that mutations at these codons are more strongly associated
with LPV resistance (21).

The derivation of the LPV mutation score and the LPV
ATU score differed in several aspects. The LPV mutation
score was derived from univariate analyses of in vitro findings
(genotype and phenotype) by using a relatively limited number
of isolates (n � 112). In contrast, the LPV ATU score was
derived from multivariable analyses of the virologic response
and the baseline genotype in a large cohort (n � 792). To-
gether, these differences likely explain why the LPV ATU
score is a superior predictor of virologic response, even in
independent cohorts.

The predictive value of the LPV ATU score was strength-
ened further by weighting the mutations at positions 54 and 82
more heavily than the remaining eight mutations, illustrating
the weakness of any genotypic score that does not account for
the different contributions of amino acid changes to drug re-
sistance. However, a given mutation is likely to have different
effects on viral susceptibility, depending on the set of other
mutations with which it is present. The optimal weight assigned
to any mutation would require more comprehensive analyses,
and the use and interpretation of weighted genotypic algo-
rithms would likely be too complicated for routine clinical use.
Thus, simple algorithms, such as that used to derive the LPV
ATU score, that weigh each mutation equally or that use sim-
ple arithmetic multiples (e.g., weights of 3 for positions 54 and
82) may serve as a practical compromise that is useful for
estimating drug activity in antiretroviral agent-experienced pa-
tients.

Previous studies have shown that reasonable genotypic
breakpoints for the LPV mutation score occur between cate-
gories of zero to five, six to seven, and eight or more baseline
mutations in protease (12). By using the LPV ATU score, the
best breakpoints appear to be between categories of zero to
two, three to five, and six or more mutations. Lower break-
points in the LPV ATU score are to be expected, given that
several mutations of relatively high prevalence in PI-experi-
enced patients (e.g., at positions 71 and 90) or even antiretro-
viral agent-naive patients (e.g., at position 63) that are counted
in the LPV mutation score are replaced in the LPV ATU score
with mutations of relatively low prevalence in PI-experienced
patients (e.g., at positions 33, 47, and 48). Correspondingly, the
median LPV mutation score and the LPV ATU score for the
ATU cohort were 5 and 2, respectively. The different break-
points between the two scores are therefore not inconsistent,
but care must be taken to use the breakpoints that correspond
to the correct LPV genotypic algorithm. Finally, these break-
points are based on the uniformly weighted LPV ATU score
(i.e., each mutation is assigned a score of 1) and would poten-
tially change if mutations at positions 54 and 82 were weighted
more heavily.

This study has several limitations. First, the genotypic testing
for the ATU cohort reported mutations at only the 21 amino
acid positions most commonly associated with PI resistance
(see Materials and Methods). Thus, any contribution to resis-
tance from mutations at any of the remaining 78 amino acids
constituting the protease gene or from any of the protease
substrate cleavage sites is not accounted for in the LPV ATU
score. Second, although genotypic algorithms derived in the
manner described here are valuable for predicting the virologic

response to LPV/r in PI-experienced patients, they may not be
good predictors of the virologic response to continued LPV/r
therapy in patients who experience viral rebound during LPV/r
therapy, particularly if they are PI naive. Third, mutations with
a prevalence of lower than 1%, such as those at position 50
(n � 5), were deemed too rare for use in statistical analysis.
The protease I50V mutation has been shown in other studies
to produce significant decreases in susceptibility to LPV (5,
21), as well as to be selected during viral rebound during LPV/r
therapy (18). Thus, the LPV ATU score may overestimate the
activity of LPV/r in patients with the I50V mutation. Next,
while the assessment of our algorithm in independent studies
provides corroboration of its utility, it should be noted that our
validation cohorts had comparatively small sample sizes. Fi-
nally, the ATU cohort was assembled in a period of time when
relatively few PIs were available. Analysis of more recent co-
horts of patients failing a wider variety of PI-based therapies
may allow further refinement of this genotypic algorithm.

In summary, this study provides the basis for a new geno-
typic algorithm that is useful for assessing the antiviral activi-
ties of LPV/r-based regimens in PI-experienced patients in-
fected with drug-resistant HIV-1. The LPV ATU score derived
from this analysis was a better predictor of the virologic re-
sponse than the original LPV mutation score in multiple pa-
tient cohorts. This algorithm may be useful in making clinical
treatment decisions and in refining genetic and pharmacologic
methods for assessing the activity of LPV/r (e.g., genotypic
inhibitory quotients [16]).
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