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To identify mutations associated with the virological response (VR) to a tipranavir-ritonavir (TPV/r)-
based regimen, 143 patients previously treated with protease inhibitor (PI) were studied. VR was defined
by a decrease of at least 1 log10 in, or undetectable, human immunodeficiency virus (HIV) RNA at month
3. The effect of each mutation in the protease, considering all variants at a residue as a single variable,
on the VR to TPV/r was investigated. Mutations at six residues were associated with a lower VR (E35D/
G/K/N, M36I/L/V, Q58E, Q61D/E/G/H/N/R, H69I/K/N/Q/R/Y, and L89I/M/R/T/V), and one mutation was
associated with a higher VR (F53L/W/Y). The genotypic score M36I/L/V � F53L/W/Y � Q58E � H69I/
K/N/Q/R/Y � L89I/M/R/T/V was selected as providing a strong association with VR. For the seven patients
with a genotypic score of �1 (viruses with only mutation at codon 53), the percentage of responders was
100% and the percentages were 79%, 56%, 33%, 21%, and 0% for those with scores of 0, 1, 2, 3, and 4,
respectively. The percentage of patients showing a response to TPV/r was lower for patients infected with
non-clade B viruses (n � 16, all non-B subtypes considered together) than for those infected with clade B
viruses (n � 127) (25% and 59%, respectively; P � 0.015). Most mutations associated with VR to TPV/r
had not previously been associated with PI resistance. This is consistent with phenotypic analysis showing
that TPV has a unique resistance profile. Mutations at five positions (35, 36, 61, 69, and 89) were observed
significantly more frequently in patients infected with a non-B subtype than in those infected with the B
subtype, probably explaining the lower VR observed in these patients.

Tipranavir (TPV) is a recently approved nonpeptidic pro-
tease inhibitor (PI) with antiviral activity against multi-PI-re-
sistant clinical human immunodeficiency virus type 1 (HIV-1)
isolates. Its average 50% effective concentration for these iso-
lates is 240 nmol/liter (range, 50 to 380 nmol/liter) (9, 13, 14).
TPV-resistant viruses were selected in vitro in a previous study
from serial passages of wild-type HIV-1 NL4-3 in the presence
of increasing concentrations of TPV in cell culture. HIV-1
variants with 70-fold-decreased susceptibility to TPV were se-
lected after 9 months in passage. Ten mutations were identi-

fied, arising in the following order: L33F, I84V, K45I, I13V,
V32I, V82L, M36I, A71V, L10F, and I54V (4).

The efficacy of ritonavir-boosted tipranavir (TPV/r) in HIV-
infected patients was examined in two phase III trials. These
patients were highly treatment experienced and displayed
stronger virological and immunological responses to TPV/r
than to other ritonavir-boosted PIs (2, 7). Previous analyses of
phase II and III clinical trials with TPV/r in PI-experienced
patients were conducted to determine the association of pro-
tease mutations with reduced susceptibility and virological re-
sponse (VR) to TPV (1a). A TPV mutation score was gener-
ated from these analyses, incorporating a set of 16 protease
amino acid positions and 21 mutations (10V, 13V, 20M/R/V,
33F, 35G, 36I, 43T, 46L, 47V, 54A/M/V, 58E, 69K, 74P, 82L/T,
83D, and 84V). HIV-1 isolates with a greater number of these
TPV resistance-associated mutations had reduced phenotypic
susceptibility and VR to TPV. Parkin et al. proposed revisions
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to the TPV mutation score based on the analysis of 1,411
clinical samples from the Monogram database. They added
new mutations and weighted other specific mutations that were
associated with lower-than-expected (10I, 11L, 32I, 36L, 46I,
47V, 54A, 55R, 60E, 71L, 73T, 82T, 84V, 89V, and 90 M) or
higher-than-expected (10F/V, 13V, 20R, 24I, 30N, 36I, 46L,
50L/V, 54L, 76V, 82I, and 88D) susceptibility to TPV (12a).
The U.S. Food and Drug Administration determined in Boehr-
inger Ingelheim studies that at least five of eight mutations
present at baseline (I13, V32, M36, I47, Q58, D60, V82, and
I84) were associated with a poorer VR rate at week 24 and that
the most common substitutions emerging in patients with vi-
rological failure were L33V/I/F, V82T, and I84V (12). These
studies showed that resistance to TPV is complex, involving
mutations that have not previously been associated with resis-
tance to other PIs.

The aim of this study was to determine, using simple and
previously described methods, mutations associated with VR
to TPV/r in a population of PI-experienced patients.

(This work was presented at the 14th Conference on Retro-
viruses and Opportunistic Infections, Los Angeles, CA, Feb-
ruary 2007 [11a], and at the XVI International HIV Drug
Resistance Workshop, Barbados, Barbados, 12 to 16 June 2007
[11b].)

MATERIALS AND METHODS

Patients and antiretroviral regimens. One hundred forty-three PI-experienced
patients were recruited to the study. All patients were treated with ritonavir (200
mg twice a day [b.i.d.]) plus TPV (500 mg b.i.d.) with a background regimen
comprising nucleoside reverse transcriptase (RT) inhibitors (NRTI) and/or non-
nucleoside RT inhibitors (NNRTI) and/or enfuvirtide (ENF). TPV and ritonavir
were the only PIs used in the antiretroviral combinations. Sociodemographic
data, clinical data, and treatment histories were collected for all patients re-
cruited. Inclusion criteria and all data were checked by the study monitor. The
main characteristics of the study population are shown in Table 1. At baseline,
the median numbers (interquartile ranges [IQR]) of major and minor PI resis-
tance mutations using the International AIDS Society-USA (IAS-USA) panel
list were 3 (0 to 7) and 9 (1 to 14), respectively (8). Participating laboratories
belonged to the Agence Nationale de Recherches sur le SIDA (ANRS) AC11

network and participated in the ANRS quality control assessment of HIV-1 drug
resistance sequencing (3).

Genotypic resistance testing. Sequences of the protease and RT genes were
determined at baseline in each laboratory using the ANRS consensus technique
(http://www.hivfrenchresistance.org), the Bayer TrueGene kit, the Abbott Viro-
Seq kit, or an in-house method. All protease and RT gene mutations were
identified from the International AIDS Society-USA resistance testing panel
(September 2006) (8). The lower limit of quantification (LOQ) was 200 copies/ml
or 50 copies/ml according to the virological center.

TPV plasma concentration measurements. TPV plasma concentrations were
measured by a specific and validated high-performance liquid chromatographic
assay coupled to UV detection at 240 nm as previously described (12b). All
patients had detectable TPV plasma concentrations (�100 ng/ml) and were
retained for the determination of the resistance score.

Statistical methods. The end point for the analysis was the percentage of
responders at month 3. VR was defined by a decrease of at least 1 log10 in HIV
RNA from baseline or HIV RNA less than the LOQ at month 3. These criteria
were also used in the RESIST (Randomized Evaluation of Strategic Intervention
in Multidrug Resistant Patients with Tipranavir) studies and the FDA TPV
resistance analysis (7, 12). Potential associations between each protease mutation
(codons 1 to 99) and VR were determined using Fisher’s exact test. Multiple
mutations arising at a given position were grouped together as a single variable.
Mutations present in at least 10% of patients giving a P value lower than 0.10 in
the above-mentioned univariate analysis were retained. They were then analyzed
using the removing procedure with a nonparametric test to select the combina-
tion of mutations most strongly associated with VR (5, 10, 11, 15). The Cochran-
Armitage (CA) test was used. The removing procedure begins with all mutations
from the univariate analysis (k) retained. The first step is to calculate the P value
with the CA test to give a score incorporating these initial k mutations. All
combinations of k � 1 mutations are investigated one by one; a combination is
retained if it yields a lower P value with the CA test than the P value obtained
with the k mutations. In the second step, mutations are again removed one by
one to compare the combinations of k � 2 mutations; a combination yielding a
P value lower than the P value obtained with k � 1 mutations is again retained,
and so on. The procedure ends when removing a mutation does not provide a
lower P value than the previous one. The removing procedure was selected
because scores obtained using this technique tend to be more strongly associated
with the VR than those obtained using the adding procedure (7).

A series of univariate logistic regression was fitted to the data to retain, in the
multivariate analysis, variables associated with the VR (P � 0.10). The final
multivariate model was selected using a stepwise procedure. We used mutations
present in the RT gene and the ANRS algorithm (http://www.hivfrenchresistance
.org) to determine whether patients receiving a particular NRTI or NNRTI had
resistant or susceptible virus strains.

The statistical program used for analyses was SAS (version 9.0).

RESULTS

Effect of PI resistance mutations on VR. Overall, 79 (55%)
patients receiving a TPV/r-containing regimen displayed a VR
at month 3. Four patients had a viral load (VL) less than the
LOQ, and 32 had a decrease in VL of at least 1 log at month
3. Forty-three patients met both criteria defining a VR. The
median decreases (IQR) in plasma HIV RNA were �1.16 log
copies/ml (�3.82 to 1.16 log copies/ml) between baseline and
month 3 and �0.83 log copies/ml (�4.00 to 0.58 log copies/ml)
between baseline and month 6. The number of IAS-USA panel
mutations (major only or minor and major) was not associated
with the VR at month 3 (P � 0.82 and P � 0.20, respectively).
The prevalence of IAS-USA panel PI resistance mutations
among the viruses studied is shown in Fig. 1. The TPV muta-
tion score (10V, 13V, 20 M/R/V, 33F, 35G, 36I, 43T, 46L, 47V,
54A/M/V, 58E, 69K, 74P, 82L/T, 83D, and 84V), developed
from the Boehringer Ingelheim studies, was associated with
VR at month 3; however, no clear trend in the distribution of
the VR was observed (P � 0.025) (Fig. 2) (1a). A weighted
TPV score, based on 15 mutations (10V, 24I, 36I, 43T, 46L,
47V, 50L/V, 54A/M/V, 54L, 58E, 74P, 76V, 82L/T, 83D, 84V),

TABLE 1. Main baseline characteristics of the study
population (n � 143)

Parameter Value

% Male 85
% Infected with subtype B 89
Median plasma HIV-1 RNA (log10 copies/

ml)
(IQR) 4.7 (3.9–5.2)

Median CD4 cell count/mm3 (IQR) 115 (25–224)

Previous antiretroviral treatment
Median no. of antiretroviral drugs (IQR) 11 (9–12)
Median no. of NRTI (IQR) 6 (5–7)
Median no. of PIs (IQR) 4 (3–5)
% of patients treated with NNRTI 80
% of patients treated with ENF 28

% of patients with TPV/r (500/200 mg b.i.d.)
cotreatment

NRTI 97
NRTI � NNRTI 15
NRTI � ENF 55
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was recently generated (14a). Among patients found suscepti-
ble (score � 3), 66% were responders; among those who were
partially susceptible (3 � score � 10), 60% were responders;
and 20% of resistant patients (score � 10) were responders
(P � 0.0002). Finally, a modified version of the score devel-
oped by Boehringer Ingelheim was proposed, based on 22
mutations (I47V, I54A, V82T, I84V, L10V, I13V, K20R,
M46L, V11L, V32I, A71L, G73T, L89V, L10I, M46I, L90M,
L24I, D30N, I50L/V, I54L, L76V, and V82I) (12a). Some mu-
tations increased the resistance score (by 1, 2, or 0.5), whereas
other mutations decreased the resistance score (reducing the
score by 1 or 0.5). In our sample, 17/25 (68%) patients with a
score �2, 45/73 (62%) patients with a score �2 and �5, 17/41
(42%) patients with a score �5 and �8, and 1/5 (20%) of
patients with a score �8 were responders (P � 0.003).

In univariate analysis, mutations at six positions (all variants

of each position considered as a single variable) were associ-
ated with a lower VR to TPV/r (P � 0.1) (E35D/G/K/N,
M36I/L/V, Q58E, Q61D/E/G/H/N/R, H69I/K/N/Q/R/Y, and
L89I/M/R/T/VP) and one mutation was associated with a
higher VR (F53Y/L/W). In addition, for positions displaying
one predominant variant (e.g., E35D, M36I, F53L, H69K, and
L89M), independent statistical analysis has been done to de-
termine whether the results are driven by these amino acid
variants only and whether the inclusion of the others is actually
not supported by the data. The P values of the corresponding
Fisher exact tests were as follows: E35D, 0.13, versus E35D/
G/K/N, 0.006; M36I, 0.04, versus M36I/L/V, 0.004; F53L,
0.067, versus F53L/W/Y, 0.033; H69K, 1.22 � 10�4, versus
H69I/K/N/Q/R/Y, 7.22 � 10�6; L89M, 0.77, versus L89I/M/R/
T/V, 0.03. The score obtained using such an analysis with the
preponderant variant provided a greater P value than the P

FIG. 1. Values for the prevalence of IAS-USA PI resistance mutations among the 143 isolates.

FIG. 2. Percentages of patient responders at month 3 (M3) as a function of the number of mutations for the TPV mutation score developed
by Boehringer Ingelheim (10V, 13V, 20 M/R/V, 33F, 35G, 36I, 43T, 46L, 47V, 54A/M/V, 58E, 69K, 74P, 82L/T, 83D, and 84V).
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value generated with all variants at a given position considered
as a single variable (P � 1.2 � 10�6 versus 1.5 � 10�7).

Table 2 shows univariate analysis of the VR as a function of
the presence of mutated or wild-type codons at specific sites of
the protease gene. Mutations at codons 1 to 9, 18, 21, 22, 23, 25
to 31, 38 to 40, 42, 44, 45, 49 to 52, 56, 59, 65, 67, 68, 70, 75, 78
to 81, 83, 86 to 88, 91, 92, and 94 to 99 in the protease gene
could not be evaluated because their prevalence was �10%.

Boosted TPV/r genotypic score. (i) Removing procedure.
Among the mutations selected by the univariate analysis, the
removing procedure did not retain mutations at codons 35 and
61, and this led to selection of the genotypic score 36I/L/V �
53Y/L/W � 58E � 69I/K/N/Q/R/Y � 89I/M/R/T/V as provid-
ing the strongest association with VR (P � 1.47 � 10�7).
Figure 3 shows the percentage of responders at month 3 as a
function of genotypic score. For the seven patients with a
genotypic score of �1 (viruses with mutation only at codon 53),
the percentage of responders was 100%, and percentages were
79% (n � 33), 56% (n � 63), 33% (n � 24), 21% (n � 14), and
0% (n � 2) for those with a genotypic scores of 0, 1, 2, 3, and
4, respectively. Values for the prevalence of mutations in-
cluded in the TPV/r score for patients grouped by genotypic
score are shown in Table 3.

According to the IAS-USA panel list, the median numbers

TABLE 2. Univariate analysis of VR as a function of the presence of
mutated or wild-type codons at specific sites of the protease gene

Position Amino acid No. of
patients

%
Responders P

35 E (wild-type) 56 70 0.0061
D 72 46
G 2
K 2
N 11

36 M (wild-type) 45 73 0.0037
I 87 47
L 7
V 4

53 F (wild-type) 116 51 0.033
L 23 74
W 1
Y 3

58 Q (wild-type) 119 59 0.072
E 24 38

61 Q (wild-type) 124 58 0.088
D 2 37
E 4
G 1
H 4
N 7
R 1

69 H (wild-type) 120 63 7.22 � 10�5

I 1 17
K 14
N 1
Q 1
R 4
Y 2

89 L (wild-type) 107 61 0.03
I 7 39
M 12
R 1
T 1
V 15

FIG. 3. Percentages of patient responders at month 3 (M3) as a function of the number of mutations for the TPV mutation score (36I/L/V �
53Y/L/W � 58E � 69I/K/N/Q/R/Y � 89I/M/R/T/V).

TABLE 3. Prevalence of mutations included in the TPV/r score
found in patients grouped by genotypic score

Position
Prevalence (%) for TPV/r scorea of:

�1 (7) 0 (33) 1 (63) 2 (24) 3 (14) 4 (2)

36 0 36 73 100 100 100
53 100 36 7.9 8.3 7.1 0
58 0 0 9.5 45.8 35.7 100
69 0 0 7.9 20.8 78.6 100
89 0 0 17.5 41.7 92.9 100

a Numbers of patients are in parentheses.
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of major PI mutations in patients with a TPV/r genotypic
scores of �1, 0, 1, 2, 3, and 4 were 4, 3, 3, 3, 3 and 2, respec-
tively. Based on these TPV/r genotypic scores, the prevalence
values for strains classified as resistant (a score of at least �3)
and sensitive (a score of �1 to �2) to TPV/r were 26% and
74%, respectively, in our database of treated patients experi-
encing virological failure (473 virological failures in 2006).

(ii) Multivariate analysis. The following variables provided
a P value �0.10 in a univariate logistic model and were poten-
tially included in the selection of the final multivariate model:
previous ENF treatment regimen, HIV-1 subtype B versus
non-B, susceptibility to efavirenz in patients receiving efa-
virenz in the background regimen, TPV score (score � 2 or �

2). In the final model, the following were retained as indepen-
dently associated with the VR: previous ENF treatment (n �
38, odds ratio [OR] � 4.18, P � 0.0012) associated with a
poorer VR and susceptibility to efavirenz in patients receiving
efavirenz in the background regimen (n � 13, OR � 0.11, P �
0.015) associated with higher VR and TPV genotypic score
(score � or � 2) (OR � 7.5, P � 0.001).

Effect of HIV-1 subtype on VR to TPV/r at month 3. Sixteen
of 146 patients were infected with a non-B HIV-1 subtype (1
with A, 1 with D, 2 with F, 3 with G, 1 with H, 2 with J, 4 with
CRF02_AG, 1 with B/F, and 1 with CRF09) in this study. Viral
subtype (B versus non-B) was associated with VR at month 3.
The VR at month 3 of patients infected with a non-B HIV-1
subtype was lower than that of patients infected with HIV-1
subtype B (25% versus 59%, P � 0.015).

Among mutations previously identified as being associated
with VR at month 3 in univariate analysis, mutations at five
positions (35, 36, 61, 69, and 89) were significantly more fre-
quent in non-B subtypes than in subtype B (Table 4).

Pharmacological measurements. The median concentration
of TPV in plasma at month 3 was 27,048 ng/ml. TPV concen-
tration at month 3 was not associated with the VR at month 3.

DISCUSSION

The development of genotypic resistance scores is based on
the assessment of the effect of genotypic profiles at baseline on
the subsequent VR. This provides objective information for
guidance on drug selection, in particular for treatment-experi-
enced patients. In this study, we determined a genotypic resis-
tance score for TPV/r in PI-experienced patients using a step-
wise methodology described previously (5, 10, 11, 15).

We observed VR—defined as a decrease of at least 1 log10

of HIV RNA from baseline or an HIV RNA less than the LOQ
at month 3—in 55% of our patients. Changes at five codons
were found to constitute a genotypic resistance score signifi-
cantly associated with VR to TPV/r: 36I/L/V � 53Y/L/W �
58E � 69I/K/N/Q/R/Y � 89I/M/R/T/V. For the seven patients
with a genotypic score of �1 (viruses with only mutation at
codon 53), the percentage of responders was 100%, and per-
centages were 79% (n � 33), 56% (n � 63), 33% (n � 24),
21% (n � 14), and 0% (n � 2) for those with a genotypic scores
of 0, 1, 2, 3, and 4, respectively. Based on these results, the
French HIV resistance guidelines recommend considering vi-
ruses in patients with a score of �3 as resistant to TPV/r and
viruses with a score of �2 as possibly resistant. Although the
score previously developed by Boehringer Ingelheim was pre-
dictive of VR in this data set, it was not possible to determine
a clinical cutoff using this score. It is not surprising that a score
derived from another data set predicts the VR less accurately
than a score derived from this data set. Indeed, this may be due
to using different patient populations, resistance methodolo-
gies, viruses, and statistical approaches.

Some of the five mutations identified in the TPV genotypic
resistance score (at positions 36, 58, and 69) were previously
identified in the Boehringer Ingelheim TPV mutation score
(1a). Although the 89M/V mutation belonged to the list of
mutations assessed in stepwise multiple regression analyses of
phase III, it was not retained in this final score (1a). In our
study, F53Y/L/W was associated with a higher VR at month 3.
Interestingly, the F53L mutation was previously associated
with increased susceptibility to TPV in a study by Virco (1).
None of the five mutations identified by the TPV genotypic
resistance score are considered major IAS-USA panel muta-
tions, and most have not previously been associated with re-
sistance to other PIs. These findings could explain the activity
of TPV against viruses harboring such classical PI mutations
(i.e., patients with a genotypic score of �1 had a median of
four major PI mutations). This is consistent with another anal-
ysis of the RESIST and 1182.51 studies showing that isolates
with PI resistance mutations at 24I, 48V, 50V, 54S, 54T, and
82A retained susceptibility to TPV, whereas isolates with 84V,
89V, 54M, 47V, and 74P mutations were cross-resistant to
TPV and other approved PIs (14b). Thus, the use of the TPV
genotypic resistance is likely to be restricted to populations with
similar PI mutation profiles, since mutations associated with this
new score are almost always present in combination with these
more classical PI resistance mutations. Indeed, their effects in

TABLE 4. Prevalence of mutations associated with VR at month 3
in univariate analysis as a function to HIV-1 subtype

Position Amino acid

No. (%) of patients
with infections of

subtype: P

B Non-B

35 E (wild type) 54 (43) 2 (13) 0.028
D/G/K/N 73 (57) 14 (88)

36 M (wild type) 45 (35) 0 (0) 0.003
I/L/V 82 (65) 16 (100)

53 F (wild type) 103 (81) 13 (81) 1
L/W/Y 24 (19) 3 (19)

58 Q (wild type) 107 (84) 12 (75) 0.47
E 20 (16) 4 (25)

61 Q (wild type) 117 (92) 7 (44) 1.20 � 10�5

D/E/G/H/N/R 10 (8) 9 (56)

69a H (wild type) 117 (92) 3 (19) 5.35 � 10�5

I/K/N/Q/R/Y 10 (8) 13 (81)

89 L (wild type) 104 (82) 3 (19) 7.8 � 10�7

I/M/R/T/V 23 (18) 13 (81)

a Viruses with a mutation at position 69 also have a mutation at position 89.
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different backgrounds or in combination with other mutations
may be quite different.

Interestingly, although the result is based on a small number
of patients, the VR to TPV/r seemed to be lower in patients
infected with non-clade B viruses than in patients infected with
clade B viruses. The low numbers of samples for any given
subtype is a potential limitation. However, this result seems to
be related to the fact that, among the mutations associated
with VR to TPV at month 3 in univariate analysis, five posi-
tions (35, 36, 61, 69, and 89) were significantly more frequent
in non-B subtype viruses. Subtype, however, was not retained
in the final multivariate model, and in vitro studies have shown
that TPV displays similar antiviral activities against non-B and
B subtype isolates (1b). This discrepancy should be investi-
gated by further clinical studies exploring the VR to TPV/r in
a larger number of patients infected with non-B subtype
strains. It also highlights the need to develop scoring algo-
rithms targeted more specifically to prevalent non-B subtypes.

In the multivariate analysis, previous treatment with ENF was
associated with a poorer VR whereas susceptibility to efavirenz in
patients receiving efavirenz in the background regimen and a
TPV genotypic score of �2 were associated with a better VR. The
fact that previous treatment with ENF was associated with a
poorer VR could be explained: these patients were infected with
viruses more resistant to all currently available antiretrovirals
than those who did not received ENF in the past. In addition, 38
of 79 (48%) patients who use ENF in combination with TPV/r
had previously used it, thus recycling it.

One limitation of this study is that all mutations were con-
sidered as having equal importance. We did not weight the
different mutations in the score, because there is no standard-
ized weighting method currently available, despite a number of
different approaches having been described (6, 14a). Another
potential limitation is that multiple amino acids at a given
protease position were grouped together as a single variable.
However, independent statistical analysis for positions with a
predominant single variant did not support the possibility that
the results were dependent on a single amino acid. Indeed, for
each mutation tested, the P value of the corresponding Fisher
exact test was always higher (sometimes above 5%) than the P
value obtained from the regrouping of all variants. In addition,
the score obtained from analysis of the single dominant variant
provided a P value greater than the P value obtained with the
score for all variants considered as a single variable (P � 1.2 �
10�6 versus 1.5 � 10�7).

This work identified mutations not previously associated
with a strong effect on PI resistance, suggesting that TPV has
a unique resistance profile. This is consistent with previous
phenotypic analysis. This mutation profile may partly explain
TPV’s activity against viruses harboring classical PI resistance
mutations. This TPV/r resistance score is based on a relatively
large number of patients with PI resistance mutations at base-
line and could provide a useful tool for the prediction of VR to
TPV/r in PI-experienced patients. However, it requires cross-
validation in a different population study.
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