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Introduction
In the HAART era, a wide antiretroviral resistance, 
particularly if extended to all drug classes, is still 
associated with a poor clinical outcome and repre-
sents a risk-marker for disease progression and death 
(Zaccarelli et al., 2005). Even if antiretroviral therapy 
is only partially suppressive, it is required for the pre-
vention of clinical and immunological impairment in 
these treatment-experienced patients, in spite of the 
danger of long-term toxicity and the potential selec-
tion of additional resistance-associated mutations. 
However, the results of recent trials with new boosted 
PIs, such as tipranavir (TPV), (Gathe et al., 2006; 
Cahn et al., 2006; Hicks et al., 2006) and darunavir 
(Katlama et al., 2007) which demonstrate an opti-
mal response as salvage therapy in a percentage of 
patients ranging from 20% to 60% according to dif-
ferent end- and time-points, have permitted special-
ists to update the guidelines for treatment of highly 
antiretroviral-experienced HIV-infected patients (US 
DHHS, 2008). Virological suppression is also now 
considered possible in multi-experienced patients 
when treated with at least two active drugs from 
different classes, eventually including entry inhibi-
tors and, in the near future, other drugs in advanced 

stages of development.
Nevertheless, the results of these phase II/III clinical 
trials should always be evaluated in the context of 
clinical practice with regard to drug effectiveness and 
predictive power for genotypic resistance patterns, 
thereby avoiding a selection bias due to inherent sys-
tematic differences between the trial population and 
the general patient population. This is particularly 
true for tipranavir, a protease inhibitor (PI) which 
shows in vitro activity against some PI-resistant 
HIV-1 strains (Rusconi et al., 2000; Doyon et al., 
2005), and whose resistance profile seems to require 
multiple protease mutations to determine a reduced 
susceptibility. In fact, while four main mutations in 
the protease gene (at positions 33, 82, 84 and 90) were 
originally associated with TPV resistance, a more 
recent analysis of a large database has revealed that 
at least 21 mutations at 16 positions in the protease 
gene (L10V, I13V, K20M/R/V, L33F, E35G, M36I, 
K43T, M46L, I47V, I54A/M/V, Q58E, H69K, T74P, 
V82L/T, N83D, and I84V) are involved in determin-
ing TPV loss of susceptibility, some of which were not 
associated with resistance to any other PIs (Baxter et 
al., 2006). These mutations have been included in the 
updated IAS list (Johnson et al., 2008).

AbstrAct
To validate the clinical utility of the current TPV genotypic score and describe the role of additional protease mutations in deter-
mining the virological response to tipranavir/ritonavir, 176 pluri-experienced HIV-infected patients with a baseline genotypic 
profile were evaluated. Univariate and multivariate analyses, using a stepwise estimation model with backward procedure, 
were performed to identify variables associated with virological response to a new regimen including tipranavir after 12 and 
24 weeks. Results relative to the subanalysis of data using the achievement of a viral load decrease of at least 1 log as primary 
endpoint are presented herein. At week 24, 62.6% of patients had a ≥1 log HIV-RNA decrease. The following variables were 
significantly (p<0.05) associated with response in multivariate analysis: CD4 nadir, number of previous protease inhibitors 
and CDC stage C. TPV score was predictive of outcome with univariate, but not multivariate, analysis. Among mutations, 
Q58E (p=0.040) and Q92K (p=0.027) were associated with failure, while L76V (OR p=0.002) was associated with success. This 
study suggests that the current TPV-associated mutation list does not fully reflect the genotypic profile of TPV resistance in our 
clinical cohort, and the role of additional mutations needs to be considered. Of note, the L76V mutation appeared to have a 
beneficial impact on the virological response to TPV. 
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The present study correlated the protease resistance 
pattern at baseline with a -1 log HIV RNA decline at 
12 and 24 weeks in a population of 176 HIV patients 
enrolled in the Italian Expanded Access Program for 
Tipranavir with the aim of validating the clinical util-
ity of the current TPV genotypic score and to describe 
the role of additional protease mutations in influenc-
ing the virological response to this drug.

Patients and Methods 
Study Population
A total of 176 HIV-1 infected patients who were admin-
istered a tipranavir/ritonavir (TPV/r)-based regimen, 
enrolled in the Italian Early Access Program (EAP 
BI 1182.16 study) in the period between November 
2004 and January 2006, were evaluated. Only patients 
for whom a baseline genotypic resistance profile was 
available were included in the analysis.
According to the TPV EAP inclusion criteria, patients 
were >18-years old, previously treated with all three 
antiretroviral classes including at least two PI-based 
regimens, and failing or intolerant to other approved 
antiretroviral treatments. The use of other investiga-
tional drugs within 30 days prior to TPV/r initiation 
and baseline hepatic impairment (AST and/or ALT 
values more than three times the upper normal limit) 
represented a criterion for exclusion. All patients pro-
vided their written informed consent. 

Methods
HIV-RNA measurement, CD4 cell count and baseline 
HIV-1 genotyping test were performed locally. The 
optimized background regimen, eventually including 
enfuvirtide (T20), was selected by the investigators 
based on genotypic data. 
HIV-1 pol sequences (GenBank accession numbers 
EU007912-EU008077) were retrospectively collected 
and compared to a reference sequence of HIV-1 sub-
type B with the use of the free online Sequence Analysis 
Program (http://hivdb.Stanford.edu) which also pro-
vided a subtype assignment; genotypic data were 
reported as amino acid substitutions with respect to 
the consensus B. The mutations associated with drug-
resistance according to the IAS–USA list (Johnson et 
al., 2008) and those at additional positions within the 
protease domain were recorded. The following muta-
tions were classified as TPV–associated according to 
IAS: L10V, I13V, K20M/R/V, L33F, E35G, M36I, K43T, 
M46L, I47V, I54A/M/V, Q58E, H69K, T74P, V82L/T, 
N83D, I84V and L90M. 
The TPV score was defined as the number of known 
IAS TPV-associated mutations, not including the 
L90M mutation, whose independent role was not 
demonstrated in a large analysis of phase II and III 
trials (Baxter et al., 2006). Amino acid substitutions 
different from those indicated by the IAS at these 
positions were not considered in the analysis. 
For substitutions at positions not associated with 
TPV-resistance according to IAS, all amino acid vari-
ants for each position differing from the consensus 
were considered mutations and analyzed together, but 
only those detected in at least 10% of patients were 
included.
Antiretroviral drug resistance was evaluated using 
the Virtual PhenotypeTM-LM (Virco). At the time of 
analysis, the clinical cut-off values for tipranavir were 
based on treatment response in patients enrolled in 

the RESIST trials (Gathe et al., 2006; Cahn et al., 
2006; Hicks et al., 2006). A maximal response was 
foreseen for isolates with a predicted fold-change in 
IC50 below the lower clinical cut-off (=1.2), a reduced 
response for those with a fold-change between the 
lower and the upper clinical cut-off (=5.4), while a 
minimal response was predicted for isolates with a 
fold-change above 5.4.

Statistical analysis 
As the TPV score (Baxter et al., 2006) was found to 
be independently associated with the likelihood of 
obtaining an HIV RNA reduction of -1 log10 copies/
ml in phase III (RESIST 1 and 2) clinical trials (Gathe 
et al., 2006; Cahn et al., 2006; Hicks et al., 2006) in 
multi-experienced patients, herein we defined treat-
ment response as a confirmed HIV-1 load reduction 
of 1 log10  when compared to the baseline value at 
weeks 12 and 24. The analysis using the proportion 
of patients with undetectable plasma viral load (pVL) 
(HIV-RNA <50 copies/ml) at 12 and 24 weeks as pri-
mary endpoints is ongoing.
The following secondary endpoints were also con-
sidered: (i) the mean change in HIV-RNA plasma log 
at 12 and 24 weeks; (ii) the mean change in CD4 cell 
count throughout the follow-up period.
Analyses were performed on the on-treatment popu-
lation, therefore all patients who started the TPV/r 
regimen were included and the data were utilized as 
long as they were assuming the drug.
Descriptive statistics were produced for the demo-
graphic, clinical and viroimmunologic characteristics 
of all cases. The mean and standard deviation (SD) 
are presented for normally distributed variables, and 
the median and interquartile range (IQR) are pre-
sented for non-normally distributed variables.  
Univariate and multivariate logistic regression models 
at weeks 12 and 24 were used to analyze the relation 
between virological response to the new antiretrovi-
ral regimen with TPV/r and baseline characteristics 
including baseline PI mutations. 
Mutations detected in >10% of patients with a <0.2 p 
value were retained for further analysis. A stepwise 
estimation model with backward procedure was used 
to select the set of mutations and clinical variables 
most strongly associated with virological response 
(Flandre, 2004).
The ability of the TPV score to discriminate between 
patients with or without virological response (pVL -1 
log) after 12 and 24 weeks was evaluated using the 
receiver operating characteristic (ROC).
Data analysis was performed with the STATA statis-
tical package (release 9.0, 2006, Stata Corporation, 
College Station, Texas, USA).

Results
Patient Characteristics
Baseline characteristics of patients enrolled in the 
study are shown in Table 1.  Seven patients were 
infected with an HIV-1 non-B-subtype and were 
grouped together for analysis.  Median baseline CD4 
cell count and HIV-RNA log10 were 143.5 (range 
69-245) cells/mmc and 4.8 (range 4.2- 5.3) cp/ml, 
respectively. Subjects had been previously exposed to 
a median of four PIs, six NRTIs and one NNRTI; only 
13 patients (7.4%) were NNRTI naïve. A total of 41 
patients (23.3%) were enfuvirtide-experienced. Only 
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25/176 (14%) isolates were fully susceptible to at least 
two drugs (not including TPV/r and enfuvirtide) 
according to Virtual PhenotypeTM-LM. 
In addition to TPV/r, the new therapy included a 
NNRTI in 15/176 patients (8.5%), and enfuvirtide 
(with or without NNRTIs) in 99/176 patients (56.2%), 
71 of whom were enfuvirtide-naïve and 28 were 
enfuvirtide-experienced. 
According to the Virtual PhenotypeTM-LM, the patient 
clinical isolates had a predicted maximal, reduced 
and minimal response to TPV in 46%, 44% and 10% 
of cases, respectively.

Treatment Efficacy
Overall, 139/176 patients completed the 24 week 

treatment follow-up. A total of 37/176 patients 
(21%) interrupted TPV/r before terminating the 
study for the following reasons: immuno-virological 
failure and/or clinical impairment (36%), intolerance 
to TPV/r (36%), and non-adherence (11%). Four 
patients died during the follow-up, one of whom 
with an AIDS-related malignancy and the remaining 
three patients for non-AIDS-related events. 
The proportion of patients with a pVL decrease 
≥1 log at weeks 12 and 24 was 104/159 (65.4%) 
and 87/139 (62.6%), respectively. A total of 61/159 
patients (38.4%) at week 12 and 59/139 (42.4%) 
patients at week 24, respectively, showed a  pVL of 
<50 copies/ml (Figure 1).
The median HIV-RNA log10 decrease was –2.0 (IQR 
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Table 1: Baseline characteristics of 176 PI-experienced HIV infected patients.

Total N of pts 176
Male (%) 141 (80.1%)
Median (IQR) age (years) 43 (41 - 48)
Clinical stage C 86 (48.9%)
Risk factor

Ex- IVDU 71 (40.3%)
      Heterosexual 63 (35.8%)
     Homosexual 36 (20.5%)

Unknown 6 (3.4%)
HCV-Ab + 61 (38%)
HbsAg + 10 (6.2%)
Non-B HIV subtype 7 (4.2%)
Median (IQR) HIV-RNA (log10 copies/ml) 4.8 (4.2 - 5.3)
Median (IQR) CD4 cell count (cells/mm3) 143.5 (69 - 245)
Pts with a CD4 nadir <200 159 (90.8%)
Median (IQR) CD4 nadir (cells/mm3) 47 (16 - 116)
History of virological suppression 71 (44%)
Median(IQR) N of prior ARV drugs 
                                    NRTIs 6 (5 - 6)
                                    NNRTIs 1 (1 - 2)
                                     PIs 4 (3 - 5)
Enfuvirtide experienced 41 (23.3%)
Active drugs ≥ 2 according to VirtualPhenotypeTM-LM  
(not including TPV/r and T20) 25 (14%)

TPV/r prescribed co-treatment
only NRTI 65 (36.9%)
+ NNRTI 15 (8,5%)

+ enfuvirtide 99 (56.2%)
Median(IQR) N of PI-resistance associated mutations 15 (11 - 19)
Median (IQR) N of TPV-associated mutations 4 (2 - 5)

TPV resistance analysis according to VirtualPhenotypeTM-LM

                    Maximal response 46%
                      Reduced response 44%
                    Minimal response 10%

Legend: N: number; pts: patients; IQR: inter quartile range; IVDU: intravenous drug users; ARV: antiretroviral; NRTI: 
nucleoside retro transcriptase inhibitors; NNRTIs: non-nucleoside retro transcriptase inhibitors; PIs: protease inhibitors; 
TPV/r: tipranavir/ritonavir. 
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= -3 to -0.3) after 12 weeks and -2.84 (IQR: -3.1 to 
-0.3) after 24 weeks. The median absolute CD4 vari-
ation was 60.5 (IQR: 10.5-137) cells at week 12 and 
54 (IQR: 5-147) cells at week 24. 

Predictors of Virological Response 
Univariate Analysis
Univariate analysis was performed to identify vari-
ables associated with virological response to TPV/r 
(>1 log HIV-RNA decrease from baseline at week 
12 and/or 24). The variables included: age, sex, 
risk factors for the acquisition of HIV-1 infection, 
CDC stadiation, HCV and HBV co-infections, 
HIV-1 subtype, nadir of CD4 cell count, peak of 
HIV-RNA in the patient’s history, prior virological 
suppression after HAART treatment, baseline CD4 
count, baseline log10 HIV-RNA, number of pre-
vious antiretroviral regimens, previous exposure 
to antiretroviral drugs, previous treatment with 
enfuvirtide, number of active drugs in the new regi-
men according to Virtual PhenotypeTM-LM, total 
number of IAS PI-resistance associated mutations, 
TPV score and individual protease mutations, pre-
dicted fold-change in TPV susceptibility according 
to Virtual PhenotypeTM-LM. Only variables sig-
nificantly associated with outcome (p ≤ 0.05) are 
reported in Table 2. 

Clinical Variables
At univariate analysis, the following variables were 
associated with virological failure at week 24: female 
gender (OR 2.75, 1.04-7.30 95% CI, p=0.042), CDC 
stage C versus stage A (OR 2.41, 1.19-4.90 95% CI, 
p=0.015), number of previous PIs (OR 1.42, 1.12-
1.80 95% CI, p=0.004), previous use of enfuvirtide 
(OR 3.01; 1.33-6.84 95% CI, p=0.008). On the 
contrary, a higher CD4 nadir (OR 0.74, 0.58-0.94 
95% CI, p=0.013), and the use of enfuvirtide in the 
group (n=71) of enfuvirtide naïve patients (OR 0.45, 
0.22-0.93 95% CI, p=0.030) were correlated with 
virological success.

Baseline Genotype
In our population, the median number of IAS 

PI-resistance-associated 
mutations was 15 (IQR: 
11-19); the TPV-score 
ranged between zero 
and nine mutations 
(median: 4; IQR: 2–5). 
Both the total number of 
IAS PI-resistance asso-
ciated mutations (OR 
1.10; 1.03-1.17 95% CI, 
p=0.005) and the TPV-
score (OR 1.27, 1.07-
1.50 95% CI, p=0.006) 
were associated with 
failure at week 12, but 
not at week 24 (Table 
2). Using a ROC curve 
analysis, a TPV-score of 
3 at week 12 and score of 
2 at week 24 showed the 
highest specificity and 
sensibility to discrimi-
nate between virological 

responders and non-responders. 
The Virtual PhenotypeTM-LM TPV fold-change was 
significantly correlated with both the total number 
of protease mutations (r=0.44, p<0.0001) and the 
IAS TPV score (r=0.53, p<0.0001). The predicted 
fold-change in TPV susceptibility was also sig-
nificantly associated with virological failure with 
univariate analysis at weeks 12 (OR 1.29, 1.08-1.53 
95% CI, p=0.004) and 24 (OR 1.24, 1.03-1.49 95% 
CI, p=0.020) (Table 2).
All mutations included in the TPV-score and any 
other mutation in the protease gene detected in 
>10% of the study population were evaluated with 
univariate analysis. A total of 42 mutations were 
detected at baseline in more than 10% of patients, 
including 16/17 IAS TPV associated mutations 
(with the exception of N83D detected in only 3% 
of patients); among these, L33F, Q58E, I84V and 
L90M were the only IAS associated mutations 
significantly associated with virological failure 
at week 12. Among the non-IAS TPV associated 
mutations, the mutations E34Q, I72VTL and Q92K 
were significantly associated with virological fail-
ure at univariate analysis. On the contrary, the 
L76V mutation was associated with virological 
response at week 12 (Table 2).

Multivariate Analysis
A stepwise estimation model with backward pro-
cedure was used to select the set of mutations and 
clinical variables most strongly associated with 
virological response. All mutations detected in 
>10% of patients and showing a p<0.2 with univari-
ate analysis were entered in the analysis, including: 
L33F, E34Q, I47V, I54AMV, K55R, Q58E, I72VTL, 
L76V, I84V, L90M, Q92K and I93LM at week 12 
and G16AE, L24I, E35G, N37DES, F53LY, C67FY, 
I72VTL, T74SP, L76V, L90M and Q92K at week 
24. The following mutations were selected by the 
model as significantly (p<0.05) associated with out-
come: E34Q (OR 3.42, 1.130-10.378, p=0.03), Q58E 
(OR 3.34, 1.253-8.959, p=0.016), I72VTL (OR 2.43 
1.100-5.391, p= 0.028), L76V (OR 0.04, 0.005-0.281 
95% CI, p=0.001), I84V (OR 2.53, 1.089-5.901, p= 

Figure 1: Proportion of patients reaching virological success at different time-points.
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N: number of patients; x axis: time; y axis: percentage of patients reaching a viral load 
decrease >1 log10 and a pVL < 50 copies/ml.
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0.031), Q92K (OR 6.10, 1.599-23.318, p=0.008) at 
week 12 and L76V (OR 0.16, 0.037-0.746 95% CI, 
p=0.019) and Q92K (OR 5.82, 1.469-23.073 95% CI, 
p=0.012) at week 24. 
A stepwise estimation model with backward proce-
dure was also applied to all baseline clinical char-
acteristics significantly associated with outcome by 
univariate analysis (see Table 2). However, only the 
use of T20 in enfuvirtide naïve patients, but not the 
previous use of enfuvirtide, was included for evalu-
ating the role of T20. The following variables were 
then selected by the model: sex, CD4 nadir and use of 
enfuvirtide in enfuvirtide-naïve patients at week 12, 
CDC stage, number of previous PIs and use of enfu-
virtide in enfuvirtide naïve patients at week 24. The 
total number of protease mutations, the TPV score 
and Virtual PhenotypeTM-LM TPV fold-change sus-
ceptibility were removed by this procedure and were 
not included in the final regression analysis.
A multivariate analysis including the above mutations 
along with clinical variables is presented in Table 3. 
The following variables remained significantly asso-
ciated with outcome by multivariate analysis: CD4 
nadir (OR 0.53, 0.30-0.92 95% CI, p=0.025) at week 
12; the number of previously used protease inhibi-
tors (OR 1.34, 1.03-1.76 95% CI, p=0.028) and the 
CDC stage C of infection (OR 3.1, 1.40-7.22 95% CI, 

p=0.006) at week 24. Among mutations, Q58E (OR 
3.02, 1.05-8.71 95% CI, p=0.040 at week 12) and Q92K 
(3.94 OR, 0.96-16.14 95% CI, p=0.055 at week 12; 4.72 
OR, 1.19-18.72 95% CI, p=0.027 at week 24) were 
associated with virological failure, while L76V (0.04 
OR, 0.005 - 0.31 95% CI, p=0.002 at week 12; 0.18 OR, 
0.036 - 0.088 95% CI, p= 0.034 at week 24) was associ-
ated with virological success.  

Discussion
The aim of this study was to verify the relation-
ship between baseline genotypic resistance and viro-
logical response to boosted tipranavir in a group 
of PI-experienced patients enrolled in the Italian 
Expanded Access for Tipranavir Program. Tipranavir 
is a non-peptidic protease inhibitor which has been 
proved to be active against some PI-resistant HIV-1 
strains in vitro. The high levels of virological response 
(reaching a pVL >1 log decrease in 62% of cases and 
<50 copies/ml in 42% of cases after 24 weeks, respec-
tively) also confirm the efficacy of tipranavir in our 
multi-experienced population. 
The clinical history (stage of the disease and nadir of 
CD4 cells) remained the most reliable predictor of a 
good virological response. Moreover, as previously 
demonstrated by the phase II and III registration tri-
als (Gathe et al., 2006; Cahn et al., 2006; Hicks et al., 
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Table 2: Univariate analysis: variables associated with virological failure at weeks 12 and 24.

Week 12 Week 24

OR 95% CI P value OR 95% CI P value

Female sex 3.51 1.27 - 9.71 0.016 2.75 1.04 - 7.30 0.042
CDC stage_C 1.93 0.99 - 3.76 0.052 2.41 1.19 - 4.90 0.015
Nadir CD4 (per 50 cell/mm3) 0.74 0.58 - 0.93 0.012 0.74 0.58 - 0.94 0.013
No. of previous PIs 1.36 1.09 - 1.71 0.007 1.42 1.12 - 1.80 0.004
T20 experience 3.14 1.46 - 6.75 0.003 3.01 1.33 - 6.84 0.008
Use of T20 in T20-naïve pts 0.33 0.16 - 0.67 0.002 0.45 0.22 - 0.93 0.030
Tot no. of mutations 1.10 1.03 - 1.17 0.005 - - -
TPV score 1.27 1.07 - 1.50 0.006 - - -
TPV/r fold-change 1.29 1.08 - 1.53 0.004 1.24 1.03 - 1.49 0.020

IAS TPV/r associated  
mutations

L33F 2.12 1.06 - 4.261 0.033 - - -
Q58E 2.87 1.29 - 6.42 0.010 - - -
I84V 2.0 0.998 - 4.02 0.052 - - -
L90M 2.15 1.04 - 4.41 0.038 - - -

Other protease mutations

E34Q 3.71 1.43 - 9.62 0.007 - - -
I72VTL 2.26 1.14 - 4.49 0.020 - - -
L76V 0.19 0.04 - 0.87 0.032 - - -
Q92K 4.40 1.42 - 13.62 0.010 4.94 1.46 - 16.69 0.010

A p value > 0.05 is considered significant (in bold).
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2006), the inclusion in the combined regimen of an 
agent from a new antiretroviral class such as enfuvir-
tide also in our study, was definitely associated with 
a better virological outcome at univariate analysis in 
our enfuvirtide naïve patients, even if this associa-
tion was not statistically significant with multivariate 
analysis, most likely because of the small sample size. 
A total of 21 mutations at 16 positions have been 
identified (Baxter et al., 2006), and are listed in the 
IAS tables as TPV-associated (Johnson et al., 2008), 
some of which are not involved in resistance to other 
PIs. However, the clinical performance of the current 
TPV genotypic score requires further evaluation and 
some perplexities regarding its validity have been 
advanced in recent reports (Marcelin et al., 2007). 
Moreover, a TPV-weighted score to predict virologi-
cal response has recently been developed using the 
data from the RESIST trials in which only some muta-
tions (47V, 54AVM, 58E, 74P, 82LT, and 83D) had the 
greatest weights in influencing virological failure. In 
this same analysis, other mutations (24I, 50LV, 54L, 
76V) not included in the current TPV score demon-
strated an increased susceptibility to TPV (Scherer et 
al., 2007). 
In our analysis, the TPV score was predictive of viro-
logical response with univariate analysis, but we were 
unable to determine an appropriate cut-off which 
could be easily employed by clinicians for selecting 
experienced patients who might benefit from tiprana-
vir treatment. In fact, the ROC curve analysis indi-
cated a TPV score of 2 as the most accurate threshold 
for identifying responders which is, however, inappli-
cable to a population such as that in this study which 
included 83% of patients whose baseline clinical iso-
lates had at least 2 TPV mutations. Moreover, the pre-
dictive power of the TPV-score was not maintained 
with multivariate analysis. 
The TPV susceptibility fold-change, as predicted by 
the Virtual PhenotypeTM-LM, demonstrating a good 

correlation with the baseline number of protease 
and TPV-associated mutations in our population, 
although associated with failure by univariate analy-
sis, was not independently associated with clinical 
outcome. Actually, we arbitrarily used the Virtual 
PhenotypeTM-LM, which accurately predicts the real 
phenotype (Perez-Elias et al., 2003), to quantify the 
TPV resistance levels, even if we are aware that the 
accuracy of this approach may be low for newly-
approved drugs. 
Among the above-mentioned mutations included in 
the TPV score, only three (L33F, Q58E, I84V) were 
associated with virological failure by univariate analy-
sis, along with the L90M mutation which is listed by 
IAS (Johnson et al., 2008). Nevertheless, only one 
of these mutations (Q58E) was independently asso-
ciated with the outcome by multivariate analysis. 
This result is in agreement with those in a recent 
report (Marcelin et al., 2007) in which a genotypic 
score for TPV/r was identified, based on a genotype/
virological response correlation. In this genotypic 
score which was more predictive than using IAS 
mutations, the Q58E mutation was the only IAS 
TPV-associated mutation retained. It is remarkable 
that Q58E is one of the “novel” protease mutations 
not previously involved in resistance to other PIs. 
Parkin et al. (Parkin et al., 2003), included the Q58E 
mutation among those associated with lopinavir. In 
addition, this mutation is detected more frequently in 
patients who have been treated with more than three 
PIs, and clusters with mutations at positions 10, 46, 
54 and 82 (Svicher et al., 2005) which are all included 
in the original TPV score. It is remarkable that, also 
in the recently developed TPV weighted score, Q58E 
was one of the mutations which showed the highest 
weight in terms of accurately predicting the virologi-
cal response. 
The potential role of other protease mutations on 
virological response to TPV was also evaluated in 
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Table 3: Multivariate analysis: variables independently associated with virological failure at weeks 12 and 24.

Week 12 Week 24

OR 95% CI P value OR 95% CI P value

Female sex 2.88 0.80 - 10.30 0.104 - - -
Nadir CD4 per 100 
cells/mmc

0.53 0.30 - 0.92 0.025 - - -

CDC stage-C - - - 3.18 1.40 - 7.22 0.006
No. of previous PIs - - - 1.35 1.03 - 1.76 0.028
Use of T20 
(in T20 naïve pts)

0.44 0.18 - 1.04 0.062 0.52 0.23 - 1.19 0.122

E34Q 3.09 0.92 - 10.43 0.069 - - -
Q58E 3.02 1.05 - 8.71 0.040 - - -
I72VTL 2.07 0.88 - 4.86 0.094 - - -
L76V 0.04 0.01 - 0.31 0.002 0.18 0.04 - 0.88 0.034
I84V 2.30 0.87 - 6.08 0.092 - - -
Q92K 3.94 0.96 - 16.14 0.055 4.72 1.19 - 18.72 0.027

A p value > 0.05 is considered significant (in bold).
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our population. Three mutations (E34Q, I72VTL 
and Q92K) were identified by the stepwise backward 
analysis as associated with treatment failure and one 
(L76V) with virological success. The mutation E34Q 
has already been associated with atazanavir (Bertoli 
et al., 2006) and lopinavir resistance (Parkin et al., 
2003; Svicher et al., 2005), and it was generally found 
to be associated with other major mutations, namely 
the contiguous L33F mutation. The mutations at 
positions 72 and 92 of the protease gene have also 
been described in PI-treated patients from larger 
databases (Parkin et al., 2003; Svicher et al., 2005; Wu 
et al., 2003). 
Conversely, the L76V mutation appeared to have 
a beneficial impact on the virological response to 
TPV both with univariate and multivariate analysis, 
thus confirming data by Scherer et al. who suggested 
that some mutations, including L76V, are associated 
with an increased susceptibility to TPV (Scherer et 
al., 2007). This result is partly in agreement with 
a previous report by Parkin et al. (Parkin et al., 
2006) who identified several mutations, including 
the L76V mutation, provoking a lower than expected 
TPV fold-change. The L76V mutation, not found in 
clinical isolates before 2001, was described in 2004 
by Mueller et al. (Mueller et al., 2004; de Mendoza 
et al., 2008; Young et al., 2008) as mainly selected by 
lopinavir/ritonavir during therapy failure or salvage 
therapy. This mutation seemed to determine high 
levels of resistance to lopinavir and amprenavir, and 
to resensitize HIV-isolates to atazanavir and saquina-
vir. The L76V mutation is currently included among 
darunavir-resistance-associated mutations (Johnson 
et al., 2008). It remains to be verified whether or 
not the possibility exists that, due to the favourable 
effect of L76V on TPV sensitivity, tipranavir might 
be active on lopinavir and darunavir-resistant strains. 
On the other hand, it has been suggested that the 
L76V mutation can be lost after tipranavir virologi-
cal failure, thus rendering isolates fully susceptible to 
darunavir (Elston et al., 2007). In this case, due to the 
structural diversity of the two PIs and to the scarce 
resistance overlapping, resistance testing might guide 
physicians in selecting one of the two PIs to construct 

an optimal salvage regimen for highly-experienced 
patients. However, the potential interaction of the 
L76V mutation with the other PI-resistance associ-
ated mutations requires further clarification. 
In conclusion, our study suggests that the current 
TPV mutation list does not fully reflect the genotypic 
profile of TPV resistance in our clinical cohort of 
176 pluri-experienced patients, and the role of addi-
tional mutations requires further consideration. In 
particular, the association of the L76V mutation with 
hypersusceptibility to TPV/r should be emphasized. 
The potential activity of tipranavir on resistant strains 
might be further explained by the presence of a rather 
unique panel of mutations compared to other PIs. 
We acknowledge that some results of our study are 
in contrast with those from larger cohorts. However, 
this diversity underlines the importance of validating 
genotypic scores outside phase II/III clinical trials to 
verify their performance in clinical settings. These 
partially divergent results also highight the difficulty 
of predicting response by mutation scores, which vary 
considerably with the patient populations and statisti-
cal methods used to derive them. 
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