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Background: The purpose of this study was to develop a
tipranavir-weighted mutation score that provides guid-
ance to treating physicians on the relative effect of spe-
cific protease mutations on tipranavir activity.

Methods: Weights were developed using data from RESIST
tipranavir-treated patients based on regressions of viro-
logical response at weeks 8 and 24, accounting for base-
line CD4* T-cell count and background regimen activity.
The resulting weighted score and cutoffs were validated
using a set of cohort patients external to the tipranavir
development programme. Response rates were tabulated
for the new weighted score and compared with other
tipranavir mutation scores used in clinical practice.
Results: The final weights were 74P, 82L/T, 83D and
47V (+4), 58E and 84V (+3), 36l, 43T and 54A/M/V

(+2), 10V, 33F and 46L (+1), 24l and 76V (-2), 50L/V
(-4), and 54L (-6). Tipranavir-weighted score suscepti-
bility categories were susceptible <3, partially suscep-
tible >3 but <10, and resistant >11. Week 48 response
rates for RESIST patients were 34.6%, 15.9% and 5.9%,
respectively. Using the external cohort data (n=150), the
weighted score was highly associated with week 8 viral
load reduction (P=0.0027). Only one other score achieved
statistical significance.

Conclusions: The tipranavir-weighted score developed and
externally validated here, in three datasets representing a
broad population of treatment-experienced patients, can
be used to make clinical decisions about whether to con-
sider tipranavir in a treatment-experienced patient who
has limited treatment options.

Introduction

Guidance documents recommend resistance testing for
HIV type-1 (HIV-1) patients whenever changes in anti-
retroviral regimen are being considered as a result of
virological failure [1-3]. Almost all testing is population
genotypic-based, for reasons of availability and cost.
Interpretation is complicated, especially in patients with
extensive treatment experience where there might be evi-
dence of reduced susceptibility to many drugs. Of the six
reported algorithms used to assess resistance to ritonavir-
boosted tipranavir (TPV/r) on the basis of a population
genotypic sequence [4-10], all have different lists of
mutations, different weights assigned to mutations and,
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frequently, different interpretations regarding whether or
not TPV/r is suitable for a particular patient. The algo-
rithms based on analyses of large datasets are primarily
developed to predict in vitro phenotypic resistance. The
relationship between phenotypic resistance and response
is then subsequently analysed. Other algorithms are
based on response in modest-sized patient populations,
with limited heterogeneity of prior antiretroviral experi-
ence. Finally, some algorithms are based on expert inter-
pretations of all available evidence.

Important factors for deriving an accurate and robust
mutation score are the use of a large database of mutation
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profiles for score development, adjusting for background
regimen support to more accurately assess the drug’s anti-
viral activity and making it clinically relevant by demon-
strating a strong relationship with virological response.
We used the data from the Phase III TPV development
programme to develop a weighted mutation score for
TPV/r and from a cohort-based group of TPV/r-treated
patients to check validity. The ultimate goal is to provide
clinicians who prescribe TPV on the basis of genotypic
data the best tools with which to effectively construct an
optimal antiretroviral regimen for each patient and to
predict each patient’s virological response.

Methods

The sequence of methods used in developing, improv-
ing and validating the TPV-weighted score (TWS) are
described later in detail and summarized in Table 1 and
Figure 1.

Table 1. Steps, datasets and analyses to derive and validate
the tipranavir-weighted score

Background activity score
RESIST patients evaluable for 8-week response (n=1,015)
* 8-Week change from baseline HIV-1 RNA log, copies/ml
® Multiple linear regression estimation of drug effect
Initial weights
RESIST development set of TPV/r patients selected randomly (n=566)
Weights normalized, median across six models selected
® 8 Weeks: change from baseline HIV-1 RNA Iog10 copies/ml (ANOVA);
response >1 log, copies/ml decrease in HIV-1 RNA (logistic
regression); response HIV-1 RNA<400 copies/ml (logistic regression)
® 24 Weeks: change from baseline HIV-1 RNA log, copies/ml
(ANOVA); response >1 log, copies/ml decrease in HIV-1 RNA (logistic
regression); response HIV-1 RNA<400 copies/ml (logistic regression)
Clinical cutoffs
RESIST TPV/r patients (n=745)
Weighted score used to select upper and lower cutoffs maximizing
AUROC
Adjustment of weights
RESIST independent set of TPV/r patients selected randomly (n=179)
Tr51 TPV/r patients with mutations found for >3 of the codons 33, 82,
84 and 90
® Weighted score and clinical cutoffs used to identify mutations
disproportionately in non-responders below lower clinical cutoff
and disproportionately in responders above the upper clinical cutoff
® Optimal weight for improving classification determined by
systematic search among 0.5 increment changes in weights
External validation
EX cohort TPV/r experience
e Classification based on adjusted weights evaluated
® Adjustments between original and adjusted weights considered
® Final weighted score compared with other published scores

Study patients
There were three sources of patients used for the devel-
opment and validation of the TWS.

RESIST studies

The RESIST studies were multinational, open-label
Phase III trials conducted at 171 sites in Europe
and in North and South America, in which 1,483
HIV-1-infected adults were randomized to receive
TPV/r (500/200 mg twice daily) or an investigator-se-
lected, ritonavir-boosted comparator protease inhibi-
tor (PI; CPl/r) selected from amprenavir/ritonavir,
indinavir/ritonavir, lopinavir/ritonavir and saquinavir/
ritonavir The most appropriate CPI/r and optimized
background regimen (OBR), which included >2 reverse
transcriptase inhibitors, with or without the HIV-1
fusion inhibitor enfuvirtide, were selected for each

Figure 1. Flow chart for analyses and datasets
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AUROC, area under the receiver operator curve; EX, protease-inhibitor-
experienced patients from Italy; HIV-1, HIV type-1; TPV/r, ritonavir-boosted
tipranavir; Tr51, clinical trial 1182.51.
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BAS, background activity score; CCOs, clinical cutoffs; EX, protease-inhibitor-
experienced patients from Italy; RD, development set; RI; independent set;
Tr51, clinical trial 1182.51; TWS, tipranavir-weighted score.
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patient. There were 745 patients randomized to TPV/r,
of which 566 were randomly selected to be included in
the initial score development set (RD) and 179 were
selected to be included in the independent set (RI) to
be used for assessing the validity of the initial score.
Patients were excluded from RESIST if their HIV-1 had
>3 mutations of the codons 33, 82, 84 and 90.

Clinical trial 1182.51

The clinical trial 1182.51 (Tr51) was primarily a
pharmacokinetic trial, studying the coadministration
of different PIs with TPV/r. The trial was designed to
enrol those patients who were excluded from RESIST
because their virus had mutations that had been asso-
ciated with poor response rates in the dose-ranging
trial, 1182.52 [11]. The inclusion of the control arm
TPV/r patients from Tr51 in the adjustment of the ini-
tial weighted score developed from RESIST patients,
was based on the recognition that RESIST entry cri-
teria could have biased the weighting of mutations at
positions 33, 82, 84 or 90.

Italian cohort of patients

A group of Pl-experienced patients from Italy (EX)
were initially administered TPV/r in combination with
an OBR from 2004 to 2007. This surveillance-based
treatment cohort of patients was included to provide
a source of data external from the TPV development
programme to validate the weighted score. The pre-
specified criteria to be included in the cohort sent to
the collaborating investigators, which resulted in 150
patients being included in the cohort, were the follow-
ing: previous experience with at least two Pls; avail-
ability of a genotypic resistance test performed within
3 months prior to starting TPV/r; availability of a
viral load measurement within a month prior to start-
ing TPV/r and at least one measurement after starting
TPV/r; baseline viral load >1,000 copies/ml; and avail-
ability of information on which drugs were included in
the patient’s background regimen.

Adjustments for background regimen support

The development of the weighted score and (model-
based) comparisons with other scores were all adjusted
for the activity of the OBR. Adjustment for back-
ground regimen activity is usually approached using
a genotypic susceptibility score (GSS) or a phenotypic
susceptibility score [12] designed to predict the support
provided by a given regimen when the circulating virus
displays the measured level of resistance to the drugs in
the regimen. In the RESIST study there was sufficient
variability in treatment regimens and resistance status
to allow the adjustment to be based on estimation of
effect rather than a projection from other results or
expert opinion.
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Model-building for effect estimation began with
indicator variables for each antiretroviral, with three
levels of genotypically determined baseline resistance
(susceptible [S], partially susceptible [PS] or resistant
[R]) and three levels of prior experience (never used,
used historically but not in current regimen, or used
in the current regimen). Response was measured as
change from baseline in log,, copies/ml plasma HIV-1
RNA after 8 weeks of treatment. The results were
examined to identify opportunities to reduce dimen-
sionality by grouping drugs that were in the same class
or subclasses (for example, non-nucleoside reverse
transcriptase inhibitors [NNRTIs] or emtricitabine
and lamivudine) and that showed no evidence of dif-
ferences in effect. This examination revealed that nev-
er-used and historically-used could be treated as one
category (that is, not in the current regimen). All of the
contributions to virological response were estimated in
a linear model. Further details of methods and results
are provided in Additional file 1.

Analyses were conducted on 1,015 patients who did
not deviate from treatment in any way that could make
assessment of response to treatment questionable (for
example, a changed component of OBR). Contribu-
tions to virological response were rounded to the near-
est 0.25 log,, copies/ml and were then added for the
drugs in each regimen to arrive at a single estimate of
OBR antiviral activity for each patient, which we refer
to as the background activity score (BAS; Additional
file 1) [13]. The BAS was then used as a covariate in
all analyses of the relationship between genotype and
virological response to TPV/r.

The Tr51 and EX datasets were smaller and with
less information for each patient. A GSS based on the
Stanford HIVdb [8] for each drug in the respective
OBRs was developed using the following algorithm: R
(Stanford score >60), weight of 0 for both nucleoside
reverse transcriptase inhibitors (NRTIs) and NNRTIs;
S (Stanford score <30), weight of 0.5 for NRTIs and 1
for NNRTIs to adjust for potency; and PS (Stanford
score 30-60), weight linearly transformed from the
Stanford scale to the NRTI scale (0-0.5, that is, weight
=1-score/60) or the NNRTI scale (0-1, that is, weight
=2-score/30) to weight according to distance from S
score. For drugs from new classes (for example, ralte-
gravir, enfuvirtide or maraviroc), if previously used,
then a weight of 0 was assigned. If not previously used,
then a weight of 1 was assigned. The GSS was calcu-
lated by adding the weights from all the drugs included
in the patient’s OBR.

Score development

Mutations

The initial list of mutations for consideration was
restricted to the mutations in the existing TPV
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Table 2. Summary of tipranavir mutation scores

Score Abbreviation Score range® Clinical cutoffs® Reference
Bl tipranavir-weighted score TWS -5-18 3and 10 [2]
BI tipranavir-unweighted score TUS 0-9 3and 7 [1]
Agence Nationale de Recherches sur le SIDA ANRS -1-3 1and 2 [3]
Stanford HIVdb STAN 0-102 30 and 60 [4]
Rega Institute version 7.1.1 REGA -0.25-10.25 2 and 4 [5]
Monogram Biosciences MB 0-15 2and 7 [6]

“Observed range of the respective scores. *Susceptible defined as less than or equal to the lower limit, partially susceptible as greater than or equal to the lower limit and
less than or equal to the upper limit, and resistant defined as greater than or equal to the upper limit. Bl, Boehringer Ingelheim.

mutation score (10V, 13V, 20M/R/V, 33F, 35G, 361,
43T, 46L, 47V, 54A/M/V, 58E, 69K, 74P, 82L/T,
83D and 84V) plus five mutations associated with
increased susceptibility to TPV (241, 30N, S0L/V, 54L
and 76V) [6].

Determination of initial weights

Weights were based on multiple linear regression esti-
mates of the above mutations as predictors of viro-
logical response (change from baseline as a continuous
response variable and 1 log, , copies/ml reduction, viral
load [VL]<400 copies/ml as dichotomous response vari-
ables) at weeks 8 and 24. Initial weights were created
using the RD by normalizing the regression estimates
for each model to a -10-10 range and then taking the
integer-truncated median of the weights across the six
models. The models used are described in Table 1.

Adjustment of weights

The initial weights based on the RD, as described earlier,
were then tested on the RESIST RI and Tr51 to assess the
consistency of the weights in a set of patients external to
the RD data and a set of patients more experienced than
RESIST with potentially different mutational patterns
because of the inclusion of patients with >3 mutations
at positions 33, 82, 84 and 90. Mutations that were
over-represented in patients with discordance between
prediction of response (based on the initial weights) and
actual virological response (TPV/r-attributable response,
defined as a VL reduction of at least 0.5 log,, copies/ml
over BAS support) in the RESIST RI and/or Tr51 data
were considered candidates for weight modification.
Modifications were determined by averaging all weights
that resulted in a better prediction than the initial
weights in the RI and Tr51 datasets. The resulting score
was tested using the EX dataset with further modifica-
tions made if the results suggested the initial weighting
was more predictive. The result is the final TWS.

Calculation of clinical cutoffs
The clinical cutoffs (CCOs) for TPV/r based on TWS
were calculated using all TPV/r-treated patients in
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RESIST by fitting a logistic regression model with week
48 VL<50 copies/ml as the response variable and base-
line CD4* T-cell count, BAS and TWS (categorized into
S, PS and R) as the independent predictors of response.
All integer-valued lower and upper cutoffs of TWS
(with the requirement that the response rate for those
predicted resistant was <5%) were included in sepa-
rate regressions. The values that resulted in the largest
area under the receiver operator curve (AUROC) were
determined to be the best cutoffs for predicting week 48
response after adjusting for baseline CD4* T-cell count
and BAS contribution.

External validation

To assess the validity of the new weighted score,
regressions of week 8 VL reduction and week 48
VL<50 copies/ml were run with baseline VL, GSS and
commonly used TPV genotypic algorithms as the pre-
dictor variables to assess the strength of each score’s
association with virological response. To provide a
more direct comparison of the scores, pairwise combi-
nations of scores were included in the same regression
models. The score that explains more of the variability
of virological response will tend to retain its statistical
significance, whereas the other score will lose most or
all of its association with virological response. The
genotypic algorithms included in the comparisons
were the TPV/r-unweighted score (TUS) [6], Agence
Nationale de Recherches sur le SIDA (ANRS) [7], the
Stanford HIVdb (STAN) [8], Rega Institute version
7.1.1 [10] and Monogram Biosciences [5] (Table 2).

Results

Baseline characteristics of patients

The characteristics of patients in each of the four data-
sets used to derive and validate the TWS are displayed
in Table 3. There were no major differences in baseline
characteristics between the RD and RI datasets. The
Tr51 population was more experienced and, thus, had
more baseline resistance, whereas the EX population

had less.
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Model fitting and determination of weights

Initial weights

The resulting weights from the model fitting and initial
weighting strategy are presented in Table 4 as are the
prevalences of the mutations considered. Mutations/
polymorphisms at codons 13, 20, 30, 33, 35 and 69
were assigned initial weights of 0. At codon 54, leucine
(L) received weight -7 and alanine (A), methionine (M)
or valine (V) received weight 3.

Adjustment of weights

The regression models used to derive the initial
weighted score were repeated using other sources of
data to assess the consistency of the initial weighting
and to help determine if weight modifications should
be considered. For those mutations with relatively high
prevalences, the model estimates were consistent across
datasets at weeks 8 and 48. Notably, 33F showed little
association with response in RESIST and EX popula-
tions, but a strong relationship with decreased response
at week 8 in the Tr51 population.

Based on prevalence in patients who were misclas-
sified as responders or non-responders, 36I, 47V,
S54A/M/V, 58E, 74P and 82L/T were selected as can-
didates for a weight decrease and 33F, 54L and 84V
were selected as candidates for a weight increase. The
results of the search for optimal weight modifications
for the above mutations and final weights are shown

in Table 4.

Calculation of clinical cutoffs

The lower and upper CCOs that resulted in the largest
AUROC were 3 and 10, respectively, with an AUROC
of 76.4%; thus, TWS values for classifying susceptibil-
ity were defined as S, TWS<3; PS, TWS>3 but <10; and
R, TWS>11.

Performance of the tipranavir-weighted score
Based on all RESIST TPV/r-treated patients, the week
8 response rates (at least a 1 log,, copies/ml decrease
in VL) by CCOs were 69.6%, 48.0% and 35.3%
for TWS=S, PS and R, respectively (P<0.0001). The
response rates for patients with (and without) an active
OBR (defined as BAS>0.5) were 79.4% (54.2%),
60.9% (30.8%) and 63.2% (0.0%) for S, PS and R
patients, respectively; thus, the effect of TWS on week
8 response can largely be attributed to patients with
little support. The large response rate for TWS=R
patients with an active OBR is reasonable because
response is to the entire regimen and not just TPV/r.
Based on the same RESIST TPV/r-treated patients, the
week 48 response rates (VL<50 copies/ml) were 34.6 %,
15.9% and 5.9% for S, PS and R patients, respectively
(P<0.0001). The response rates for patients with (and
without) an active OBR were 45.5% (17.5%), 23.5%
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(5.8%) and 10.5% (0.0%) for S, PS and R patients,
respectively. Although having an active OBR remains a
large predictor of success, unlike week 8 response, the
TWS predicts week 48 response well in both patients
with and without an active OBR.

There was also a strong relationship between TWS
and virological response in Tr51 with median week 8
VL reductions of -1.4, -1.0 and -0.7 for TWS=S, PS and
R, respectively (P=0.0092). The response rates by TWS
classification were similar between the RD and the RI.

Table 3. Summary of demographics and HIV type-1
characteristics of patients across datasets

Variable RD RI Tr51 EX
Patients, n 566 179 67 150
Female gender, % 16.1 14 75 20.7
Median age, years 43.0 43.0 44.0 44.0
Baseline VL

Median copies/ml 478 4.81 4.78 4.63

>100,000 copies/ml, % 371 39.1 40.3 26.0
Baseline CD4* T-cell count

Median cells/mm? 165 143 181 148

<50 cells/mm3, % 20.2 21.8 20.0 20.6
ENF-treated, % 22.1 23.5 29.9 49.3¢
BAS

Median 0.5 0.5 0.5 0.75

>0.5, % 58.7 59.2 55.2 68.7
ANRS

Median 1.0 1.0 1.0 1.0

S, % 78.6 74.9 73.1 80.7

R, % 6.0 3.9 10.4 3.3
MB

Median 45 45 6.0 3.75

S, % 19.8 15.1 0.0 28.0

R, % 10.4 1.7 34.3 13.3
Rega

Median 3.5 3.75 5.0 3.25

S, % 16.4 12.3 0.0 27.3

R, % 33.2 35.8 85.1 32.7
STAN

Median 39.0 41.0 57.0 34.0

S, % 26.0 23.5 15 37.3

R, % 5.8 6.1 38.8 13.3
TUS

Median 3.0 4.0 5.0 3.0

S, % 55.7 47.5 32.8 60.7

R, % 0.2 0.0 9.0 0.7
TWS

Median 4.0 4.0 7.0 3.5

S, % 42.8 37.4 23.9 50.0

R, % 4.8 3.9 239 7.3

“%Includes two patients who took raltegravir. ANRS, Agence Nationale de
Recherches sur le SIDA; BAS, background activity score; ENF, enfuvirtide; EX,
protease-inhibitor-experienced patients from Italy; MB, Monogram Biosciences;
R, resistant; RD, development set; Rega, Rega Institute version 7.1.1; RI,
independent set; S, susceptible; STAN, Stanford HIVdb; Tr51, clinical trial 1182.51;
TUS, tipranavir-unweighted score; TWS, tipranavir-weighted score; VL, viral load.
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Table 4. Summary of prevalence, weightings and adjustments across datasets for candidate HIV type-1 protease mutations

Mutation Prevalence’ Initial weight® RI plus Tr51 adjustment® EX adjustment? TWS weight¢
10V 12.9 1 - - 1
13V 34.8 0 - - 0
20M/RIV 34.4 0 - - 0
241 15.5 -2 - - -2
30N 3.8 0 - - 0
33F 28.7 0 +2 -1 1
35G 1.0 0 - - 0
36l 52.2 2 -1 +1 2
43T 13.6 2 - - 2
46L 20.8 1 - - 1
47V 14.0 6 -2 - 4
50L/V 7.1 -4 - - -4
54AIMIV 63.7 3 -1 - 2
54L 7.1 -7 +1 - -6
58E 15.7 5 -2 - 3
69K 5.1 - -

74P 3.4 6 -2 - 4
76V 8.4 -2 - - -2
82L/V 4.7 5 -2 +1 4
83D 1.4 - - 4
84V 30.1 2 +1 - 3

“Prevalence of the mutation in the entire RESIST clinical development database (pre-tipranavir [TPV] treatment only). ®Initial weight assigned to each mutation based
on the mean of the transformed regression estimates across models obtained using the development set as source data. ‘Adjustment made to mutations that were
most prevalent in those patients in the independent set (RI) and/or clinical trial 1182.51 (Tr51) with incorrect resistant prediction (lower weight) or incorrect susceptible
prediction (increase weight). For assessing accuracy of prediction, ritonavir-boosted-TPV-attributable response used, defined as at least a 0.5 log,; copies/ml greater
decrease in viral load (VL) over background activity score (BAS) support (BAS support maximized at 1 log,, copies/ml), that is, if BAS=0.5 then any VL decrease of at
least 1 log,, copies/ml will be considered a response. “The protease-inhibitor-experienced patients from Italy (EX) dataset was used to confirm the weight modifications
suggested by the Rl and Tr51 data. For those with lack of confirmation that the adjustments helped prediction, the weight was adjusted back to the initial weighting.

Final TPV-weighted score (TWS) weight assigned to each mutation.

Virological responses across datasets by TWS CCOs
are shown in Table 5.

External validation

All scores (Table 2) were included in regression models
with week 8 VL reduction and logistic regression mod-
els with week 48 VL<50 copies/ml virological response,
adjusted for GSS and baseline VL in all models. In pre-
dicting week 8 VL reductions, TWS was highly associ-
ated with response (P=0.0027). The only other scores to
approach statistical significance were TUS (P=0.0509)
and MB (P=0.0332).

This pattern of results was similar for week 48
VL<50 copies/ml with only TWS approaching statisti-
cal significance (P=0.0792). No other score showed any
association with week 48 VL<50 copies/ml. The viro-
logical responses across scores for weeks 8 and 48 with
associated significance levels are shown in Table 6.

The attained significance levels when each pairwise
combination of scores were included in the same regres-
sion models are shown in Table 7. When each score
was included in a regression model with TWS, TWS
maintained statistical significance and all other scores
lost any association with virological response to TPV,

1016

demonstrating the increased prediction of TWS com-
pared with the other scores. This result was true for
both week 8 and week 48 responses.

Discussion

We developed a weighted genotypic score that accu-
rately predicts TPV/r activity. We subsequently vali-
dated the TWS on an external cohort and demonstrated
that it compares favourably to other scores.

Weighted genotypic scores are used to predict
resistance and thereby response, using expert sys-
tems (Stanford) or statistical modelling (Monogram,
VIRCO; Mechelen, Belgium). Superiority of weighted
algorithms has been demonstrated in the course of
development [14]. The objective of this exercise was
to analytically define a weighted genotypic score to
directly predict response to TPV/r.

It is clear that in determining a mutation score, a
two-step approach is needed that first reduces the total
number of mutations in the model by a univariate pro-
cedure and then applies a multiple selection procedure
to arrive at a combination that best predicts response
[12]. The derivation of the TUW represented the first
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Table 5. Summary of virological response for datasets used to develop the TWS by TWS CCOs

Classification

Time point? Dataset S (TWS<3) PS (3<TWS<10) R (TWS>10) P-value®
Week 8 VR RESIST 215/309 (69.6) 193/402 (48.0) 12/34 (35.3) <0.0001
RD 169/242 (69.8) 143/297 (48.1) 10/27 (37.0) <0.0001
RI 46/67 (68.7) 50/105 (47.6) 2/7 (28.6) 0.0059
Week 48 VR RESIST 107/309 (34.6) 64/402 (15.9) 2/34 (5.9) <0.0001
RD 87/242 (36.0) 48/297 (16.2) 2/27 (7.4) <0.0001
RI 20/67 (29.9) 16/105 (15.2) 0/7 (0.0) 0.0057
Median week 8 VLR Tr51 -1.43 (n=16) -1.00 (n=34) -0.73 (n=16) 0.0092

Values presented are nftotal n (%) unless otherwise indicated. “Week 8 virological response (VR)>1 log,; copies/ml reduction from baseline, week 48 VR= viral load
(VL)<50 copies/ml and week 8 VL reduction (VLR)=VL change from baseline 1 log, copies/ml. *P-values are based on a regression of the week 8 VLR or week 48
VL<50 copies/ml| with tipranavir-weighted score (TWS), baseline VL and background activity score (genotypic susceptibility score for clinical trial 1182.51 [Tr51]). CCO,
clinical cutoff; PS, partially susceptible; R, resistant; RD, development set; Rl, independent set; S, susceptible.

Table 6. Summary of virological response in EX for all score classifications

Classification

Time point® Score S PS R P-value®

Week 8 VR TWS 55/70 (78.6) 29/62 (46.8) 4/11 (36.4) 0.0027
TUS 62/87 (71.3) 26/55 (47.3) 0/1 (0.0) 0.0509
STAN 38/54 (70.4) 42/69 (60.9) 8/20 (40.0) 0.2867
REGA 29/41 (70.7) 37/56 (66.1) 22/46 (47.8) 0.2641
ANRS 72/116 (62.1) 14/22 (63.6) 2/5 (40.0) 0.1021
MB 32/42 (76.2) 49/82 (59.8) 7/19 (36.8) 0.0332

Week 48 VR TWS 29/75 (38.7) 20/64 (31.3) 1/11 (9.1) 0.0792
TUS 35/91 (38.5) 15/58 (25.9) 0/1 (0.0) 0.5379
STAN 20/56 (35.7) 26/74 (35.1) 4/20 (20.0) 0.8520
REGA 16/41 (39.0) 19/60 (31.7) 15/49 (30.6) 0.8366
ANRS 39/121(32.2) 9/24 (37.5) 2/5 (40.0) 0.8523
MB 18/42 (42.9) 28/88 (31.8) 4/20 (20.0) 0.2241

Values presented are nftotal n (%) unless otherwise indicated. “Week 8 virological response (VR)>1 log, copies/ml reduction from baseline and week 48 VR= viral load
(VL)<50 copies/ml. ®P-values are based on a regression of the week 8 VL reduction or week 48 VL<50 copies/m| with the specified score, baseline VL and genotypic
susceptibility score as predictors using the protease-inhibitor-experienced patients from Italy (EX) dataset. ANRS, Agence Nationale de Recherches sur le SIDA; MB,
Monogram Biosciences; PS, partially susceptible; R, resistant; Rega, Rega Institute version 7.1.1; S, susceptible; STAN, Stanford HIVdb; TUS, tipranavir-unweighted score;

TWS, tipranavir-weighted score.

step in this process, which included mutations associ-
ated with reduced response to TPV/r if present before
treatment, and also those mutations that emerged
upon failure with TPV/r [6]. We began the deriva-
tion of the TWS with the predefined set of TPV score
mutations plus a small number of mutations associ-
ated with increased susceptibility to TPV in the initial
analysis [6]. The analyses presented here result in a
weighting of mutations based on multivariable para-
metric or non-parametric methodology with adequate
adjustments for background activity and proved to be
an important advance for determining weighted muta-
tion scores for PIs. The predictive ability of the score
and better performance compared with other com-
monly used algorithms was demonstrated using an
independent set of patients external to the TPV devel-
opment programme. Clinical cutoffs were determined
using the RESIST data. It is important to note that the
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cutoffs were established using the same set of patients
used to develop the score; thus, they might not prove
to be adequate when the score is used in other popula-
tions of patients. It is, therefore, advisable to keep the
actual value of the weighted score in mind and not rely
completely on the interpretation.

A score based entirely on mutations that are associ-
ated with reduced susceptibility will not predict response
well for Pl-experienced patients. The mutations 241,
SOL/V, 54L and 76V, selected by other PIs, predicted
increased response to TPV/r and thus remained in the
final score with large negative weights; however, the
effect of these mutations on long-term response has not
yet been fully described and needs further study. One
criticism of the initial TPV score proposed by Baxter
et al. [6] was that a number of the score mutations had
been previously identified as common polymorphisms
in non-B HIV-1 viruses [15]. The TWS reduces this
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Table 7. Summary of regressions for pairwise combinations of scores in the same model using EX validation dataset

Week 8 VL reduction Week 48 VL<50 copies/ml
Score TWSe Score® TWSe Score®
TUS 0.0114 0.7517 0.0643 WD
STAN 0.0240 WD 0.1644 WD
REGA 0.0025 WD 0.0157 WD
ANRS 0.0011 WD 0.0074 WD
MB 0.0193 WD 0.0470 WD

Tipranavir-weighted score (TWS) indicates significance level for TWS when included in the regression model with baseline viral load (VL), background activity score
(BAS) and the specified tipranavir mutation score. Score indicates significance level for the specified tipranavir mutation score when included in the regression model
with baseline VL, BAS and TWS. A regression estimate in the wrong direction (that is, increasing score associated with better response) is denoted by WD, as the P-value
is not meaningful. ANRS, Agence Nationale de Recherches sur le SIDA; EX, protease-inhibitor-experienced patients from Italy; MB, Monogram Biosciences; REGA, Rega

Institute version 7.1.1; STAN, Stanford HIVdb; TUS, tipranavir-unweighted score.

concern by giving no weight to the polymorphisms/
mutations 13V, 20M/R/V, 35G and 69K.

It is both an advantage and a limitation of this study
that the new drugs, such as maraviroc and raltegravir,
now available as companions to TPV, were not avail-
able in the RESIST study. The limited support for TPV
enabled us to see clearly the influence of mutations on
response. At the same time, only a fraction of the results
are directly relevant to the effect of a potent regimen,
with all antiretrovirals active against the patient’s HIV-1
population. The availability of a reliable score, such as
TWS, for predicting the efficacy/inactivity of TPV, can
help identify patients who can take advantage of TPV.
This is particularly true in cases where other PI options
are no longer available, either because of issues regard-
ing resistance or tolerance.

In conclusion, the TWS, developed and externally
validated here in three datasets representing a broad
population of treatment experienced patients, can be
used to make clinical decisions about whether to con-
sider TPV in a treatment-experienced patient who has
limited treatment options. These data demonstrate the
importance of large datasets for development as well
as external validation of mutational scores, in order
to increase the applicability of the score in clinical
practice.
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