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Predictors of response to TPV/r in pediatric patients: results of BI1182.14/PACTG1051

Abstract

Background: Many antiretroviral experienced, HIV-positive children have
genotypic evidence of resistance to currently available ARV therapy. New options
are needed for this population. Tipranavir (TPV) is a new generation protease
inhibitor (PI) active against multi-PI resistant HIV. This analysis sought to define
the predictors of response to TPV-based regimens in children.

Methods: 115 children (2-18 years) were randomized to low dose (LD) TPV/r

(n =58, 290/115 mg/m?) or high dose (HD) TPV/r (n = 57, 375/150 mg/m?) plus
optimized background regimen. Multivariate logistic regression (LR) analysis was
performed to determine the predictors of Week 48 virological outcomes.

Results: Baseline mean viral load (VL): 4.7 logs, copies/mL; mean CD4
(CD4%): 492 cells/mm? (20%); median previous ARVs: 6; genotypic resistance
to all Pls: 49.6%. Most common background regimen: 2 NRTI; enfuvirtide

use: 13%. At Week 48 (NCF), 39.7% (34.5%) of LD patients and 45.6% (35.1%)
of HD patients achieved VL <400 (<50) copies/mL. 6% of patients developed
Grade 3 ALT elevations.

Logistic regression (LR) models were implemented to investigate the associations
between achieving VL<400 copies/mL at week 48 and the potential factors. The
factors considered were genotypic inhibitory quotient (GIQ); baseline VL; age
group; TPV adherence (defined as % of visits when TPV adherence was
95-120%); genotypic sensitivity score (GSS); and dose group. The LR results
are summarized in the following table.

LR results for VL <400 copies/mL at Week 48

Factor Odds ratio p value
TPV/r LD vs HD 1.34 0.5706
GIQ 0.0042
Q2vs Q1 12.35 0.0063
Q3vs Q1 17.08 0.0018
Q4vs Q1 38.37 0.0004
Baseline VL (copies/mL) 0.0673
<1K vs >10K-100K 0.21 0.3548
>1K-10K vs >10K-100K 1.94 0.3665
>100K vs >10K-100K 0.30 0.0381
Age group (yrs)

2-<6vs 12-18 2.59 0.1480
6-<12vs 12-18 0.61 0.4121
Adherence

Per 10% improvement 1.23 0.0140
Genotypic Sensitivity Score

0.25-1vs 0 1.46 0.4997
1.25-2.25vs 0 0.33 0.1198

Conclusions: TPV/r regimens are well tolerated and effective in ARV
experienced children. Higher GIQ values and better adherence were associated
with achieving a VL <400 copies/mL.

Introduction

Tipranavir (TPV) is a non-peptidic protease inhibitor (PI) that was approved in the
USA and Europe in 2005 for use in antiretroviral (ARV) experienced adults. It is
co-administered with low-dose ritonavir (TPV/r). TPV inhibits the replication of
HIV variants harboring multiple Pl-associated resistance mutations [1,2]. In the
RESIST studies, adult patients, infected with virus that exhibited reduced
susceptibility to at least two Pls, who received TPV/r achieved a superior
virological response to those taking a comparator PI/r [3].

TPV is available as a soft-gelatin capsule. An oral solution of TPV has been
developed for use in pediatric patients.

The purpose of the BI1182.14/PACTG1051 study was to evaluate the safety,
tolerability, pharmacokinetics, and antiviral activity of TPV oral solution in
combination with low dose ritonavir at two dosage levels in ARV-naive and
-experienced pediatric patients [4]. Population pharmacokinetic (PK) data, as well
as Week 48 safety and efficacy results, have been reported [4-6].

At Week 48, 39.7% (23/58) of low dose patients and 45.6% (26/57) of high dose
patients in the BI1182.14/PACTG1051 study achieved a VL <400 copies/mL [4].
Over one third of patients achieved VL <50 copies/mL at Week 48: 34.5% (20/58)
of low dose patients and 35.1% (20/57) of high dose patients. At Week 48,
CD4% values had increased by 5% and 3% (LOCF, as treated), respectively.
TPV/r was effective in all three age groups in terms of virological responses.
TPV/r treatment was safe and well tolerated in this pediatric population with a
safety profile similar to that seen in adult studies [4].

The aim of this analysis was to define the predictors of response to TPV-based
regimens in children.

Methodolgy

Description of the trial

BI1182.14 was an open label, international study, performed in collaboration with
the Pediatric AIDS Clinical Trials Group (PACTG) under protocol number
PACTG1051. A total of 26 study sites participated: 10 in the United States, one in
Argentina, two in Brazil, two in Canada, three in France, three in Germany, two in
Italy, one in Mexico and two in Spain.

HIV-infected children and adolescents were enrolled, regardless of prior ARV
therapy or HIV resistance status. All patients had to have a viral load

(VL) >1,500 copies/mL at study entry; however, a few patients had lower VLs than
this at baseline. Patients were stratified according to age (2 to <6 years, 6 to
<12 years and 12 to 18 years) and randomized to one of two doses of TPV/r
(low dose TPV/r 290/115 mg/m? or high dose TPV/r 375/150 mg/m?) plus at
least two non-PI ARVs, chosen by the investigator. Dosing was based on

body surface area (BSA); however the maximum dose could not exceed

TPV/r 500/200 mg BID. TPV was initially administered as an oral solution to all
patients. Children who were >12 years and who were taking the 500/200 mg
dose of TPV/r were able to switch to TPV capsules after Week 4. Adherence was
defined as the percentage of visits in which TPV adherence was reported as
being 95-120%. This result was divided by 10 for the analysis, in order to make
10% increments in adherence.
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Figure 1: Patient disposition

Figure 1 depicts the patient disposition in the BI1182.14/PACTG1051 trial
through Week 48. A total of 41 patients in the low dose group and 47 patients in
the high dose group completed 48 weeks of treatment. Seventeen patients in the
low dose group and 10 in the high dose group discontinued study medication
prematurely because of adverse events (8.7%, 10/115), non-adherence

(5.2%, 6/115), withdrawn consent (1.7%, 2/115) and other reasons.

Description of the multivariate model

Logistic regression modeling was implemented to investigate associations
between VL reduction to <400 copies/mL at Week 48 and a number of
explanatory variables, as well as to control for potential confounding. A logistic
regression was used to examine the effects of treatment group, genotypic
inhibitory quotient (GIQ), baseline VL, age group, TPV adherence, and genotypic
sensitivity score (GSS) on the virologic outcome at Week 48.

The analyses were based on intent-to-treat (ITT) with non-completers considered
failure (NCF) analysis.

Description of the GIQ and GSS calculations

Genotypic inhibitory quotient (GIQ) was defined as the median TPV trough level
divided by the number of TPV mutations detected in a patient’s HIV isolate at
baseline (Table 1).

Table 1: y of Pl used in

TPV mutation score  L10V, 113V, K20M/R/V, L33F, 35G, M36I, K43T, M46L,
147V, 154A/M/V, Q58E, H69K, T74P, V82L/T, N83D, or

184V

10F/I/R/, 20M/R, 241, 461/L, 53L, 54V/T/L, 63P,
T1T/V/L, 82F/A/T, 84V or 90M

LPV mutation score

For patients who had no TPV mutations in their isolates, the mutation score of
zero was set at 0.5 to avoid division by zero. Patients with trough levels below
the limit of quantification were excluded from this analysis, as such low trough
levels were considered indicative of non-adherence. GIQ results were divided in
quartiles for the analysis.

A genotypic sensitivity score (GSS) was derived as a measure of sensitivity to the
ARV background regimen. Each background ARV medication was assigned a
value of 0, 0.25, or 1 based on pre-defined criteria. The sum of these values was
the GSS for each patient.

Results

Baseline characteristics

There were 25 (21.7%) patients aged 2 to <6 years; 38 (33.0%) aged 6 to

<12 years; and 52 (45.2%) aged 12 to 18 years. With the exception of the
youngest patients, the number of patients randomized to the TPV/r low and
high dose groups within each of the age categories was identical. Among the
2-<6 year old patients, 13 and 12 were randomized to TPV/r low and high dose,
respectively.

The overall median baseline VL was 4.7 log:, copies/mL (4.9 log;, copies/mL in
the low dose group and 4.7 logs, copies/mL in the high dose group). Baseline
virological parameters were comparable between the two treatment groups and
between the age cohorts as described previously [4].

As expected, the older patients had had more ARV experience than the younger
ones. The median number of prior ARVs was three in the 2 to <6 age group; eight
in the 6 to <12 age group and 10 in the 12 to 18 age group. The number of ARVs
taken previously was similar, both between the two TPV/r dose groups and within
each of the age groups.

The TRUGENE®genotyping assay was used to determine baseline HIV
resistance. Samples were available for analysis for all 115 randomized patients.
Overall, there was a median of 13 protease gene mutations in the HIV isolates:
10 in the 2 to <6 age group, 13 in the 6 to <12 age group and 17 in the 12 to
18 age group (Table 2). The majority of the patients, 68.0%, (17/25) in the

2 to <6 age group had 12 mutations, compared to 47.4% (18/38) in the

6 to <12 age group and 30.8% (16/52) in the 12 to 18 age group. The median
LPV mutation score increased from 2.0 in the 2 to <6 age group to 4.5 in the

6 to <12 age group and 6.0 in the 12 to 18 age group. The TPV-related mutations
also increased in the older age groups, indicating higher levels of resistance.
The number of isolates with at least one of the four key mutations (at positions
33, 82, 84, 90) was 36.0% (9/25) in the 2 to <6 age group compared to 50.0%
(19/38) in the 6 to <12 age group and 69.2% (36/52) in the 12 to 18 age group.
The median TPV mutation score was 1.0, 2.5 and 3.5, respectively, in each age
group. There were no significant differences in baseline genotype mutations
between the dose groups overall or within each age group.

Overall, 49.6% (57/115) of patients had HIV isolates that were resistant to all Pls
tested; the prevalence ranged from 53.0% (61/115) resistance to lopinavir to
67.0% (77/115) resistance to atazanavir. Higher levels of resistance were
identified for NRTIs: >80% of isolates showed resistance to ddC (82.6%, 95/115),
abacavir (81.7%, 94/115), d4T (80.9%, 93/115) and zidovudine (80.9%, 93/115).
Approximately 70% of isolates were resistant to NNRTIs.

Table 2: Baseline HIV resistance

Age group
210 <6 610 <12 121018 Total
Total treated [N(%)] 25 (100.0) 38 (100.0) 52 (100.0) 115 (100.0)
Median no. of 10 13 17 13
protease gene mutations
No. of key mutations
(33, 82, 84, 90)
0 16 (64.0) 19(50.0) 16 (30.8) 51(44.3)
1 9(36.0) 10(26.3) 16 (30.8) 35(30.4)
2 0(0.0) 8(21.1) 16 (30.8) 24(20.9)
3 0(0.0) 1(26) 4.7 5(4.3)
4 0(0.0) 0(0.0) 0(0.0) 0(0.0)
TPV mutation score 1 25 35 3.0
(median)
LPV mutation score 20 45 6.0 40
(median)
Resistant to all Pls 5(20.0) 18 (47.4) 34 (65.4) 57 (49.6)

Virological results by age group

The proportion of patients with a VL <400 copies/mL at Week 48 stratified by
age group is shown in Figure 2. Overall, 39.7% of patients in the low dose
group (26/57) and 45.6% patients in the high dose group (23/58) achieved a
VL <400 copies/mL. This difference was not statistically significant.

A higher proportion of patients achieved a VL<400 copies/mL in the 2 to <6 age
group than in the 6 to <12 age group and the 12 to 18 age group. In the 2 to

<6 age group, the proportion of patients with a VL <400 copies/mL was higher
in the TPV/r low dose group (76.9% vs. 66.7%) than in the high dose group.
However, in the two older age groups, the proportions of patients with a

VL <400 copies/mL were higher in the TPV/r high dose group: 42.1% vs. 31.6%
in the 6 to <12 age group and 38.5% vs. 26.9% in the 12 to18 age group. These
differences were not statistically significant. A similar pattern of response was
observed for the proportion of patients with <50 copies/mL.
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Figure 2: Proportion of patients with <400 copies/mL at Week 48 by
age group

Week 48 safety data

The most frequent adverse events were gastrointestinal: vomiting (37.4%),
diarrhea (24.3%), and nausea (16.5%). These occurred at rates similar to those
observed in adult trials of TPV/r [3]. Cough (27.0%) and pyrexia (24.3%) were
also among the most frequent events; however these were not considered to be
study drug related.

Six percent of patients developed Grade 3 ALT elevations. All of these events
were asymptomatic. There were no cases of Grade 3 or 4 AST/ALT elevations in
the 2 to <6 years age group. The rate of transaminase elevations in children and
adolescents was similar to that in adults enrolled in the RESIST study [3].

Virologic response based on GIQ
GIQ values were calculated for 101 patients (Table 3). Values ranged from 0.28 to

Table 5: Logistic regression results for VL <400 copies/mL at Week 48

215.38; approximately half of the patients had GIQ values of 7.23-38.61 (Table 3). Eecton :::3;9"“ ggﬁ {;‘7)“" plialue
In general, patients in the high dose group had higher GIQ values than those in
the lower dose group (Table 3). This was due to higher TPV trough values in most TPV/r dose
patients who took high dose TPV/r. The difference was less marked in the 12 to Low dose High dose 1.34 (0.49-3.65) 0.5706
18 age group since the dose was capped at 500/200 mg and many of the
adolescents in the TPV/r high dose group took this dose. GIQ (quartiles) 0.0042
Q2 Ql 12.35 (2.03-75.01) 0.0063
" q - . Q3 Ql 17.08 (2.87-101.62)  0.0018
Table 3: Median and range for Genotypic Inhibitory Quotient (GIQ) Q4 Q1 38.37 (5.14-286.27)  0.0004
TPV/r low dose TPV/r high dose Total
Baseline VL (copies/mL) 0.0641
All 12.33 (0.56-162.6) 19.04 (0.80-215.4)  13.68 (0.56-215.4) <K S10K-100K 0.21 (0.01-5.75) 0.3548
210 <6 years 24.35(9.13-162.6)  43.23(7.23-215.4)  24.35(7.23-215.4) S1K-10K >10K=100K 1.94 (0.46-8.13) 0.3665
610 <12 years 8.67 (1.57-75.85)  33.28(0.80-83.01)  11.12 (0.80-83.01) >100K >10K-100K 0.30 (0.09-0.94) 0.0381
1210 18 years 10.05 (0.56-122.4) 11.52 (0.93-98.25) 10.52 (0.56-122.4)
Age group (yrs) 0.1105
2-<6 12-18 2.59 (0.71-9.39) 0.1480
. . ) 6-<12 12-18 0.61 (0.19-1.97) 0.4121
Week 48 virological response by GIQ quartiles
:\Ceae:"ii :irl(';)l:hggz‘jvar: ?:s'r‘:-‘(:g?.:is,' defined as a VL <400 copies/mL, stratified by GIQ Adherence (continuous)
Per 10% improvement 1.23 (1.04-1.46) 0.0140
® Virological responses increased from an 8% response rate in the lowest
quartile (2/25) to 68% (17/25) in the fourth quartile. GSS 0.1432
0.25-1 0 1.46 (0.49-4.39) 0.4997
Table 4: Virologic response at Week 48 based on the GIQ quartiles 1.25-2.25 0 0.33 (0.08-1.33) 0.1198
GIQ quartiles <400 copies/mL <50 copies/mL
% (n/N) % (n/N)
Q1 (0.56-7.19) 8.0 (2/25) 4.0 (1/25) Conclusions
Q2 (7.23-13.50) 52.0 (13/25) 44.0 (11/25)
Q3 (13.68-38.61) 57.7 (15/26) 50.0 (13/26) ® TPV/ris an effective and well-tolerated treatment option for treatment
Q4 (39.29-215.38) 68.0 (17/25) 56.0 (14/25) experienced, HIV-positive children.

Results of logistic regression

Logistic regression modeling considered the effects of treatment group,
genotypic inhibitory quotient (GIQ), baseline viral load, age group, TPV
adherence, and genotypic sensitivity score (GSS).

The results of the logistic regression analysis are shown in Table 5.

® The GIQ was the strongest predictor of virological response, as defined by a
VL <400 copies/mL (overall p value: 0.0042).

Patients with GIQ values within the second, third and fourth quartiles were
significantly more likely to have a VL <400 copies/mL than those with GIQ
values in the first quartile.

Adherence was statistically significant (p=0.0140), indicating that for each
10% increase in TPV adherence rate, there was a corresponding 23%
increase in the likelihood that a patient would achieve a VL <400 copies/mL at
Week 48.

Overall, the baseline VL was marginally significant (p=0.0641). However,
patients with a VL >100,000 copes/mL were significantly less likely to achieve
virologic response than those with VL <100,000 copes/mL.

Although differences in virologic response between the age groups were
observed, once controlling for other factors such as GIQ and treatment
adherence, age group became a non-significant predictor in the LR model.
This is because age was a surrogate for viral resistance, which was
accounted for by the GIQ factor.

Treatment dose group and GSS value were also not significant predictors for
VL <400 copies/mL response at Week 48.

Logistic regression modeling was also used to determine if predictors of
response in terms of achieving a VL <50 copies/mL could be defined. However,
the model became unstable and yielded invalid results.

Patients in the TPV/r high dose group were more likely to achieve
higher GIQ values.

Logistic reg 1 analyses i the following predi of
response (VL <400 copies/mL at 48 weeks):
- GIQ was the strongest predictor
—adherence was also a significant predictor
— baseline VL >100,000 copies/mL was a negative predictor
—age group was not a significant predictor (age is a surrogate for
baseline resistance).
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