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Abstract

Study M05-730 was conducted to compare the safety, tolerability, pharmacokinetics (PK) and antiviral activity for once-daily (QD) and twice-
daily (BID) lopinavir/ritonavir (LPV/r) tablet in antiretroviral-naive subjects. The LPV/r QD regimen was shown to be non-inferior to the BID
regimen. This analysis explores the population PK and pharmacodynamics (PD) of the LPV/r tablets in HIV-1 infected subjects.

A total of 633 subjects (322 QD and 311 BID) were included in this analysis. Intensive PK samples were obtained in 69 subjects. Sparse PK
was obtained up to Week 48 (up to 5 samples) in all subjects. The model-predicted ritonavir (RTV) PK parameters [apparent clearance

(CL/F), volume of distribution (V./F) and absorption rate constant (k)] were included in the population PK modeling for lopinavir (LPV). Covariate
analysis (age, sex, race, weight, body surface area, creatinine clearance, dosing regimen (QD versus BID), hepatitis B/C virus, and alcohol use)
was performed for RTV and LPV to identify potential covariates that may alter the PK profile. Individual LPV exposure (maximum concentrations
(C,.,)» @rea under the curve (AUC) and predose trough concentrations (C_,) were estimated. The relationship between these LPV PK
parameters and antiviral efficacy (HIV-1 RNA <50 copies/mL) at Week 48 was evaluated using logistic regression. The following table presents
the PK results.

Population Estimate (standard error)
Parameter Lopinavir Ritonavir
CL/F (L/h) 5.63 (0.11) 22.79 (0.783)
V./F (L) 144 (10.5) 244 (20.4)
“ky (07) 1.22 0.488

*k, was modeled based on the intensive PK data and then fixed for the entire (intensive and sparse) PK dataset.

¢ None of the tested covariates had an effect on ritonavir PK. The only covariate that had an effect on LPV PK was weight for which a
10-kg increase in weight is estimated to result in a 4% increase in LPV CL/F. There was no association between LPV C__ , AUC or
C.., versus virologic efficacy at Week 48 (p>0.1).

¢ In summary, only weight had a small, statistically significant but not clinically relevant effect on LPV CL/F. A priori adjustment in LPV/r dose
based on subject characteristics (race, sex, weight, renal function, etc.) is not warranted. The virologic response did not correlate with LPV
levels indicating that, even at the lowest levels measured in this trial, virologic response was maintained.

Background

¢ Abbott developed a lopinavir/ritonavir (LPV/r) tablet formulation to reduce the total daily pill count from 6 soft gelatin capsules (SGC) to 4
tablets. Study M05-730 was designed to compare the safety and tolerability of the LPV/r tablet formulation to that of the SGC formulation
and to compare the tolerability and antiviral activity of once-daily (QD) and twice-daily (BID) dosing of LPV/r tablets for 96 weeks. The
pharmacokinetic (PK) profile for the LPV/r tablet formulation was compared to the SGC formulation in a subset of subjects at Week 2 and
Week 10.12

e A meta-analysis of Phase 1 studies with earlier formulations of LPV/r in healthy volunteers previously demonstrated that LPV area under the
curve (AUC) and maximum concentration (C_ ) were correlated with body weight while other demographic variables such as sex, race, and
age were not significant predictors of LPV pharmacokinetics following administration of LPV/r.2 With the introduction of the tablet formulation
of LPV/r, predictors of LPV PK following tablet administration were evaluated in a patient population.

Objectives

e The primary objective was to explore the population pharmacokinetics (PK) of LPV and ritonavir (RTV) following administration of LPV/r
tablets in HIV-infected subjects in Study M05-730.

¢ The secondary objective was to evaluate the relationship between LPV PK parameters and antiviral efficacy (HIV-1 RNA <50 copies/mL)
at Week 48.

Study Design

e Study M05-730 is a Phase 3, open-label, randomized, multiple-center, multi-country study designed to demonstrate the safety, tolerability,
PK and antiviral activity of LPV/r in tablet formulation when dosed QD vs. BID, in combination with nucleoside reverse transcriptase
inhibitors, in the treatment of antiretroviral-naive, HIV-1 infected subjects.

¢ A total of 664 subjects were randomized and received at least one dose of LPV/r in combination with QD tenofovir disoproxil fumarate (TDF)
and emtricitabine. A total of 575 subjects completed the study through Week 48.



Study Design (continued)

Dataset for Population PK Analysis
e The dataset for LPV and RTV concentrations contained only data following administration of LPV/r tablets. Intensive PK data (0, 2, 4, 6, 8, 12
hours for BID/QD dosing and 24 hours for QD dosing) collected at Week 2 were included for subjects randomized to LPV/r tablets, and intensive
PK data collected at Week 10 were included for subjects who were switched from the SGC to the tablet formulation at Week 8 of the study.
¢ The final dataset contained 69 subjects with intensive PK data. Sparse PK data (a single plasma sample on Weeks 4, 8, 12, 16, and 48 or
at the Discontinuation Visit) from 633 subjects were collected up to Week 48.
— Samples with a missing drug administration date or time, or collected more than approximately 7 half-lives of LPV (45.5 hours) after the last dose of LPV/r,
and samples associated with suspected nonadherence (LPV and RTV plasma concentrations below the lower limit of quantitation, i.e., 5 ng/mL and
1 ng/mL for LPV and RTV, respectively), were excluded from the analysis. A total of 102 LPV and 103 RTV concentrations were excluded from analysis.
— Following these modifications, 2620 RTV concentrations and 2619 LPV concentrations from 633 subjects were available for population
PK analysis.
¢ The pharmacokinetic sampling scheme for LPV/r tablets in Study M05-730 is shown in Figure 1.

Figure 1. PK Sampling Scheme in Study M05-730
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Population PK Model Building and PK/PD Analyses

e Population PK models were built in a sequential manner. First, a population PK model for RTV was constructed to describe the relationship
between the ritonavir dose, the plasma concentration-time data and potential covariates. Since RTV inhibits LPV metabolism, predicted
RTV concentrations were used to model LPV concentrations in the second modeling step. Hence, the model-predicted individual RTV PK
parameters were included in the population PK modeling for RTV. Covariate analysis was performed for both RTV and LPV to identify any
covariates that would alter RTV or LPV PK.

e The LPV and RTV plasma concentration-time data following administration of LPV/r tablets were modeled with a primary focus on the
determination of apparent oral clearance (CL/F), apparent volume of distribution, central compartment (V./F) and absorption rate constant (k,).

e PK models were fit to the data using the First-Order Conditional Estimation with Interaction (FOCEI) method in NONMEM. One-compartment
models with first-order absorption and elimination were evaluated as the initial PK structural models for LPV and RTV.

e Effects of age, sex, race, body weight in kg (WTKG), body surface area (BSA), treatment (TRT, QD vs. BID), Hepatitis B/C virus (HBV/HCV)
co-infection, alcohol consumption, lamivudine co-administration and creatinine clearance (CRCL) were tested as covariates on CL/F and \./F in
the PK model building process.

¢ The relationship between these LPV PK parameters and antiviral efficacy (HIV-1 RNA <50 copies/mL) at Week 48 was evaluated using
logistic regression.

e Table 1 summarizes the demographic data for all the subjects (N=633) available for population PK analysis and summary statistics of the
clinical covariates.

Table 1. Subject Demographic Characteristics for Population PK Analysis

Lopinavir/ritonavir
Variable QD (N = 322) | BID (N = 311) Overall (N = 633)

Age (years)

Mean (SD) 38.6 (9.72) 39.3 (9.88) 39.0 (9.80)

Range 20-69 19-71 19-71
Weight (WTKG) (kg)

Mean (SD) 75.0 (17.59) 73.3 (14.31) 74.2 (16.07)

Range 37-171 33-139 33-171
BSA (m?)

Mean (SD) 1.9 (0.22) 1.9 (0.20) 1.9 (0.21)

Range 1.26-2.95 1.25-2.42 1.25-2.95




Results (continued)

Table 1. (continued)

Lopinavir/ritonavir
Variable QD (N = 322) BID (N = 311) Overall (N = 633)

Creatinine Clearance (CRCL) (mL/min)

Mean (SD) 112.8 (30.1) 109.9 (27.8) 111.4 (29.0)

Range 50-280 45-228 45-280
Sex, N (%)

Female 63 (19.6) 68 (21.9) 131 (20.7)

Male 259 (80.4) 243 (78.1) 502 (79.3)
Race, N (%)

White 253 (78.6) 225 (72.4) 478 (75.5)

Black 52 (16.2) 60 (19.3) 112 (17.7)

Asian 7(2.2) 12 (3.9) 19 (3.0)

Other 10 (3.1) 14 (4.5) 24 (3.8)
Alcohol Consumption (ALC), N (%

No 122 (37.9) 83 (26.7) 205 (32.4)

Yes 200 (62.1) 228 (73.3) 428 (67.6)
HCV Co-infection (HBV/HCV), N (%)

No 287 (89.1) 276 (88.8) 563 (88.9)

Yes* 35 (10.9) 35 (11.3) 70 (11.1)
Use of Lamivudine (NUC), N (%)

No 296 (91.9) 285 (91.6) 581 (91.8)

Yes 26 (8.1) 26 (8.4) 52 (8.2)

Note: Due to rounding, the sum of percentages for all categories within an individual variable may not equal 100%.
*All but one subject had HCV coinfection. Only one subject had HBV coinfection.

¢ The estimated PK parameter values, their associated standard errors and the corresponding 95% confidence intervals for the LPV and RTV
final models are listed in Table 2.

Table 2. Parameter Estimates and Variability for LPV/RTV PK: Final Model

Parameter LPV Population Estimate RTV Population Estimate
(Standard Error of Estimate) (Standard Error of Estimate)
CL/F (L/h) 5.58 (0.108) 22.79 (0.783)
*k, (h) 1.22 0.488
V./F (L) 141 (10.9) 244 (20.4)
Inter-Individual Variability - CL/F 0.022 (0.0067) 0.319 (0.0344)
Inter-Individual Variability — V./F 0.133 (0.0114) 0.598 (0.112)
Residual Variability — proportional 0.445 (0.0916) 0.284 (0.0131)

*ka was modeled based on the intensive PK data and then fixed for the entire (intensive and sparse) PK dataset.

¢ Results of the visual predictive check are presented in Figure 2.
Figure 2. The Median and Inter-Quartile Range of Observed and Predicted Lopinavir/Ritonavir Concentrations in Subjects
with HIV-1 Infection
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Black circles with error bars show the observed medians and quartiles (25th to 75th percentiles), while the hatched areas show the median and 95% prediction intervals of the quartiles
(median [orange] and 25th to 75th [blue]) of 100 simulated trials. Observations are shown at 0, 2, 4, 6, 8, 12, and 24 hours after dose.



Results (continued)

e Figure 3 presents the relationship between predicted LPV PK parameters and antiviral efficacy (HIV-1 RNA <50 copies/mL) at Week 48.
Figure 3. Viral Suppression Rates Maintained at ~80% or Above for Various Predicted LPV C__, AUC and C_, Values
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¢ The virologic response did not correlate with LPV levels indicating that, even at the lowest levels measured in this trial, virologic response was maintained.

Results and Discussions

e The typical values of CL/F for LPV and RTV were estimated to be 5.58 L/hr and 22.8 L/hr, respectively. These values were similar to
previously reported values based on noncompartmental analysis from the intensive PK subset of subjects at Weeks 2 and 10 (4.4-5.7
L/hr and 21.6-29.3 L/hr for LPV/r tablets, respectively).?

The typical values of CL/F for LPV and RTV were also compared to previously reported values based on noncompartmental analysis
following SGC administration at Week 2 (5.3-6.3 L/hr and 31.2-32.5 L/hr for lopinavir and ritonavir SGC, respectively). The overall slightly
lower CL/F values for the tablet suggested that bioavailability might be higher for the tablet relative to the SGC formulations.

In the analysis of potential covariates, only WTKG was found to be a statistically significant predictor of lopinavir CL/F. This is consistent
with previous observations, in which subjects with lower body weights were more likely to have higher lopinavir C__ and AUC values.* While
WTKG reached statistical significance for LPV CL/F, a 10-kg decrease in WTKG only resulted in a 4% decrease in LPV CL/F. This change is
not clinically significant and further supports the use of fixed dose regimens in adults.

Dosing interval (QD vs. BID) was not a significant covariate for either LPV or RTV CL/F.

e Race was not a significant covariate for either LPV or RTV CL/F. The dataset contained a sufficient number of blacks (N =112) to allow for
the evaluation of this race effect.

Sex was also not a significant predictor of LPV CL/F. The dataset contained a sufficient number of females (N = 131) to allow for evaluation
of sex effect.

In this study, baseline exclusion criteria included subjects with hepatitis B surface antigen and ALT or AST >3.0 x upper limit of normal (ULN).
Therefore, in the group of HIV-HCV co-infected subjects with AST and ALT <3 x ULN at baseline, HCV co-infection did not significantly
influence LPV CL/F in this studly.

e |n this study, there were 79 subjects with mild renal impairment (CRCL >50-80 mL/min)® and three subjects with moderate renal impairment
(CRCL 30-50 mL/min)®. Creatinine clearance was not a significant predictor of LPV or RTV CL/F. The results support no change in LPV PK in
mild renal impairment.

Conclusions

¢ A population PK model for LPV and RTV was built for LPV/RTV following LPV/r tablet administration to HIV-infected subjects. Dosing interval
was not a significant influence on LPV or RTV PK parameters. Weight was the only statistically significant covariate identified to affect LPV
CL/F. The effect of weight is small (4% per 10 kg) and is not clinically significant. No significant covariates were identified for RTV CL/F, V. /F
or LPV V_/F. A priori dose adjustment based on subject characteristics (race, sex, weight, etc.) is not warranted.

¢ Virologic response did not correlate with LPV levels indicating that, even at the lowest levels measured in this trial, virologic response
was maintained.
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