Population Pharmacodynamic Modeling and Simulation of Clinical Trials
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Introduction

» Metabolic diseases, such as Type 2 Diabetes Mellitus (T2DM) and Obesity may be treated
by a combination of LifeStyle Intervention (LSI), and drug treatment. Oftentimes no more
than 5% body weight (BW) loss is achieved at the end of a 56 week anti-obesity trial

» High observed dropout rates during anti-obesity trials can be due to non-compliance,
weight regain, environmental factors (e.g. low education, costs for healthy food, too little
exercise), medical and/or genetic factors, and inadequate systemic drug exposure due to
variation in the PK?!

» Models have been developed to describe disease progression, as well as placebo and
drug effects on anti-obesity biomarkers such as BW

» Nevertheless, inter-individual differences in drug responses have been observed but not
modeled. Populations can usually be separated in two groups: responders (R) and non-
responders (NR). In addition, a dropout (D) is sometimes observed, leading to missing
data. This dropout seems to be linked to drug response

1. To develop a Population Pharmacodynamic (PopPD) model to describe the BW
time-courses for the placebo effect? of naltrexone-bupropion (NB) trials

2. To examine and predict the time-course of the transition probabilities between
responders, non-responders and dropout states using a Markov Model3

Subjects
» 1102 patients from 5 NB studies were included with a total of 5122 BW measurements
(sparse data: 3 to 4 samples per subject)
» Similar population across the 5 studies: obese patients with BMI > 27
» Study follow-up: from 20 to 60 weeks
» All subjects were administered placebo and LSI:
= Hypocaloric diet (-500 to -1000 kcal/day)
= Increase of physical activity (at least 30 minutes walk 3 times per week)
= Follow-up program: written instructions and closed group sessions

Population PD Model
» PopPD model used to describe the BW time-course for each patient and at each time
point:

1. Disease progression model (BWyp(t)) to describe the usual BW gain of an obese
population using k,,, = 0.7kg/year which is based on NHANES long-term
surveillance data

BWpp (t) = BWpaseline + kpro Xt

2. Indirect -Response Model to describe placebo and LS| effect
dBW DSTIM X kae (ebrerxt — gaext)
dt kae = kre
kin, kout: Bateman-like (zero-order) rate constants for IDR with
kin = Koue X BWpp(t)
ke, kre: Onset and loss of the LS| effect
DSTIM: Maximum fractional increase in kg,

= kin — kour X BW(t) X <1 +

» Population parameters estimated using Monolix 4.3.2
Markov Model
» Three-states Markov Model including a Dropout Model:

» States defined by BW change from

Treo Try baseline (1kg threshold for placebo)

» Transition rates between states
< 0 Trio > modeled using MLXTRAN library
Non- 1 models implemented in Monolix*

Responder Trog Responder » At each time point, the rate of
transition is influenced by the previous
state

Tr T » BW effect (predicted using PopPD
02 M2 model) added on the transition rates:
2 Epw,,10(t) = slopeyg X BW;(t)
Dropped > Estimation of Tr, performed using
out Monolix 4.3.2

» Simulation of clinical trials were
performed using Monolix 4.3.2
Figure 1: Markov Model showing the transition rates between the three
possible states of NR, R and D
» Data analyzed following a sequential methodology:
1. Development of PopPD model
2. Development of Markov model
3. Simulation of 1000 clinical trials using the Markov Model
4. Estimation of a longitudinal BW effect on Markov transition rates
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1. Population PD Model
» Model described the data adequately for all NB studies:
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Table 1: Final Parameter Estimates for NB studies

» Slight change in parameter value (k)
» Higher LSI effect for study 3, 4 and 5

Random effects (%)
2. Markov Model

» Markov Model

Fixed effects
(RSE)

allowed to describe the

0.908 (1) 8.75 (10) o .
transition rates between states with
nder to 111 (2) 7.85 (11) adequate precision
00717 (1) 1013 (12) » Higher transition rate to dropout when the
subject is Non-Responder than Responder
0.0802 (2) 12.24 (11)

Table 2: Estimated transition rates for Markov Model

3. Simulations of Clinical Trials using the Markov Model
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4. Estimation of BW effect
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Figure 4: BW effect on transition rates to change state (A), to dropout (B), or to stay in the same state (C), from the responder
state (red line) or from the non-responder state (blue line)
» Significant effect of BW on transition rates
> Increase in BW influences the transition rates
= Increase in rate: Change of state and Dropout
= Decrease in rate: Staying in the same state

Conclusion

Population PD Model

» PopPD Model describes the BW time-course of each subject included in the
naltrexone-bupropion clinical trials adequately well

Markov Model

» Markov Model describes adequately well the transition rates between Responder,
Non-Responder and Dropout states

» Predicted BW from the PopPD Model was found to be an important covariate on the
Markov Model probabilities

» Models will be used as a simulation tool for clinical studies to inform go/no-go
decisions in drug development

Further developments

» Evaluate other relationships between BW and transition rates, such as E,, models

» Extend the analysis to other diseases such as Type 2 Diabetes Mellitus

» Include treatment effect on BW time courses and transition probabilities
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