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Introduction

* Inflated Type | error (T1) rate in exposure-response (E-R)
modelling can lead to a false-positive or ill-informed
decision making in drug development.

Data Analysis:
« T1rate and power calculation (Equation 1).
|AOFV> a5
T1 rate/power = . (1)

where |...| counts how often the condition inside is met, AOFV is the difference in

* PaSTUM predictive performance and bias in the power
setting was similar to STA.

* PaSTUM outperformed STA regarding predictive
performance and bias in the T1setting (Figure 2).
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In E-R the drug effect is dependent on an exposure
metric like area under the concentration time curve
(AUC).

* Applying IMA on an E-R analysis: Placebo patients
cannot inform the mixture proportion parameter

» Placebo patients = both sub models are identical!

* PaSTUM is based on the same idea as IMA:

- using mixture models to test significance of arm
information for model description

- but extends IMA with randomly imputing exposure
data for placebo patients.

Models
e STA base model: DRUG = EFFECT -0
e STA full model: DRUG = EFFECT - ARM

 PaSTUM base model: P(1) = 0.5
 PaSTUM full model:

P(1) = 6,,;, - ARM + (1-0,,;,) - (1- ARM)
» PaSTUM sub model 1: DRUG = EFFECT 7 ldentical in

e PaSTUM sub model 2: DRUG = 0 base and full

model
Workflow

Each scenario analysis followed these workflows (Figure 1).

 Statistical power > 80%

* rRMSE smaller than for STA model

* rBias 95% (Cl) including O

* Parameter estimates 95% Cl including “true* parameter

Results

e PaSTUM T1 rate, was controlled in most scenarios
(48/64), while remaining sufficient power (64/64).

« STA showed no controlled T1 rate (0/64) (Table 1), while
showing only slightly higher power (64/64) (Table 2).

Table 1: T1 rate for PaSTUM and STA

Estimate

Setting PaSTUM STA
linear loglinear emax turnover linear loglinear emax turnover
L-H-3 9.97% 3.94% 8.64% 9.65% 46.2% 12.5% 45.3% 23.0%
L-H-10 6.40% 4.46% 4.99% 5.23% 27.0%
L-H-30 6.74% 2.83% 4.21% 5.50%
L-H-100 1.01% 2.40% 2.50% 10.6%
L-M-3 9.27% 5.49% 1.30% 8.43% 30.8%
L-M-10 6.18% 5.48% 6.35% 6.64%
L-M-30 5.90% 3.07% 4.70% 5.58%
L-M-100 5.40% 4.00% 5.20% 6.28%
M-H-3 1.40% 4.42% 1.20% 8.42% 37.9% 16.5% 31.7% 18.4%
M-H-10 4.51% 3.75% 5.71% 4.47% 48.5%
M-H-30 4.91% 4.20% 5.21% 5.69% 42.6%

M-H-100 511%  4.40% 5.50% 6.11% 18.4%
L-M-H-3 5.70% 4.31% 6.81% 6.64% 47.8%
L-M-H-10 5.48% 2.53% 5.65% 6.11%
L-M-H-30 5.02% 1.80% 3.40% 5.03%
L-M-H-100 5.81% 3.40% 5.40% 1.07%

H: high dose, L: low dose, M: medium dose, PaSTUM: Parameter significance test using mixture models, STA: standard approach,
blue: T10-3.72%, green: T13.81-6.53%, .: T150-100%, yellow: T16.55-49.9%

Figure 2: rRMSE (top) and rBias (bottom) mean as well as 95% Cl of 1000
simulations for full PaSTUM and full STA models under all tested
scenarios

* Precision and accuracy of drug effect parameter
estimates for PaSTUM and STA models were similar.

» Parameter estimates in more complex model structures
(direct emax and indirect) were worse for both methods
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Figure 3: Precision and accuracy of drug effect parameter estimates for
PaSTUM and STA full model for the power scenario

[ Simulating a new Dataset (n =1000) ] Table 2: Statistical power for PaSTUM and STA o
Setin eSO 7 Conclusion
‘ linear loglinear emax turnover linear loglinear emax turnover
L-H-3 985%  94.7% 95.6% 97.8%| 100% 100% 100% 100% PaSTUM showed well controlled T1 rate compared to STA,
JRSCR. . L-H-10 100% 100% 100% 100% 100% 100% 100% 100% : : S : ‘eti HPR
[ PK analysis giving AUC as exposure metric ] 30 00 100%  1o0%x 1007l 100% 1o0x 100z 100w Vhile still remaining high statistical power. The predictive
N L-H-100 100% 100% 100% 100%| 100% 100% 100% 100% performance as well as the parameter estimates are as
" " M3 91.9%  96.1%  89.8%  91.9%| 100% = 100%  100% = 99.8%  o50d or better for PaSTUM than for STA.
4 T1 workflow: Power workflow: ) L-M-10 100% 100% 100% 100% 100% 100% 100% 100%
. . . L-M-30 100% 100% 100% 100% 100% 100% 100% 100%
Randomly permutating Randomly imputing AUC L-M-100 100%  100%  100%  100%| 100%  100%  100%  100%
arm allocation and values with replacement M-H-3 100% 985%  100% 99.9%| 100% 100%  100%  100%
sambpline AUC values to placebo arm M-H-10 100% 100%  100%  100%| 100%  100%  100%  100% .
- Png / N P / M-H-30 100% 100% 100% 100% 100% 100% 100% 100% Acknowledgements.
‘ M-H-100 100% 100% 100% 100% 100% 100% 100% 100% Th iact h . d f d f B h .
L-M-H-3 100% 99.3%  100%  100%| 100%  100%  100%  100% IS project nas received tunding ftrom boenringer
[ PD analysis with base and full model respectively ] L-M-H10 | 100%  100%  100%  100%| 100% 100% 100% 100% |ngelheim Pharma GmbH & Co. KG.
L-M-H-30 100% 100% 100% 100% 100% 100% 100% 100%
L-M-H-100 100% 100% 100% 100% 100% 100% 100% 100%

H: high dose, L: low dose, M: medium dose, PaSTUM: Parameter significance test using mixture models, STA: standard approach,

Figure 1: T1 rate and power setting for the simulation and estimation
green, Power: 80-100%, .: T10-79.9%

workflow
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