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Disclaimer

This presentation and the information herein are the
opinions of the presenter, and not of the presenter’s
current and past employers.
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Outline

" |ntroduction

* Bioequivalence study
= Virtual Bioequivalence (VBE)

= Model development & verification using a case study
= 2 examples

= Conclusion
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Bioequivalence (BE) Study

* BE study compares the systemic exposure profile of a test drug
product to that of a reference drug product

* For two orally administered drug products to be bioequivalent, the
active drug ingredient in the test product must exhibit the same rate
(C,.ax) @nd extent of absorption (AUC) as the reference drug product

* Cross-over PK study, typically in healthy subjects

* 90% CI of GMR between 80-125% for AUC and C,, .,

© 2019 Sandoz Inc. All Rights Reserved. The material contained in this slide deck may not be printed, copied or reproduced without express written consent SANDOZ A.NO.VartiS
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Virtual Bioequivalence (VBE)

= Use of physiological models to predict the outcome of a BE study
comparing test and reference formulations

o Conduct “x” number of virtual trials in a model generated
population in crossover manner to assess the outcome of a BE
study

= Applications -

o Predict outcome to support —

« Formulation changes in late stage clinical development
» Generic product development

 Dissolution specification setting

« Manufacturing site change

« Waiver of Fed BE study

o Minimize the number of “pilot” PK studies
o Provide more confidence in the outcome of a “pivotal” BE study
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Virtual BE for Controlled Release Formulation

= BCS 1 compound

= Controlled Release formulation

Pilot formulations Pivotal formulation
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Intra-Subject CV and Study Power — Fasted State
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= Study in 24 subjects (to achieve >80% probability of passing, using true

GMR = 0.95 & ISCV = 33%)

4. SANDOZ

a Novartis company



Intra-Subject CV and Study Power — Fed State
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Effect of Lower Gut Transit Time on PK
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Effect of Lower Gut Absorption on PK

[ = caecumaSF 7 == asc Colon ASF |

]Ts = Caccum ASF [ - 4sc Colon A5F |

[ #=Caecum ASF @ - Asc Colan ASF |

[ - Caecum ASF [ = 4sc Colon ASF |

0.12 ,500 — = -
1,400 oy 1,500 :
0.114 iz 1,4004
0.11 s 1,3004
0.09 1100 1,200
X = 1,100
=5 0.08 £ 1,000 E 1,000
£ 900 =
£ . L 9004
£ 0.07 o <)
g’ £ 800 5 8004
:ME. o (100 = 7004
© 0.054 S 600 S 6004
Q o
G 0.044 S S so04
< 400 << 4004
0.03- ps ol
0.02- 200 i
0.014 100 10049 : : H
ol L : ; 0 04— —— e ; x O~ g T 1
0 ¥ T i 05 126 233 318 432 5388 05 126 233 317 432 5.88
05 126 233 318 4.32 5.88 8 ASF 05 126 233 317 432 5.88 WeE
ASF ASF

© 2019 Sandoz Inc. All Rights Reserved. The material contained in this slide deck may not be printed, copied or reproduced without express written consent

from Sandoz Inc. Unauthorized use is prohibited.

SANDO

A Novartis
Division



Single Simulations to Assess Model Performance
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Population Simulations to Assess Fasted BE

= 10 population simulations were conducted in a cross-over manner with 24 subjects in

each study

= CV for physiological parameters were constrained at 10%

= The GMR & 90%CI were calculated in Bioequivalence package in Phoenix
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Population Simulations and Regional Absorption Predictions

= 10 population simulations were conducted in a cross-over manner with 24 subjects in each study
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Population Simulations to Assess Fed BE

= 10 population simulations were conducted in a cross-over manner with 58 subjects in

each study
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Projection of Pivotal BE Study in Fasted and Fed States
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Example 1: Dissolution Specification Justification
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Effect of Dissolution on Bioequivalence to Clinical
Batch

Hypothetical dissolution profiles Population Simulation: Hypothetic_80%_30min
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Example 2: Manufacturing Site Change

BCS class 2 weak base
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Example 2: Effect of dissolution differences on BE
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Conclusion

= Current experiences highlight the increasing value of VBE applications in
drug development

= Challenges remain -
 Better estimation & incorporation of ISCV of physiological parameters
« Regulatory acceptance of VBE e.g. in study waiver
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Future Use of Virtual BE

* Expand BCS class waivers
* Do we do too many fed BE studies?

* Describe what happens in steady state BE study

* Describe what would happen in a steady state
BE study in patients

* Concluderisk in patient population that are not
studied

Slide courtesy of Rob Lionberger (FDA/CDER/OGD)

Presented at 2016 AAPS Annual Meeting (Role of PBPK based virtual trials modeling in generic product development
and regulation)
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