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Exposure Matching is Not the Topic of Discussion
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FIGURE 5. Comparison of dosing ® i — i — ; — § T
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EU labeled dosing. A, Bu AUC ' ‘ ' ' ' © ' ' ' ' '
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beling dosing. B, Bu AUC distribu- '
tion using model-based dosing. Bodyweight groups

Paci et al. Pharmacokinetic Behavior and Appraisal of Intravenous Busulfan Dosing in Infants and Older Children: The Results of a
Population Pharmacokinetic Study From a Large Pediatric Cohort Undergoing Hematopoietic Stem-Cell Transplantation. Ther Drug
Monit 2012;34:198-208.
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Guidance for Industry

Exposure-Response Relationships — Study
Design, Data Analysis, and Regulatory
Applications

- “A dose-response study is one kind of adequate and well-controlled trial that
can provide primary clinical evidence of effectiveness.”

- “Exposure-response information can support the primary evidence of safety
and/or efficacy.”

- “In general, the more critical a role that exposure-response information is to
play in the establishment of efficacy, the more critical it is that it be derived
from an adequate and well controlled study (see 21 CFR 314.126), whatever
endpoints are studied.”




Hypothetical True Exposure-Response Relationship
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ldeal E-R Study Design Characteristics
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ldeal E-R Study Design Characteristics: Individual E-R
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RA and pJIA Trial Designs: Adequate for E-R?

Adult Doses in pivotal RA | Pediatric Dose in pivotal
trials PJIA
Adalimumab DB, PC 2 doses RW 1 BSA based
dose
Golimumab SC DB, PC 2 doses RW 1 BSA based
dose
Infliximab DB, PC 3 doses DB, PC 1 WGT based
dose
Etanercept DB, PC 3 doses RW 1 WGT based
dose
Abatacept IV DB, PC 3 doses RW 1 WGT based
dose
Tocilizumab DB, PC 2 doses RW 2 WGT based
doses
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Observed (not Design-Driven) Population E-R
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Observed (not Design-Driven) Population E-R
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Exposure in Pediatric and Adult Populations

PK/PD - Dosing Exposures sufficient to saturate target

Single Dose Level

Dosing with GLM 30 mg/m? every 4
weeks resulted in GLM levels similar or
higher compared to adults with RA

GO-KIDS Week 16 GO-FORWARD Adult RA
I 11 1

Immunogenicity

« Did not affect GLM levels with exception of
patients with high titers of ADA

Golimumab Concentration (pg/mL)

- Did not affect efficacy unless titers were - -L L
>1:1000 (n=6) o@@ e'é" e’é" &@v @(_\6 \x\*,.@“
< A A X\
. . o g . . . A A &
There is no identified mechanistic basis ¢°& R O & S
- . N
for prolonged PD effect in anti-TNF agents >

Bioanalysis with the same PK assay (MSD)
Week 16 GO-KIDS SC golimumab 30 mg/m? + MTX Q4W
Week 76 & 104 GO-FORWARD SC golimumab 50 mg + MTX Q4W

e—
anssen Immunolog 21
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Observed (not Design-Driven) Population E-R
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Is the apparent exposure-response relationship




Strong Interest in Understanding Causal E-R Relationships
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Concern About Confounded Causal Inference is Not New

Pitfalls in Retrospective Analysis in Search of Concentration-Effect Relationships
Carl Peck, Tom Ludden

Leiden University, The Netherlands, and CDER, FDA, USA 1 994

Intention-to-treat analysis and the goals of
clinical trials

Lewis B. Sheiner, MD, and Donald B. Rubin, PhD*
San Francisco, Calif. and Cambridge, Mass. 1 99 5

Diagnostics for confounding in PK/PD models
for oxcarbazepine

Jerry R. Nedelman"*, Donald B. Rubin? and Lewis B. Sheiner>™ 2007




Possible Solutions to Confounded Exposure-Response

- Case matching or model-based adjustment for confounding
» Not practical for small sample size
- Randomize exposure across population through randomized dose range
» Broad range needed for accurate inferences, may not be practical
» 2 doses may be diagnostic for confounded E-R
» MCPMOQOD approach may be useful
- Within-individual exposure-response designs
- Make inferences from randomized dose-response designs (avoid E-R)
- Use biomarkers or mechanistic understanding to guide dose selection




Possible Diagnostic for Confounded Population E-R
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E-R in Pediatric Drug Development:

Where Do We Go From Here?

- Acknowledge that adequate and well controlled exposure-response studies
are very difficult and probably impractical in pediatric development programs.

- Understand that apparent exposure-response relationships resulting from
inadequate designs lead to misguided inferences.

- Adapt decision-making in this context.




Pediatric Study Planning & Extrapolation Algorithm

Is it reasonable to assume (Pediatric vs. Adults):

1. Similar Disease Progression
2. Similar Response to Intervention

No to either Yes to both
Y

A A

Is it reasonable to assume similar exposure-response in pediatric and adult

Is the drug (or active metabolite) concentration
measurable and predictive of clinical response

No l Yes
/ Is there a PD measurement that can be used to predict efficacy in children | > |
|

* |s this step necessary for extrapolation?

« Are we really learning what we think we are learning?

« Or, are we simply demonstrating similarity of disease-exposure relationship?
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Population Exposure-Response w/ Single Dose Level

- Resulting exposure-response relationships are misleading
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Population Exposure-Response w/ Single Dose Level

- One solution: Obtain within-individual E-R (e.g. crossover)
analyzed with mixed-effects modeling
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Population Exposure-Response w/ Single Dose Level

- Another solution: Population E-R with broad dose-range
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