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TodayToday

Learn-confirm and model-based drug 
development - applied to pediatrics

Example - Enbrel / pediatric juvenile RA
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Efficient scientific drug development:

– Learn (early):  mechanistic (causal) understanding 
of dose-exposure-response relationships

• Clinical pharmacology intensive

– Confirm: mechanism, therapeutic concept, safety & 
effectiveness 

• Purpose:
– Inform Decisions:  provides product knowledge 
essential for commercial success and regulatory 
approval

““LearnLearn--ConfirmConfirm””
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Practice of the Practice of the LearnLearn--ConfirmConfirm’’ Paradigm*Paradigm*

• Drug development data are created to inform and test 
mechanistic (causalcausal) hypotheses or models - “model-based”
• Models and knowledge are extracted from data using 
“Pharmacometric analysis”
•Learning’s are used to inform key decisions

• Learn-Confirm Cycles
• POM:  Proof of Mechanism (drug hits target biological effect)
• POC:  Proof of (therapeutic) Concept (biomarker or clinical effect)
• D-E-R:  Dose - Exposure - Response
• Effectiveness / Safety (phase 3)

* Sheiner LB. Clin Pharmacol Ther 1997
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ModelModel--based drug developmentbased drug development
An integrative framework for design, analysis & interpretation of drug 

development data

• Model: integration of dose-exposure-response knowledge in a 
mathematical, statistical form

• Disease progress (untreated with new drug)
• Dose-exposure-response
• Pharmacokinetic - Pharmacodynamics

• Pharmacometric: advanced pharmaco-statistical analysis
• Inform:

• Product specifications
• Subsequent investigations
• Key go/no-go (investment) decisions
• Regulatory decisions
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Of about a total of 244 NDAs,
42 included a pharmacometrics component….

Pharmacometric analyses were pivotal in regulatory
decision making in more than half of the 42 NDAs.

Of 14 reviews that were pivotal to approval decisions,
… 6 reduced the burden of conducting additional trials.
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PM analyses were ranked as important in
regulatory decision making in over 85% of the 31 NDAs.
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Applied toApplied to pediatricspediatrics
Principle - Pediatric effectiveness / safety are inferred via 
mapping D-E-R from adults to pediatrics

• Learn-Confirm Cycle(s)
• Pediatric Dose-Exposure relationship
• Pediatric Exposure-Response relationship
• Confirmatory clinical trial if substantiation is required

• Requires
• Knowledge in adults of POM, POC, D-E-R, Efficacy / Safety
• Pharmacometric “model-based” learning pediatric PK, and confirming

D-E-R

• Learning’s are used to inform pediatric labeling
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http://www.fda.gov/cder/guidance/5341fnl.pdf
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Example Example -- Enbrel Enbrel ((etanerceptetanercept))
Adult RA approved 1998 - 2x/wk dosing

3 RCT’s

Juvenile RA approved 1999 - 2x/wk dosing
Population PK + randomized withdrawal clinical trial

Adult RA 1/wk dosing approved 2003
Population PK + safety RCT

Juvenile RA 1/wk dosing approved 2003
Population PK + simulation

Adult ankylosing spondylitis, psoriatic arthritis also 
approved 2003 - M&S only
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Adult Adult vs vs Juvenile RAJuvenile RA
Enbrel Enbrel PK, 1X & 2X/wk PK, 1X & 2X/wk 

50 mg Once Weekly, Observed
25 mg Twice Weekly, Observed

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168

Time After Dose (hours)

0

1

2

3

4

5

St
ea

dy
 S

ta
te

 C
on

ce
nt

ra
tio

n 
(m

g/
L)

Mean, 25 mg Twice Weekly 5th Percentile, 
50 mg Once Weekly

Mean, 50 mg Once Weekly

95th Percentile,
50 mg Once Weekly

0 1 2 3 4 5 6 7
Days after Dose

0

1

2

3

4

5

6

C
on

ce
nt

ra
tio

n 
(m

g/
L)

Mean, Once Weekly
Mean, Twice Weekly

95th percentile, once weekly

5th percentile, twice weekly

95th percentile, twice weekly

5th percentile, once weekly

0.8 mg/kg Once Weekly
0.4 mg/kg Twice 
Weekly



Copyright © Carl Peck, All Rights Reserved

ConclusionsConclusions

Learn-confirm paradigm + model-based drug 
development practices enable efficient 
development and regulation of pediatric 
medications
Safety and effectiveness can be can be 
confirmed using efficient trial designs
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End of PresentationEnd of Presentation


