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Challenges in Pediatric Studies

« Smaller population size

e Less invasive measurement

* Unethical to include a placebo arm
e Shorter trial duration
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What Bayesian Can Do for YOU?

* Frustration:
— Too many failed pediatric trials

* Purpose:
— Less failed pediatric trials
— Less inconclusive pediatric trials
— Less pediatric trials
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Statistical Significance

Significant Insignificant
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Conclusion

Positive Negative
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Extrapolation (CDER)

Is itreasonable to assume that children, when compared to adults, have a similar: (1) disease progression and (2) response to intervention?

I No to either | I"Yes to both |
_ —— — — — — — ———— —— _
< -
Is itreasonable to assume similar exposure-response in pediatrics and adults? |
L]
——— — = 1
No_ | Yes |
LI LYes. Is the drug (or active metabolite) concentration
measurable® and predictive of clinical response?
Is there a PD measurementthat can be used to predict efficacy in children? I < g L —— >
I_NO_J @iJ IlFuII
_— R .
L No , L Yes | { extrapolation”*
Conduct:
(1) Adequate PK studyto selectdose(s)to
achieve similar exposure as adults.®
(2) Safety trials® at the identified dose(s).
“No extrapolation”’ | “partial extrapolation”’
v A
Conduct: “« : ;o onf
(1) Adequate dose-ranging studies in children to v Partial extrapolation
establish dosing.® Conduct
(2) .Safet‘ya and efficacy’ trials at the identified dose(s) (1) Adequate dose-ranging studyin children to select
in children. dose(s) thatachieve the target PD effect.®
(2) Safety trials® at the identified dose(s).

Pediatric Study Planning & Extrapolation Algorithm

Footnotes:

a. Forlocallyactive drugs,includes plasma PK at the identified dose(s) as partof safety assessment.

b. For partial extrapolation, one efficacy trial may be sufficient.

c. Fordrugs that are systemicallyactive, the relevant measure is systemic concentration.

d. Fordrugs thatare locallyactive (e.g., intra-luminal or mucosal site of action), the relevant measure is systemic concentration onlyif it can be reasonablyassumed that
systemic concentrations are a reflection of the concentrations atthe relevant biospace (e.g., skin, intestinal mucosa, nasal passages, lung).

e. When appropriate, use of modeling and simulation for dose selection (supplemented by pediatric clinical data when necessary) and/or trial simulation is
recommended.

f.  Foradiscussionofno, partial and full extrapolation, see Dunne J, RodriguezWJ, Murphy MD, et al. “Extrapolation of adultdata and other data in pediatric drug-
developmentprograms.” Pediatrics. 2011 Nov;128(5):e1242-9.

Guidance for Industry: General Clinical Pharmacology Considerations for Pediatric Studies for gs and Biological Products (Draft) Dec. 2014: Appendix g
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Extrapolation (CD‘I‘i‘I‘—h‘I)“’ —

A. Does the treated disease or condition occur in
a pediatric (sub)population(s)?

Relevancy —_—

k. Y _—~
< of Adult - - -
Data B. Is there an endpoint present in the existing data no _—

source that measures device effects relevant to the —
intended pediatric (sub)population(s)? —

| s ——
@

1. Is the device implanted or in contact with the body, and if so, does either the location or duration of the
implantation differ between the adult and intended pediatric (sub)population(s) in such a way that either
the safety or effectiveness of the device could be impacted in a clinically meaningful way? OR

no

Do Not Extrapolate

v

2. Are there differences in device characteristics between pediatric and adult use that could impact either
device safety or effectiveness in the pediatric (sub)populations in a clinically meaningful way? OR
Expected ty p (sub)pop y gful way
) Similarity of | 3. Are there characteristics unique to the intended pediatric (sub)population(s) that could impact either
response to |device safety or effectiveness in the pediatric (sub)populations in a clinically meaningful way OR
Intervention
4. Are there differences in disease characteristics between adult and pediatric (sub)population(s) that could
impact either device safety or effectiveness in the pediatric (sub)populations in a clinically meaningful way?
OR

5. Are there any other differences between adult and pediatric (sub)populations that could impact either
device safety or effectiveness in the pediatric (sub)populations in a clinically meaningful way?

Despite the differences and/or yes* —
uncertainties identified in box C, can [€ Are the adult data of sufficient
the extrapolated data be used in quality ;uch that thgy can serve as
some capacity to fairly and ) i yas a substitute for pediatric data to
responsibly decide whether there is Candidate for Full Extrapolation demonstrate safety or
reasonable assurance of the safety ffectiveness?
and effectiveness** of the device?
es
y » |Is the quality of the
adult data sufficient for
no Candidate for Partial Extrapolation | yes partial extrapolation?
| Do Not Extrapolate ]I: no

Guidance for Industry and FDA Staff: Leveraging Existing Clinical Data for Extrapolation to Pediatric Uses of Medical Devices
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Extrapolation and Bayesian Model

e Extrapolation
— Full
— Partial
— No
e Bayesian Model

— Borrowing information from adult data (or other
reliable data sources)

— Minimize uncertainty incurred from using adult data
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Prior Information Elicitation

e Adult Trial Data

— Obvious choice?
— Same disease with same treatment
— Different population

 Similar Pediatric Trial Data
— Similar population
— Same disease with similar treatment

 PK/PD Data

— Same population with same disease under same
treatment

— Different endpoint
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Borrowing Information

 Clinical input for reliable prior information
e Similarity
— Population
» Baseline characteristics and demographic information

— Disease progression
» Baseline disease characteristics
» Placebo information

— Treatment effect
e Treatment group information

* Pre-specify criteria based on collected data
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Bayesian Approaches

1. Derive priors from the adult data
2. Bayesian Hierarchical Modeling

« CDRH 2015 guidance describes (2)

e Drug Information Association (DIA)/FDA
Bayesian statistics working group has developed
a concept paper describing (1) and (2) both as
useful approaches for pediatric trials
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Bayesian Approaches (cont.)

« Bayesian Power Priors (Ibrahim & Chen, 2000)
— Prior is a historical likelihood raised to a "power" to
discount the information from the historical data

 Bayesian Commensurate Priors (Hobbs, et al.,
2012)

— Historical study data are on the same level as the
current study data (no down-weighting)

— Current study mean is centered at the historical study
mean with precision that determines the
commensurability of the studies
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Case Example

« Data: two adult clinical trials on a drug for a
chronic disease
 Third trial: pediatric population

o Study treatment:
— Adult: placebo, low dose & high dose
— Pediatric: low dose

e Treatment is approved for both adult and
pediatric patients based on these three trials
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Bayesian Models

* Borrow information on low dose only

e Adults: 121 and Pediatrics: 22

 Endpoint: Clinical response (yes vs. no)
 Model 1: Flat hierarchical model

 Model 2: Tier hierarchical model

 Model 3: Use adult posterior as prior for peds
 Model 4: Same as Model 3 w/ prior on k
 Model 5: Power prior
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Results =~ s

Ps

i Model 5: Power Prior

* Model 4: Two step
approach with prior on k

f - ! # Model 3: Two step
approach
M Hierarchical Model 2
L . j
A Hierarchical Model 1
r i 1
I T 1
0.5 038 1

» Power prior is the most conservative model



Q U.S. Food and Drug Administration
IDA_ Protecting and Promoting Public Health

www.fda.gov

Summaries

Pediatric studies pose unigue challenges
Explore innovative trial designs
Informative prior data available

Potential Bayesian models

More efficient clinical trials
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Recent CDER Bayesian Work

o Early stage studies (Phase 1, Phase 2)
— Multi-stage dynamic treatment regime
— Adaptive design

« Small sample studies
— Rare diseases / Orphan drugs
— Pediatric population

o Safety evaluation
— Low adverse event rate
— Continuous monitoring
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M.A. Gamalo, R.C. Tiwari & L.M. LaVange
Pharmaceutical Statistics (Aug. 2013)
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Examples from Advisory Committees

 Pediatric ODAC 2015:

http://www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterial
s/Drugs/OncologicDrugsAdvisoryCommittee/ucm426351 .htm

e Remicade UC 7/21/2011:

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMee
tingMaterials/Drugs/GastrointestinalDrugsAdvisoryCommittee/UCM?2

66697.pdf
 Reslizumab Asthma 12/9/2015:

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMee

tingMaterials/Drugs/Pulmonary-
AllergyDrugsAdvisoryCommittee/lUCM477884 .pdf



http://www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/OncologicDrugsAdvisoryCommittee/ucm426351.htm
http://www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/OncologicDrugsAdvisoryCommittee/ucm426351.htm
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/GastrointestinalDrugsAdvisoryCommittee/UCM266697.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/GastrointestinalDrugsAdvisoryCommittee/UCM266697.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/GastrointestinalDrugsAdvisoryCommittee/UCM266697.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Pulmonary-AllergyDrugsAdvisoryCommittee/UCM477884.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Pulmonary-AllergyDrugsAdvisoryCommittee/UCM477884.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Pulmonary-AllergyDrugsAdvisoryCommittee/UCM477884.pdf

Thank you!

Questions?
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