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Concept of Pediatric Extrapolation

 What is extrapolation?

« Extending information and conclusions available from studies in one or
more subgroups of the patient population (source population), or in
related conditions or with related medicinal products, to make inferences
for another subgroup of the population (target population), or condition or
product, thus reducing the need to generate additional information (types
of studies, design modifications, number of patient required) to reach
conclusions for the target population, or condition or medicinal product

 What is pediatric extrapolation?

« Extending information and conclusions from studies in adult populations
(or other pediatric age groups) to pediatric populations



Rationales for Pediatric Extrapolation and Types

- Rationale
* Goal to minimize exposure of children to clinical trials
* Limited size of pediatric populations
* Increased efficiency of pediatric drug development programs

* Types
* Full extrapolation
« Partial extrapolation
* No extrapolation
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Recent Related Regulatory Guidelines

ICH. E11(R1): Addendum: Guideline on Clinical Investigation of Medicinal
Products in the Pediatric Population. April 2018

FDA. Guidance for Industry: Leveraging Existing Clinical Data for
Extrapolation to Pediatric Uses of Medical Devices. June 2016

FDA. Guidance for Industry (Draft): Pediatric Study Plans: Content of and
Process for Submitting Initial Pediatric Study Plans and Amended Initial
Pediatric Study Plans. March 2016

FDA. Guidance for Industry (Draft): General Clinical Pharmacology
Considerations for Pediatric Studies for Drugs and Biological Products.
December 2014

EMA. Reflection Paper on Extrapolation of Efficacy and Safety in Pediatric
Medicine Development, October 2018
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rL) ﬁ U.S. Food and Drug Administration www.fda.gov
r Protecting and Promoting Public Health

Pediatric Study Planning and Extrapolation Algorithm

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

Is the drug (or active metabolite) concentration
measurable®

and predictive of clinical response?

“Full
extrapolation”'

Conduct:

(1) Adequate PK study to select dose(s) to
achieve similar exposure as adults.”

(2) Safety trials® at the identified dose(s).

“No extrapolation”™ l “Partial extrapolation
+

Conduct:
(1) Adequate dose-ranging studies in children to
establish dosing.”
(2) Safety’ and efficacy” trials at the identified dose(s)
in children.

“Partial extrapolation™'

Conduct:

(1) Adequate dose-ranging study in children to select
dose(s) that achieve the target PD effect.”

(2) Safety trials” at the identified dose(s).

CDER/FDA Pediatric Investigator Training, H.C. Sachs, FDA Pediatrics Team Leader 6 Am"



Bayesian Methods for Pediatric Extrapolation

- Bayesian methods are a natural choice for quantitatively extrapolating
Information from source to target population in a partial extrapolation
setting (ICH, 2018; US FDA, 2016; EMA 2018)

« Some commonly used Bayesian methods

« Bayesian hierarchical modeling (Carlin and Louis, 2008;
FDA/CDRH/CBER, 2016)

« Use the posterior from source as the prior for target population
« Power prior (Ibranim and Chen, 2000)
« Commensurate prior (Hobbs et al, 2011)

« Bayesian mixture prior (Ye and Travis, 2007; review for belimumab, 2018)



Statistical Modeling for Bayesian Extrapolation
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Statistical modeling for Bayesian extrapolation of adult clinical
trial information in pediatric drug evaluation

Margaret Gamalo-Siebers'? | Jasmina Savic® | Cynthia Basu® | Xin Zhao* |
Mathangi Gopalakrishnan® | Aijun Gao® | Guochen Song” | Simin Baygani® | Laura Thompson® |
H. Amy Xia'® | KarenPrice' | Ram Tiwari'' | Bradley P. Carlin'?

Children represent a large underserved population of “therapeutic orphans,”™ as an estimated BO% of children are treated
off-label. However, pediatric drug development often faces substantial challenges, including economic, logistical. techmi-
cal, and ethical barriers, among others. Among many efforts ying © remove these barriers, increased recent attention
has been paid 0 extrapeloticn: that is, the lkeveraging of available data from adults or older age groups to draw oonclo-
sions for the pediatric population. The Bayesian statistical paradigm is natural in this setting., as it permits the combining
{or “borrowwing™) of information across disparate sources, such as the adult and pediatric data. In this paper. authored by
the pediatric subteam of the Drog Information A ssociation Bayesian Scientific Working Group and A daptive Design Work-
ing Group. we develop, illustrate, and provide suggestions on B ayesian statistical methods that could be used to design
improved pediatric development programs that use all available information in the most efficient manner. A variety of rele-
vant Bayesian approaches are described, several of which are illustrated through 2 case studies: extrapolating adult efficacy
data to expand the labeling for Remicade to include pediatric ulcerative colitis and extrapolating adult exposure-response
information for antiepileptic drugs o pediatrics.

KEY WIOHDS
Ccommensarate prior, exchangeshalipy . e rapolation, affective sample sice, Bherarchical mode]l, mode ) (L, paeser pri or

AMGEN



Case Study: Cinacalcet Bayesian Extrapolation Analysis

Sensipar® (cinacalcet)

— directly lowers PTH levels by
increasing the sensitivity of
the calcium-sensing receptor
to extracellular calcium

dietary restrictions

address phosphorus
absorption in the gut

ELEVATED P + Ca RELEASED P+ Ca ABSORBED
PTH FROM BONE INTHE GUT
Levels of
Pand Ca
inthe ¢
‘extracellular
fluid

Vitamin D sterols

Vitamin D sterols

Phosphate bindersand __

inhibit the synthesis
—— and secretion of PTH

increase phosphorus and
calcium absorption in the gut —

http://www.sensiparhcp.com/secondary-hpt-therapies/#

Cinacalcet Is a calcimimetic agent
which acts as an allosteric
modulator of the calcium-sensing
receptor (CaR) and regulates iIPTH
(intact parathyroid hormone)
secretion by amplifying the
sensitivity of the receptor to
extracellular calcium, thereby
reducing IPTH secretion.

Cinacalcet is indicated for the
treatment of secondary
hyperparathyroidism (HPT) in adult
patients with chronic kidney disease
receiving dialysis.
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Rationale for the Pediatric Extrapolation Strategy

* Pediatric and orphan indication

* Point prevalence estimates using USRDS and DaVita databases for 2015 indicate that
< 1000 patients 0 to < 18 years of age on dialysis will develop secondary HPT

« Of these, approximately 300 patients are estimated to be O to 5 years of age, 220 aged 6 to
12 years and approximately 430 aged 13 to < 18 years.

« The feasibility of conducting large studies in the target population was restricted

« The adult and pediatric populations are similar in the following aspects
according to ICH E11 (ICH, 2000) and EMA reflection paper (2018)
« Pediatric population in which cinacalcet has been studied is similar to the approved
population in adults (i.e., patients with secondary HPT treated with dialysis)
« The pathophysiology and course of the disease process (secondary HPT) is similar in
adult and pediatric populations with CKD receiving dialysis
« The outcome of therapy is likely to be comparable

« The pharmacokinetic (PK) of cinacalcet in children and adults are similar; the exposure-

response trend is consistent in children and adults
10 AMGEN



Rationale for Using Bayesian Methods in This Quantitative,
Partial Extrapolation Analysis

 Partial extrapolation allows for an extension of information from the source
population to the target population and reduces the sample size
 Forage6—-17
« A RCT study, but the sample size was small to have adequate power
- Adult data were borrowed to estimate treatment effect
* For age younger than 6
* Younger age study focused on safety rather than efficacy

* A single arm study - No control arm in younger age study, and relative treatment effect in
younger age cannot be directly estimated

- Efficacy should be extrapolated from information gathered from adults and older age peds
populations per agreement with regulatory agencies

Bayesian methods are a natural choice in a partial extrapolation setting

« As supportive analyses, Bayesian hierarchical modeling was used as the primary
statistical method, while other Bayesian methods were used as sensitivity analyses
(power priors, use the posterior from source as the prior for target population)
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3-level Bayesian Hierarchical Model —

Primary Method for Regulatory Submission

Level 3:

level 2:

Level 1:

Study
20000172

Vi Vma

Adults

Overall Patient Populations

TN

Pediatrics

NN\

Study
20000183

YireaVn2

Study
20000188

Vi Vna

Study
20070208
(Age 6-17)

Vi Vng

Study 20110100 cohort 1
{Age < 6)

YirosVns
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Primary endpoint

The proportion of subjects achieving = 30%
reduction from baseline in mean iPTH during
Efficacy Evaluation Period

Exchangeability assumption at three
levels: population, study and subject
Exchangeable means there is nothing known
a priori that would imply one (subject, study,
or population) would be better or worse in the
outcome of interest than another (US FDA,
2016).

Random effects at each level to
account for variabilities

Effective sample size (ESS) measures
how much information was borrowed

Restrictions applied such that ESS < target
sample size
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Data Included in the Pediatric Extrapolation Analysis

FPlacebo Cinacalcet
Response rate (95% CI)# Response rate (92% CI)#
n/i (%) n/M (Yo)

FPediatric studies 4121 19.1 (5.3, 41.9) 19/29 65.5 (45.7, 82.1)
Study 20070206 4121 19.1 (5.3, 41.9) 12122 4.6 (32.2, 75.6)
Study 20110100 - [ 100 (39.0, 100.0)
cohort 1

All adult studies 471471 10.0 (7.4, 13.1) 411/665 61.8 (58.0, 65.3)
Study 20000172 211205 10.2 (6.3, 15.2) 126/205 61.5 (54.4, 68.2)
Study 20000183 171165 10.3 (6.1, 16.0) 1121166 67.2 (59.8, 74.3)
Study 20000188 9/101 8942 16.2) 1737294 58.8 (53.0, b4.3)

13
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3-level Bayesian Hierarchical Model

« Notations

« treatment group c
« ¢ =0 for placebo
« ¢ =1 for cinacalcet
« patient population p
« p = 0 for pediatric
« p =1 for adult
« study k
« when p=0: k=1 for Study 20070208; k = 2 for Study 20110100 cohort 1

« when p = 1: k =1 for adult Study 20000172; k = 2 for adult Study 20000183; k = 3 for adult
Study 20000188

* npkc be the number of subjects for population p, study k and treatment group ¢
* Y,k be the number of responders

* ppkc D€ the proportion of responders (response rate)
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3-level Bayesian Hierarchical Model

 Level 1 -subject level
kaclppkc ~ Binomial(npkcr ppkc)

e Level 2 —study level
« Study level random effects are introduced to account for the between-study variabilities:
lOgit(pka) — ch + Ypke
where
Bpc Is the population effect,
Ypke IS the study level random effect,
Ypke ~ N(0, 05.), where o3 accounts for the between-study variation
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3-level Bayesian Hierarchical Model

* Level 3 - population level

« Pediatric and adult population parameters are assumed to be random samples from an
overall patient population, that is:

ch = B¢+ Upc

where

B. is the treatment effect such that expit(B.) is the overall response rate for treatment group c
across all age groups

tpe ~ N(O, o2) captures the between-population variability

16 AMGEN



3-level Bayesian Hierarchical Model

Placebo Cinacalcet Difference (A}

Postenor Exceedance Probability

Median (95% Cr)  Median (95% Crl) Median (95% Crl) A=0% A=>10% A=209% Ax=30%

Overall Pediatric (28 daysto

No extrapolation, fit 208 and 100 data only

< § years response rates (%)

ESS/n_100

- -0.6/7¢

ey et b [15Q1866  BSE4%Y  B2(199.%) R4 79 819 74.2
With extrapolation, fit adulf and pediafric dafa together

Pediatnc patients 28 daysto g

e oo TOQ6.E)  @3(61902  M6(23797) 90 BI 84 79.2

ESS In_ped 2101218 2511 2%

Pediatric patients 28 days to 180(12.787)  931(664,995)  T18(107.951) 990 976 955 92 5
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Use of PK/PD Data to Inform Amount of Borrowing for
Clinical Data

PK PD Data Extrapolation Models for Improved Pediatric
Efficacy and Toxicity Estimation., with A pplication to
Secondary Hyperparathyroidism

Cwyvnthia Basu.! Xiaove Ma_.? May Mo.® H Amyv Xia_? Richard Brundage.* Mahmoud

Al Kofahi ® and Bradley P. Carlin®

f Phcer Inc., San Diego, CA, USA

Tl enentech Irnc., San Francisco, CA, USA

e - =, Thousand ks CA, USA
$Dep 2vne ta periva At wd Chnioal Pharmacology, College of Pharmacy, Univer sty of Minnesota,

Afiv, iempol & AN, USA
"Comn terp mi Statisticn Cons bine LLC, Edina, MN, USA

Summary
In most drug developmenst: seccings, the regulatory approval process is cc mpaniesn b ey ey ove tu lies performed
o understand che drug’'s pharmacokinetic (PK) and pharmacodynamic (PD) propa cies. In ‘has  ap T. i ¢ 2 cempe

7

to utilize the rich PK /PD data o informn the borrowing of informarion from adults during pe..  _cric ' gy
development. In pediarric secrings, it is especially caucial thar we are parsimonious wicth the parcients recruited for
experimentation We illuscrace our approaches in che context of clinical trials of cinacalces for trearing secondary
hyperparathyroidismm (HPT) in pediarric and adualr patients with chronic kidney disease (CKD), where we model
both parachyroid hormone {efficacy endpoine) and corrected calcium levels (safecy endpoing). We use population
PK/PD modeling of the cinacalcet daca to Qquanticacively assess the simmilaricy beoween adults and children, and ase
this mformasion in various hierarchical Bayesian adult borrowing rules whose startiscical properties can chen be

evaluared. In parcicular, we simularte the bias and mean square error performance of our approaches in sectings

where borrowing is and is not warranted o nform guaidelines for che future use of our methods
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PK/PD Informed Borrowing

+ PK and PD similarity between adults and pediatrics is a fundamental
principle for extrapolation of data.

« Extensive studies were performed to understand the drug’s PK and PD
properties.

« The rich PK/PD data can be utilized to guantify the degree of similarity
between adult and children, which can further inform the borrowing of
Information from adults to pediatric population.

19 AMGEN



Diagram of PK/PD Informed Borrowing

Population three-

compartment PK

PKPD data from
model

Adult studies & &

Pediatric studies . o
semimechanistic

PD model

Full model:

Adult and
children share
different sets of
parameters

Null model:

Adult and children
share same set of
parameters

20

Compare goodness
of fit by a likelihood
ratio test:

achieve p-value

Scaled p-value to
serve as a
sensible power in
a power prior
model

p-value can be mapped
to an EHSS through a

target function
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Closing Remarks

Approaches for pediatric drug development need to be efficient and flexible while
maintaining valid and persuasive evidentiary standards

Pediatric extrapolation requires a substantive combination of qualitative and
guantitative evidence to support regulatory approval for new pediatric labeling

Justifications for extrapolation need to be carefully examined
» Collaborative work with PK/PD and Clinical teams

The use of statistical extrapolation to support pediatric trials is an emerging tool

Bayesian extrapolation helps with sample size limitations and missing control arms in
pediatric setting

Sensitivity analyses using different statistical methods are useful

Further work on leveraging data from other sources (e.g. PK/PD) to inform borrowing
will be helpful

More experiences and case studies are needed in the future
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Effective Sample Size

« The information borrowed from the source population can be quantified
using effective sample size (ESS) calculated based on variance reduction

« ESS was selected using a grid search method following the FDA Guidance
(US FDA, 2010) that the ESS could not exceed the observed sample size in
the target population.

* The restriction was implemented to prevent the adult data from being too
Informative and dominate the limited pediatric data.
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Example target function mapping p-value to EHSS

* piscloseto 1=

Willing to borrow nearly all of
the adult data’s strength

« pisclose to O ==
Minimum borrowing from adult

* In our analysis, a power that
results in an EHSS of
roughly 50 adult patients
were used.
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f(p) =¥ x p% ¥ can be EHSS or ratio (EHSS/n)
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