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Session Description and Objectives

Dialogue and Debate Learning Objectives
- Two short focused presentations * Identify the drug products that are
followed by discussions to explore most at risk of lack of
the topic: bioequivalence in pediatric
populations

“Is bioequivalence established in

adults relevant for pediatrics?” . Discuss tools that can be used to
identify and mitigate such risks in
development pathways to refine
relative bioequivalence studies for
pediatric products
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 Pharmacokinetics Assessor, Medical Products
Agency (MPA), Sweden

* ORISE Fellow (2016-2017), Division of
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Research and Standards, Office of Generic
Drugs, CDER, FDA
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Disclaimer

The views expressed in this presentation
are my own and do not necessarily reflect
the official policy of the MPA, EMA or FDA.
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For discussion today

 What is our degree of certainty that differences in
oral absorption from the formulation in pediatric
patients are correctly detected in adult volunteers?

* How do we identify drug products where we
potentially should be cautious?

 What would be our approach if high risk products
are identified?

|[O][Z][7] AAPS ANNUAL ([ #AAPS2017

MEETING AND EXPOSITION




Outline

* Background
* New vs generic drug products
* Current guidance recommendations
* BCS concept in adults and children
* Risk factors

* Moderated case study

* Discussion and wrap up
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Background
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Terminology used In this presentation

Bioequivalence

e Used in the context of generic drug products (ANDASs)

* To support a determination that a generic product may be
substituted for its reference listed drug

» Specified criteria for comparisons between test and reference
products and predetermined BE limits for such criteria

Relative bioavailability

e Used in the context of new drug products (INDs, NDAs)

* Bioequivalence, as defined by the conventional predetermined
bioequivalence limits, do not necessarily has to be demonstrated

* Based on dose/concentration-response data it could be justified
that any differences in rate and extent of absorption do not affect
the safety and efficacy of the drug product.

~e ARIRITEAT
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New drug products vs Generic drug products

New drug products: pediatric formulation development

Relative bioavailability studies

* Pediatric vs adult formulation

* Clinical trial formulation vs commercial formulation

* Certain post-approval changes (SUPAC)

* 505(b)(2) applications for drug products with pediatric indication

Differences from generic drug products include:
* Potentially greater changes in formulation
* Followed by determining the PK, safety and potentially efficacy in children

Similarities to generic drug products include:
* Biowaiver may be applicable for BCS I/Ill IR formulations
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New drug products vs Generic drug products

Generic drug products with pediatric indication

* Approval frequently supported by bioequivalence studies with AUC
and Cmax as pharmacokinetic endpoints

* Pharmacokinetic data are not collected in children

* Biowaiver may be applicable for BCS I/Ill IR formulations
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Guidance recommendations

Relative bioavailability studies
(bridge adult to pediatric formulation)

* ICH E11 Relative bioavailability comparisons of pediatric
formulations with the adult oral formulation typically should be
done in adults.

* FDA The bioavailability of any formulation used in pediatric studies
should be characterized in relation to the adult formulation. If
needed, a relative bioavailability study comparing the age-
appropriate formulation to the approved drug should be
conducted in adults.

 EMA Bioequivalence studies for bridging paediatric clinical
documentation between two formulations should preferably be
performed in adults, but the applicant should justify that the
study results can be extrapolated to the paediatric population.
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Guidance recommendations, cont.

EMA Bioequivalence studies for bridging paediatric clinical
documentation between two formulations should preferably be
performed in adults, but the applicant should justify that the study
results can be extrapolated to the paediatric population.

* Do you consider that a justification for extrapolating PK bridging
data from adults to children is needed?

* |f so, what would you consider as appropriate justification?
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Guidance recommendations

Bioequivalence studies
(generic drug products)

FDA guidance

e Subjects recruited for in vivo BE studies should be 18 years of age or
older

* In vivo BE study subjects should be representative of the general
population, taking into account age, sex, and race.

 If a drug products is intended for use in both sexes, the applicant should
include similar proportions of males and females in the study.

* If the drug product is predominantly intended for use in the elderly, the
applicant should include as many subjects as possible at or above the age
60.

[ZI[0][Z][7] AAPS ANNUAL Slide 13 #AAPS2017

MEETING AND EXPOSITION



EMA expert meeting on the development of fixed-

dose combinations for the treatment of HIV infection
In children

“...the predictive capacity of bioequivalence data in adults for paediatric
formulations should be carefully considered in particular when a different
formulation technology/composition is used in the paediatric formulation for
a poorly soluble and/or permeable drug or where the dose mg/kg is higher in

children (or a particular age-subset) than in adults due to higher clearance in
children.”

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

28 January 2016
EMA/766040/2015
Human Medicines Research and Development Support Division

Report of the expert meeting on paediatric development
of fixed-dose combinations (FDCs) for the treatment of
human immunodeficiency virus (HIV) infection

European Medicines Agency, London, 10 November 2015
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The lamivudine case

* The ARROW trial provided an Pharmacokinetics of Antiretroviral Drug Varies
opportunity to post-approval With Formulation in the Target Population

collect PK data in children of Children With HIV-1
P Kasirye!, L Kendall?, KK Adkison?®, C Tumusiime®, M Ssenyonga?, § Bakeera-Kitaka!,

SW |tc h N g fro m SO I u t on to ta b I et P Nahirya-Ntege®, T Mhute®, A Kekitiinwa!, W Snowden’, DM Burger®, DM Gibb? and AS Walker?;
on behalf of the ARROW Trial Team

* In children, the bioavailability after

The bioequivalence of formulations is usually evaluated in healthy adult volunteers. In our study in 19 HIV-1-infected

. ~ 0 Ugandan children (1.8-4 years of age, weight 12 to <15 kg) receiving zidovudine, lamivudine, and abacavir solutions twice
t h e S 0 I U t | O n Wa S 40 A) I owe r aday for =24 weeks, the use of scored tablets allowed comparison of plasma pharmacokinetics of oral solutions vs. tablets.
Samples were collected 0, 1, 2, 4, 6, 8, and 12 h after each child’s last morning dose of oral solution before changing to
com p are d to t h e ta b I et scored tablets of Combivir (coformulated zidovudine + lamivudine) and abacavir; this was repeated 4 weeks later. Dose-
normalized area under curve (AUC),,_,, and peak concentration (C_, ) for the tablet formulation were bioequivalent with
fo r m u I at i O n those of the oral solution with respect to zidovudine and abacavir (e.g., dose-normalized geometric mean ratio (dnGMR)

(tablet:solution) for zidovudine and abacavir AUC,_,, were 1.01(90% confidence interval (Cl) 0.87-1.18) and 0.96 (0.83-
1.12), respectively). However, lamivudine exposure was ~55% higher with the tablet formulation (AUC,,_,, dnGMR =1.58

° | na d u |tS, t h e tWO fO rmu | at | ons (1.37-1.81),C,,, dnGMR =155 (1.33-1.81)). Although the clinical relevance of this finding is unclear, it highlights the impact

of the formulation and the importance of conducting bioequivalence studies in target pediatric populations.
were bioequivalent

Epivir, label 12.3

The relative bioavailability of EPIVIR oral solution is approximately 40% lower than
tablets containing lamivudine in pediatric subjects despite no difference in adults.
The mechanisms for the diminished absolute bioavailability of lamivudine and
relative bioavailability of lamivudine solution are unknown.
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The lamivudine case: an effect of sorbitol?

4.00 »
_El 3.50 o = AZ3TC alone
?g 3.00 - === B 3TC + sorbitol 3.2 g
ac f —+— € 3TC + sorbitol 10.2 g
»h S 2.50 4 )
H® D 3TC + sorbitol 13.4 g
s *g' 2.00 +
22 150
8
O 1.00
= i
“ o504
0.00 ¢ o &
0 12 24 36 48
Planned relative time, hours
e Poster presented at the
Ratio of Geometric Least Squares Means (90% Cl) Conference on Retrovirus
B vs A2 Cvs A D vs A2 . - .
PK Parameter N=16 N=16 N=16 and Opportunistic Infections,
AUC . 0.803 0.608 0.557
020 (0.747.0864)  (0.566,0655)  (0.518, 0.599) Seat.tle, 2017 3
AUC.., 0.855° 0677 0.637¢ * Adkison et al., “Effect of
(0.799, 0.914) (0.635,0.721) (0.594, 0.682) : . .
T — = ——= sorbitol on !am!vudlne |
(0.657, 0.798) (0.434, 0.527) (0.412, 0.500) pharmacokinetics following
Cinax, Maximum observed concentration; T, time of C..,; AUC 4 5., area under concentration-time curve . . . . .
from time zero to 24 hours; AUC g ., AUC from time 0 extrapolated to infinity. #Treatment A: 3TC alone; da d min |St rat|o N Of E p IVIY
Lre_atmecnt_B: 3TC + sorbitol 3.2 g; treatment C: 3TC + sorbitol 10.2 g; treatment D: 3TC + sorbitol 134 g. . .
e e solution in adults”
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How do we identify drug products where we
potentially should be cautious?

Riskfactors__[Comment ______________

Age of target
population

Risk factors that are related to
- drug substance
- drug product

Biowaiver approach - patient population
applicable?

Exposure-Response

Manipulation of
products expected?

We will get back to this slide during wrap up of the discussion
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General Clinical Pharmacology
Considerations for Pediatric
Studies for Drugs and Biological
Products

Guidance for Industry

DRAFT GUIDANCE
This guidance document is being distributed for comment purposes only.

Comments and suggestions regarding this draft document should be submutted within 60 days of
publication m the Federal Register of the notice announcing the availability of the draft gunidance.
Submit comments to the Division of Dockets Management (HFA-303), Foed and Drug
Administration. 5630 Fishers Lane. im. 1061. Rockville, MD 20852, All comments should be
identified with the docket number listed in the notice of availability that publishes in the Federal

Register.

For questions regarding this draft document, contact (CDER) Gilbert J. Burckart at 301-796-
2065.

U.5. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

December 2014
Clinical Pharmacology
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Dr Hannah Batchelor
University of Birmingham

el

 Previously worked in Pharmaceutical Industry,
Healthcare setting for clinical trials and within
academia.

« Authored several papers on age-appropriate
formulations for children

 Lead for the Biopharmaceutics workstream of the
European Paediatric Formulation Initiative, EUPFI
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What do we know about
bioequivalence/ relative
bioavallability in adults

that Is relevant to
pediatrics?
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Typical bridging from adult to pediatric
formulation

In vitro and in silico Relative bioavailability
package to determine study of pediatric
relative bioavailability formulation in adults

ADULTS

eUsing FaSSIF vs FeSSIF ¢1Protocol available . .
dissolution Use information to
eRelevant animal models inform study

Exploratory

PEDIATRICS Preclinical dose finding Confirmatory

(PK, PD, safety)

Enabling formulations Market formulations

No guidance to support in vitro or in silico risk assessment to understand
relative bioavailability
No clear protocol to undertake study
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Key risks: Paediatric formulation effect

Figure 10 Mean plasma concentration-time profile of single dose 400 mg raltegravir
administered under fasting conditions using poloxamer tablets (A) versus chewable
tablets (B) (n=12).
= 8000

P —es— Chewable tablets (Treatment B)

—a— Adult tablets (Treatment A)

Raltegravir plasma concentration (ng/m

0 4 8 12 16 20 24
Time Post dose (hr)

http://www.accessdata.fda.gov/drugsatfda docs
/nda/2011/2030450rigls000ClinPharmR.pdf
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http://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/203045Orig1s000ClinPharmR.pdf

Are there any ways to predict “at
risk” pediatric drug products?

« Usually BCS is used as a tool for risk
management

 Assessment of risk

* Likelihood of occurrence and the severity of the
consequences?

« Reqgulatory Decision

« whether or not the risks are such that the project
can continue with or without additional
arrangements to mitigate the risk

« Acceptability of the Decision
* IS the decision acceptable to society?

alnsese RBAIRAE AL
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BCS classification of paediatric
drugs

* This chart combines drugs listed on the core WHO essential
medicines list and those where a paediatric formulation is available
according to the FDA website (n=56)

= BCS1 BCS data for all drugs based on adulk dose numbers
7.0
m BCS2
= BCS3 = BCS1 + BCS2
mBCS4 . * < M
4
4.0 X g
+> A LS * ¢
250 3.0 * * ” ¢ *»
5 % . %
s g 20 * * *
£ 200 suspension © ¢ * ¢
§ 1.0 o—&
v § i Solution Ml P * b 4 *
o 5 150 + - .
b= 0.0 & g . 4
& m Liquid *
c 2 A 4 L 2
2 E 10 L B 4
& 5 100 1 chewable tablet ' . ¢ ¢
g *e *
> . . 2.0
< | dispersible tablet
5 P BCS3 . BCS
° W tablet 30
X 0.00001 0.0001 0.001 0.01 0.1 1 10 100 1000
Dose numb
BCS1 BCS2 BCS3 BCS4
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Adult vs Neonate

Amidon criteria of 25mL

7.0
6.0 L 3
Adult
BCS4 P
4.0
&
. o | om ¢ g U= -
30 o—2 - u E— S5 =
% = | By
& *
* * & u
1.0 o+ m {I - ® Adult
” ¢ ‘ = ﬁ M Neonate
Neonate 0.0 O - O O
* [ m
BCS1 10 o o sk ¢
) 3 ¢ [ | [ |
2 2 * [}
2.0 * 4 [ [
* ¢ g B
3.0
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: 8§ § 3§ & 3 § T 3 ¢
BCS3 = 1S ) Is) S S S § § 3 8
8 S S
o o
Dose number =)
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This slide is taken from: https://www.fda.gov/ohrms/dockets/ac/05/slides/2005-4137S2_02_Hussain.ppt

Key risks: Drug product
Regulatory Bioequivalence: An Overview

“Self-evident” - Biowaivers granted
Condition- excipients do not alter absorption
(historical data)

Pre-1962 DESI Drugs: In Vivo [ gUpAC-IR (1995)

Solutions

Suspensions

Chewable, etc.

evaluation for “bio-problem” Dissolution-IR
drugs (TI, PK, P-Chem) BCS
Conventional Post-1962 Drugs: Generally (pre-/post
Tablets In Vivo - some exceptions approval)
Capsules (IVIVC..)

MR Products

SUPAC-MR
< In ViVO < VIVe )

E@ hAIIEAEgs\lé\RINI\I;lg)ﬁ’%SITION #AAPS2017



Key risks: patient

Absorption -
Distribution
Slow and irregular gastric emptying

Intestinal surface area Increased total body water

Intestinal transit time Decreased total body fat

Impact of food Altered blood flow
Blood flow changes

Metabolism . . ..
Elimination

Ontogeny of intestinal

Renal function
transporters

Hepatic function

Ontogeny of hepatic transporters




Key risks: Age

« Example: Solubility and dissolution media - volume

* The volume of gastric fluids in children is not widely reported although a value
of approximately 0.56mL/kg has been reported in fasted children

« Equates to a volume of 37.1mL in adults

1.4mL 2.4mL 5.0mL 13.0mL H 28.0mL
Pre-term Newborns Infants & toddlers Children Adolescents
newborns 27 days 28 daysto 23 months 2to 11 years 12to 16-18 years
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What information Is In the
literature?

* 46 literature studies identified that compared the
relative bioavailablility of paediatric medicines

Positive effect means that
the relative bioavailability
of the pediatric formulation
was higher than the
reference

M Positive (n=8)
m Negative (n=9)

1 Equivalent (n=29)

In total 63% of pediatric
formulations showed
comparable PK profiles
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Did solubility affect likelihood
of equivalence?

 Highly soluble

Y — compounds more
A likely to show
equivalent PK
Negative - B Low solubility q

= High solubility prOﬂ |ES
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Key risks: drug solubility

« 88% of studies (15/17) showed equivalence In
paediatric to adult product where drug was
high solubility

BCS1lor3

* 48% of studies (14/29) showed equivalence In
paediatric to adult product where drug was low
solubllity

- BCS2o0r4
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Did population affect likelihood
of equivalence?

* |n total 21/46 studies

o were conducted In
A pediatric populations
o R
A » Greater likelihood of
= [l showing equivalent
o 10w m  w PK in an adult

population
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Did formulation affect
likelihood of equivalence?

Reference formulation Pediatric formulation

H Capsule
M Capsul ® Granule/Sprinkle
® Oral Liquid
® Granule/Sprinkl q
= Powder f |
= Oral Liquid suspension
H Tablet
= Powder fi | M Crushed tablet
suspension
m Chewable tablet
H Tablet

Dispersible tablet

B Crushed tablet Fixed dose tablet for

suspension
Orally disintegrating
tablet

| e H#AAPS2017



Orally disintegrating tablet
Fixed dose tablet for...

Did formulation affect likelihood of equivalence?

Pediatric showed lower exposure

Dispersible tablet
Chewable tablet
Crushed tablet

H Reference product

Pediatric showed higher exposure

Orally disintegrating tablet
Fixed dose tablet for...

Dispersible tablet

Chewable tablet

Crushed tablet

B Reference product

Tablet Tablet
Powder for oral suspension = Pediatric product Powder for oral suspension = Pediatric product
Oral Liquid Oral Liquid
Granule/Sprinkle Granule/Sprinkle
Capsule Capsule
o 1 2 3 4 5 6 0 2 4 6 8 10

Pediatric showed equivalent exposure

Orally disintegrating tablet
Fixed dose tablet for...

Dispersible tablet

Chewable tablet

Crushed tablet

Tablet

Powder for oral suspension

Oral Liquid

Granule/Sprinkle

M Reference product

W Pediatric product

Capsule

#AAPS2017
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How to assess the biopharmaceutic risk in

pediatric population?

N

* Biopharmaceutics Classification System

* Biorelevant in vitro dissolution testing

 PBPK modeling
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How do we identify drug products where we
potentially should be cautious?

Riskfactors__[Comment ______________

Age of target
population

Risk factors that are related to
- drug substance
- drug product

Biowaiver approach - patient population
applicable?

Exposure-Response

Manipulation of
products expected?

We will get back to this slide during wrap up of the discussion
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Moderated case study

This proposal is to work through a case study to
look at the process to take to understand the
likelihood of bioequivalence.....
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Drug under development

« Adult product is a 100mg tablet

« Solubllity = 0.45mg/mL with no physiologically
relevant pH effect = highly soluble

* Permeabillity = >85% Fraction absorbed (highly
permeable)

 BCS1
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Pediatric product
Granule formulation based on the tablet

Tablet formulation Granule formulation
* Mannitol (E 421) * Mannitol (E 421)

* Hyprolose (E 463) * Hyprolose (E 463)
 Magnesium stearate  * Magnesium stearate

* Coating: PVA based -« Coating: PVA based
coating system coating system
(Opadry) (Opadry)

*b | — #AAPS2017



Dissolution data

« Both products show rapid and complete
dissolution across the pH range using BCS
classification criteria 5 5

100 A
80
60
40 ——A
20 —=—B

0 10 20 30 40 50 60 70

% Dissolved

Time (min)

* Do you expect these products to be
bioequivalent in an adult study?
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The dosing for pediatrics

Population Dose (mg) Volume for Highly Likelihood of
dissolution (mL) | soluble? bioequivalence
250 Yes

Adult

Adolescent 100 250
Child (6-12 50 121
years)

Child (2-5 20 25
years)

Infant 12 25
Neonate 5 25

Solubility of the drug was 0.45 mg/mL

The dosing is on a mg/Kg basis
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The dosing for pediatrics

Population Dose (mg) Volume for Highly Likelihood of
dissolution (mL) soluble? bioequivalence
250 Yes

Adult

Adolescent 100 250 Yes

Child (6-12 50 121 Yes (just!)
years)

Child (2-5 20 25 No

years)

Infant 12 25 No
Neonate 5 25 Yes

Solubility of the drug was 0.45 mg/mL

The dosing is on a mg/Kg basis

E@ hAIIEAE%?\lGARINI\I;lg)ﬁ’LOSITION . #AAPS2017



Discussion and wrap-up
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For discussion today

 What is our degree of certainty that differences in
absorption from the formulation in pediatric
patients are correctly detected in adult volunteers?

* How do we identify drug products where we
potentially should be cautious?

 What would be our approach if high risk products
are identified?
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How do we identify drug products where
we potentially should be cautious?

Risk factors

Age

Exposure-Response

Biowaiver

Manipulation of
products
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How do we identify drug products where
we potentially should be cautious?

Risk factors

Age Pediatric subgroups with varying degrees of
concern based on changes in physiology

Exposure-Response Narrow therapeutic index drug products
Similar shape of the plasma concentration-time
profile important?

Biowaiver Is the biowaiver approach applicable?
BCS classes at higher risk?
“BCS migration”?

Manipulation of Is there a concern for off label manipulation of the
products product?
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Questions?

E U ‘i’aFZ www.eupfi.org

European PaediatricFomulation Initiative

pJY U.S. FOOD & DRUG

UNIVERSITYOF ( LAKEMEDELSVERKET
ADMINISTRATION

BIRMINGHAM MEDICAL PRODUCTS AGENCY
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BCS a tool for risk management

 Assessment of risk

« What is the risk of bio-in-equivalence between two
pharmaceutical equivalent products when in vitro
dissolution test comparisons are used for regulatory
decisions?

 Likelihood of occurrence and the severity of the
consequences?

* Regulatory Decision

« whether or not the risks are such that the project can be
persued with or without additional arrangements to
mitigate the risk

» Acceptability of the Decision
* IS the decision acceptable to society?

A — #AAPS2017
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BCS based biowaivers

 Application of the BCS in waiving BA/BE
requirements is based on premises that if

. %1) two immediate-release (IR) drug _
ormulations/products behave as oral solutions
within the Gl tract due to high solubility and rapid
dissolution,

. gjg)np precipitation occurs in the Gl tract once the
| Is dissolved, and

e (11) the two IR formulations have the same in
vivo dissolution profile under all intestinal luminal
conditions, then they should have the same rate
and extent of absorption, and therefore be
bioequivalent

= L 7] %ggléynlg%%smon R————— 2017




BCS — In adults

High Solubilit Low Solubility

Classification of high >
permeability = >85% 5 2 =
fraction absorbed in adults Solubility g%
Or ClogP 21.35 ili T
5 BCS 1 biowaiver; minimal P_e_rmeablllty T §
logP > 1.72 o _ _ bility/ o
logD > -1.48 clinical testing required... solution rate) ol
Pan
2 ®
o9
solubility and %
permeability? a
>

Classification of high solubility = highest
dose strength soluble in 250mL (across a

#AAPS2017
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Regulatory considerations and comparisons

Table L Similarities and Differences in Criteria for an Acceptable BCS-Based Biowaiver for the US-FDDA, EMA, and WHO

Adtribute/feriteria Parameter US-FDA EMA WHO Common positions
Type of BCS biowaiver
considered by agency 1 and 111 1 and 101 1 and 111 Land 111
Formulation comparison Type - IR solid oral dosage forms; - IR solid oral dosage Torms; = IR solid oral dosage forms; = IR solid oral dosage forms;
to reference or o risk - Applicable to pharmaceutical - Applicable to pharmaceutical - Applicable to pharmaceutical - Pharmaceutical equivalents or
equivalents; equivalents or alternatives equivalents or alternatives alternatives
- May be applicable to pharmaceutical
allernatives with justification
Excluded - Any produet designed to be absorbed - Buecal, sublingual, and - Opodispersible tablets are = Any produet designed 1o be
in oral cavity (e.g., buccal or orodispersable formulations eligible if there & no sublingual ahsorbed in oral cavity;
sublingual tableis); with absorption in oral cavity; or buecal absorption; - Marrow therapeutic index drugs
- Marrow therapeutic index drugs = Marrow therapeutic index drugs - Narrow therapeutic index drugs
Moceplable Clazs LI Usual excipients with quantity  Class L Wellsestablished exdpients Class L well-known excipients in - Class I Wellestablished excipients
exgipients consistent with the intended function in wsual amount; qualitatively usual amaounts; eritical in usual amount; qualitatively
(e.g., lubricant); does not contain any and quantitatively the same for excipients (e.g., surfactants, and quantitatively the same for
exciplents (e, surfactants and critical excipients (e.g., mannitel, and sorbitel) should exciplents that aflect
aloohol sugars like mannitol and surfactants, mannitol, and not differ qualitatively or Dioavailability
sorbitol) that will affect the rate or sorbitol) that affect quantitatively Class 11I: Composition must be
extent of absorption of the drug; bioavailability; Class 11 Qualitatively the same qualitatively the same and
Class 11 Qualitatively the same and Class 1L Qualitatively the same and quantitatively very similar quantitatively very similar
quantitatively very similar and quantitatively very similar
APl Fharmaceutical aliernatives not Mot eligible if different ester, Mot discussed Mot accepted if different ester,
acceplable for ANDA; ether, isomer, mixture of ether, isomer, mixture of
For prodrug, site of conversion will isomer, complex, or derivative isomer, complex, or derivalive;
determine whether permeability of site of conversion for prodrug
prodrug or active drug should be st be discussed
determined
Solubilitythigh solubility pH Within 1 to 6.8, Base number of pH Within 1 to 6.8 (preferably at Ower the range of 1.2 to 6.8 Within 1 to 6.8 pH =pKa,
conditions conditions on ionization pH 12, 4.5 and 6.8 plus pka il pHe=pka+1 anl pKa=1, and
characteristics of test drug substance within I-68} at pH 1 or 1.2, 4.5, and 6.8
to include pH =pKa; pH =pKa+ 1;
pH=pKa=1, and at pH=1 and 6 8
Method Shake-flask or other justified method Shake-flask or other justified Shake-flask or other justified Shake-flask or other justified
me thod e thiwd method
Volume Soluble in 230 mL or less Soluble in 250 mlL Solulle in 250 mL or less Soluble in 250 mL or less
lemperature 37TC 1 ATCx 1 ATCx1 Era 3 |
unit studied Highest strength Highest single therapeutic dose Highest single therapeutic dose Highest strength and highest
single therapeutic dose
tming of pH  Aller addition of the drug Before and alter addition of the  Not specified Before and alter additon of the
mMeasure drug drug
Origin of data  Sponsor Spvsor Mol specified Sponisor
How o assess intestinal First ¢choice - High permeability if human Fa = 85%,; - High permeability if human - Human Fa = 85 %, - For high permeability, human

permeability

- Human Fa data based on absolute BA
or mass balance siudies;

= In vive intestinal perfusion studies in
humans;

Faz2 EB5%:

= Human Fa data based on
absolute BA or mass balance
studies;

- Human Fa data based on
absolute BA or mass balance
studies;

- In vive intestinal perfusion in
humans & acceptable

Fa = 85%%
= Human data preferred based on
absolute BA or mass balance
studies
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Solubllity and dissolution media —
pH

Adult gastric and intestinal pH

120
100 Penicillin (10,000 U/Ib)

- f _E‘ 35 g PrEterm neonate
E 80 ‘5" 3 i Fullterm necnate
S~ —_— —a— Infants (2 wh-2 yr)
'é" / 5 25 / \ —a— Children (2-13 yr)

=1 - =
F 60 / —4—weak acid g \
3 40 \ / =fl—weak base é 15 \\
© s
(7] (%]
\ £ 1 \\J
20 / S 05 #\‘“
= T— "--.
5 .
éé o = 0 '* = —»
0 6 8
0 1 2 3 4 5 6 7 9 10 11 Time {hr}
pH Huang et al J Pediatr
1953:42:657

Variability in neonatal gastric pH

|s there justification for a broader pH range in paediatric populations...?
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Permeabillity
» Certain references to a more ”

“leaky” membrane in the very

young
. . . vs
 Differences in transporter proteins 0‘(\5&9;
on the SI membrane may influence we
permeability of certain drugs
Transporter
proteins
Eeiz(s)tp/gzrrr:r:z?cz:ics Adult Neonate Infant Child (2-5) g‘_ig) Adolescent Comments
Permeability
Only Only
Considerations in permeabilit include include Use adult Use adult Use adult Efflux transportersin the
onsiaera ots permeabrity passive passive  reference reference reference intestine reach adult values
measurements permeabili permeabil value value value at approx 2 years

ty data ity data
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