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Session Description and Objectives

Dialogue and Debate

• Two short focused presentations 

followed by discussions to explore 

the topic:

“Is bioequivalence established in 

adults relevant for pediatrics?”

Learning Objectives

• Identify the drug products that are 

most at risk of lack of 

bioequivalence in pediatric 

populations

• 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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Dr Elin Matsson
Medical Products Agency

• Pharmacokinetics Assessor, Medical Products 
Agency (MPA), Sweden

• ORISE Fellow (2016-2017), Division of 
Quantitative Methods and Modeling, Office of 
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?
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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
• Used in the context of generic drug products (ANDAs)
• 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
• 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.
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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/III 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/III IR formulations

vs



#AAPS2017Slide 11

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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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.

Guidance recommendations, cont.

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

• If so, what would you consider as appropriate justification?



#AAPS2017Slide 13

Guidance recommendations

Bioequivalence studies
(generic drug products)

FDA guidance

• 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.
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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.”



#AAPS2017Slide 15

The lamivudine case

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.

• The ARROW trial provided an 
opportunity to post-approval 
collect PK data in children 
switching from solution to tablet

• In children, the bioavailability after 
the solution was ~40% lower 
compared to the tablet 
formulation

• In adults, the two formulations 
were bioequivalent
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The lamivudine case: an effect of sorbitol?

• Poster presented at the 
Conference on Retrovirus 
and Opportunistic Infections, 
Seattle, 2017

• Adkison et al., “Effect of 
sorbitol on lamivudine 
pharmacokinetics following 
administration of Epivir
solution in adults”



#AAPS2017Slide 17

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

Risk factors Comment

Age of target 
population

Exposure-Response

Biowaiver approach 
applicable?

Manipulation of 
products expected?

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

We will get back to this slide during wrap up of the discussion
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Ethical considerations!
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Dr Hannah Batchelor
University of Birmingham

• 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 
bioavailability in adults 

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

Preclinical Ph1 Ph2 Ph3 Market

Preclinical
Exploratory 
dose finding 

(PK, PD, safety)
Confirmatory Market

ADULTS

PEDIATRICS

In vitro and in silico 
package to determine 
relative bioavailability

•Using FaSSIF vs FeSSIF
dissolution

•Relevant animal models

Relative bioavailability 
study of pediatric

formulation in adults

•1Protocol available
Use information to 
inform study

No guidance to support in vitro or in silico risk assessment to understand 
relative bioavailability
No clear protocol to undertake study

Enabling formulations Market formulations
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Key risks: Paediatric formulation effect

http://www.accessdata.fda.gov/drugsatfda_docs

/nda/2011/203045Orig1s000ClinPharmR.pdf

http://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/203045Orig1s000ClinPharmR.pdf
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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?

• Regulatory 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?
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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)
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Adult vs Neonate 
Amidon criteria of 25mL
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Key risks: Drug product
Regulatory Bioequivalence: An Overview  

Solutions

Suspensions

Chewable, etc.

Conventional 

Tablets 

Capsules

MR Products

“Self-evident” - Biowaivers granted

Condition- excipients do not alter absorption 

(historical data)

Pre-1962 DESI Drugs: In Vivo

evaluation for “bio-problem”

drugs (TI, PK, P-Chem)

Post-1962 Drugs: Generally 

In Vivo - some exceptions

(IVIVC..)

SUPAC-IR (1995)

Dissolution-IR

BCS 

(pre-/post 
approval)

In VIVO
SUPAC-MR

IVIVC

This slide is taken from: https://www.fda.gov/ohrms/dockets/ac/05/slides/2005-4137S2_02_Hussain.ppt
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Key risks: patient
Absorption

Slow and irregular gastric emptying

Intestinal surface area

Intestinal transit time

Impact of food

Blood flow changes

Distribution

Increased total body water

Decreased total body fat

Altered blood flow

Metabolism

Ontogeny of intestinal 
transporters

Ontogeny of hepatic transporters

Elimination

Renal function

Hepatic function

ADME
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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 13.0mL5.0mL2.4mL 28.0mL

Risk
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What information is in the 
literature?

• 46 literature studies identified that compared the 
relative bioavailability of paediatric medicines

Positive (n= 8)

Negative (n= 9)

Equivalent (n= 29)

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

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

• Highly soluble 
compounds more 
likely to show 
equivalent PK 
profiles

0 10 20 30 40

Positive

Negative

Equivalent

Low solubility

High solubility
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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 

• BCS 1 or 3

• 48% of studies (14/29) showed equivalence in 
paediatric to adult product where drug was low 
solubility 

• BCS 2 or 4
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Did population affect likelihood 
of equivalence?

• In total 21/46 studies 
were conducted in 
pediatric populations

• Greater likelihood of 
showing equivalent 
PK in an adult 
population

0 10 20 30 40

Positive

Negative

Equivalent

Adult population

Pediatric population
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Did formulation affect 
likelihood of equivalence?

Reference formulation Pediatric formulation

Capsule

Granule/Sprinkle

Oral Liquid

Powder for oral
suspension

Tablet

Crushed tablet

Capsule

Granule/Sprinkle

Oral Liquid

Powder for oral
suspension
Tablet

Crushed tablet

Chewable tablet

Dispersible tablet

Fixed dose tablet for
suspension
Orally disintegrating
tablet
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Did formulation affect likelihood of equivalence?

0 1 2 3 4 5 6

Capsule

Granule/Sprinkle

Oral Liquid

Powder for oral suspension

Tablet

Crushed tablet

Chewable tablet

Dispersible tablet

Fixed dose tablet for…

Orally disintegrating tablet

Pediatric showed lower exposure

Reference product

Pediatric product

0 2 4 6 8 10

Capsule

Granule/Sprinkle

Oral Liquid

Powder for oral suspension

Tablet

Crushed tablet

Chewable tablet

Dispersible tablet

Fixed dose tablet for…

Orally disintegrating tablet

Pediatric showed higher exposure

Reference product

Pediatric product

0 5 10 15 20

Capsule

Granule/Sprinkle

Oral Liquid

Powder for oral suspension

Tablet

Crushed tablet

Chewable tablet

Dispersible tablet

Fixed dose tablet for…

Orally disintegrating tablet

Pediatric showed equivalent exposure

Reference product

Pediatric product
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How to assess the biopharmaceutic risk in 
pediatric population?

• Biopharmaceutics Classification System

• Biorelevant in vitro dissolution testing

• PBPK modeling

Class I
High solubility

High permeability

Class II
Low solubility

High permeability

Class IV
Low solubility

Low permeability

Class III
High solubility

Low permeability

co
m

p
le

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

Risk factors Comment

Age of target 
population

Exposure-Response

Biowaiver approach 
applicable?

Manipulation of 
products expected?

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

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

• Solubility = 0.45mg/mL with no physiologically 
relevant pH effect = highly soluble

• Permeability = >85% Fraction absorbed (highly 
permeable)

• BCS1



#AAPS2017Slide 39

Pediatric product
Granule formulation based on the tablet

Tablet formulation

• Mannitol (E 421)

• Hyprolose (E 463)

• Magnesium stearate

• Coating: PVA based 
coating system 
(Opadry)

Granule formulation

• Mannitol (E 421)

• Hyprolose (E 463)

• Magnesium stearate

• Coating: PVA based 
coating system 
(Opadry)
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Dissolution data

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

• Do you expect these products to be 
bioequivalent in an adult study?

%
 D

is
so

lv
ed
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The dosing for pediatrics
Population Dose (mg) Volume for 

dissolution (mL)
Highly 
soluble?

Likelihood of 
bioequivalence

Adult 100 250 Yes

Adolescent 100 250

Child (6-12 
years)

50 121

Child (2-5 
years)

20 25

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 

dissolution (mL)
Highly 
soluble?

Likelihood of 
bioequivalence

Adult 100 250 Yes

Adolescent 100 250 Yes

Child (6-12 
years)

50 121 Yes (just!)

Child (2-5 
years)

20 25 No

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
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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 Comment

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 Comment

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 
products

Is there a concern for off label manipulation of the 
product?
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Acknowledgments

• EuPFI: European Paediatric
Formulation Initative
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Questions?

www.eupfi.org

http://www.eupfi.org/
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References

• Add your references. This slide is optional.
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Back up Slides
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Ajaz Hussain, FDA

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?
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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 
formulations/products behave as oral solutions 
within the GI tract due to high solubility and rapid 
dissolution, 

• (ii) no precipitation occurs in the GI tract once the 
API is dissolved, and 

• (iii) 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
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BCS – in adults

I

IVIII

II

• Gastric emptying

-> absorption

• Solubility / Disso

-> absorption

• Perm. / Solu. /Disso

-> absorption

. Permeability

-> absorption

High Solubility Low Solubility

Class 2

Low Solubility

High Permeability

(solubility/

dissolution rate)

Class 1

High Solubility

High Permeability

(Gastric emptying) 

Class 3

High Solubility

Low Permeability

(Permeability)

Class 4

Low Solubility

Low Permeability

(solubility and 

permeability?)
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Classification of high 
permeability = >85% 

fraction absorbed in adults
Or ClogP ≥1.35

logP ≥ 1.72
logD ≥ -1.48

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

relevant pH range

BCS 1 biowaiver; minimal 
clinical testing required…
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Regulatory considerations and comparisons
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Solubility and dissolution media –
pH 
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Huang et al J Pediatr 

1953:42:657

Is there justification for a broader pH range in paediatric populations…?
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Permeability

• Certain references to a more 
“leaky” membrane in the very 
young

• Differences in transporter proteins 
on the SI membrane may influence 
permeability of certain drugs

Transporter 

proteins

Biopharmaceutics 
test/parameter

Adult Neonate Infant Child (2-5)
Child 
(6-12)

Adolescent Comments

Permeability

Considerations in permeability 
measurements

Only 
include 
passive 
permeabili
ty data

Only 
include 
passive 
permeabil
ity data

Use adult 
reference 
value

Use adult 
reference 
value

Use adult 
reference 
value

Efflux transporters in the 
intestine reach adult values 
at approx 2 years


