o U.S. FOOD & DRUG

ADMINISTRATION

Regulatory Utility of MMF for Development of
Long-Acting Injectable Drug Products

2024 Workshop: Considerations and Potential Regulatory Applications
for a Model Master File
Day 1, Session 3: MMF Applications for Long-Acting Injectable Drug Products

Andrew Babiskin, Ph.D.

Lead Pharmacokineticist/Team Lead
Division of Quantitative Methods and Modeling,
Office of Research and Standards, Office of Generic Drugs

CDER | U.S. FDA
www.fda.gov May 2, 2024



Disclaimer

This presentation reflects the views of the author
and should not be construed to represent FDA’s
views or policies.
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FDA Recommended PK BE Studies for LAl Products
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Recommended in PSG for

Yes Healthy Single dose - Medroxyprogesterone acetate
subjects parallel study - Naltrexone
- Exenatide
/S £ d ) Single d lel stud * Recommended in PSG for
afe to dose No | ~ >Ingle dose parallel study - Leuprolide acetate
healthy Patients (if dosing regimen accommodates - Goserelin acetate
volunteers? single dose study) = Triptorelin pamoate
o /
* Recommended in PSG for
No Patients Multiple dose parallel/crossover - Paliperidone palmitate
steady state study - Aripiprazole
- Risperidone

Partial AUC is recommended in single dose study for certain LAl products based on considerations on clinical

relevance/formulation characteristics
PK: pharmacokinetics

www.fda.gov

Slide courtesy of Yuging Gong, Ph.D.: Considerations and Challenges of
Pharmacokinetics Bioequivalence Studies for LAls and the Application of
Model-Integrated Evidence (MIE) Approaches, GBHI 2024, Apr. 16, 2024

BE: bioequivalence
LAI: long-acting injectable
PSG: product-specific guidance
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Challenges in BE Studies for Generic LAls

For most LAls, there are no approved generics to date. LAI: long half-life, long washout

Due to the long-acting nature of LAls, in vivo BE studies can last w

for several months or even years. . . . | |
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— Long study duration Single-dose crossover BE study — not practical

— High variability/large sample size
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* Parallel study design, multiple clinical centers, demographics, etc.

Seq 1l T
— Recruiting difficulty
Seq 2
* BE studies often need to be conducted in patients for safety concerns — I I I
0o 1 4 8 12
Months
— High dropout Steady state crossover BE study — long study
duration

Slide courtesy of Yuqging Gong, Ph.D.: Considerations and Challenges of
www.fda.gov Pharmacokinetics Bioequivalence Studies for LAls and the Application of 4
Model-Integrated Evidence (MIE) Approaches, GBHI 2024, Apr. 16, 2024



Opportunities for MIE in Generic LA FDA
Development

 Two different strategies for alternative BE approaches supported by model-integrated evidence (MIE)

— Conduct the PK BE studies, but enhance their efficiency (e.g., alternative design strategies) through population PK (popPK)
modeling

— BE based of in vitro characteristics/studies in lieu of conducting PK BE studies mediated through mechanistic modeling such
as physiologically based PK (PBPK) modeling

* Generate pivotal evidence through MIE for BE decision via:
— a prespecified model-based analysis of an in vivo BE study

— avirtual bioequivalence (VBE) study

* We see a clear demand: increased use of modeling approaches in pre-ANDA meeting requests and
ANDA submissions

www.fda.gov Slide adapted from Yuqing Gong, Ph.D. and Miyoung Yoon, Ph.D. S



Opportunities for MIE in Generic LA
Development — popPK

 Enhance the efficiency of PK BE studies

— Alternative BE study designs with ...

e Shorter study duration * Smaller sample size
— Insilico continuation to simulate steady- — Incorporation of reference
state from non-steady state conditions scaling
— Carryover adjustment to account for no — Carryover adjustment to allow
washout in patient studies crossover design over parallel
— Switch-over and repeated designs — Optimal study design strategies

— Alternative BE metrics associated with
narrowed BE limits

www.fda.gov



Opportunities for MIE in Generic LA
Development — Mechanistic Modeling

 Mechanistic models can integrate key formulation attributes and
physiology
— Integrate key formulation attributes and physiology to predict PK
— Define safe space between test and reference drug products

— Guide selection of clinically relevant/in vivo predictive in vitro studies

— Mechanistic in vitro-in vivo correlation (IVIVC) by incorporating in vitro release or
dissolution data in PBPK models

www.fda.gov



: : : FDA
Regulatory Considerations for Using MIE .

* Meeting regulatory standards to generate BE evidence
— Sensitive to detect formulation difference with confidence

— Reasonable passing rate for BE products

e Sufficient model verification and validation for the intended regulatory
use

— Capable to discern formulation difference with type 1 error control

— Characterization of uncertainty and impact on BE determination

* Modeling analysis plan prior to seeing study results

— Communication with the agency via Controlled Correspondence, Pre-ANDA
interactions, or through NEW MIE Industry Meeting Pilot Program

Slide adapted from Miyoung Yoon, Ph.D.: Model-Integrated Evidence for
fd Bioequivalence Assessment of Long-Acting Injectables
www.tda.gov From a Generic Drug Perspective, CRCG LAl MIE Workshop, Nov. 30, 2021 S



MMF Use Cases in popPK

* Establish alternative study designs and evaluation from conventional approaches
that can applied across a long range of products

O Shorter duration in vivo PK studies

o Reduced sample size and treatment cycle-compatible in

vivo PK studies

CONVENTIONALSTEADY STATE PK BE STUDY
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Reduced sample size and

shorter duration in vivo PK studies

MIE framework for LAls by Uppsala University (GDUFA

research™) can be applied

*FDA Research Contrac#75F40119C10018
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lllustration of In silico Dosing MIE for LAl products
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LAl products

Slide adapted from Miyoung Yoon, Ph.D.: Model-Integrated Evidence for Bioequivalence Assessment Q
of Long-Acting Injectables From a Generic Drug Perspective, CRCG LAl MIE Workshop, Nov. 30, 2021



MMEF Use Case: Mechanistic IVIVC for LAl ki

Major CQA in an LAl ‘ Use conventional Level-A IVIVC
suspension is “particle size” established by the NDA applicant

Here comes the opportunity for mechanistic IVIVCmodel as MMF use case...

Verification/
validation of
the model

Model
Development

IVIVC Model may be
re-used with
revalidation

Satisfactory
| I I I I I I I I I | » MOdEI

Local physiology Performance

API physicochemical
properties
Formulation CQA
Dissolution data

PK profiles for fast,
intermediate and
slow-release

formulations
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Final Thoughts — Benefits of LAl MMF

* Establish alternative methodologies for establishing systemic PK BE to the
typical single-dose parallel or multiple-dose steady state crossover studies

* Establish mechanistic modeling platforms to support BE approaches without
conduct of the systemic PK BE study

* MMFs would provide implementation details including verification and
validation such that approach can be applied across a wide range of drug
products ...

— Saving industry time in redeveloping and submitting these methods

— Increasing industry confidence that deviations from the PSG may be permissible
particularly in alternative in vivo PK study designs

— Benefiting regulators in reducing assessment these methods across applications (e.g.,
ANDAS)

www.fda.gov 11
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MMF Use Cases in Mechanistic Modeling
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Each LAl formulation type is unique in terms of formulation complexity and in vivo release behavior.

— The in vivo release and subsequent absorption of API
may be governed by partition, dissolution, erosion or
diffusion processes.

— Depending on formulation type, complexity and
route of administration, one or more process may
predominate

— The PBPK model developed for certain type of LAI
may not adequately describes the ADME process for
other type of LAI

— PBPK model of each type of LAl has distinct
formulation CQA (as input parameter) and
physiology-formulation interaction

— When suitably verified, a PBPK model developed for
certain LAl type may be cross-referenced for similar

LAl drug products.
www.fda.gov
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Oily solutions Multi-vesicular liposomes (or other liposome)
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Suspended solids Polymer microspheres

Dissolution Erosion + Diffusion
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In situ forming polymer implants
COLOR CODING
Erosion + Diffusion
® API An image of the drug product

oil release from the drug product

e o A immediately after injection
o o ° ® Lipid into the body
- ©
“ ° ® Polymer B An image of the drug
°
A B

BEFORE INJECTION AFTER INJECTION

Journal of Controlled Release Volume 336, 10 August 2021, Pages 144-158
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