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Learning Objectives

e |dentify complex polymeric formulations

e Describe the role of structural analysis to
support development of complex generic
products: GDUFA research highlight
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Overview

 Examples of complex polymeric formulations

* Imaging technologies and data analysis
— “New” imaging technologies for pharmaceutical use

— Advanced imaging data analysis

e Summary
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Complex Polymeric Formulations

 Non-biodegradable * Biodegradable
— Intrauterine systems (1US) — Microspheres
— Intravaginal rings (IVR) — In situ forming implants
— Solid implants — Solid implants

,ﬁ

IUS IVR Implant Microspheres
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Why is generic development of
complex polymeric formulations
challenging?
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Formulation Composition

Example: Poly (lactide-co-glycolide) (PLGA) microspheres

Remaining scientific gap:
» What are key polymer properties to ensure similar PLGA polymers produce formulations with
comparable performance?
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Manufacturing Factors

Example: Poly (lactide-co-glycolide) (PLGA) microspheres

Remaining scientific gap:
» Whatis theraw PLGA polymer used in the reference product?

» Whatare key manufacturing parameters and how do they impact product performance?
» How to scale up without altering formulation characteristics?
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Bioequivalence Approaches

Example: Mirena (Levonorgestrel intrauterine system/device)

Remaining scientific gap:

» Whatis thedrugrelease mechanism?

» Canacceleratedin vitro drug release corelate to real-timein vitro drug release, thus be
sufficient to ensure bioequivalence?
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dhmlutmn method that correlates to the real-time drug release behavior may be submitted area) _E
for the Agency’s consideration through either a controlled correspondence or as part of a &
pre-ANDA mecting request. Configuration of the 13
B. In vivolex vivo clinical study entire device (the way Real-time release
Type of study: In vivo/ex vivo study of residual levonorgestrel and serum levonorgestrel Vertical stem io assemble the o k. " it
Design: One vear, single-dose, randomized, parallel in vivo study device) 0 200 400 600 800 1000
Strength: 52 mg Time (day)

Subjects: Healthy premenopausal, nonpregnant females, ages 18 to 45 years (inclusive), who
are not using other hormonal contraceptive. The enrolled population should include a
sufficient number of nulliparous women.
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&) What is the role of structural analysis?
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The Role of Structural Analysis
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Reverse Engineering Drug Release

e Formulationcompositionand process parameters can affect structural characteristics of a
formulation (i.e., morphology, APl distribution, porosity), which in turn impacts drug release.

e Structural analysiscan facilitate reverse engineering to trace manufacturing historyand

betterunderstanddrugrelease mechanism.
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Imaging Tools

e Light Microscopy

e Electron Microscopy
— Transmission Electron Microscopy (TEM)

— Scanning Electron Microscopy (SEM)

* Focusedlon Beam ScanningElectron Microscopy (FIB-SEM)

e Micro-Computed Tomography (MicroCT)
e X-Ray Microscopy (XRM)
* Near Infrared and Raman Spectroscopy

e Chemical Imaging

www.fda.gov
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Advantages of FIB-SEM

Schematic diagram of FIB-SEM imaging station

FB
E-beam view \/

Sequential ion milling & SEM-imaging

» 3D images with superior z-
axis resolution (down to 3nm)

» Image data coupled with
modelingand computation
tools
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v Depth profile through the
polymeric matrix
O APIdistribution
O Polymer domain

O Porosity
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GDUFA Funded Research £

» Microstructure characterization with micro-imaging and image-based analytics: a new
tool to characterize complex polymer-based long-acting drug products (Contract
#75F40119C10157)

Main focuses:

* Improve understanding of the micro-scale physical and structural arrangement for two different types
of long-acting complex drug products (i.e., IUS and poly (lactide-co-glycolide) (PLGA) microspheres).

* Determine the impact of manufacturing process on the physicochemical properties and in vitro
release characteristics of PLGA microspheres.

* Develop an image-based model to predict the in vitro release characteristics of long-acting complex
products.

e Establish correlations between the quantitative parameters of image-based microstructure and the in
vitro release characteristics of the long-acting complex products.
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Example FIB-SEM Cross Section of a
PLG:' ... .-_. ,.«_, , ‘ phere

API _
Particle /
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Data courtesyandcopyright DigiM Solution LLC 2021
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FIB-SEM Sample Images of PLGA Microspheres ae

(A)FIB-SEM cross section of a microsphere
sample thatis 1 year after manufacturing.

(B)FIB-SEM cross section of a microsphere
sample thatis 2 years after manufacturing.

(C)Al-based image segmentation of the FIB-SEM
cross section of a microsphere sample thatis
1 year after manufacturing. Green: API; Red:
Pores; Blue: Polymer.

(D)Al-based image segmentation of the FIB-SEM
cross section of a microsphere sample thatis
2 years after manufacturing. Green: API; Red:
Pores; Blue: Polymer.

www.fd a.gov M. §hen, etal., PLGA.mlcrospherfe .s.tab|||ty characterization using image-based key performance attributes and release prediction, poster, 2021 Controlled Release 15
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Quantitative Analysis of FIB-SEM
Images of PLGA Microspheres
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Microsphere Porosity and API Distribution

FDA

Parameters F1 F2
Resolution (um) 0.03 0.03

Porosity (%) 21.7 22.4
Drug Volume % 30.6 27.5

Polymer (%) 44.7 50.1

C012921-FA S - C012921-FA

F2

www.fda.gov
Data courtesy and copyright DigiM Solution LLC 2021
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Will their drug release profiles be similar?
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Microsphere Image-based Release Predictionjiza

* F2 has higher burst release
(30%) than F1 (10%), and
faster release overall.

* Primary structural CQAs
toward faster release,
1. Smaller microsphere
size, hence increased

Drug release (%)
(9]
o

30 - D1397 P4 Pred surface area
20 ¢ ——D1370 PP3 Pred 2. API distribution
N 1397 In Vitro heterogeneity — more
o e 1370 In Vitro
on the surface
% s 10 15 20 25 30 3. Microporosity and its
Time (days) distribution

Release Simulation documentedin US Patent No. 10,830,713 and validated in
AAPS PharmSci Tech 2020(21)194.

www.fda.gov 18
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Summary

e Structural analysis can provide insight on

— Impact of manufacturing on formulation characteristics.

— Impact of porosity and API distribution on drug release.

— Mechanisms of release from the formulation.

e Artificial intelligence-based image data analysis is
promising to facilitate development of models for

predicting drug release, which can be further explored to
enhance in vitro based BE approach.
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Challenge Question #1

What can structural analysis support generic
development of complex polymeric products?

A. Reverse engineering

B. Better understand impact of manufacturing on product
performance

C. Supportdevelopment of correlations between formulation
characteristics and drug release

D. All of the above l
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Questions?

Yan Wang
Division of Therapeutic Performance |, Office of Research and Standards
CDER | US FDA

[yan.wang3@fda.hhs.gov]
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