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Learning Objectives

» Describe on different long-acting injectable (LAI)
products

* Recognize regulatory and scientific challenges for k
developing generic complex LAI products

 |dentify example product-specific guidances
(PSGs) on complex LAI products ‘

« Summarize GDUFA research supporting first
approvals of complex generic LAI products
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Long-Acting Injectable (LAI) Products

* Long-acting injectables (LAls) are drug products that are designed to provide
controlled/sustained release for days to months.

*  Number of LAl products that had been approved by the FDA via NDA pathway (N =
41) or that are in clinical development (n = 26) as of May 2021
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Dosage Forms of LAl Products
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Generic Long-Acting Injectable Products [pl

» High revenue LAI products eligible for generic
competition with no generics as of May 2021

DP Active Ingredient LAI Technology Class NDA Approval Year” LOE" Patent Expiry’ PSG*
Lupron Depot® Leuprolide acetate Polymer microsphere 1989 Expired Expired 2014
Sandostatin® LAR Octreotide acetate Polymer microsphere 1998 Expired Expired 2014
Risperdal Consta® Risperidone Polymer microsphere 2003 Expired Expired 2016
Vivitrol® Naltrexone Polymer microsphere 2006 Expired Expired” 2015
Somatuline Depot® Lanreotide acetate Other 2007 2024 Expired 2014
Invega® Sustenna® Paliperidone palmitate Suspended solid 2009 Expired Expired” 2016
Exparel® Bupivacaine MVL 2011 2021 2021 2018
Bydureon® Exenatide Polymer microsphere 2012 2021 2025' -

Abilify Maintena® Aripiprazole Suspended solid 2013 Expired 2025° 2014

# Based on Drugs@FDA website.

b OE or patent expiry year; Based on the U.S. FDA Orange Book listed patents as of April 2021.

¢ Year of most recently issued PSG, based on the U.S. FDA's PSG website [63].

4 All U.S. FDA Orange Book listed DP patents expired. One remaining method of treatment patent expires in 2029.
¢ All U.S. FDA Orange Book listed DP patents expired. One remaining method of treatment patent expires in 2031.
! Additional U.S. FDA Orange Book listed non-DP patents extend out to 2028.

¢ Additional U.S. FDA Orange Book listed non-DP patents extend out to 2034.

. M.S. O'Brien et al., Challenges and opportunities in the development of complex generic long-acting injectable drug
fda.gov/cdersbia products, Journal of Controlled Release 336 (2021) 144-158 https://doi.org/10.1016/i.iconrel.2021.06.017
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First Approvals of Complex LAI
Products
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Three First Approvals of Generic LAI
Microsphere Products

FDA

« Three first generic LAl microsphere products were approved in

2023.

Glucose-PLG polymer
Sandostatin LAR

Linear PLGA polymer
Risperdione Consta; Vivitrol

DP Active Ingredient LAI Technology Class NDA Approval Year” LOE” Patent Expiry” PSG*
Lupron Depot® Leuprolide acetate Polymer microsphere 1&) Expired Expired 2&14
Sandostatin® LAR Octreotide acetate Polymer microsphere 1998 Expired Expired 2014
Risperdal Consta® Risperidone Polymer microsphere 2003 Expired Expired 2016
Vivitrol® Naltrexone Polymer microsphere 2006 E_inred Expired” 221 5
Somatuline Depot® Lanreotide acetate Other 2007 2024 Expired 2014
Invega® Sustenna® Paliperidone palmitate Suspended solid 2009 Expired Expired” 2016
Exparel® Bupivacaine MVL 2011 2021 2021 2018
Bydureon® Exenatide Polymer microsphere 2012 2021 2025' -
Abilify Maintena® Aripiprazole Suspended solid 2013 Expired 2025° 2014
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Regulatory Challenge for PLGA based

LAI Generics

« Perregulation, LAl generics need to be qualitative (Q1) and quantitative
(Q2) the same as the reference listed drugs (RLDs). However, for complex
polymeric excipients (i.e., PLGA), there was no exiting regulatory
approaches/standards for assessing Q1Q2.

« PLGA are random co-polymers with inherent heterogeneity. Polymer

characteristics can be sensitive to manufacturing conditions.
Impact of manufacturing conditions on PLGA molecular weight
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Scientific Challenge 1
Q1 Polymer Sameness

Challenge: Complex reverse Challenge: No readily available method to
engineering as manufacturing process characterize glucose cored, star-shaped
can change PLGA properties PLGA
GDUFA research: developed a protocol GDUFA research: developed
to extract PLGA from the finished characterization method to characterize
product and developed characterization  glucose cored, star-shaped PLGA
methods for PLGA.

::e:rtn;,nLeGr(:fll or 1) Dissolved; 2) Filtered; 3) Dialysis; Extracted PLGA . Physicochemical ia<iR_i>in . %Q\E:\ﬁ@/i\o;}ﬂ or R=H

based 4) Precipitation; 5) vacuum-dried characterization Lola
microspheres
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Q1 Polymer Sameness

u
Current Practice O .
H RO CHy o]
HOHYO];['(\O/]: ]:\L((i R = H{{O%o\)\}}
» Poly esters L T o o /S
PLGA
u P LG COpOIymerS Garner J et al. A protocol for assay of poly(lactide-co-glycolide) in clinical
products. International Journal of Pharmaceutics 495 (2015) 87-92.
™ P LA polymerS This work was supported by FDA grant U01FD05168.

Should provide comparative physicochemical data on PLA/PLGA
polymers extracted from the FINISHED Test product and the RLD

» Not acceptable to only use the Certificate of Analysis from the
excipient vendor

» Not acceptable if characterizing raw polymer vs. polymer
extracted from the RLD

» Characterization should include, but is not limited to: Composition
(Lactide/Glycolide ratio), molecular weight and molecular weight
distribution, polymer structure (i.e., linear or star), inherent

fda.qov/cdersbia VISCOSIty, glass transition temperature, and polymer end-ca‘ 10




Q1 Polymer Sameness
Ongoing Efforts

FDA

Challenge: Difficult to characterize products containing more than one PLGA
GDUFA research: Semi-solvents were studied to develop method to separate
PLGAs based on different lactide to glycolide ratio. SAVI showed potential to
reveal composition of PLGA microspheres and to probe structural arrangement
differences that arise from different manufacturing process.

Formulation

i
2-Pe Propyl aceate
. |

2.
PLGA-75L

3
PLGA-100L

3
Polylithic

Surface analysis of SoL+ 100L
.. sequential semi-solvent .
vapor impact (SAVI) PLGATSL-

NTX
ACEDCM

|
61
PLGA-75L-
BZADCM

NTX

J. Control. Release 300 (2019) 174-184 J. Control. Release 350 (2022)1600-612

fda.gov/cdersbia
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Scientific Challenge 2
In Vitro Drug Release Testing (IVRT)

Contains Nonbinding Recommendations

» Development and validation of IVRT can be

This draft guidance, when finalized, will reprasent the current thinking of the Food and Drug

FDA

Administration (FDA, or the Agency) on this topic. It does not establish any rights for any person

com p | ex %:M;“"r:i‘i Ep’lg’iiﬁg{;';iﬂii‘inf eiskone o seues s semmate sppodi. ot
» Two methods may need to be developed o
* Real time: Drug release evaluated through = seesmmome o s

Recommended Studies: Two studies: in vitro and in vivo

the intended period of product use L et v e

Strength: 25 mg/vial

* Accelerated: time/cost efficient to achieve e

Temperature: 37 °C and 45 °C (water bath)

complete drug release T i 5 T i

time points, that bracket Ts« (which is defined as the time of 50%
drug release), are to be linearly interpolated to determine Tsge,.

Parameters to measure: Cumulative drug release at Days 1 and 21 at 37 *C, cumulative
drug release at Day 8 at 45 °C, and T, at 45 °C.

]
G D U FA Re s e a rc h [] Bioequivalence based on (90% CI):  Tsp,. The 90% confidence interval of the

test/reference ratio of Tsgs, should be within 80-125%.

> I m po rta nt too I fo r bette r un d e rsta N d | N g | m pa Ct These data arc to be submitted in addition to the method specificd in the Dissolution

Methods Database (see below), which is to be used for stability and quality control
testing.

Add 200 g of 1M HEPES buffer solution to the container.
Add 116 g of sodium chloride to 1 kg deionized water.

of formulation and manufacturing parameters Prpraion ot st o ks 1
on drug release A 16.36 kg of deionoed water 0 3 L conrnce
» Explore novel BE approaches e
o Totality of evidence in vitro approach S bt e o et
o IVRT in combination with in vivo BE study

D Y

fda.gov/cdersbia
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Scientific Challenge 3 —
Bioequivalence (BE) Study .

General considerations:

Should be the most accurate, sensitive, and reproducible approach for
detecting potential formulation difference(s).

For PLGA based LA drugs

» In vivo BE study with pharmacokinetic endpoints (systemic/local
action)

» Comparative in vivo BE study with clinical endpoints (local action)

» In vitro BE studies in combination with in vivo BE study

(systemic/local action)
fda.gov/cdersbia 13




Example Product Specific Guidance
PK BE study with pAUC

» Example product: Vivitrol (Naltrexone PLGA (75/25) microspheres)

» Indicated for alcohol dependence

* Every 4 weeks or once a month via IM

* Therapeutic plasma concentration: >1 ng/ml

« Variability in Cmax

* Multi-phasic in vitro and in vivo release profiles

FDA

Active Ingredient: Naltrexone ; 1|

an cons({ngimL

Dosage Form; Route: Extended-release suspension; intramuscular

Recommended Studies: One study

1. Type of study: In vivo single-dose fasting gt foferserceeees
Design: Parallel =
Strength: 380 mg/vial (dose: 380 mg) e
Subjects: Healthy males and nonpregnant females, general population ows  C—iom  +—domg
Additional comments: The 90% confidence intervals of the geometric mean
test/reference (T/R) ratios for the metrics (Cpnax, AUC|-19, AUC .28, and AUC,.,) should
fall within the limits of 80-125%

14
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Scientific Challenge 4
Formulation Characterization and In Vitro and In FDA
Vivo Correlation (IVIVC)

» In vitro and in vivo drug release profiles are sensitive to manufacturing differences

105 - 10 mM PBS (pH 7.4), 37°C
g In vitro release profiles of the formulation
=1 Is ; }iii i composition equivalent risperidone
7 | 1oy }i i microspheres with manufacturing differences
s | i ! obtained using USP apparatus 4 method at 37
: ; ° Cin 10 mM PBS (pH 7.4)
£ 3,0
' . J. Shen, S. Choi, W. Qu, Y. Wang, D.J. Burgess. In vitro-in vivo correlation of parenteral
30 e s » 2l ®Formulation 1, n=3 risperidone polymeric microspheres. (2015) Journal of Controlled Release. 218, pp. 2-12
. B . " ; 5 = Formulation 2' e http:/dx.doi.org/10.1016/j.jconrel.2015.09.051
° 15 o " ... ; AFormulaiton 3, n=3
:l . a N s N A Formulation 4, n=3
gpase weats ¥ : . . . . . .
0 4 8 12 16 20 24 28 32 36 40
Time (days)
GDUFA research: :
» Advanced imaging techniques and artificial «<—=Polymer — ;
intelligence-based image data analysis to assess B mmale i umemns
microstructural critical quality attributes of PLGA o T

(
s

based formulations to explore IVIVC
* Modeling efforts to develop PBPK models

H A.G. Clark, R. Wang, Y. Qin, Y. Wang, A. Zhu, J. Lomeo, Q. Bao, D. J. Burgess, J. Chen, B. Qin, Y. Zou, S. Zhang, Assessing microstructural critical quality attril
fda - qOV/Cdeerla microspheres by FIB-SEM analytics, Journal of Controlled Release (2022) 1 5
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GDUFA Research Translates to
Approvals

OGD initiated
research
activities on
PLGA based
LAI products in

FSGior First generic
risperidone -
was revised to OCHeOt'de LARd’
include IVRT nafirexone, an
I risperidone

The first paper
describing
analytical

methods for
characterizing

. were submitted
2013 PLGA in RLDS recommendati

in Sept 2017,
was published in COCIIFIER

: May 2019, Dec
2015 polymers in 2019,
2015 .
respectively

Research supported regulatory activities:

» Controlled correspondences and pre-ANDA meeting requests

» Product-specific guidances
« FDA organized workshops
» Consults to support ANDA assessment

fda.gov/cdersbia

First generic
naltrexone was
approved on
7/6/23. First
generic octreotide
microsphere, and
risperidone
microsphere were
approved on
12/05/23.

FDA
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First Approval of Generic Multivesicular pms
Liposome .

« First generic bupivacaine multivesicular liposome was approved in
2024

DP Active Ingredient LAI Technology Class NDA Approval Year” LOE” Patent Expiry” PSG*
Lupron Depot® Leuprolide acetate Polymer microsphere 1989 Expired Expired 2014
Sandostatin® LAR Octreotide acetate Polymer microsphere 1998 Expired Expired 2014
Risperdal Consta® Risperidone Polymer microsphere 2003 Expired Expired 2016
Vivitrol® Naltrexone Polymer microsphere 2006 Expired Expired” 2015
Somatuline Depot® Lanreotide acetate Other 2007 2024 Expired 2014
Invega® Sustenna® Paliperidone palmitate SusEended solid 2_[)09 Fﬁgired Ezpired‘ 2016
Exparel® Bupivacaine MVL 2011 2021 2021 2018 I
TR POy TIICTOSPiTeTe 20T 2O2T Ear g

Abilify Maintena® Aripiprazole Suspended solid 2013 Expired 2025° 2014

o Signogl oo Complexity of Bupivacaine MVL
gl » Lipid based microparticles with nano-

(Diameter: 15 microns)

sized inner structure
« Complex manufacturing process
» Locally acting

« Systemic pharmacokinetic profile i
surgical site dependent ‘ 17



Scientific and Regulatory Efforts Supporting
Generic Development and Approval

FDA

Research on better understanding formulation A draft PSG was published in 2018 recommending
characteristics and drug release mechanism was an in vivo PK BE study in healthy subject with
initiated in 2017 supportive characterization studies

] e [—— Liposomes Deaft Guidance an Bupivacaine

Minzhi ™!, Wenmin Yuan® | . Ziyun ia®, Yayuan Liv® 2, Yan Wang?, Xiaoming Xu®, Jiwen

journal of e e e

=
of Seiences, jversity of Michigan, Ann Arbor, M1 48109, United
controlled -
"Division of Therapeutic Performance 1, Office of Research and Standards, Office of Generic
rugs, Cer r Drug tion and Research, U.S. Food and Drug Administration, Silver
release i i
“Division of Product Quality Re h, Office of Testing and Research, Office of Pharmaceutical il

‘QFFIGHAL JOUFRNAL OF THE SONTROLLED FELEASE SOGIETY Quality, Center for Drug Evaluation and Research, U.S. Food and Drug Administration. Silver
AHGTHE IAPANESK SGCRTY OF GG DRLIVERY SYSTEM Spring, MD 20093, United States

of Biology, Chemistry and Materials Science, Ofice of Science and Engineering
ner for Devices and Radiological Health, U.S. Food and Drug Administration,
Siiver Spring, MD 20993, United States

“Biginterfaces Institute, University of Michigan, Ann Arbor, Mi 48109, United States

Abstract

Research outcomes were used to support:

* Product-specific guidance

« Controlled correspondences

* Pre-ANDA Development Meeting requests

fda.gov/cdersbia




Publications Produced by GDUFA

Research

For PLGA based formulations, GDUFA research published 42 peer-
reviewed research papers since 2015.

13.
14.

15.

16.
17.

20.

21.

fda.gov/cdersbia

X. Wang, Q. Bao, R. Wang, T. Li, Y. Wang, B. Qin, Q. Li, D.J Burgess, In vivo characterization of Perseris and compositionally equivalent formulations, International Journal of Pharmaceutics (2023)

R. Schutzman, N. Shi, K.F Olsen, R. Ackermann, J. Tang, Y.Y Liu, J. KY Hong, Y. Wang, B. Qin, A. Schwendeman, S.P Schwendeman, Mechanistic evaluation of the initial burst release of leuprolide from spray-dried PLGA
microspheres (2023)

A.G Clark, R. Wang, J. Lomeo, Y. Wang, A. Zhu, M. Shen, Q. Bao, D.J Burgess, B. Qin, S. Zhang, Investigating structural attributes of drug encapsulated microspheres with quantitative X-ray imaging, Journal of Controlled
Release (2023)

X. Wang, Q. Bao, R. Wang, B. Wan, Y. Wang, B. Qin, D.J Burgess, Reverse engineering of Perseris and development of compositionally equivalent formulations, International Journal of Pharmaceutics (2023)

J. Zhou, R. Schutzman, N.Shi, R. Ackermann, K. Olsen, Y. Wang, S.P Schwendeman, Influence of encapsulation variables on formation of leuprolide-loaded PLGA microspheres, Journal of Colloid and Interface Science (2023)
J. Garner, S. Skidmore, J. Hadar, H. Park, K. Park, B. Qin, Y. Wang, Surface analysis of sequential semi-vapor impact (SAVI) for studying microstructural arrangements of poly (lactide-co-glycolide) micropartciles, Journal of
Controlled Release (2022)

R. Wang, Q. Bao, A.G. Clark, Y. Wang, S. Zhang, D.J. Burgess, Characterization and in vitro release of minocycline hydrochloride microspheres prepared via coacervation, International Journal of Pharmaceutics (2022)

J. Garner, S. Skidmore, J. Hadar, H. Park, K. Park, B. Qin, Y. Wang, Surface analysis of sequential semi-solvent vapor impact (SAVI) for studying microstructural arrangements of poly (lactide-co-glycolide) microparticles,
Journal of Controlled Release (2022)

J. Garner, S. Skidmore, J. Hadar, H. Park, K. Park, A. Otte, Y. K. Jhon, X. Xu, B. Qin, Y. Wang, Scanning analysis of sequential semisolvent vapor impact to study naltrexone release from poly (lactide-co-glycolide)
microparticles, Molecular Pharmaceutics (2022)

A.G. Clark, R. Wang, Y. Qin, Y. Wang, A. Zhu, J. Lomeo, Q. Bao, D. J. Burgess, J. Chen, B. Qin, Y. Zou, S. Zhang, Assessing microstructural critical quality attributes in PLGA microspheres by FIB-SEM analytics, Journal of
Controlled Release (2022)

A. Beig, R. Ackermann, Y. Wang, R. Schutzman, S.P. Schwendeman, Minimizing the initial burst of octrotide acetate from glucose star PLGA microspheres prepared by the solvent evaporation method, International Journal of
Pharmaceutics (2022)

A. Beig, L. Feng, J. Walker, R. Ackermann, J. KY Hong, T. Li, Y. Wang, S. P. Schwendeman, Development and characterization of composition-equivalent formulations to the sandostatin LAR by the solvent evaporation
method, Drug Delivery and Translational Research (2022)

J. Garner, S. Skidmore, J. Hadar, H. Park, K. Park, Y.K. Jhon, B. Qin, Y. Wang, Analysis of semi-solvent effects for PLGA polymers, International Journal of Pharmaceutics (2021)

A. Beig, L. Feng, J. Walker, R. Ackermann, J. Hong, T. Li, Y. Wang, S. Schwendeman, Development and characterization of composition-equivalent formulations to the Sandostatin LAR by the solvent evaporation method,
Journal of Controlled Release (2021)

Y. Wang*, S. Choi, G. Xia, B. Qin, FDA’s Poly (Lactic-Co-Glycolic Acid) Research Program and Regulatory Outcomes, The AAPS Journal (2021)

M. O’Brien, W. Jiang, Y. Wang, D. Loffredo, Challenges and opportunities in the development of complex generic long-acting injectable drug products, Journal of Controlled Release (2021)

T. Li, A. Chandrashekar, A. Beig, J. Walker, K.Y. Hong, A. Benet, J. Kang, R. Ackermann, Y. Wang, B. Qin, A. Schwendeman, S. Schwendeman; Characterization of attributes and in vitro performance of exenatide-loaded
PLGA long-acting release microspheres; Biopharmaceutical (2020)

K. Park, A. Otte, F. Sharifi, J. Garner, S. Skidmore, H. Park, Y.K. Jhon, B. Qin, Y. Wang; Formulation composition, manufacturing process, and characterization of poly(lactide-co-glycolide) microparticles; Journal of Controlled
Release (2020)

A. Beig, L. Feng, J. Walker, R. Ackermann, J.K.Y. Hong, T. Li, Y. Wang, B. Qin, S. Schwendeman; Physical-chemical characterization of octreotide encapsulated in commercial glucose-star PLGA microspheres; Mol.
Pharmaceutics 17, 4141-4151 (2020)

M. Kohno, J.V. Andhariya, B. Wan, Q. Bao, S. Rothstein, M. Hezel, Y. Wang, D. Burgess; The effect of PLGA molecular weight differences on risperidone release from microspheres; International Journal of Pharmaceutics 582
(2020)

J. Hadar, S. Skidmore, J. Garner, H. Park, K. Park, Y. Wang, B. Qin, X. Jiang, D. Kozak; Method matters: development of characterization techniques for branched and glucose-poly (lactide-co-glycolide) po
Controlled Release 320, 484-494 (2020)

s; Journal of

FDA
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Publications Produced by GDUFA
Research

22. J. Zhou, J. Walker, R. Ackermann, K. Olsen, J. KY Hong, Y. Wang, S. Schwendeman; Effect of manufacturing variables and raw materials on the composition-equivalent PLGA microspheres for 1-month controlled release of
leuprolide; Molecular Pharmaceutics 17, 1502-1515 (2020)

23. N.Shi, J. Zhou, J. Walker, L. Li, K. Hong, K. Olsen, J. Tang, R. Ackermann, Y. Wang, B. Qin, A. Schwendeman, S. Schwendeman; Microencapsulation of luteinizing hormone-releasing hormone agonist in poly(lactid-co-glycolic
acid) microspheres by spray drying; Journal of Controlled Release (2020)

FDA

24. J. Andhariya, R. Jog, J. Shen, S. Choi, Y. Wang, Y. Zou, D. Burgess; In vitro-in vivo correlation of parenteral PLGA microspheres: effect of variable burst release; Journal of Controlled Release 314, 25-37 (2019)

25. J.V.Andhariya, R. Jog, J. Shen, S. Choi, Y. Wang, Y. Zou, D. J Burgess; Development of level A in vitro-in vivo correlations for peptide loaded PLGA microspheres; Journal of Controlled Release 308, 1-13
(2019)

26. J.V.Andhariya, J. Shen, Y. Wang, S. Choi, D. Burgess; Effect of minor manufacturing changes on stability of compositionally equivalent PLGA microspheres; International Journal of Pharmaceutics 566, 532-
540 (2019)

27. K. Park, S. Skidmore, J. Hadar, J. Garner, H. Park, A. Otte, B. Soh, G. Yoon, D. Yu, Y. Yun, B. Lee, X. Jiang, Y. Wang; Injectable, long-acting PLGA formulations: analyzing PLGA and understanding
microparticle formulation; Journal of Controlled Release 304, 125-134 (2019)

28. J.Hadar, S. Skidmore, J. Garner, H. Park, K. Park, Y. Wang, B. Qin, X. Jiang; Characterization of branched poly(lactide-co-glycolide) polymers used in injectable, long-acting formulations; Journal of Controlled
Release 304, 75-89 (2019)

29. S. Skidmore, J. Hadar, J. Garner, H. Park, K. Park, Y. Wang, X. Jiang; Complex sameness: separation of mixed poly(lactide-co-glycolide) based on the lactide:glycolide ratio; Journal of Controlled Release 300,
174-184 (2019)

30. J. Zhou, K. Hirota, R. Ackermann, J. Walker, Y. Wang, S. Choi, A. Schwendeman, S. Schwendeman; Reverse engineering the 1-month Lupron Depo; The AAPS Journal 20, 105 (2018)

31. J. Garner, S. Skidmore, H. Park, K. Park, S. Choi, Y. Wang; Beyond Q1/Q2: the impact of manufacturing conditions and test methods on drug release from PLGA-based microparticle depot formulations; Journal
of Pharmaceutical Sciences 107; 353-361 (2018)

32. J.V.Andhariya, S. Choi, Y. Wang, Y, Zou, D. Burgess; Accelerated in vitro release testing method for naltrexone loaded PLGA microspheres, International Journal of Pharmaceutics, 520, 79-85 (2017)

33. J.V.Andhariya, J. Shen, S. Choi, Y. Wang, Y, Zou, D.J. Burgess; Development of in vitro-in vivo correlation of parenteral naltrexone loaded polymeric microspheres, Journal of Controlled Release, 255, 27-35
(2017)

34. A.C.Doty, D. G. Weinstein, K. Hirota, K. F. Olsen, R. Ackermann, Y. Wang, S. Choi, S. P. Schwendeman; Mechanisms of in vivo release of triamcinolone acetonide from PLGA microspheres; Journal Controlled
Release, 256, 19-25 (2017)

35. A.C.Doty, Y. Zhang, D. G. Weinstein, Y. Wang, S. Choi, W. Qu, S. Mittal, S. P. Schwendeman, Mechanistic analysis of triamcinolone acetonide release from PLGA microspheres as a function of varying in vitro
release conditions, Eur. J. Pharm. Biopharm., 113, 24-33 (2017)

36. K. Hirota, A. C. Doty, R. Ackermann, J. Zhou, K. F. Olsen, M. R. Feng, Y. Wang, S. Choi, W. Qu, A. S. Schwendeman, S. P. Schwendeman, Characterizing release mechanisms of leuprolide acetate-loaded
PLGA microspheres for [VIVC development I: in vitro evaluation, Journal Controlled Release, 244, 302-313 (2016)

37. Doty, A. C., Hirota, K., Olsen, K. F., Sakamoto, N., Y. Wang, Choi, S., Qu, W., Schwendeman, A. S. and Schwendeman, S. P., Validation of a cage implant for assessing in vivo performance of long-acting
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Challenge Question #1

All long-acting drug products considered as complex
products.

A. True
B. False
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Summary

* Polymer- or lipid-based microparticle are complex LAl products.

 GDUFA research projects helped to improve understanding on
complex LAI products which are used to develop PSGs and
address regulatory inquiries for facilitating generic development
and approval.

« OGD continues to improve PSGs based on updated
understanding obtained through communications with generic
industry via workshop, CCs, pre-ANDA meeting requests and
GDUFA funded research.

« Generic applicants are encouraged to leverage from GDUFA
research outcomes and engage with the Agency early during
development.
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