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Learning Objectives

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

• Recognize regulatory and scientific challenges for
developing generic complex LAI products

• Identify example product-specific guidances
(PSGs) on complex LAI products

• Summarize GDUFA research supporting first
approvals of complex generic LAI products

https://fda.gov/cdersbia
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Long-Acting Injectable (LAI) Products
• Long-acting injectables (LAIs) are drug products that are designed to provide

controlled/sustained release for days to months.

• Number of LAI 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

M.S. O’Brien et al., Challenges and opportunities in the development of complex generic long-acting injectable drug 
products, Journal of Controlled Release 336 (2021) 144-158 https://doi.org/10.1016/j.jconrel.2021.06.017 

https://doi.org/10.1016/j.jconrel.2021.06.017
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Dosage Forms of LAI Products
• Dosage forms

M.S. O’Brien et al., Challenges and opportunities in the development of complex generic long-acting injectable drug 
products, Journal of Controlled Release 336 (2021) 144-158 https://doi.org/10.1016/j.jconrel.2021.06.017 

PLGA microspheres
Drug substance 
suspensions without 
rating controlling 
excipients

https://doi.org/10.1016/j.jconrel.2021.06.017
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Generic Long-Acting Injectable Products

M.S. O’Brien et al., Challenges and opportunities in the development of complex generic long-acting injectable drug 
products, Journal of Controlled Release 336 (2021) 144-158 https://doi.org/10.1016/j.jconrel.2021.06.017

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

https://doi.org/10.1016/j.jconrel.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
• Three first generic LAI microsphere products were approved in

2023.

Glucose-PLG polymer
Sandostatin LAR

Linear PLGA polymer
Risperdione Consta; Vivitrol
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Regulatory Challenge for PLGA based 
LAI Generics 
• Per regulation, LAI 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

PLGA degradation 
during 
manufacturing of 
risperidone-PLGA 
microsphere

Alkermes, US 
6,264,987 B1, 2001
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Scientific Challenge 1 
Q1 Polymer Sameness

Int. J. Pharm. 495 (2015) 87–92
Grant U01FD05168

J. Control. Release 204 (2019) 75-89
Contract HHSF223201710123C

Challenge: Complex reverse 
engineering as manufacturing process 
can change PLGA properties
GDUFA research: developed a protocol 
to extract PLGA from the finished 
product and developed characterization 
methods for PLGA.   

Challenge: No readily available method to 
characterize glucose cored, star-shaped 
PLGA
GDUFA research: developed 
characterization method to characterize 
glucose cored, star-shaped PLGA
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Q1 Polymer Sameness
Current Practice 
 Poly esters

 PLG copolymers
 PLA polymers

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
viscosity, glass transition temperature, and polymer end-cap

Garner J et al. A protocol for assay of poly(lactide-co-glycolide) in clinical 
products. International Journal of Pharmaceutics 495 (2015) 87–92. 
This work was supported by FDA grant U01FD05168. 
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Q1 Polymer Sameness
Ongoing Efforts

J. Control. Release 300 (2019) 174-184

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.

Contract HHSF223201610091C

J. Control. Release 350 (2022) 600-612

Contract 75F40119C10096

Surface analysis of 
sequential semi-solvent 
vapor impact (SAVI)
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Scientific Challenge 2 
In Vitro Drug Release Testing (IVRT)
 Development and validation of IVRT can be

complex
 Two methods may need to be developed

• Real time: Drug release evaluated through
the intended period of product use

• Accelerated: time/cost efficient to achieve
complete drug release

GDUFA Research:
 Important tool for better understanding impact

of formulation and manufacturing parameters
on drug release

 Explore novel BE approaches
o Totality of evidence in vitro approach
o IVRT in combination with in vivo BE study



fda.gov/cdersbia 13

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)
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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.gov/cdersbia 15

Scientific Challenge 4 
Formulation Characterization and In Vitro and In 
Vivo Correlation (IVIVC)
 In vitro and in vivo drug release profiles are sensitive to manufacturing differences

In vitro release profiles of the formulation 
composition equivalent risperidone 
microspheres with manufacturing differences 
obtained using USP apparatus 4 method at 37 
°C in 10 mM PBS (pH 7.4)

J. Shen, S. Choi, W. Qu, Y. Wang, D.J. Burgess. In vitro-in vivo correlation of parenteral 
risperidone polymeric microspheres. (2015) Journal of Controlled Release. 218, pp. 2-12 
http://dx.doi.org/10.1016/j.jconrel.2015.09.051

GDUFA research: 
• Advanced imaging techniques and artificial 

intelligence-based image data analysis to assess 
microstructural critical quality attributes of PLGA 
based formulations to explore IVIVC

• Modeling efforts to develop PBPK models 

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)

http://dx.doi.org/10.1016/j.jconrel.2015.09.051
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GDUFA Research Translates to 
Approvals 

OGD initiated 
research 

activities on 
PLGA based 

LAI products in 
2013

The first paper 
describing 
analytical 

methods for 
characterizing 
PLGA in RLDs 

was published in 
2015

First generic 
octreotide LAR, 
naltrexone, and 

risperidone 
were submitted 
in Sept 2017, 

May 2019, Dec 
2019, 

respectively

PSG for 
risperidone 

was revised to 
include IVRT 

and 
recommendati
on on PLGA 
polymers in 

2015

First generic 
naltrexone was 

approved on 
7/6/23. First 

generic octreotide 
microsphere, and 

risperidone 
microsphere were 

approved on  
12/05/23.

Research supported regulatory activities:
• Controlled correspondences and pre-ANDA meeting requests 
• Product-specific guidances
• FDA organized workshops 
• Consults to support ANDA assessment 
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First Approval of Generic Multivesicular 
Liposome
• First generic bupivacaine multivesicular liposome was approved in 

2024

Complexity of Bupivacaine MVL
• Lipid based microparticles with nano-

sized inner structure
• Complex manufacturing process
• Locally acting
• Systemic pharmacokinetic profile is 

surgical site dependent
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Scientific and Regulatory Efforts Supporting 
Generic Development and Approval
Research on better understanding formulation 
characteristics and drug release mechanism was 
initiated in 2017

A draft PSG was published in 2018 recommending 
an in vivo PK BE study in healthy subject with 
supportive characterization studies 

Research outcomes were used to support:
• Product-specific guidance
• Controlled correspondences
• Pre-ANDA Development Meeting requests
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Publications Produced by GDUFA 
Research

1. 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)
2. 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)
3. 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)
4. 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)
5. 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)
6. 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)
7. 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)
8. 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)
9. 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)
10. 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)
11. 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)
12. 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)
13. 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)
14. 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)
15. Y. Wang*, S. Choi, G. Xia, B. Qin, FDA’s Poly (Lactic-Co-Glycolic Acid) Research Program and Regulatory Outcomes, The AAPS Journal (2021)
16. 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)
17. 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)
18. 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)
19. 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)
20. 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)
21. 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) polymers; Journal of 

Controlled Release 320, 484-494 (2020)

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

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 IVIVC 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 

release microspheres, Biomaterials, 109, 88-96 (2016) 
38. Y. Wang, W. Qu, S. Choi. FDA’s regulatory science program for generic PLA/PLGA-based drug product; American Pharmaceutical Review (2016)
39. J. Shen, K. Lee, S. Choi, W. Qu, Y. Wang, D.J. Burgess. A reproducible accelerated in vitro release testing method for PLGA microspheres, International Journal of Pharmaceutics, 498(1-2), pp. 274-282 (2016)
40. B. Gu, Y. Wang, D.J. Burgess. In vitro and in vivo performance of dexamethasone loaded PLGA microspheres prepared using polymer blends, International Journal of Pharmaceutics, 496(2) (2015)
41. J. Shen, S. Choi, W. Qu, Y. Wang, D.J. Burgess. In vitro-in vivo correlation of parenteral risperidone polymeric microspheres; Journal of Controlled Release (2015)  
42. J. Garner, S. Skidmore, H. Park, K. Park, S. Choi, Y. Wang. A protocol for assay of poly(lactide-co-glycolide) in Clinical Products; International Journal of Pharmaceutics 495(1) (2015)



fda.gov/cdersbia 21

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 LAI 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. 



Questions?
Yan Wang

Acting Deputy Director, Office of Research and Standards, Office of Generic 
Drugs

CDER | U.S. FDA
[yan.wang3@fda.hhs.gov]

mailto:yan.wang3@fda.hhs.gov
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