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Disclaimer

This talk should not be construed to represent U.S. FDA’s 
views or policies. The mention of commercial products, 
their sources, or their use in connection with material 
reported herein is not to be construed as either an actual 
or implied endorsement of such products by the U.S.
Department of Health and Human Services.

www.fda.gov
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US FDA

Center for Device 
and Radiological 

Health

Center for 
Tobacco Product …

Center for Biological 
Evaluation and 

Research

Center for Drug 
Evaluation and 

Research

Office of Generic 
Drugs (OGD)

Office of 
Research and 

Standards

Office of 
Bioequivalence

Office of Generic 
Drug Policy

Office of 
Regulatory 
Operations

Office of 
Pharmaceutical 
Quality (OPQ)

Office of 
Translational 

Sciences (OTS)
..

Office of Research and Standards 
(ORS) is committed to making safe 
and effective generic drugs 
available to the American public 
by ensuring that OGD standards
(as reflected in reviews, guidance, 
and communications to applicants 
and the public) continue to be 
based on the best currently 
available science and the results 
of the regulatory science research.

• Implements FDA’s GDUFA 
regulatory science and research 
program 
(https://www.fda.gov/drugs/gene
ric-drugs/science-research)

• Provides pre-submission scientific 
advice on equivalence standards

• Provides consults and reviews of 
complex scientific issues

• Ensures therapeutic equivalence 
of approved generic drugs 

www.fda.gov

https://www.fda.gov/drugs/generic-drugs/science-research
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• Generic drugs are “copies” of their respective 
reference listed drugs (RLDs)

• Generally, this means the same active ingredient(s), 
conditions of use, route of administration, dosage 
form, strength, and (with certain permissible 
differences) labeling and is bioequivalent

Generic Drugs

https://accessiblemeds.org/sites/default/files/2018_aam_generic_drug_access_and_savings_report.pdf www.fda.gov
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6

FDA Guidance - Considering Whether an FDA-Regulated Product Involves the 
Application of Nanotechnology

FDA Approved Nanotechnology Products
Platform

Examples
Name New Drug 

Application 
(NDA) Approval

Indication 1st Abbreviated New Drug 
Application (ANDA) 

Approval
Liposome DOXIL® (Doxorubicin) 1995 Cancer 2013
Inorganic 

nanoparticle
FERRLECIT® (Sodium ferric 
gluconate complex)

1999 Anemia 2011

Protein 
nanoparticle

ABRAXANE® (Paclitaxel) 2005 Cancer None

Polymer 
nanoparticle

MACUGEN® (Pegaptanib
sodium)

2004 Macular degeneration None

Emulsion RESTASIS® (Cyclosporine) 2002 To increase tear 
production

None

Lipid complex AMPHOTEC® 

(Amphotericin B)
1996 Invasive aspergillosis None

Nanotube SOMATULINE DEPOT® 

(Lanreotide acetate)
2007 Acromegaly None

Nanocrystal TRICOR® (Fenofibrate) 2004 Hypercholesterolemia 2011
Micelle TAXOTERE®(Docetaxel) 1996 Cancer None

(Not a 
complete list)

www.fda.gov
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U.S. FDA Guidance Related to 
Nanotechnology Products

Vlieger, J, et al. Report of the AAPS Guidance Forum on the FDA Draft Guidance for Industry: Drug Products, Including Biological 
Products, that Contain Nanomaterials. The AAPS Journal (2019) 21: 56

www.fda.gov
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U.S. FDA Product-Specific Guidance for 
Doxorubincin HCl Liposomes

https://www.fda.gov/drugs/guidances-drugs/product-specific-guidances-generic-drug-development

Jiang W, Lionberger R, Yu L, In vitro and in vivo characterizations of PEGlyated liposome doxorubicin. Bioanalysis. 2011 Feb;3(3):333-44  
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM199635.pdf

Equivalent 
physico-
chemical 
characteristics

Same remote 
loading 
manufacturing 
process

Equivalent free 
and liposome 
associated drug 
exposure

Qualitative 
(Q1) and 
Quantitative 
(Q2) sameness

No details 
about he 
methods

www.fda.gov
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Standards
• Measurement standards

– International systems of units

• Reference standards*
- Materials that are certified by 

a national standards laboratory to 
verify a quantitative measurement.

• Documentary standards
- agreed-upon terminology or 

standard language; means for 
conducting measurements; 
performance characteristics of 
instruments or commercial 
products

https://www.nano.gov/you/standards

https://www.fda.gov/regulatory-information/search-fda-
guidance-documents/cders-program-recognition-voluntary-
consensus-standards-related-pharmaceutical-quality

* The term reference standard here is different from 
the reference standard used in Orange Book: Approved 
Drug Products with Therapeutic Equivalence 
Evaluations.

www.fda.gov
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Identify Standard to be developed through stakeholder engagement

Review existing
Literature and standards Decide on a guide/practice/test method

Assay development Assay validation

Draft a method with scope

Propose to SDOs for initial concurrence

Internal review External review

Identify experts/collaborators Set up a collaboration site, invite expert review

Address all comments – iterative process

Ballot at sub-committee Main committee ballot

Final standard

Interlaboratory studies for precision and bias in measurements (test methods)

Documentary consensus standards development

Courtesy copy of Anil Patri www.fda.gov



11http://nanostandards.ansi.org/tiki-index.php?page=DataEntryOutputPub
www.fda.gov
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Liposome Standard Needs
Top Priorities

• Terminology-liposome specific

• Asymmetric flow field flow fractionation (AF4)

• Lipid excipient stability/degradation/component analysis

• Determination of liposomal encapsulated and free drug/separation of 
encapsulated and free drug

• Stability of liposome (including in-use stability)

• In vitro drug release testing procedures

International Organization for Standardazation (ISO) Liposome Study Group Discussion Points
www.fda.gov
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Continued Development of Product-
Specific Guidances

FDA published product-specific equivalence guidance for 
nanotechnology drug products

doxorubicin HCl liposome injection 
verteporfin liposome injection
amphotericin B liposome injection
daunorubicin liposome injection 
sodium ferric gluconate injection 
ferumoxytol injection
iron sucrose injection
cyclosporine emulsion
lanreotide acetate injection
paclitaxel albumin-bound particles for injectable suspension

….
(Not a complete list)
https://www.fda.gov/drugs/guidances-drugs/product-specific-guidances-generic-drug-developmentwww.fda.gov
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Continued Efforts to Promote Harmonization 
on Evaluation Criteria

http://www.ema.europa.eu/docs/en_
GB/document_library/Scientific_guid
eline/2018/06/WC500251058.pdf

European Medicines 
Agency (EMA) 
Doxorubicin HCl 
liposomes Product-
Specific Guideline 
(Recommended 2018)

International Pharmaceutical Regulators Programme(IPRP) Nanomedicine Working Group

https://www.fda.gov/drugs/gu
idances-drugs/product-
specific-guidances-generic-
drug-development

U.S. FDA Doxorubicin 
HCl liposomes Product-
Specific Guidance
(Recommended 2010, 
most recent revision 
2018)

https://www.ich.org/products/reflection-papers.html
www.fda.gov



16

Continued Development of 
Drug Product Characterization Methods 

Liposome components 
• Lipids
• Unencapsulated drug vs liposome 

associated drug
…

Liposome higher order structure
• Particle size 
• Morphology
• Lamellarity
• Surface characteristics of the 

liposomes
• Liposome phase transition 

temperature

Liposome performance 
• In vitro release

Liposome Physico-chemical CharacterizationPhysico-chemical characterization

• Particle size/distribution
• Surface property
• Drug state
• In-vitro dissolution

Biological performance  test via 
in vitro test methods

• Production of nitric oxide 
(NO) by macrophages in 
vitro.

• Internalization by phagocytic 
cells in vitro

• ….

www.fda.gov
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Quantification of Lipid Excipients and Active 
Pharmaceutical Ingredients (APIs) in Liposomes 

www.fda.gov
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Image Courtesy of Yong Wu and Jiwen Zheng

Bupivacaine Liposomes Doxorubicin HCl Liposomes

Morphological Characterization of Liposome Products 
by Cryo-Transmission Electron Microscopy (TEM)

Optimize Cryo-TEM experimental conditions and standardize analytical procedures

www.fda.gov
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Determination of Labile Iron in Iron Complex 

A. Barton Pai, D. E. Meyer, B. Bales, V. Cotero, M.P. Pai, N. Zheng, W. Jiang, Performance of redox active and chelatable iron 
assays to determine labile iron release from intravenous iron formulations. Clin Transl Sci. 2017 May;10(3):194-200. 

A. B. Pai, M. P. Pai, D. E. Meyer, B. Bales, V. Cotero, N. Zheng, W. Jiang, In vitro and in vivo DFO-chelatable labile iron release f release 
profiles among commercially available intravenous iron nanoparticle formulations. Regulatory Toxicology and Pharmacology. 2018, 97:17-23. 

www.fda.gov
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ABRAXANE Behavior Upon Dilution

Continuous Monitoring of Albumin-Bound Paclitaxel Dissolution Profiles Using Dynamic Light Scattering and In Situ UV/Vis Fiber-Optic 
Probes. Peter Petrochenko, Sook Wong, Yong Wu, Jiwen Zheng, Xiaoming Xu, Stephanie Choi, Darby Kozak. AAPS Denver, CO (Nov 13–
17, 2016)

Paclitaxel protein-bound 
suspensions undergo a burst 
release below a critical 
concentration. Particles rapidly 
dissolve releasing drug into 
solution. Image courtesy of Peter Petrochenko

www.fda.gov
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Considerations on Characterization Methods to 
Standards Development

• Most methods highly product-specific

• Multiple methods developed by different labs

• Advanced analytical methods vs readily available methods

• Biorelevant dissolution vs standard dissolution methods

• Interlaboratory selection

• Standards development timeline

• Protocol vs standard

www.fda.gov
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Current status of the proposed work items

Work 
item

category Assay Assay 
develop
ment

Assay 
validatio
n

Work 
item 
draft

Initial 
revie
w

Collaboration 
area /draft 
comments

Revi
ew

Subc
ommi
ttee 
Ballot

Main 
committe
e

Final 
Standard

Standard 
Practice

Cryo-TEM of 
Liposomes         E3143-

18b

WK60373 Test 
method

Chemotaxis       
WK60554 Test 

method
Nitric oxide      

WK60553 Guide Phagocytosis     
WK67980 Test 

method
PEG coating 
quantitation
HPLC-ELSD

  

WK67984 Test 
method

Lipid 
quantitation 
UPLC-MS

  

WK67983 Test 
method

Lipid 
quantitation 
HPLC-ELSD

  

WK67982 Test 
method

Lipid 
quantitation 
HPLC-CAD

  

WK63310 Guide Hyperspectral 
imaging 

Courtesy copy of Anil Patri
www.fda.gov

https://www.astm.org/Standards/E3143.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK60373.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK60554.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK60553.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK67980.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK67984.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK67983.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK67982.htm
https://www.astm.org/DATABASE.CART/WORKITEMS/WK63310.htm
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Summary
• Documentary standards are complementary to 

product-specific guidance for generic 
nanotechnology drug product development

• To support generic nanotechnology drug 
product development and review
– Continue developing product-specific guidance
– Promote harmonization of assessment criteria
– Support characterization method development into 

standards

www.fda.gov
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Thank You

Any question?
wenlei.jiang@fda.hhs.gov
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