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Nanomaterials (US FDA)

• Whether a material or end product is engineered to have at 
least one external dimension, or an internal or surface 
structure, in the nanoscale range (approximately 1–100 nm), 
and

• Whether a material or end product is engineered to exhibit 
properties or phenomena, including physical or chemical 
properties or biological effects, that are attributable to its 
dimension(s), even if these dimensions fall outside the 
nanoscale range, up to one micrometer

Guidance for Industry: Considering Whether an FDA-Regulated Product Involves the 
Application of Nanotechnology
http://www.fda.gov/RegulatoryInformation/Guidances/ucm257698.htm

www.fda.gov
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FDA Guidance - Considering Whether an FDA-Regulated Product Involves the 
Application of Nanotechnology

“The application of nanotechnology may result in product 
attributes that differ from those of conventionally-
manufactured products, and thus may merit 
examination. However, FDA does not categorically judge all 
products containing nanomaterials or otherwise involving 
application of nanotechnology as intrinsically benign or 
harmful.”

FDA’s Position on Nanomaterials

FDA’s Approach to Regulation of Nanotechnology Products 
https://www.fda.gov/scienceresearch/specialtopics/nanotechnology/ucm301114.htm

www.fda.gov
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No. of nanomaterial product applications 
submitted to CDER

CDER approved drug products containing 
nanomaterials

www.fda.gov



D’ Mello et al. The evolving landscape of drug products containing nanomaterials in the United States. Nature Nanotechnology,
published online.  Apr 24, 2017

Distribution of Nanomaterial Use in Drug Submissions
Nanomaterial Types

Indications

Administration routes

www.fda.gov
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Guidance Related to Nanotechnology 
Drug Products

Final Guidance
• Final Guidance for Industry - Considering Whether an FDA-Regulated Product Involves 

the Application of Nanotechnology
• Final Guidance for Industry - Safety of Nanomaterials in Cosmetic Products
• Final Guidance for Industry - Assessing the Effects of Significant Manufacturing 

Process Changes, Including Emerging Technologies, on the Safety and Regulatory 
Status of Food Ingredients and Food Contact Substances, Including Food Ingredients 
that are Color Additives

• Final Guidance for Industry - Use of Nanomaterials in Food for Animals

Draft Guidance
• Draft Guidance for Industry - Drug Products, Including Biological Products, that 

Contain Nanomaterials

Class Specific Guidance
• Final Guidance for Industry - Liposome Drug Products. Chemistry, Manufacturing, and 

Controls; Human Pharmacokinetics and Bioavailability; and Labeling Documentation

Product-Specific Guidance
• https://www.fda.gov/drugs/guidancecomplianceregulatoryinformation/guidances/uc

m075207.htm
www.fda.gov

https://www.fda.gov/RegulatoryInformation/Guidances/ucm257698.htm
https://www.fda.gov/Cosmetics/GuidanceRegulation/GuidanceDocuments/ucm300886.htm
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ucm300661.htm
https://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/UCM401508.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM588857.pdf
https://www.fda.gov/downloads/drugs/guidances/ucm070570.pdf
https://www.fda.gov/drugs/guidancecomplianceregulatoryinformation/guidances/ucm075207.htm
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FDA Nanotechnology Regulatory 
Science Research Program

Goal

• Foster the development of FDA-regulated products 
that may contain nanomaterials or otherwise 
involve the application of nanotechnology. 

• Establish the tools, methods, and data to assist in 
regulatory decision-making, while also providing in-
house scientific expertise and capacity that is 
responsive to nanotechnology-related FDA-
regulated products. 

2013 Nanotechnology Regulatory Science Research Plan 
https://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/ucm273325.htm#outcomes www.fda.gov
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FDA Nanotechnology Regulatory 
Science Research Program

2013 Nanotechnology Regulatory Science Research Plan 
https://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/ucm273325.htm#outcomes

www.fda.gov
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FDA Nanotechnology Partnership

• FDA-NCI-NIST

• FDA-Johns Hopkins University

• FDA-ANH NanoTechnology Initiative (FANTI)

https://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/ucm208110.htm

NCI: National Cancer Institute; NIST: National Institute of Standards and Technology
ANH: Alliance for NanoHealth

www.fda.gov
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CDER Nanotechnology Research Focus

• Characterization
• ManufacturingQuality

• Drug exposure
• ToxicitySafety

• In vitro characterization
• In vivo pharmacokineticsEquivalence

• Lab investigation
• Passive and active surveillance

Post-market 
surveillance

Extramural Grant 
and Contracts

Interagency 
Agreement

FDA 
Intramural 

www.fda.gov



Nanotechnology Quality 
Research
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Nanotechnology Quality 
Research Focus

• Develop a platform for continuous 
manufacturing of nanomaterials to afford better 
control over the manufacturing and quality 
control process

• Conduct quality analytics of nanomaterials

• Promote Quality by Design (QbD) to improve 
product quality for nanomaterials (e.g., 
excipient, process)

www.fda.gov
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Current Continuous Process System (Formation-Dilution)

Liposome 
Formation/ Jet Particle Size Monitoring

Aqueous 
Buffer

Cooling Stage

1

2
3

4

Lipid Mixing

Picture courtesy of Drs. Dianne Burgess from University of Connecticut and Xiaoming Xu from the FDA

Liposome Continuous Manufacturing

Regulatory Impact: Promote continuous manufacturing for nanomaterials and better 
process control www.fda.gov
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Product Quality Analytics

• Identified major quality issues in liposome product
applications

• Reviewed mechanisms, reported testing results, and 
common technical pitfalls for physico-chemical 
characterization tests of iron complex. 

Regulatory Impact: Facilitate efficient development of nanomaterial drug products and 
streamline the review process of these products 

www.fda.gov



Nanotechnology Safety 
Research



17

Nano Size TiO2 Safety in Sunscreen

Representation of TiO2 particle distribution in different layers of 
minipig abdominal skin (longitudinal slice of skin) exposed to 
submicron TiO2 showing the results from the cross section analysis 
of each skin layer. Numbers in parentheses are estimates of the 
numbers of TiO2 particles observed in each layer. Abbreviations are: 
SC, stratum corneum; SS, stratum spinosum; SG, stratum 
granulosum; and SB, stratum basale.

Research Results: 

Regulatory impact: Inclusion of nano-sized 
TiO2 does not pose a significant health 
threat

www.fda.gov
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18DDSR Keene, A.M., et al. Nanomedicine. 7(2) 199-209 (2012).

Biodistribution and Toxicity Upon 
Repeated Dosing of Durable Nanoparticles

Repeated dosing with gold, silver, and silica nanoparticles did not saturate bioaccumulation in 
liver or spleen macrophages. 

While no toxicity was observed with gold and silver nanoparticles throughout the 8 week 
experiment, some effects including histopathological and serum chemistry changes were 
observed with silica nanoparticles starting at week 3. 

No major changes in the splenocyte population were observed during the study for any of the 
nanoparticles tested.

Gold: 10 nm

Silver: 50 nm

Silica: 10 nm

www.fda.gov



Nanotechnology Equivalence 
Research

Regulatory Impact: Support product-specific guidance development 
to guide generic nanotechnology drug product development and 

facilitate ANDA review and approval of these products

www.fda.gov
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Is ANDA Pathway Suitable for 
Nanomaterials? 

FDA Answer: 
YES

www.fda.gov
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New Drug Application (NDA) vs.
Abbreviated New Drug Application (ANDA)

NDA
1. Chemistry
2. Manufacturing
3. Testing
4. Labeling
5. Inspection
6. Animal Studies
7. Clinical Studies
8. Bioavailability

ANDA

1. Chemistry

2. Manufacturing

3. Testing

4. Labeling

5. Inspection

6. Bioequivalence

www.fda.gov
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US FDA Paradigm for Equivalence 
Recommendation of Parenteral Nanomaterials

• Qualitative and 
quantitative 
sameness

Formulation 
sameness

• Particle 
size/distribution

• Surface property
• Drug state
• In-vitro dissolution
• ……

Physico-chemical 
equivalence • Unencapsulated and 

nanoparticle bound 
drug

Equivalent 
systemic exposure

Understand 
mechanism of 
action and target 
product profile

Zheng N, Zou P, Sun D, Jiang W. Scientific and regulatory considerations for generic complex drug 
products containing nanomaterials. AAPS J. 2017, 19(3):619-631. www.fda.gov
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Current EMA Bioequivalence Approach 
for Doxorubicin HCl liposomes

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

2013 EMA Reflection Paper 
on the data requirements 
for intravenous liposomal 
products developed with 
reference to an innovator 
liposome product

2018 EMA Doxorubicin 
HCl liposomes Product 
Specific Guideline

http://www.ema.europa.eu/docs/en
_GB/document_library/Scientific_gui
deline/2013/03/WC500140351.pdf

www.fda.gov
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Nanotechnology Equivalence 
Research Focus

• Help accurate determination of formulation composition

• Optimize analytical methods to characterize formulation 
components, particle size, and other properties

• Develop in vitro dissolution methods

• Develop bioanalytical methods for quantification of un-
encapsulated and encapsulated drug in plasma 

www.fda.gov
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• The STEALTH liposome carriers are composed of 
cholesterol, 3.19 mg/mL; fully hydrogenated soy 
phosphati-dylcholine (HSPC), 9.58 mg/mL; and 
N-(carbonyl-methoxypolyethylene glycol 2000)-
1,2-distearoyl-sn-glycero-3-
phosphoethanolamine sodium salt (MPEG-
DSPE), 3.19 mg/mL. Each mL also contains 
ammonium sulfate, approximately 0.6 mg; 
histidine as a buffer; hydrochloric acid and/or 
sodium hydroxide for pH control; and sucrose to 
maintain isotonicity. Greater than 90% of the 
drug is encapsulated in the STEALTH liposomes. 

25DDSR Keene, A.M., et al. Nanomedicine. 7(2) 199-209 (2012).

DOXIL Formulation Composition
OGD - Office of Testing and Research (OTR) Collaboration

DOXIL labeling was updated to 
reflect the accurate formulation 
composition.

Previous labeling states 
ammoinium sulfate 

approximately 2 mg/ml

Inaccurate

FDA developed analytical methods to measure ammonium sulfate, histidine, and 
sucrose content to support determination of Q1/Q2 sameness of generic drug 
products.

Current DOXIL Labeling

www.fda.gov
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26DDSR Keene, A.M., et al. Nanomedicine. 7(2) 199-209 (2012).

Excipient Characterization in ABRAXANE

Min

a)    Albumin standard

b)  Abraxane at 0 month

c)  Abraxane at 6 month

monomer

dimer

poly
mer

Unnamed 
oligomer

Hongping Ye and Wenlei Jiang. Characterization of Paclitaxel and Albumin Oligomeric Status in ABRXAME during Storage. 2016 NYAS 
Conference: Equivalence of Complex Drug Products: Scientific and Regulatory Challenges, New York, NY

OGD - Office of Testing and Research (OTR) Collaboration

Characterization of oligomeric status of albumin in ABRAXANE to support product 
equivalence recommendation for generic drug applications

www.fda.gov

Paclitaxel suspension product specific guidance
https://www.fda.gov/downloads/Drugs/Guidanc
eComplianceRegulatoryInformation/Guidances/U
CM320015.pdf

Additional in vitro characterization are 
recommended to demonstrate the sameness 
between the test and reference products in 
terms of particle morphology, particle size, 
surface potential, paclitaxel crystallinity, fraction 
of free and bound paclitaxel or albumin in 
reconstituted suspension, nature of bond 
between paclitaxel and albumin, and in vitro 
release kinetics. In addition, albumin, the only 
excipient in the final product, is critical to the 
formulation. The characterization of the 
oligomeric status of albumin in both the 
albumin excipient and the final drug 
product is also recommended. The in vitro 
characterization tests are recommended to be 
conducted on three batches of the ANDA and 
RLD products (at least one ANDA batch should be 
produced by the commercial scale process).

https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM320015.pdf
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Direct Quantification of Unencapsulated
Doxorubicin (Dox) Using Capillary Electrophoresis

Separation of 
unencapsulated and 
nanomaterials associated 
drug may induce drug 
leakage

Separation process is 
lengthy

Simultaneous separation 
and quantification of 
unencapsulated and 
liposome encapsulated 
drugs

OGD- Office of Regulatory Affairs (ORA) Collaboration

Unencapsulated Dox 

Liposome encapsulated Dox 

www.fda.gov
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Morphological Characterization of Iron 
Complex by Cryo-TEM

OGD-Center for Device and Radiological Health (CDRH) Collaboration

www.fda.gov
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In-vitro Dissolution of Liposomal Products
OGD-Zoneone Pharma-University of Michigan Collaboration

USP dissolution apparatus 4Single vial in vitro dissolution

Yuan W, Kuai R, Dai Z, Yuan Y, Zheng N, Jiang W, Noble C, Hayes M, Szoka FC, Schwendeman A. Development of a Flow-
Through USP-4 Apparatus Drug Release Assay to Evaluate Doxorubicin Liposomes. AAPS J. 2017, 19 (1): 151-160

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. 

OGD- Albany College of Pharmacy Collaboration

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.

OGD – OTR -CDRH Collaboration

Image courtesy of Peter Petrochenko

www.fda.gov



Nanotechnology Post-market 
Research

Regulatory Impact: Assure the safety and efficacy of approved 
nanotechnology drug products

www.fda.gov
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Nanotechnology Post-market 
Research Focus

• Develop versatile surveillance methods to 
monitor safety and efficacy of approved 
nanotechnology drug products

• Conduct proactive and reactive lab investigation 
on nanotechnology drug products

www.fda.gov
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Post-market Surveillance of Iron 
Complex Drug Products

Among patients in the US Medicare nondialysis population with first exposure to IV iron, the risk of anaphylaxis was highest for iron 
dextran and lowest for iron sucrose. www.fda.gov
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IV iron:  iron (III)-oxyhydroxide form stabilized by a carbohydrate complex which leads 
to nano-sized colloidal structures.

“Issue”
• EMA and FDA have different recommendation about 

equivalence demonstration

• “Iron sucrose similar” products marketed outside the US were
approved under much less rigorous standards. Some had 
safety/efficacy concerns.

FDA Proactive Lab Investigation on 
Marketed Brand and Generic Iron Products

OGD-OTS/DARS-OTR-CDRH-NCTR Collaboration

www.fda.gov
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Drug 
product 
(Lot #)

Particle Size Distribution by 
Dynamic light scattering (DLS)

Iron core 
size by
atomic 
force 

microscopy
(nm)

Elemental Fe 
conc. in 

formulations 
(mg/mL)

Diluent
Z-average 
diameter 

(nm)

PDI 
Value

Ferrlecit® 
(D2C283A)

10 nM 
NaCl 11.9 0.148 2.2 ± 0.4 12.1

Ferrlecit® 
(D2C593A)

10 nM
NaCl 12.5 0.156 2.6 ± 0.4 12.2

Generic 
SFG 
(132296.1)

10 nM 
NaCl 11.0 0.138 2.6 ± 0.3 12.6

Physico-chemical Characterization
Thermal Stability

Sun D, Rouse R, Patel V, Wu Y, Zheng J, Karmakar A, Patri AK, Chitranshi P, Keire D, Ma J, Jiang W. Comparative Evaluation of US Brand and 
Generic Intravenous Sodium Ferric Gluconate Complex in Sucrose Injection: Physicochemical Characterization. Nanomaterials. 2018 Jan 5;8(1).

www.fda.gov
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Cellular Uptake
Comparison of iron uptake in HL-60 cells

• Three macrophage derived cell lines (U937, HL-60, THP-1) were selected to conduct 
the cellular uptake.

• The overall trends of cellular iron uptake very similar between the generic drug and 
its reference listed drug (Ferrlecit®) in three human macrophage cell lines.

Wu M, Sun D, Tyner K, Jiang W, Rouse R. Comparative Evaluation of US Brand and Generic Intravenous Sodium Ferric Gluconate 
Complex in Sucrose Injection: In Vitro Cellular Uptake. Nanomaterials. 2017 Dec 15;7(12). 

www.fda.gov



38

Bio-distribution of Colloidal 
Iron in Rats

No significant difference in overall bio-distribution
Beekman CR, Matta M, Thomas CD, Mohammad A, Stewart S, Xu L, Chockalingam A, Shea K, Sun D, Jiang W, Patel V, Rouse R. 
Comparative Evaluation of US Brand and Generic Intravenous Sodium Ferric Gluconate Complex in Sucrose Injection: Biodistribution
after Intravenous Dosing in Rats. Nanomaterials. 2017 Dec 28;8(1). www.fda.gov
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• Evaluation of Dissolution Methods for Complex Parenteral Liposomal Formulations 
– Site PI: Bradley Anderson (University of Kentucky)
– Grant #: 1 U01 FD004892-01

• Development of a Liposome Doxorubicin Product Drug Release Assay 
– Site PI: Peter Working ( ZoneOne Pharma, Inc.)
– Grant #: 1 U01 FD004893-01

• An in vitro-in vivo correlation model to predict serum non-transferrin bound iron 
– Site PI: Amy Barton Pai (Albany College of Pharmacy and Health Sciences)
– Grant #: 1 U01 FD004889-01

• Evaluation of In Vitro Release Methods for Liposomal Amphotericin B 
– Site PI: Peter Working (ZoneOne Pharma, Inc.)
– Grant #: 1 U01 FD005249-01

• Evaluation of Iron Species in Healthy Subjects Treated with Generic and Reference Sodium Ferric Gluconate 
– Site PI: Sarah Michel (University of Maryland)
– Grant #: 1 U01 FD005266-01

• Novel Method to Evaluate Bioequivalence of Nanomedicines 
– Site PI: Stephan Stern, National Characterization Laboratory
– Contract #: IAA-224-16-3001S

• Critical process parameters for the preparation of Amphotericin B liposomes
– Site PI: Alex Nivorozhkin, Neo-Advent Technologies LLC
– Contract #: HHSF223201610093C

• Physiologically based pharmacokinetic model for drugs encapsulated into liposomes
– Site PI: Yanguang Cao (University of North Carolina)
– Grant #: 1U01FD005206

GDUFA Funded Research Projects on 
Nanotechnology Products

Extramural Projects

https://www.fda.gov/drugs/resourcesforyou/consumers/buyingusingmedicinesafely/genericdrugs/ucm567695.htm
www.fda.gov
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• Application of cryo-electron microscopy (cryo-EM) for morphological characterization of complex nano-
drug products to improve the review of in vitro bioequivalence studies

– FDA Collaborator: Jiwen Zheng, Yong Wu
– FDA Center/Office/Division: CDRH/OSEL/DBCMS

• Nanoparticle Tracking in Nanofluidic Slits: A Powerful and Practical Method to Measure Liposomal Drug 
Products

– FDA Collaborator: Jiwen Zheng
– FDA Center/Office/Division: CDRH/OSEL/DBCMS
– External Collaborator: Samuel Stavis
– National Institute for Standards and Technology (NIST)

• Investigation into reported differences in Doxil® and generic liposomal doxorubicin formulations: 
Physicochemical Characterization, in vitro biocompatibility & in vivo efficacy and biodistribution evaluation

– FDA Collaborator: Anil Patri
– FDA Center/Office/Division: NCTR

• Physical and Chemical Characterizations of Lipid Based Complex Pharmaceutical Formulations
– FDA Collaborator: Thilak Mudalige
– FDA Center/Office/Division: ORA

GDUFA Funded Research Projects on 
Nanotechnology Products

Ongoing Intramural Projects

https://www.fda.gov/drugs/resourcesforyou/consumers/buyingusingmedicinesafely/genericdrugs/ucm567695.htm

www.fda.gov
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CDER Nanotechnology Research 
Resources

• CDER Nanotechnology Program
https://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/ucm3096
77.htm

• GDUFA Regulatory Science Report: Nanotechnology: Physiochemical 
Characterization of Nano-Sized Drug Products

https://www.fda.gov/ForIndustry/UserFees/GenericDrugUserFees/ucm549163.
htm

• GDUFA Regulatory Science Report: Nano Drug Products: Clinical 
Pharmacology and In Vivo Correlation

https://www.fda.gov/ForIndustry/UserFees/GenericDrugUserFees/ucm549183.
htm

www.fda.gov

https://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/ucm309677.htm
https://www.fda.gov/ForIndustry/UserFees/GenericDrugUserFees/ucm549163.htm
https://www.fda.gov/ForIndustry/UserFees/GenericDrugUserFees/ucm549183.htm
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Summary
• FDA recognizes the complexity on nanotechnology drug 

products and encourages regulatory research

• CDER regulatory research on nanotechnology products 
focuses on quality, safety, equivalence, and post-market 
surveillance of these products

• Collaborative regulatory research in nanotechnology 
drug products 
- Facilitate efficient drug product development 
- Ensure approved drug safety and efficacy
- Support guidance development 
- Streamline review process
- Promote international harmonization

www.fda.gov
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Thank You

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