
Cyclosporine & Difluprednate 
Ophthalmic Emulsions

Qiuxi Fan, Ph.D. 
Pharmaceutical Scientist

Division Of Liquid Based Drug Products II 
Office of Pharmaceutical Quality

CDER | US FDA

September 13, 2023

SBIA 2023—Advancing Generic Drug Development: 
Translating Science to Approval 

Day 1, Session 4: Noteworthy Complex Generic Drug Approvals: Multiphase Systems



www.fda.gov 2

Learning Objectives
• Highlights of new draft PSG on Cyclosporine 

(August 2022)
• Nuclear Magnetic Resonance (NMR) method for 

quantifying the Drug Distribution of 
Difluprednate in different phases

https://www.fda.gov/
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Product-Specific Guidances for Ophthalmic Emulsions provide In 
Vitro option for Bioequivalence (BE) including: 
• The test and RLD formulations to be qualitatively (Q1) and 

quantitatively (Q2) the same 
• Acceptable comparative physicochemical characterization (Q3) 

including drug distribution in different phases
• Acceptable comparative globule size distribution (in vitro BE 

study 1) and in vitro drug release rate (in vitro BE study 2) 

Background



What’s New in Current Draft PSG for 
Cyclosporine Ophthalmic Emulsion?

Recommended Aug 2022
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Further reading: Product Quality Research for Developing and Assessing Regulatory 
Submissions for Generic Cyclosporine Ophthalmic Emulsions | SpringerLink

https://link.springer.com/article/10.1208/s12248-023-00781-x
https://link.springer.com/article/10.1208/s12248-023-00781-x
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NMR Method for Quantifying 
the Drug Distribution of Difluprednate in 

Different Phases
Researched by D. Wang, JH Park, J. Zheng, B. Cai, 

DA Keire & K. Chen, OTR/OPQ/CDER/FDA 

Published in Molecular Pharmaceutics, 19 (7), 2142-2150, 2022 
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19F NMR spectra of intact (black) and 10x diluted (red) drug products (DP) for 
phase distribution quantification (A) with the cartoon showing API distribution 
and globule exchange (B). The peak integration resulted in API quantity in each 
phases of (w), (s), and (o).

dilution, less collision

B
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NMR Method for Drug Distribution
• Non-invasive
• Distinct peak of API in each phase in the spectra
• Direct measurement of API distribution in each phase by

integration
• Mass balance

– Water phase: 1.8 ± 0.1%
– Surfactant phase: 35 ± 2%
– Oil phase: 59 ± 3%

• Validation required
• Recommended one-time study
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Other Reported Methods

– Ultracentrifugation

– Ultrafiltration

– Dialysis
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Challenge Question

Which method for drug distribution study 
in different phases is non-invasive?  
A. Ultracentrifugation

B. Ultrafiltration

C. NMR 

D. Dialysis 
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Summary

• Highlights of new draft PSG for Cyclosporine Ophthalmic 
Emulsions (08/2022) 

• NMR method for quantifying the drug distribution of 
Difluprednate in different phases non-invasively.
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