
1

Statistical Approaches to Establishing 
Bioequivalence

An Overview of In Vitro Release Test (IVRT), In Vitro 
Permeation Test (IVPT), and Earth Mover’s Distance 

(EMD) comparative studies

Kimberly Raines, Ph.D.
Division of Biopharmaceutics
Office of New Drug Products

Office of Pharmaceutical Quality
Center for Drug Evaluation and Research

US FDA



2

Disclaimer

This presentation reflects the views of the presenter and 

should not be construed to represent the FDA's views or 

policies.



3



4

Objective

Highlight content added to the Statistical 
Approaches to Establishing Bioequivalence 
Guidance - Specific Situations

– In Vitro Release Test (IVRT)

– In Vitro Permeation Test (IVPT)

– In Vitro Abuse Deterrent Formulation (ADF) 
comparative studies  (not covered)

– Earth Mover’s Distance (EMD)  probability 
distributions
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In Vitro Release Test (IVRT)

Katrin I. Tiffner, et. al, Comparative in vitro release testing (IVRT) of acyclovir products, International Journal 
of Pharmaceutics, Volume 609, 2021, 121186.
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In-Vitro Release Test (IVRT)
SUPAC-SS Guidance (1997)
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In-Vitro Release Test (IVRT)

When an in-vitro release test (IVRT) is used to

support a demonstration of BE for topical

dermatological drug products as part of an in

vitro characterization-based BE approach, a

two-stage, nonparametric statistical approach is

recommended.

The assessment of equivalence by an IVRT

involves a comparison of the median in vitro

drug release rates of two formulations using a

non-parametric statistical test which is resistant

to outliers that are expected to occur under the

particular testing conditions.
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In Vitro Permeation Test (IVPT)
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In-Vitro Permeation Test (IVPT)
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In-Vitro Permeation Test (IVPT)

When an in-vitro permeation test (IVPT) is used to support a

demonstration of BE for topical dermatological drug products as part of

an in vitro characterization-based BE approach, a mixed scaled criterion

is recommended, and described in detail in the draft guidance for

industry In Vitro Permeation Test Studies for Topical Drug Products

Submitted in ANDAs (October 2022). According to that methodology, a

confidence interval is calculated for each of the endpoints, log-

transformed maximum flux (𝐽max) and log-transformed total

(cumulative) amount (AMT) permeated. The permeation test is

performed with excised skin sections from patients undergoing a surgical

procedure or from cadaver donors and the statistical test uses the within-

reference standard deviation, 𝑆wr, as the threshold that prompts use of

either the unscaled or scaled confidence interval.

www.fda.gov
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Earth Mover’s Distance (EMD) in the guidance
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EMD can be used for profile comparison

• The EMD is a widely used tool in pattern recognition, machine 
learning, computer vision, etc., especially for discriminant 
analysis of the histogram-type data.

• PSD (intensity) is the typical histogram data.

• The EMD can be used to compare the PSD profiles for 
equivalence test.
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When is EMD needed?

D50: Median 
SPAN: (D90-D10)/D50

D50

For a complex (e.g., multimodal) PSD profile, 
D50 and SPAN may not be appropriate metrics 
for the profile analysis.

Here is the place where the EMD comes into 
play for whole profile comparison.

Mono-modal (single-peak) 
assumption is applied.
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A use case: EMD methodology details for particle size 
distribution comparison

Hu M, et. al., Equivalence Testing of Complex Particle Size Distribution Profiles 
Based on Earth Mover's Distance. AAPS J. 2018 Apr 12;20(3):62. 
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The EMD-based approach described in the PSG for 
cyclosporine ophthalmic emulsion

Currently recommended in the Product-Specific Guidances (PSGs) for PSD analysis
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THANK YOU
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