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Background

* The particle size distribution (PSD) comparisons can
be a useful tool to assess equivalence between a

generic product and the reference listed drug (RLD)
product.

 The FDA has recommended the population
bioequivalence (PBE) statistical approach on D50 and
SPAN values to compare PSD of generic and RLD
products when appropriate.
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Background FOA

Recently, a new method, namely earth mover’s distance (EMD), is recommended in
the product-specific guidances (PSGs) for PSD analysis.
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Additional Comments:
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The EMD-based approach described in the
PSG for cyclosporine ophthalmic emulsion

Bioequivalence based on (95% upper confidence bound): Considermeg the fact that
1l shape of the globule size distbation of this product mway not be mono-modal, the
conventional population BE based on D30 and SPAN may not be sufficient to
demonsirate bioequivalence

Instead, the equivalence between the rest and RED fonnulations in the shape of the
globule size distribution (such as the presence of mmltiple peaks) should be demonstrared
by a method proposed by the sponsor. A statistical metnic is preferred o assess the
difference (e g., in tenms of distance) berween the shapes of distibution profiles, One
suggested approach is the earth mover's distance (EMD)’ method. which computes the
minimal cost needad o tansform one distibution into the other using an optimization
algonithm. An average profile of all RLD samples (1.c.. RLD center) 1s calculated and
served as the reference profile to compute the distance between a RLD or a test sample
1o the RLD center, After obtaining the profile distances between each RLD samuple and
the RLD average (‘RLD" - "RLD center’ distanice), and the profile distances between
cach test sample and the RLD average {'TEST' — 'RLD ceénfer” distance). a statistical
metrie should be emploved 1o quantify the difference berween the two categonies of
distances. One snggested method is the population BE rest®” In order 10 properly
nccount for variability of the reference product and 1o achieve adequate power, a
sufficient munber of samples and replicares shonld be nsed



Why EMD rather than D50/SPAN?

D50: Median For a complex (e.g., multimodal) PSD
SPAN: (D90-D10)/D50 profile, D50 and SPAN may not be
appropriate metrics for the profile analysis.
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assumption is applied. Here is the place where the EMD comes
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What is EMD?

EMD was derived from a transportation question:

@ ' What is the minimum cost of moving earth
y Current from the ‘Current’ pile to the ‘Aim’ pile?

Note:
1. The cost includes ‘amount of

N earth moved’ and ‘moving
Aim . ,
distance’.
o ll 2. If the earth pile is considered as
: R histogram, the EMD can be
O e used to assess the difference

between histograms.
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EMD for profile comparison

e 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.

e The EMD can be used to compare the PSD profiles for
equivalence test.
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Equivalence approach based on EMD
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Case Study - cyclosporine ophthalmic emulsion

PSD profiles from cyclosporine ophthalmic emulsion (RLD)
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Case Study — PSD profile analysis for cyclosporine
ophthalmic emulsion

 Demonstrate the usefulness of developed
approach

— RLD vs. RLD
— RLD vs. Negative control
— Simulations

www.fda.gov
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Data for cyclosporine emulsion

* Reference listed drug (RLD) — 8 lots
* Negative control - 3 lots

www.fda.gov
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Intensity

RLD vs. RLD
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The PBE is applied to the EMD distances

from two groups, concluding equivalence.
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RLD vs. Negative Control
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The PBE is applied to the EMD distances from two
groups, concluding that equivalence can not be
established.
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Simulations — performance test

Based on real PSD profiles
Systematically changing profile

Systematically shifting Profile

Compare EMD with other distance methods
« Euclidean distance
« Kolmogorov—-Smirnov (K-S) distance
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Simulations - Profile changing
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EMD-based equivalence approach provides the best
sensitivity to discriminate the profile difference.
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Intensity
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Simulations - Profile shifting

= Original Reference sample
= Simulated Test sample
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Passing rates (%) of equivalence tests

Number of Equivalence approach based on
shifted bins EMD K-S Euclidean

100 93 100
0 0 100
0 0 47

Overall, the EMD-based approach offers the
optimal performance.
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Conclusion

 An EMD-based equivalence approach can be used for the complex

PSD profile comparison between a generic product and the RLD
product.

* The method validations show that the EMD approach is able to
effectively reject the unaccepted products (e.g., negative control), and
pass the accepted products (e.g., reference itself).

e EMD has been recommended in our PSGs and been applied to the
ANDA assessments.

www.fda.gov
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