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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.

www.fda.gov



55

Background
Recently, a new method, namely earth mover’s distance (EMD), is recommended in 
the product-specific guidances (PSGs) for PSD analysis.

The EMD-based approach described in the 
PSG for cyclosporine ophthalmic emulsion

www.fda.gov
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Why EMD rather than D50/SPAN?
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.www.fda.gov

Mono-modal (single-peak) 
assumption is applied.
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Current

Aim

(a)

(b)

What is EMD?
EMD was derived from a transportation question: 

Note:
1. The cost includes ‘amount of 

earth moved’ and ‘moving 
distance’.

2. If the earth pile is considered as 
histogram, the EMD can be 
used to assess the difference 
between histograms.

www.fda.gov

What is the minimum cost of moving earth 
from the ‘Current’ pile to the ‘Aim’ pile?
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EMD 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.

www.fda.gov
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RLD 
profile Test 

profile

Mean of RLD profiles
(RLD center)

EMD EMD

[𝑑𝑑𝑅𝑅1,1,1 ,… , 𝑑𝑑𝑅𝑅𝑖𝑖,𝑗𝑗,𝑘𝑘,…] [𝑑𝑑𝑇𝑇1,1,1 ,… , 𝑑𝑑𝑇𝑇𝑖𝑖,𝑗𝑗,𝑘𝑘,…]

PBE

FAIL or PASS

Take average

Individual 
profile

Individual 
profile

Distance between 
the ‘RLD center’ 
and the 
individual RLD 
profile

Distance 
between the 
‘RLD center’ 
and the 
individual TEST 
profile

Equivalence approach based on EMD
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Case Study - cyclosporine ophthalmic emulsion

PSD profiles from cyclosporine ophthalmic emulsion (RLD)

RLD – reference listed drugwww.fda.gov
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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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RLD vs. RLD

The PBE is applied to the EMD distances 
from two groups, concluding equivalence.

www.fda.gov
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RLD vs. Negative Control

The PBE is applied to the EMD distances from two 
groups, concluding that equivalence can not be 
established.www.fda.gov
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Simulations – performance test

www.fda.gov

Systematically changing profile

Systematically shifting Profile 

Compare EMD with other distance methods
• Euclidean distance
• Kolmogorov–Smirnov (K-S) distance 

Based on real PSD profiles
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Simulations - Profile changing
EMD-based equivalence approach provides the best 
sensitivity to discriminate the profile difference.

www.fda.gov
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Simulations - Profile shifting

Number of 
shifted bins

Equivalence approach based on
EMD K-S Euclidean

1 100 93 100
2 0 0 100
3 0 0 47

Passing rates (%) of equivalence tests

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

www.fda.gov
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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).

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

www.fda.gov
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