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




Disclaimer

This presentation reflects the views of the presenter and
should not be construed to represent the FDA's views or
policies.
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Objective
Highlight content added to the Statistical

Guidance for Industry ~ Approaches to Establishing Bioequivalence
Guidance - Specific Situations

Statistical Approaches to — In Vitro Release Test (IVRT)
Establishing Bioequival . .
e — In Vitro Permeation Test (IVPT)

— Earth Mover’s Distance (EMD) probability
distributions




In Vitro Release Test (IVRT)
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Katrin I. Tiffner, et. al, Comparative in vitro release testing (IVRT) of acyclovir products, International Journal

of Pharmaceutics, Volume 609, 2021, 121186.




In-Vitro Release Test (IVRT)
SUPAC-SS Guidance (1997)

The in vitro release comparison should be carried out as a two-stage test.

Gu id ance f or In du Str}r At the first stage, two runs of the (six cells) in vitro apparatus should be carried out,

yielding six slopes (estimated in vitro release rates) for the prechange lot (R) and six
slopes for the postchange lot (T). A 90% confidence interval (to be described below) for

Nonsterile Semisolid Dosage Forms the ratio of the median in vitro release rate (in the population) for the postchange lot over
the median in vitro release rate (in the population) for the prechange lot should be

Scale-Up and Postapproval Changes: computed. expressed in percentage terms. If, at the first stage. this 90% confidence

Chemistry. Manufacturing, and Controls; mterval falls within the limits of 75% to 133.33%, no further in vitro testing 1s necessary.

In Vitro Release Testing and In Vivo

Bioequivalence Documentation If the test is not passed at the first stage. 4 additional runs of the (six cells) in vitro

apparatus should be carried out, yielding 12 additional slopes for each product, or 18 in all
(including the first-stage results). The 90% confidence interval (to be described below)
should be computed using all 18 slopes for each product, including the first-stage results.
At the second stage, this 90% confidence interval should fall within the limits of 75% to

Because outliers are expected to occur on occasion with this testing (for example, due to
an air bubble between the product sample and the membrane), a nonparametric

U.5. Diepartmens af Health and Humas Sorvicss method 1s proposed. whose performance tends to be resistant to the presence of outliers.
Foed and Dirup Admishtratios
Cenicr far Drug Evaleaon sd Rescasch (CDER)

May 1597 The first step in the computation of the confidence interval is to form the 36 (= 6 x 6)
SLIPAC-55 individual T/R ratios. This is illustrated in the following table, where the prechange lot

CMC T

slopes (R) are listed across the top of the table. the postchange lot slopes (T) are listed
down the left margin of the table, and the individual T/R ratios are the entries in the body
of the table:



In-Vitro Release Test (IVRT)

In Vitro Release Test
: ~ When an in-vitro release test (IVRT) is used to
Studles fOI‘ Toplcal support a demonstration of BE for topical
Drug Products dermatological drug products as part of an in

| . . vitro characterization-based BE approach, a
Smeltted in ANDAS two-stage, nonparametric statistical approach is

Guidance for Industry recommended.
DRAFT GUIDANCE .

This guidance document is being distributed for comment purposes only. The assessment OT equ Ivalence b-y ar? I\/-RT
Comments and suggestions regarding this draft docoment should be submitted within 60 daysof InVOIveS a Comparlson Of the med Ian In Vltro
pub].ication in thg Feder 'a{Rega's ter of the notice .a.u_ummciug th_e availability offhe d}'aﬂ . .

B e M S S drug release rates of two formulations using a
Fishers Lane. Rm. 1061, Rockville. MD 20852. Allcomments should be identified with the = = - - - -

docket number listed in the notice of availability that publishes in the Federal Register. non'param etrIC Statlstl Cal test Wh I Ch IS reSIStant
For questions regarding this draft docoment. contact (CDER) Susan Levine at 240-402-7936. to Outl iers that are expected to OCCUf under the

particular testing conditions.

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

October 2022
Generic Drugs




In Vitro Permeation Test (IVPT)
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In-Vitro Permeation Test (IVPT)

Contains Nonbinding Recommendations

Draft Guidance on Acyelovir

the Office of Genenic Dmgs.

Thus draft gndance, when finalized, will represent the current thinking of the Food and Dmg
Administration (FDA, or the Agency) on this topic. It does not establish any rights for any person
and is not binding on FDA or the public. You can use an altemative approach if it satisfies the
requirements of the applicable statutes and regulations. To discuss an alternative approach, contact

Active Ingredient: Acyelovir

Dosage Form: Route: Cream; topical

Recommended Studies: Two options: in vitro

I. Inm vitre option:
To qualify for the i vitro option for this drug prod

A. The test and Reference Listed Drog (BLD)
quantitatively (Q2) the same as defined in
— Refuse-to-Recetfve Standards, Bevision 1 |
B. The test and FLD products are physically a
acceptable comparative physicochemical ch
the test and three lots (as available) of the R
C. The test and FLD products have an equivals
acceptable in vitro release test (IVET) comy
and RI1D products using an appropriately v
D. The test and FLD products are bicequivaler
permeation test (IVPT) comparing the rate :
excised hmman skin from a minimum of one
an appropriately validated IVPT method.

Additional comments: Specific recommendations

' Guidance for Industry ANDA Submissions — Refuse-to-Re

Recommended Dec 2014: Revired Dec 2016

14

The flux (rate of acyclovir permeation) should be plotted as J on the
mass/area/time (e.g.. ng/ cmz.'“h.r) versus time on the X-axis. Flux prc
resemble plasma pharmacokinetic profiles, although the flux is a rate
concentration. The extent of acyclovir permeation should also be plc
amount of acyclovir permeated on the Y-axis in units of mass/area (e
on the X-axis.

. The flux should calculated based upon: the receptor sample concentr

each time point; the precise, empirically measured volume of that sp
6.0 mL) which may vary between individual cells; the area of dose a
and the duration for which the receptor volume was accepting the ac
the sample exemplified here represented a two hour period following
calculated based upon the values above as:

T=[(2.0 ng/mL) x (6.0 mL)]/(1 cm’)/(2 brs) = 6 ng/en

. This flux should be calculated and reported for each diffusion cell for

and plotted across the entire study duration to generate the flux profil
The rate calculated above may be plotted at the 2 hr time point, or at
and 2 hrs (Le., 1 hr). A similar approach is utilized to calculate the o
of acyclovir that has penetrated during each sampling interval.

7. The maxinmum flux (Jrax) at the peak of the acyclovir flux profile she

test and RLD products. This is analogous to the comparison of the C,
products in the case of plasma pharmacolineties. Similarly, the cum
of acyclovir acress the study duration should be compared for the tes
corresponds to the area under the corve (AUC) of the incremental ac;
profile.

. A confidence interval (CI) should be calculated for each pharmacoks

a. the log-transformed maximum flux (Jpae)
b. the log-transformed total (cumulative) penetration (AUC)

. The statistical analysis should consider a sample of n donors, for whi

sections from each one of the n donors are available for each treatme
(1) from each donor (j) should have been randomly assigned to each j
treatment groups would correspond to the test acyclovir cream 5% (1

20. The replicate skin sections from donor 1 dosed with the test product may be denoted as T11.
T21. ..., Trl, and likewise from donor 2, T12, T22, ... Tr2. and so forth up to n donors; Tln,
T2n. .... T Similarly. the replicate skin sections dosed with the RLD product may be

1
—

9
)

ra
s

. Under normality assumptions. the following distributional results ]

denoted as Rln, R2n, ....Rm.

- Foreach donor. [j = f):{, 1( Tij — R;j) should be calculated. which

the point estimate,

25

the estimate of inter-donor variability,

=

1 1 —T)°
m-1) (1_.)

=1

st=

and the estimate of within-reference vanability:

i Yo Tieu(Rij — R))*
W = (r=1n

where R_I 1s the average across all r replicates for donor Jof R.

- ar
I ~N(ur — pp. =3
(r—1)nSiy o

ava Xir-1m 27
and the two quantities are considered statistically independent. Fu
assume a balanced design in which no donor-by-product interactio

. The recommended statistical methodology to evaluate BE include:

uses the within - reference variability as a cutoff point.

. For Syr < 0.294. the test and RLD products are declared bioequy

confidence interval:

=~
R

Ftp-na*

26.

is contained within the limits [, m].
If Syyg = 0.294, the hypotheses to be tested are:

. (sr — p)? -

Hy: 21— )
Giwrn
32
H,: M =8
%wr

(In{m1)*

where gy is the reference population within-subject variance and 8 is equal to S and
where m represents the BE limit (1.25). The aim should be to construct a (1-a) *100% CI
for the quantity (pr — pig)® — 8 oz - If the upper bound of this CI is less than or equal to
zero. the oull hypothesis should be rejected. Rejection of the null hypothesis. H,. supports
BE. This criterion should be accompanied by a point estimate constraint according to which
the geometric mean ratio (point estimate of the log-transformed response has to fall within
the pre-specified limits: [rin' m].

One possible way to perform the analysis in order to derive the upper bouand of this Cl1s to
use an approach similar to that described in the FDA Draft Guidance on Progesterone
(recommended Apr 2010; revised Feb 2011), with appropriate modifications for this replicate
experimental design.

7. The method of randomization should be described in the protocol and the randomization

schedule provided, preferably in a SAS data set in xpt format (created using the SAS
XPORT procedure). It is recommended that an independent third party generate and hold the
randomization code throughout the conduct of the study in order to minimize bias. The
sponsor May generate the randomization code if not involved in the packaging and labeling
of the test and RLD products dosed in the study. A sealed copy of the randomization scheme
should be retained at the study site and should be available to FDA mvestigators at the time
of site inspection to allow for verification of the treatment identity of each skin section.



In-Vitro Permeation Test (IVPT)

In Vitro Permeation

Test Studies for TOplcal When an in-vitro permeation test (IVPT) is used to support a
Drug Products demonstration of BE for topical dermatological drug products as part of

| . . an in vitro characterization-based BE approach, a mixed scaled criterion
Submitted in ANDASs Is recommended, and described in detail in the draft guidance for
Guidance for Industry 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

DRAFT GUIDANCE

This guidance document is being distributed for comment purposes only.

Comments and suggestions regarding this draft document should be submitted within 60 days of

ridance.Subomt cecon comments 10 b et seeatons go¢ Submitwethen (cumulative) amount (AMT) permeated. The permeation test is
cgmments to the Dockets Managemem Stiiﬂ‘(_l'-‘ll:}.k-BOS)_ Foodﬂa.'nd Dmg A_.dmlq.tatmthu. 3630 . . . . i . .
docke e e e otice ofavslbiiy it poblienes i e Federal Regiter. performed with excised skin sections from patients undergoing a surgical
For qustions egaing i daldocmment cotact (CDER) Sosn Levin 1 404021536 procedure or from cadaver donors and the statistical test uses the within-
reference standard deviation, Swr, as the threshold that prompts use of
5. Department of Health and Human Services either the unscaled or scaled confidence interval.

Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

October 2022
Generic Drugs
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Earth Mover’s Distance (EMD) in the guidance

6. Earth Mover’s Distance Based Profile Comparison Approach

EMD is a statistical metric that measures the discrepancy (distance) between distributions
without a prior assumption of the distribution.*®> The EMD has been recommended in a profile
comparison approach to assess equivalence of particle size distribution profile,*® where the
profile exhibits complex distribution (i.e., multiple peaks) that cannot be accurately described by
some conventional descriptors (e.g., the D50 and SPAN). The EMD-based profile comparison
approach is briefly described as follows. To assess equivalence between the T and R product
formulations in the particle size distribution shape, an average profile of all R product samples
(i.e.. R center) is calculated and serves as the reference profile to compute the distance between
an R or a T product sample to the R center using the EMD algorithm. After obtaining the profile
distances between each R product sample and the R product average (R — R center distance), and
the profile distances between each T product sample and the R product average (T — *R center’
distance), a statistical equivalence method, e.g., the PBE, is then applied to the two groups of
distances to indicate whether the T and R products are statistically equivalent in the particle size
distribution shape. For details, refer to Rubner et al. (2000).*”

Importantly, considering the increasingly emerging technologies and methods for in vitro BE
studies, applicants are encouraged to contact the Agency early to discuss their proposed study
designs and statistical methods via the controlled correspondence, pre-ANDA meeting, pre-IND

meeting, or pre-NDA meeting pathway.’® "



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.

e PSD (intensity) is the typical histogram data.

* The EMD can be used to compare the PSD profiles for
equivalence test.

12



When is EMD needed?

D50: Median For a complex (e.g., multimodal) PSD profile,
SPAN: (D90-D10)/D50 D50 and SPAN may not be appropriate metrics
for the profile analysis.

Particle Size Distribution
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assumption is applied. Here is the place where the EMD comes into

play for whole profile comparison.
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A use case: EMD methodology details for particle size

distribution comparison
Proposed approach

Reference

profile :
Test

profile
Take average

Individual e
profile ln(hndual
pruflt

Mean of Rcfcl:cncc prof iles

(Reference center) [ d
Ty’

[de,l,l' csn )y dRi,j,k""] dTl,}.k' ]

Distance between Dist:lnce between
the ‘Reference the ‘Reference

’ center’ and the
ar ol individual TEST

individual RLD
profile profile

FAIL or PASS

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

Contains Nonbindtng Recommendations

Draft Guidance on Cyclosporine

Thus draft suidance. when finalized. will represent the current thinking of the Food and Drug
Admmistration (FDA. or the Agency) on this topic. It does not establish any rights for any person
and is not binding on FDA or the public. You can use an alternative approach if it satisfies the

requurements of the applicable statutes and regulations. To discuss an alternative approach. contact The EMD-b ased approach described in th e PSG for

the Office of Genenc Drugs.
cyclosporine ophthalmic emulsion

Active Ingredient: Cyclesporine
Dosage Form; Route: Emulsion: ophthalic
Strength: 0.05% Bioequivalence based on (95% upper confidence bound): Considering the fact that

_ o _ i NoADINIINE Racommendarions the shapg of the globl_ﬂe size distribution of this product may not be xu.o:'lo-modal. the
Recommended Study: Two options: in vitro or in L R conventional population BE based on D50 and SPAN may not be sufficient to
TR ST RICARES. O AT TN demonstrate bioequivalence.

L In vitro option:

) G2 : Thus draft mndance, when finahized, will represent the current thinking of the Food and Dug ‘s o gy
To qualify for the in vitro option for this drug produc | Administration (FDA. or the Agency) on this fopic. Tt docs not establish any rights for any person Instead. the equivalence berween the test and RLD formulations in the shape of the

mer: and is ot binding on FDA or the public. You can use an alteruative approach if it satisfies the globule size distribution (such as the presence of multiple peaks) should be demonstrated

, ) s ) requirernents l‘_f!he applicable statures and regulanions. To discuss an altemative approach. contact by a method proposed by the sponsor. A statistical metric is prefeu‘ed 1o assess the

) ﬁ.:ﬁﬁfﬁﬂ:ﬁ%‘f ;'C,T,:li',:‘,l,gu RSy Ineme | SR O ol ek D difference (e.g.. in terms of distance) between the shapes of distribution profiles. One
aic ‘ ' suggested approach is the earth mover’s distance (EMD)” method, which computes the

minimal cost needed to transform one distribution into the other using an optimization

1. Acceptable comparative phyvsicochemical charac{ Active Ingredient: Barium sulfate Y o X 3 ;
m:.m&mmn;_ Tﬁe m,m,fm’m,e‘mdv should be . algorithm. An average profile of all RLD samplgs (1.e.. RLD center) is calculated and

Dosage Form: Route: For suspension; oral served as the reference profile to compute the distance between a RLD or a test sample
to the RLD center. Afier obtaining the profile distances between each RLD sample and

Strength: 98% (334 g / bortle) the RLD average (‘RLD" — ‘RLD center’ distance), and the profile distances between

Recommended Studies:  In vitro study each.lest sample and the RLD average (“TEST" — ‘RLD center” distance). a sta_usncal
metric should be employed to quantify the difference between the two categories of

Additional Comments: distances. One suggested method is the population BE test®’, In order to properly

* The proposed test drug product should be qualitatively (Q1)" and quantitatively (Q2)° the account for variability of the reference product and to achieve adequate power. a

same as the reference listed drug (RLD)

e Test and reference drug producis should have comparable physicochemical properties,
including but not limited to, viscosity across a range of shear rates (e.g., low, medium, and
high), and pH.

e  The comparative analyses should be performed on at least three lots of the rest drg product

and theaa late af tha vafavanca dena ceaduse

sufficient number of samples and replicates should be used.

15
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