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Disclaimer

1. This presentation reflects the views of the presenter and
should not be construed to represent the United States
Food and Drug Administration’s views or policies.

2. Data sets shown in this presentation have been de-
identified
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In Vitro Permeation Test (IVPT)

o Uses excised human skin
o Measures drug concentration

o The rate of drug delivery (flux) is measured by sampling at
specific, pre-selected time-points in a way analogous to
that used in blood (or plasma) concentration sampling in

PK studies



IVPT Study Design (Balanced Data)
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Developing In Vitro BE Standards

* IVPT Statistical Analysis of Bioequivalence
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Developing In Vitro BE Standards

e Standard procedures for IVPT study statistical analysis of BE had not
been established

* IVPT Statistical Analysis of Bioequivalence

— The approach for Scaled Average Bio-Equivalence (SABE)

analysis of highly variable drugs was modified for the
IVPT study design

— The mixed criterion uses the within-reference variability
(owr) as a cutoff point for bioequivalence analysis

— When gy, < 0.294, Average Bio-Equivalence (ABE) is
used

— When ay,p > 0.294, Scaled ABE (SABE) is used



Performance/Results

o The results obtained with IVPT and the suggested statistical
analysis, agreed with the original results that led to
regulatory approval of these products. This supports the
validity of this model for assessing BE

o The test has been used for comparing two batches of the
same reference product and successfully captured the
similarity of these products in terms of BE. The outcomes
support the model’s sensitivity to meaningful differences
and its resistance to the hazard of rejecting good products



IVPT Statistical Analysis

Negative Controls for BE: Aciclovir-1A°® vs. Zovirax” US
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IVPT Statistical Analysis

Positive Controls for BE: Aciclovir-1A°® and Zovirax® US

Comparison to Self by
dividing up 6 replicate,
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IVPT Bioequivalence Limits

* Bioequivalence Limits, Study Power and Study Size

IVPT Comparing Acyclovir Cream 5% Products =

Dermatomed Skin: 2-6 Donors; 6 Replicates (Flow-Through Cell) ”
-

e
[y
=

e
ey
N

—+— Zovirax (USA)

—e— Zovirax (UK) pump

E 8 8¢

Acyclovir FLux (pg/cm?/hr)

e
2
(5]

Power

0.5 0.6 07 08 09 1.0

04

UK-US Jmax

o

—g—0—0—Q—f0—n—=n
ag—o0—o—4a a o &
——a

\D
\0
A\
Power
07
S e

0 4 8 12 16 20 24 28 32 36 40 44 48
Time (hours) UK-US Jmax
< |
- —g=g—g=0—2
o—® gssgﬁfﬂ—-!
o a=EE T o—
Q@ ey
o @ aZ8" o
- o 7 AT
u%" @
‘./ Vi
/" a
@ /u
Z 34 e

Power Curves (BE Limit-1.25)

< 2 Replicates
* 3 Replicates
2@ 4 Replicates
5 Replicates
< 6 Replicates
7 Replicates
8 Replicates
* 9 Replicates
@ 10 Replicates

w
@
a 2 Ve Power Curves
=1
/ / <o SABE BE Limit-(1/0.75) w |
o o SABE BE Limit-1.25 e
/ < ABE BE Limit-{1/0.75)
/ a * ABE BE Limit-1.25 = |
7 o
S S B B B S B E—| T T T T T —
4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 4 6 8 10

n(Donors)

12

T
14

T
16

T T T 1
18 20 22 24 28

n (Donors)

T T T T
28 30 32 34 36

11



Selecting the Number of Donors for a Pilot Study

o Prior work on pilot study sample
. size selection indicates a constant
: improvement in precision, when
the sample size increases

o Additionally, the choice of the

| sample size depends on the

’ | characteristics and variability of
- each data set

15 20
Swr
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Unbalanced Data

Replicate skin sections are withdrawn when

o Samples from the diffusion cell are destroyed (anticipated
experimental event)

o There is documented evidence that skin is damaged during
the course of the experiment

In such cases, replicate values can be replaced so that there is
no informational loss
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Unbalanced Data

In situations where we are unable to replace the diffusion
cell, replicate values are dropped but not uniformly for all

donors.

This needed to be addressed by adjusting the statistical
test to account for the unbalanced data.
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Balanced and Unbalanced Design
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Study Design (balanced case)

We consider a sample of
n: donors (per treatment),

r: replicate skin sections from each one of the n donors are collected
for each formulation (replicates from each donor are randomly
assigned to each product)

2 treatment formulations: test (generic: T) and reference (R)

A confidence interval (Cl) should be calculated for each
pharmacokinetic (PK) endpoint:

a. the natural log-transformed maximum flux (J ...,)

b. the natural log-transformed total (cumulative) penetration (AMT)
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Study Design (unbalanced case)

T;; = the natural log- ' R;j = the natural log-transformed

transformed (J_... or AMT)

T _
rj =

product(j =1,2,---,n)

R _
T =

product(j =1,2,---,n)

the number of skin replicates from the jt donor dosed with the test

the number of skin replicates from the j*" donor dosed with the RLD

r* = rf + v + - + ;R = the total number of skin replicates in the RLD group
n = the number of donors
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Statistical Analysis - Sy p
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Statistical Analysis — Point Estimate (f) and its FDA
Standard Error

Estimate the point estimate for the treatment mean difference, its standard error and the

corresponding degrees of freedom by using a linear model with the donor and treatment
factors. For example:

proc mixed data = IVPT.data;

class DONOR TRT;

model log (AMT) = DONOR TRT;

estimate ‘log (AMT) Test-Ref' TRT -1 1/cl alpha=0.1;

The output of this model estimates:

I: the point estimate of the mean difference uy — ug
se(I): the standard error of the estimate
df”: the corresponding degrees of freedom
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Statistical Analysis - Regular Average BE (ABE) e

Determine the (1-2a)*100% confidence interval for u; — up:

I+t gy ap *se(l)
where:
Ur — Up = mean difference of T and R products
tia—a)aps = (1 —a) * 100™" percentile of the Student’s t-
distribution with df ™ degrees of freedom
o =0.05
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Statistical Analysis - Scaled Average BE (SABE) &

The hypotheses to be tested are:

(ur — .UR)2

2
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Where 6 = (0.25)2
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Assessing Bioequivalence

After constructing the Cl for the quantity (ur — g)?—0 oiyr
we observeits (1 — a) * 100% upper bound. If this is less
than or equal to zero, H, will be rejected. Rejection of the
null hypothesis, Hy, supports BE.

This criterion is accompanied by a point estimate constraint
according to which the geometric mean ratio (point estimate
of the log-transformed response falls within the pre-specified

limits: [%,m]
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Outliers

o The nature of an outlying observation in this setup:
Within-donor, extreme replicate values

o ls it meaningful to consider ‘outlying donors’?
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Outlier Detection

o Standard practices used in PK-studies (standardized
residuals) do not apply here because of the small sample
size of replicate values within one donor

o How do the results from Dean-Dixon test compared to
other tests (such as, Grubbs)?

o Such tests are appropriate for small n in cases of
experimental conduct anomalies that are detected once
the sample analysis is completed.
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Outliers
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Example (20 donors)
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Jmax

Example (15 donors)
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Impact of varying the a-value on the number of identified
outliers (Dean-Dixon test)
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Impact of changing a value and selecting a specific outlier
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Impact of changing a value and selecting a specific outlier
test on 95% Upper Bound

T om o

UB

0-

K-

-10-

-15-

0.05
alpha

0.1

method

B3 Dixon
BE Gruobs

B3 with Outliers

30



Conclusion

Concluding we can say that:

Varying the a value within a specific type of outlier test seems to affect the
number of outliers identified. However:

» the impact of a combination of the choice of a specific type of outlier test
and the changes of the a value does not seem to be significant based on the
data from the different IVPT studies examined here.

» We note that the results are only based on the limited availability of data
from IVPT studies.

» To further investigate any potential impact of outliers, we may need more

data from such applications and/or simulation studies under various
configurations.
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Conclusions

Our simulation studies showed, that including outliers does not
necessarily make a study easier to pass BE, as long as,

» Sy g is greater than 0.294 in both cases of including/excluding
outliers and

» the point estimate is not affected by including/excluding
outliers.
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