ADMINISTRATION

Outlier detection iIs an important part in a bioequivalence study.
The existence of outliers could have severe influence on the result
of bioequivalence. The existing outlier detection methods mainly
focus on the standard 2x2 crossover design and limited work has
been done about the fully replicated 2x4 (ABAB, BABA) and the
partially replicated 3x3 (BAA, ABA, AAB) designs. Additionally
a large proportion of bioequivalence studies received by FDA are
replicated crossover studies.

Goal: Develop an outlier detection method for the replicated
crossover studies.

Bioequivalence and Outliers

Bioequivalence (BE): Two pharmaceutical products are
bioequivalent If there Is an absence of a significant difference iIn
the rate and extent of absorption of the active ingredient after
administration of the same molar dose under the similar
conditions. (21 CFR 314.3)

Pharmacokinetic (PK) parameters:

«  Maximum blood or plasma concentration (C,,4)

» Area under the blood concentration-time curve (AUC)
Formulations: Test (T), Reference (R)
Types of outliers:

 Single-data-point outlier: due to product or process failure

 Subject-by-formulation outlier: because of the unusual
reaction of a single subject to one of the formulations

» Subject outlier: as a result of the unusual reaction of a
single subject to both formulations

Potential influence of outliers:
- Bias the point estimate of the relative bioavailability

* Inflate the standard error of the point estimate of relative
bioavailability

Deletion of outliers:
» Subject-by-formulation outliers: discouraged
» Single-data-point outliers: acceptable
Goals: Develop methods that
1) detect the outliers
2) find the types of outliers

Fully Replicated Crossover design

Period
Sequence 1 2 3 4
1 T R T R
2 R T R T
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Statistical Model

Vhijk = U+ Sp + T + Tj + Spij + €4k
Vhijk: the observation for the kth replicate (k = 1,2) of the jth
formulation (j = R, T) on the ith subject (i = 1, ...,ny) In
sequence h = 1,2
u: the overall mean
¢y the fixed effect of the hth sequence with ), &, =0
. the fixed effect of the mth period (m = 1, 2, 3, 4) with
2mTm =0
7;: the fixed effect for the jth formulation with };;7; = 0
snij: the (i, j)th random subject-by-formulation effect in sequence

h
eniji: the random error with variance oy for T and oy, for R

Shi = (Shir, Smir)” and ey 5 are assumed mutually independent

Distributional Derivations

Schall et at. (2010) proposed four contrasts of the four

observations for each subject

. __ YhiT1tYhiT2tYhiR1TYhiR2
Chit = Yhi-- —

o +— Subject outlier

4
.  —ar o~ _ YniT1tYhiT2 __ YhiR11YhiR2 Subject-by-
Chiz = Ynit- Yhir- = 2 2 formulation outlier
® Cpiz — thTlv—EthTz Single-data-point outlier (7T)
* Cpiga — 3’th1\/—EJ’hLR2 Single-data-point outlier (R)

Un-studentized residuals: Subtract from the previous contrasts the
corresponding sequence averages

Tspi = Chit — Cna = Yhi-- — Yh--

* Tsrp; = Chi2 — Ch2 = (Yhir- — Ynir-) — Onr- — Ynr-)
|YhiT1=YhiT2) -V hT1=Yh-T2)]

* Torp; = Chiz —Ch3 = V2
. _ _ _ [nir1—Ynir2)—Yh-R1—Yn-R2)]
TDRp; = Chia — Cha = NG

Our method Is based on the un-studentized residuals. Use 1y as
an example to show the derivation of the test statistic.
2
O
pTpi = Chiz — Ch-3; var(cpiz) = O-I%/T’ var(cp.3) = nLhT
Let xy, ..., X, ~ i.i.d. N(a, o), where a is an unknown
parameter. Under the normality assumption:
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Hypothesis and Testing Procedure

Hypothesis:
(Vhir1 — Yhir2)
H,: ~N(a,o2),foralli=1,..,n
0 NG (a, oyyr) h
H,: (yhiTl\/_iyhiTZ) ~N(+8;, 047 ), for atleast one i, §; # 0.

Generate the sampling distribution of the test statistic and obtain
the the ath upper quantile, denoted by b, 1_4
Examine the first p extreme Ty statistics and do a sequential
step-up test to ensure the outliers would not contaminate the
normal observations. The testing procedure is:

1) Calculate {Tpr,,} from the data. Let Ty (1)’ i, TpT (1) be

the order statistics of {Tpr,,}, and H, () the corresponding

order null sub-hypotheses. Let p = [.
2) Remove [ residuals that have the [ largest T statistics.
3) Add back the residual that has the smallest T, statistics
from the removed residual pool.

- a -
4) Starting from Tpr (=141 get the = quantile of the

sampling distribution of the maximum of the correlated beta

variables, denoted by bnh,l—%’ compare it with Tpr (Mt —1+1)"

REJECt Ho(nh—l+1) |f TDT(Tlh—l+1) > bnh,l—%'

5) If H (1 IS rejected, remove the residual.
h—l+1)
6) Subtract 1 from [. Repeat procedure 2 to 5 until [ = 0.

Data Simulation and Replicated Crossover Studies

Generate random sample {x;;} as x;; = V0.5(z;0 + z;), Where
Zioand z;~NO, D Lid. (i =1, ..,k =1,2,3,4)
*  Z;jp and z;;, are for between-subject and within-subject
variabilities, respectively
Generate random samples: yp;ix = cXj + U + Ty + &p.
« c: the degree of variability. ¢ = 2In(0.2%2 + 1)
* up =In(100), ur = In(105)
* T =86, =0
Generate outliers: adding gs¢ to the response of the T formulation
* q:outlying degree, g = 3,4, ..., 10
* sy: the standard deviation of the test formulation

Method Performance

Type 1 error rate of the proposed testing method
Design: 2byd Design: 3by3

0.100- 0.100-

0.075- 0.075-

0.050- = T - —* 0050- =

Type 1 error rate

0.025- 0.025-

0.000- 0.000-

24 36 483 &0 24 36 48 B0
number of subjects

Figure 1: Type 1 error rate assessment in replicated 2x4 and
3x3 design

Power comparison in the 2 by 4 replicated crossover design

Mumber of subjects: 438 Mumber of subjects: 43 Mumber of subjects: 48

Mumber of outliers: 3
1.00-

Mumber of autliers: 1 Mumber of outliers: 2
0.75-

1.00- 1.00-

0.75- 0.75-

0.50- 0.50- 0.50-

0.25- 0.25- 25- /

4 B 3 10 4 B 3 10 4 B 3 10 Testing methods

=
=
=

1
= =
= M2
= £n

power

Mumber of subjects: 60 Mumber of subjects: 60 Mumber of subjects: 60 —*— Qur proposed method

—— Schall's method

Mumber of autliers: 1 Mumber of outliers: 2 Mumber of outliers: 3

1.00- 1.00- 1.00-
0.75- 0.75- 0.¥5-
0.50- 0.50- 0.50-
0.25- 0.25- 0.25-
0.00- 0.00- 0.00-

alt EI EI ‘IIEI alt EI EI ‘IIEI 4 3] 2 10
q (outlying degree)

e

Figure 2: Power comparison in the 2x4 replicated crossover
design for our method and an existing outlier detection method

Power comparison in the 3 by 3 replicated crossover design
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Figure 3: Power comparison in the 3x3 replicated crossover
design for our method and an existing outlier detection method
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