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Situations where no single PK model may be
appropriate for BE analysis

No prior model

Can not assume true model

|dentifiability issues

Avoid estimation bias and overestimation of precision

Model Averaging




Model Averaging Approach
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Model averaging approaches developed for BE
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 Model selection

«  Bootstrap model selection (BMS) Developed for BE
« Conventional model averaging (MA) In our study

« Bootstrap model averaging




Conventional model averaging (MA)
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o Conventional model averaging (MA)

UPPSALA

UNIVERSITET _alc,,
e 2
Wm = —AIC
Ym=1€ 2
Model 1 Single Model BE analysis \ Mean ratios from
Uncertainty method: cov, SIR, bootstrap N*w,, simulations
BE data Model 2 Falled|dent|f|ab|||tytest,LRT X Distribution of
Or weight<5% ratio mean
I 4
' v N
! 90% Cl of
: _ ratio mean
Model M Single Model BE analysis y

Uncertainty method: cov, SIR, bootstrap

v

BE Conclusion




Bootstrap model selection (BMS)
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Ophthalmic drug product
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:\’ » Solution drainage (naso-lacrimal) . . -
« Tear turnover High variation
3 /ﬁ 2 + Tear dilution
xéj; » Conjunctival absorption
« Blinking
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http://www.lumigan.com/Resources/How-to-Apply
Agrahari, Drug Deliv. And Transl. Res. 2016 9
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FDA guidance regarding bioequivalence of
UPPSALA ophthalmic drug products
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Product-specific BE recommendations (draft guidance)
« Waiver (solution and Q1/Q2 products)
« Studies that demonstrate BE
— Clinical endpoint study
— PK study in aqueous humor
— In vitro study
« Bacterial kill rate study
* Q3 characterization

Choi, Lionberger, 2016, AAPS Journal
I
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« Subjects: patients undergoing indicated cataract

surgery
*  Drug administration:
— prior to surgery

« Only one single sample collected at assigned

time point
« Crossover or parallel study

« Criteria: 90% CI of AUC, and C,, ratio is within

(0.8, 1.25)

« SD may be done via bootstrapping technique

or a parametric method

Agrahari, Drug Deliv. And Transl. Res. 2016
Choi, Lionberger, 2016, AAPS Journal

PK study in agueous humor
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Bootstrap NCA BE method
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Application of model-based method:
Identifiability problem

Ophthalmic drug
Product BE data
{ Identifiability } {Possible solution:}

 High variation

Problem Model averaging

» Sparse data
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Simulation study flowchart
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Ophthalmic drug product BE simulation study
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e crossover study

Ka | central | CL Study design

Dose— Absorption

V) « Each subject has 2 treatments
with the same sampling times
IV (w? = 0.25) on all parameters « 5groups: 0.25, 1.5, 5, 15, 24
IOV ( w?= 0.0225) on all parameters + 24 subject/group

Proportional residual error (6% = 0.01) Total subiect No=120
* Total subject No=
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Conventional
Model Averaging

Simulation index

Crossover study
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Crossover study:
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Type | error

Crossover BE (n=120)
Type | error: FTRT=1.25
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Crossover study:

UPPSALA

Type | error

Crossover BE (n=120) 80 | bs |
Type | error: FTRT=1.25 Test/Referehce ratib (%)
10- o
9- °
8 ° °
>
method = T=--- S S o ___._ c
2 ~ O
® Conventional MA-cov matrix T g mA 8
* Conventional MA-SIR -
® Conventional MA-bootstrap — b -
® Bootstrap model selection g 4 A
A Bootstrap NCA e R
2- @)
3
1- 2
O- L ~
AUCmf AUCBQ me J == .

90 100 110 120 130 140 150 160
Test/Reference ratio (%)

18




UPPSALA
UNIVERSITET

Crossover BE (n=120)
Type | error: FTRT=1.25
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Crossover study:
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Crossover BE (n=120)
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Crossover study:
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Ophthalmic drug product BE simulation study
Parallel study

Study design

« Each subject: 1 treatment and 1 sample

Ka | Central CL
(V)

Dose— Absorption

« 2 treatments: reference and test

« 5 potential sampling points:
0.5,1,5,15, 24

IV (w? = 0.25) on all parameters _
» 2 treatment* 5 sampling=10 group

Proportional residual error (62 = 0.01) _
» 48 subject/group

» Total subject No.=480
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Parallel study
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Parallel study: Type | error
True ratio = 1.25
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Parallel study: Type | error
True ratio = 1.25

Parallel BE (n=480)
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Parallel study: Type | error
True ratio = 1.25

Parallel BE (n=480)
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Parallel BE (n=480)
Type | error: FTRT=1.25
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Parallel study: Power
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True ratio = 0.9
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Parallel study: Power
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True ratio = 0.9
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Parallel study: Power
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Parallel study: Power
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Simulation study summary
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Power: Crossover design > parallel design
Power: Model-based methods > Bootstrap NCA
Bootstrap NCA's power: AUC . > C ..

Performance (type | error):  BMS > Conventional MA

33




7

UPPSALA
UNIVERSITET

Conventional MA
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UPP—;-\L ! Ophthalmic product crossover BE (n=120) Ophthalmic product crossover BE (n=120)
Overall type | error: FTRT=1.25 Overall power: FTRT=0.9
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