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Challenges of performing BE study of LAI
e - Long half-life (t,,)

Single dose crossover BE study

Common oral product - short half life LAl - long half life

t,,=8 hr  Washout (>5 ty,) t,,=40d  Washout (>5 ty,)

~N 7 ~N 7

0 1 2 3 4 0 4 8 12 16
Days Months

It is not practical to performa single-dose crossover BE study on LAI.




Challenges of performing BE study of LAI
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[ Long-term side effect }

Long ty), ‘ [ Dropout }

[ Increased variation }
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Is there a
long-term
side effect?

2 types of BE study designs for LAI

NO | Healthy Single-dose
voluteer Parallel study
Yes inle-
Patients Multiple-dose
Crossover steady state

® Contraceptive
- Medroxyprogesterone
acetate
® To treat alcohol/drug
dependence
- Naltrexone

® Antipsychotic
- Paliperidone palmitate
- Aripiprazole
- Risperidone
- Olanzapine Pamoate
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Is there
long-term
side effect?

2 types of BE study designs for LAI

. ® Contraceptive
No Healthy Slng|e-dOSe - Medroxyprogesterone
acetate
voluteer Parallel StUdy ® To treat alcohol/drug

dependence
- Naltrexone




Multiple covariates affects LAl absorption,
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Single-dose parallel BE study

Affecting
Factors
« BMI . :
Between-subject Subject
° Sex 'T variation ' lPower ' Tnumber
« Age
Injection site




Potential solution to increase power:
e Adding covariate effect in the analysis

125%

log(AUC); = u + formulation + ¢;
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Use M&S to describe the covariate effect
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Development of BE analysis method BE analysis procedure
[ PK Model with covariates ] ‘ BE data of single dose
parallel study

< PK Simulation of reference LAl >

[ PK metrics }

Log(PK metric) ~ covariates

[ Stat analysis: }

l Stat analysis:
[ Effect sizes of covariates J |:> log(PK metric) ~ formulation +covariate

1

[ Sensitivity study ] { BE conclusion }
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Is there a
long-term
side effect?

Yes

2 types of BE study designs for LAI

. ® Antipsychotic
. IVIuItIp|E-dOSE - Paliperidone palmitate
Patients - Aripiprazole
Crossover steady state | © pPoreeoe

- Olanzapine Pamoate
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Possible solution to reduce BE study duration:
il Use switch study instead of requiring achieving ss

A 4

A

Crossoversteady state study

c Switch
Q |« —p
= study
§ Reference Questions about BE evaluation
§ criteria for switch study:
g o5 * What PK metrics to use?
b .  What BE limit to use?
o Cirougn for determining ss
0 4 8 12 16 20 24 28 32 36

Weeks
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Modeling & Simulation can be used to bridge
ONIVERSITET between 2 study designs in BE criteria

crossover steady state study

Switch study
5| Reference f \ | \ % )
| | \| \ : O
B 20 2 = D 4 8 12 16 20 24
Weeks Weeks
Requlatory Criteria Surrogate Criteria
E— Surrogate PK metrics
[ PK metrics ) AUCy_t1ss Cinaxss

: Eg AUCI,Cmax’l,pAUC,...

 BE Limit 80 — 125% Surrogate limit
M&S »
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(1-f,)eFeDose,

1-month Paliperidone Palmitate (PP1M)
e Intramuscular injection every month
 Well-developed pop PK model
* Absorptionincludes

— Fast zero-order absorption

— Slow first-order absorption

* Absorptionparameters: ?
— Total bioavailability F D,
— Proportion of fast absorptionf, f,eFeDOSE IT—

— Duration of fast absorption
— Rate of slow absorption

Samtani, et.al , Clin Pharmacokinet 2009

An example of a population PK model for LAI
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Use M&S to find surrogate criteria for switch study
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Simulation of steady stale crossover study

A

Set of parameters of formulation effect ooo Set of parameters of formulation effect
leading to bicinequivalence (80% or 125%) leading to bicinequivalence (80% or 125%)

| |
Simulation of switch study > Simulation of switch study

I |

PK metrics PK metrics

[ Summary over scenarios J

l

[ Surrogate BE criteria ]

Development of BE analysis method

from switch study | yoA Stal mference

BE analysis procedure for multiple dose study
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2 approaches of applying pharmacometrics
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Model-informed approach Model-integrated approach
Data Data
Modeling [Drug development ] Modeling
p—
Simulation | [ Drug evaluation ] Simulation

l

[ Conclusion ]
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2 approaches of applying M&S for BE studies
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Model-informed approach Model-integrated approach

« MA&S is used to identify  M&S may be used to identify
suitable designs, metrics suitable designs, metrics and
and decision criteria for BE decision criteria for BE
studies studies

« BE study data are not * BE study data are subjected
subjected to M&S for to M&S for decision-making

decision-making

16



Potential 2 approaches of applying

ONIVERSITET M&S for LAl BE methods
Model-informed approach Model-integrated approach
The analysis is based on NCA, not The analysis include PK modeling
including PK modeling
Single-dose parallel study Data
log(AUC); = u + formulation + other co%ariates + ¢ Modeling
M&S Simulation
_ Single-dose crossover
Multiple-dose crossover study BE study
Crossover ss study Switch study l
Required BE criteria Surrogate BE criteria .
4 [ Conclusion ]
M&S
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The analysis for a LAl BE dataset includes

UPPSALA

UNIVERSITET mOdeIIng and SImU|at|0n

[ Model ] [ BE study data J

— =

Model fitting >

Parameter estimates
and uncertainty

< Simulation of crossover BE study >

the ratio of geometric mean
of PK metrics

I

[ BE conclusion ]

{ Distribution of
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Our developed model-integrated BE method
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___________________ . Sampling from Measure individual Cmax,
E TRT effect on | parameter uncertainty AUC from NONMEM
: absorption |
| parameters E | |
Rnhbhbiit bbb | | | |

- Mean of ratio
Trial SIM 1 of Cmax, AUC

-

BE data [

p
Mean of ratio

of Cmax, AUC Distribution of
ratio mean

1

90% ClI of
ratio mean

ey

Trial SiM 2/ —

Uncertainty
Method:
Cov, SIR, boot

Model
fitting

Single

—
model | S Viean of rat
Estimate Trial sim N —b[ canotratio

of Cmax, AUC

| parameter |
| uncertainty

BE Conclusion
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Accepted Type | error of model-integrated method
ONIVERSITET for sparse BE data
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Model-integrated method showed higher power
ONIVERSITET than NCA-based method

Power for each metric Overall power
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Conclusion
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Model-informed
approach

To modify NCA-based
BE methods for LAl

Reduce sample size

and/or Make LAI BE study

more feasible

Reduce study duration

Model-integrated

approach

To include M&S in LAl

BE analysis procedure
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