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e MIBE in generic research
e (Case examples
e 1 # Avoidance of repeat pivotal study
o 2 # Sparse to full PK profiles extrapolation

e Conclusions & future scope of research



Model Integrated Bioequivalence (MIBE)
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* MIBE can broadly be defined as a regulatory approach using modeling and simulations in place of
traditional clinical trials to provide pivotal evidence that the generic product is bioequivalent to the RLD

Burden of Conventional BE Model Integrated BioEquivalence (MIBE) Approach
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Reduce Clinical Burden
Faster Approvals
Saves Cost

Risk-Driven Decisions
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Population Pharmacokinetic (POP-PK) in MIBE Dr.Reddy’s Q:'

Question of Interest (QOI)
Context of Use (COU) * Modelanalysis plan (MAP)
Modeling Strategy « Role of population pharmacokinetics
“ * Data (literature / pilot) ) i . . .
POP PK model development « Covariates evaluation
* Fixed and random effects the past few years
$ * YmakRESpredicyons * Focus areas includes long acting
* Numerical/ graphical diagnostics
POP PK model validation { b NARoahon HSles | injectables, oral dosage forms and in
* Uncertainty estimation
* Controlof Type 1 error f h it t b
.’ * Robustness acrossreplicates SpecIlc cases where It may not be
* Waiving specific study (pivotal) feasible to develop physiological
L * Shortened carryover
POP PK model application « Extrapolation from small to large sub models (PBPK/PBBM)
’ * Truncation of time points

Credibility assessment framework
Model analysis report (MAR)




Case example 1 # MIBE to waive repeat pivotal for clopidogrel

MIBE workflow, Clopidogrel 300mg

Regulatory query
Pivotal PK sampling was performed up to 12 h
Impact on AUCinf and BE assessment ??

POP PK model development & qualification
Pilot data (24 h) — 2 compartment model (fasting, fed)
Qualified via QPC

Simulate & assess type-1 error
Predict pivotal PK — simulate to 10 x t 72
Type-1 error: Fasting & Fed simulations (<5%)

Repeat BE study is not necessary
90% CI within 80-125% for Cmax, AUCt and AUCinf
Sampling up to 12 h did not compromise BE
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Challenge: The pivotal study had
sampling up to 12 h, and thus posing
questions on AUC and BE assessment
Approach: MIBE to construct POP PK
model, validate & apply for extended
sampling to demonstrate BE
Outcome: No impact of extended
sampling on BE outcome, repeat pivotal
BE was not required

Benefit: Significant reduction in time,
enabled cost savings

Gopalakrishnan M, Bhattiprolu AK, Gobburu J, Boddu R, Kambam V, Khan SM, Saini AK, Kollipara S. Leveraging Model Integrated Bioequivalence (MIBE) to Address
Regulatory Concerns and Waive Repeat Bioequivalence Studies-A Case Study with Clopidogrel. J Clin Pharmacol. 2026 Jan;66(1):e70142. doi: 10.1002/jcph.70142
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LAls Sparse sampling

(long duration, extensive (rich near Cmax, sparse at
sampling, patient burden) other regions)

« Challenge: LAI BE studies require
long-duration, rich PK sampling — high
cost & operational complexity

MIBE )
(PK reconstruction, * Approach: Apply sparse sampling
variability, full PK profiles) strategy with MIBE reconstruction of
PK profiles
Bioequivalence—Test/Reference Ratios (ClI Limits) N Outcome' Sparse VS fU” prOflleS ShOW
Complete Profiles Sparse Profiles o
PK Parameter BE Outcome BE Outcome After Simulations ' = comparable BE results (5% error)
Crmax (Ng/mL) 106.73 (94.88-120.07) 105.30 (93.56-118.51) 1.35 ° Benefit: Enables Significant reduction
AUC1_1g day (ng-h/mL) 99.25 (90.18-109.23) 100.28 (91.15-110.32) -1.04 in study duration. cost. and reduces
AUG10_25 day (ng-h/mL) 88.83 (80.68-97.81) 88.43 (83.86-93.26) 0.45 . ’ ’
AUCq_; (ng-h/mL) 91.11 (83.24-99.73) 93.33 (88.31-98.63) -2.44 patlent burden
AUCq_in¢ (ng-himL) 92.95 (85.93-100.55) 95.12 (90.44-100.04) -2.33
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Conclusions & Future research areas Dr.Reddy’s ‘,‘.‘

e MIBE approaches (PBPK, PBBM, and PopPK) offer substantial value to generic drug development by supporting
innovative bioequivalence pathways, minimizing the need for repeat in vivo BE studies, and enabling opportunities
for biowaivers.

e Early engagement with agency through (MIE pilot program or pre-development meetings) can facilitate successful
implementation of MIBE in the generic product development program

° Future research areas:

e Validation framework for MIBE models (specific guidance, requirement on type-1 error control framework &
uncertainty etc)

e Standardized framework for specific applications (e.g. waiver of complete BE study, shorter sampling,
carryover correction etc)

e POP PK models beyond LAls (e.g. oral formulations, inhalation/nasal, topicals etc)
e Updating PSGs to include MIBE as option for demonstrating bioequivalence in identified cases
e Submission related documentation templates (model analysis plan/report, MAP, MAR etc)

e Publishing scientific articles / knowledge sharing / trainings for enhancement of generic industry capability
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