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Disclaimer

This presentation reflects the views of the presenter and 
should not be construed to represent FDA’s views or policies.



3

Presentation Outline

• Cabotegravir LAI: Background, Pharmacokinetics, and BE Study Challenges

• In Vivo Behavior of LAI Crystalline Suspensions

• Cabotegravir PBPK Model Development and Validation

• Model Application to Assess Risk of Truncated BE Study
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• Cabotegravir (Apretude®; NDA 215499) is HIV-1 integrase strand transfer inhibitor and 
indicated to reduce risk of sexually acquired HIV-1 infection

• Apretude® is an extended-release injectable suspension for IM use 
− It PK shows flip-flop kinetics 
− Has prolonged elimination half-life (5.6 - 11.5 weeks)

Cabotegravir LAI: Background, Pharmacokinetics, and BE 
Study Challenges

• Challenges with in vivo BE study:
o Prolonged drug exposure necessitates an extended BE study duration

− Measurable plasma concentrations persist for up to one year following a single IM injection
− Following PK BE guidance of sampling for at least three half-lives, cabotegravir's half-life of 

~11.5 weeks would necessitate a study duration of approximately 33 weeks

o Long study duration creates practical challenges like high dropout rate, increased cost

• Previous version of product-specific guidance (PSG) recommends single dose 
parallel bioequivalence (BE) study with PK endpoints
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A mechanistic PBPK model was developed to assess study truncation risk 
and support PSG revision for cabotegravir long-acting injectable (LAI).

• Characterize the mechanistic factors governing absorption of 
cabotegravir LAI suspension

• Evaluate the feasibility of truncating the BE study duration

• Assess the ability of a truncated BE study to detect potential 
formulation differences and support PSG revision

PBPK Modeling Objectives
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In Vivo Behavior of LAI Crystalline Suspensions 

• In situ particle aggregation reduces effective 
surface area, slowing in vivo dissolution rates.

• Local immune reactions to solid particles 
drive fibrous capsule (ICL) formation around 
aggregates, further slowing absorption.

• The manufacturing process of cabotegravir 
LAI suspension utilizes a size reduction 
technique that produces nanosized crystalline 
particles. These particles are 
thermodynamically unstable and prone to 
aggregation.

Generally, LAI suspensions form a depot at the injection site, enabling sustained drug release often 
driven by low solubility of active pharmaceutical ingredient (API).
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Cabotegravir PBPK Model Development and Validation 

Cabotegravir 
400 and 800 mg 
IM suspension 
PBPK Models

Objective: Characterize 
systemic disposition 
parameters (CL and Vd)

Cabotegravir 
Oral Solution 
PBPK Model

Cabotegravir 
600 mg IM 
suspension 

PBPK Model

Objective: Validate the 
model with PSG 
recommended dose (600 
mg)

Objective: Further 
validation of IM 
suspension model with 
400 and 800 mg doses

• Clearance (CL): captured through Km and 
Vmax values of UGT1A1 and 1A9, in the gut and liver 

• Renal clearance: described by "fup × GFR"
• Volume of distribution (Vd): Estimated from 

tissue/plasma partition coefficients (Kp) to match 
observed data

• Absorption: Described by permeability parameter 
and in vitro dissolution data

• Aqueous solubility: 48 µg/mL at pH 7.4
• In vitro particle size were scaled 160 – 400 folds to 

account for in vivo particle agglomeration
• Effective depot volume (based on injection volume 

administered)
• Local blood flow rates and tissue characteristics 
• Local immune reactions leading to fibrous capsule 

formation around solid aggregates

400 mg 800 mg

600 mg
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Scaling of In Vitro Particle Size to Account for In 
Vivo Particle Aggregation 

Besides the in vivo effective particle size, there were a few additional sensitive model parameters 
that also impact the systemic exposures to some extent:

• ICL thickness
• Dynamic change in ICL thickness

• Diffusion layer thickness
• Volume of injection 

However, none of these parameters’ contribution compensate for the impact of in vivo particle 
aggregation.
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PBPK model predicted AUC₀₋ₜ/AUC₀₋∞ ratios and percentage of dose absorbed at different 
truncated timepoints. 

Model Application: Study Duration & Exposure 
Characterization

PSG 
recommended 

dose for BE 
study

Simulated PK profile
Simulated absorption 
profile
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Critical Findings:
• Earlier truncation timepoints demonstrate superior discrimination compared to full-duration studies.
• The enhanced sensitivity at truncated timepoints provides regulatory confidence that meaningful 

formulation differences will not be overlooked in shorter duration studies.

Model Application: Risk Assessment of 
Truncated BE Study 

• Sensitivity analysis from PBPK model suggests that in vivo particle size (aggregated particles) is the 
most sensitive parameter for systemic exposure.

• A hypothetical Test (T) formulation was created that has two-fold higher propensity for in vivo 
particle agglomeration compared to reference (R) formulation.
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Is the Release Mechanism Consistent Over Time?

Suspended 
particles

Particle aggregation 
and formation of ICL

Particles continue to 
solubilize and ICL is 
getting thinner 

A key regulatory consideration for study truncation is whether the release 
mechanism remains consistent throughout the absorption period.

• Cabotegravir LAI particles form an aggregated depot at 
the injection site, where drug release is driven by in vivo 
dissolution of aggregated particles — a mechanism that 
remains consistent over time.

• As particles gradually dissolve, the fibrous capsule (ICL) 
becomes progressively thinner. But the fundamental 
dissolution-driven release mechanism does not change at 
later timepoints.

These characteristics collectively support the feasibility of study truncation, as the 
early and late absorption phases are governed by the same underlying mechanism.

• Unlike rate controlling systems where release kinetics may shift due to structural changes in 
the carrier, cabotegravir LAI involves no rate-controlling matrix — eliminating a key source of 
time-dependent mechanistic variability.
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Revised PSG: Cabotegravir LAI Suspension
• Truncated study duration 

accepted: PK sampling for at least 
12 weeks is now recommended, 
with AUC0-12 weeks accepted in place 
of AUC0-t and AUC0-inf — a 
significant reduction from the 
previously required ~1-year study 
duration.

• Study design retained: Single-dose, 
parallel design with PK endpoints 
remains recommended, consistent 
with the prior PSG.

• New safety recommendation 
added: Careful consideration of IM 
injection placement is now 
explicitly recommended to avoid 
subcutaneous depot deposition, 
supported by clinical MRI data (Tan 
B et al., 2025).

Tan B et al., 2025. Open Forum Infect 
Dis. 2025 Sep 30;12(10):ofaf614
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Key Takeaways: MIE Approach Supporting PSG 
Revision

PBPK modeling as a Model-Integrated Evidence (MIE) tool enabled a mechanistically justified 
revision of the cabotegravir LAI PSG.

• Mechanistic understanding informed regulatory decision-making: PBPK modeling revealed that 
in vivo particle aggregation is the primary driver of cabotegravir LAI absorption, providing a 
mechanistic basis for evaluating BE study design.

• Study truncation is scientifically supported: The PBPK model demonstrated that the 
dissolution-driven release mechanism remains consistent over time and that earlier truncation 
timepoints offer superior sensitivity in detecting formulation differences.

• MIE approach reduced study burden without compromising BE assessment: The revised PSG 
now recommends a 12-week PK sampling window with AUC0-12 week as the primary endpoint — 
replacing the previously required ~1-year study duration.

• Broader implication: This case study demonstrates that mechanistic PBPK modeling can serve 
as a powerful MIE tool to address complex BE challenges for LAI suspensions and support 
evidence-based PSG revisions.
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