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Molnupiravir (MOV) PBBM Model
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MOV has high permeability and solubility

• To characterize human MOV absorption and systemic pharmacokinetics (PK) of NHC and to assess the 
bioequivalence of batches from three manufacturing sites, physiologically based biopharmaceutics 
modeling (PBBM) was undertaken using a dissolution method as per FDA guidance document. The 
developed models were qualified against the clinically observed results (Painter et al. 2021 study).

• The solubility of MOV is 46 mg/mL in water and ranges from 43 mg/mL to 89 mg/mL in pH1.2 to 8 buffer.

• The intestinal permeability values of MOV were evaluated in a validated rat intestinal perfusion model. 
MOV was estimated to have a higher human Peff than metoprolol. MOV and metoprolol Peff values were 
calculated to be 2.16 x 10-4 cm/s and 1.5 x 10-4 cm/s, respectively from rat Peff data.  Given the higher 
permeability compared to the metoprolol marker with a human fraction absorbed of 95%, MOV is a high 
permeability compound. 
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Molnupiravir

PBBM PIB Solutions

PBBM Capsule Data



Clinical study 
number

Subjects MK-4482
(MOV) 
Dose

Formulation Data Used PK Analyte

Study 001 Hospitalized 
adults

200, 400 
800 mg 
Capsule
without 

regard to 
food

Capsule 
reference 400, 800 mg

NHC

Study 002 Non-
hospitalized 

adults

200, 400 
800 mg 
Capsule, 
without 

regard to 
food

Capsule 
reference 400, 800 mg

NHC

MOV/NHC PBBM Workflow

Use PBPK model for Safe Space for 
Dissolution Profiles from various batches

Absorption/PBPK model using high 
calculated human Papp from Rat 

Intestinal Perfusion Model

Human CL via Established Allometric Methods

Model simulates Painter et.al  study mean Plasma 
Solution PK profiles of NHC  after MK-4482 with PE 

≤ 25%

PBBM simulates Painter et.al  study mean plasma 
Capsule PK profiles NHC in fasted HV with PE < 25%
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z-Factor
Disso. 
Model

PBBM simulates study 001 mean plasma Capsule
Reference AUC PK profiles NHC in HV 

The model simulates study 002 mean plasma 
Capsule Reference Cmax (1.5h) with PE < 25%

(no AUC available, sparse PK)

Clinical study 
number

Subjects MK-4482
(MOV) Dose

Formulation Data Used PK Analyte

Painter et.al Adult, 
healthy 

(HV)

Fasted
50 – 800 mg 

PIB
Single 

Ascending 
Dose

Oral Solution 
Data,

Powder in Bottle 
for 

Reconstitution

200 mg, 
400 mg
800 mg

NHC

Painter et.al Adult, 
healthy 

(HV)

Fasted
50 – 800 mg 

Capsule
Multiple 

Ascending 
Dose

Capsule (100 
mg), (200 mg) 800 mg

Day 1 

NHC

Painter et.al Adult, 
healthy 

(HV)

Fasted and fed
200 mg 
capsule

Capsule  
(200 mg)

200 mg, 
fasted arm

NHC
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Dissolution Model: 
z-factors from in vitro 
data were used for the 
simulations by setting 
the dissolution model 
as z-factor model

=> All Batches from 
3 Manufacturing Sites 
(C), (L), (W) are BE as 
they are in the Safe 
Space



Case Study: PBBM BE Safe Space for Fevipiprant
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https://link.springer.com/article/10.1208/s12248-023-00787-5

https://link.springer.com/article/10.1208/s12248-023-00787-5


Case Study: PBBM BE Safe Space for Fevipiprant
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Purpose: 

• PBBM to aid in specification setting for BCS IV drug for two doses with BE and observed non-BE data 
and IV micro-dosing data

Dissolution Method: 

QC method, pH 6.8

Dissolution Model: 

z-factor, Weibull

• Other:

IV Microdosing was used



Fevipiprant – BCS IV drug 
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• Fevipiprant is a zwitterionic, low molecular weight, BCS class IV drug substance. PBBM were performed 

to assess the impact of in vitro dissolution on the in vivo performance of immediate release film coated 

tablets during development and scaling-up to commercial scale.

• A fevipiprant dissolution safe space was established using observed clinical intravenous and oral PK data 

from bioequivalent and non-bioequivalent formulations. Quality control dissolution profiles with tablets were 

used as GastroPlusTM model inputs to estimate the in vivo dissolution in the gastrointestinal tract, and to 

simulate human exposure. 

• The PBBM performance was demonstrated for various oral dosage forms (150 ‒ 500 mg), including the non-
bioequivalent batches in fasted healthy adults. To define the safe space at 450 mg, simulations were performed 
using theoretical dissolution profiles. 

• A specification of Q= 80% dissolved after 60 min for an immediate release oral solid dosage form reflected the 
boundaries of the safe space. The dissolution profile of the 450 mg commercial-scale batch was within a 
dissolution region where bioequivalence is anticipated, not near an edge of failure for dissolution, providing 
additional confidence to the proposed acceptance criteria. The safe space allowed for a wider than 10% dissolution 
difference for bioequivalent batches, superseding f2 similarity analyses.



Model setup • Develop model to fit IV data
 fevipiprant i.v. microdose following oral administration 
at 150 mg to fasted healthy adults

• Select dissolution model  z factor and Weibull fitting of QC dissolution data

• Explore oral absorption
PhysChem properties, permeability,  & solubility
PSA analysis of precipitation time and solubilization ratio

• Simulate drug exposure data obtained 
at 150 mg and 450 mg

 fevipiprant oral administration to fasted healthy adults 
(Caucasian population)

• Validate virtual population at 450 mg  study with non BE tablet batches

• Establish safe space

 development of virtual batches & performance 
prediction with VBE trials

• Explore clinically relevant dissolution 
acceptance criteria

Model qualification

Model application

Fevipiprant PBBM with Microdosing and Different Dose 
Strength
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Fevipiprant PK after 450 mg (fast, slow) Dissolution 
Batches
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Fevipiprant PBBM Safe Space for Dissolution Specification Setting

A specification of Q= 80% dissolved 
after 60 min for an immediate 
release oral solid dosage form 
reflected the boundaries of the safe 
space.
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