
An r Shiny application for the projection of dose ranges in preclinical and 
first in human clinical studies during the early stages of drug development

Introduction
Minimal physiology-based pharmacokinetic (mPBPK) models are a valuable tool in the 
earliest stages of therapeutic antibody (Ab) development, when only preliminary in vitro
investigations and literature are available to project dose ranges required for in vivo and 
clinical studies. An estimate of clinical dose range in the preclinical stage is crucial for 
formulation development and design of toxicology studies [1]. Furthermore, an indication of 
uncertainty around the dose range projection is also vital to prevent foreseeable delays 
during development due to suboptimal formulation development. 

mPBPK models provide a framework that can characterize the disposition of Abs through 
plasma, lymph and tissues, including tumor, with high and low extravasation (leaky and tight 
tissues, respectively) and characterize target mediated drug disposition (TMDD) in relevant 
compartments [2]. We developed an r Shiny application that leverages the common 
properties of Abs combining drug and binding specific properties available from in vitro data 
to project dose ranges in preclinical species and in human based on target occupancy. 
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Conclusion
The rShiny application provides a user-friendly experience to adequately characterize 
drug disposition in relevant species for planning pre-clinical and clinical investigations  
at a time when only preliminary in vitro data and literature data is available. 

Fixed structural for mouse, cynomolgus monkey and human as implemented in the mPBPK model

HumanMonkey MouseUnitsDescriptionParameter

0.420.0220.00027L/dFlowrate: Typical linear clearance from plasmaCLplasma_ref [3]
2.90.280.0029L/dFlowrate: from LymphL_ref [2]

0.200.200.2unitlessRefection coefficient: Lymphsigma_ly [2]
0.950.950.95unitlessReflection coefficient : Tight tissuesigma_ti [3]
0.700.700.70unitlessReflection coefficient: Leaky tissuesigma_lk [3]
0.800.800.80unitlessPartition coefficientKp [2]
0.650.650.65unitlessFraction: ISF in tight tissueFractight [2]
0.350.350.35unitlessFraction : ISF in leaky tissueFracleaky [2]
0.330.330.33unitlessFraction: lymph flowrate to tight tissuesFracLtight [2]
0.670.670.67unitlessFraction: lymph flowrate to leaky tissueFracLleaky [2]
15.60.580.0044LVolume: Interstitial fluidISF [2]

2.60.0970.00085LVolume: plasma  compartmentVplasma_ref [2]
5.20.190.0017LVolume: Lymph CompartmentVlymph_ref [2]
702.60.02kgReference bodyweightBwref [2]

0.020.00047LVolume: tumorV_tumor [5]
0.810.14L/dFlowrate: plasma into tumorQt [5]

0.0430.00010L/dFlowrate: tumor into tymphLt [5]
0.130.00029L/dFlowrate: Fluid recirculationJiso [5]

0.0350.000077L/dPermeability-surface area product for large poresPS_LP [5]
0.100.00022L/dPermeability-surface area product for small poresPS_SP [5]
0.550.55unitlessFraction: interstitial fluid in tumorftisf [5]
0.070.070unitlessFraction: vasculature in tumorftvasc [5]

0.10.10unitlessFraction: Hydraulic conductivity large poresalpha_LP [5]
0.90.90unitlessFraction: Hydraulic conductivity small poresalpha_SP [5]

0.260.26unitlessReflection coefficient: Large poresigma_LP [5]
0.980.98unitlessReflection coefficient: Small poresigma_SP [5]
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UnitsDescriptionParameter

1/dDissociation rate constantkoff1

nMDissociation constantKD1

1/dInternalization rate of complexkint1

1/dDegradation rate of target kdeg1

nM
Baseline target concentration in 
plasma

plasma_R1bl 

nM
Baseline target concentration in leaky 
tissue

leaky_R1bl 

nM
Baseline target concentration in tight 
tissues

tight_R1bl 

nMBaseline target concentration in tumortumor_R1bl 

nMBaseline target concentration in lymphlymph_R1bl 

kgBodyweight range of subjectsbwsub

DescriptionParameter

Turn on for multiple 
target engagement

Switch_multitarget

Switch to turn on tumor 
compartment

Switch_tu

Turn on TMDD in plasma 
compartment

switch_bind_pl1 

Turn on TMDD in tight 
compartment

switch_bind_ti1 

Turn on TMDD in leaky 
compartment

switch_bind_lk1 

Turn on TMDD in lymph 
compartment

switch_bind_ly1 

Assumption kdeg = kint
in absence of data

Equalskdeg

Target engagement 
characterization in given 
compartment

Required parameters for input in rShiny application

rShiny application with parameters inputted for pembrolizumab at a 0.05 mg/kg dose in a 70 kg human and the 
corresponding concentration time profiles projected for each compartment

Minimum target occupancy over dose-range 
(mg/kg) of pembrolizumab in a 70 kg human 
for inputted parameters

Corresponding target occupancy at 0.05 mg/kg dose of 
pembrolizumab in a 70 kg human

Tabular output of dose (mg/kg) corresponding to a TO over 21 days (minimum, average 
and maximum) in plasma and tumor compartment for pembrolizumab in 70 kg human

mPBPK model structure describing drug disposition from plasma to lymph 
through tight, leaky and tumor tissues with the ability to characterize TMDD in 
compartments based on supplied parameters [2]

A mPBPK model framework as developed by Cao and Jusko was implemented in rShiny
using mrgsolve [2]. The knobs function for sensitivity analysis was used to input typical 
ranges for Ab clearance and extravascular coefficients into tight and leaky tissues, 
lymphatic tissues and tumor [3]. A tumor compartment was incorporated such that 
distribution of Ab into tumor interstitial fluid via convection and diffusion through small and 
large pores from tumor vasculature governed target interaction [4]. Fixed structural 
parameters used in the mPBPK model for each species are summarized below. Required 
parameters to be inputted are summarized on the right. The model allows for characterizing 
target engagement to multiple targets based on antibody format. 

As a model test case, pembrolizumab disposition was characterized using what would be 
in vitro data and compared to a published analysis [5]. In this scenario, minimal, mean and 
maximum target occupancy over 21 days was estimated over a dose range in a 70 kg 
human and the metrics of 20, 50 , 90 and 99% were used to project potential relevant doses 
in human. Furthermore, drug disposition in all compartments was projected at a test dose 
of single dose 0.05 mg/kg  with a shaded area highlighting the range of expected 
concentrations based on literature reported variability [3]. The corresponding target 
occupancy (R10) in each compartment was also projected. The resulting tabular output 
generated by the shiny app highlights a 0.9 mg/kg dose would be required to reach a 
minimum 99% TO in tumor, whereas 0.05 mg/kg achieves a minimum of 50% TO.

Methods

Results

Dose in 

*Cmax, Cmin and Cmean in this table refer to maximum, minimum and average target occupancy, respectively in plasma and tumor


