
• The motivation behind this work is to represent the pharmaceutical supply 

chain in silico and thus enable efficient quantitative prediction of the effect of 

manufacturing on drug bioavailability. 

• Successful implementation can help determine the optimal formulation for a 

desired PK response, facilitate decision making for manufacturing, and reduce 

the number of required experiments and clinical trials.

• The framework is composed of three integrated models (Figure 2):
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• The Quality by Design paradigm posits that understanding the influence of a 

pharmaceutical product’s manufacturing processing conditions and formulation 

properties on desired Clinically Relevant Attributes (CRAs) such as 

bioavailability will help deliver better products in a more efficient manner for the 

benefit of the patient [1].

• In recent years, continuous manufacturing has proven its superior capabilities 

in helping meet required quality specifications for products by allowing for 

better control of pharmaceutical processing [2].

• Similarly, significant advancements have been made on Physiologically Based 

Pharmacokinetic (PBPK) models, which allow for the simulation of drug 

bioavailability based on API characteristics, product dissolution, and physiology.

• Literature shows work has been done to connect manufacturing with tablet 

properties, tablet properties with dissolution, and dissolution with bioavailability 

but rarely all steps together [3, 4]. 

• Our work integrates these processes into an innovative mechanistic framework 

that links, in silico, continuous manufacturing and drug exposure via tablet 

properties and dissolution (Figure 1).

Figure 1. Schematic representation of in silico framework linking continuous manufacturing and

pharmacokinetic response (bioavailability) via tablet properties and dissolution with selected relevant

parameters for each step.

• The effect of manufacturing conditions for a continuously manufactured oral 

formulation on pharmacokinetic response were successfully demonstrated 

through an in silico framework with experimental validation.

• The case study showed that varying compression force, feed frame, and 

blender speed settings yields formulations with different Cmax and Tmax, 

meaning that the framework could aid in formulation design for a defined 

manufacturing space.

• The gPROMSTM model does not yet consider the effect of blender speed and 

feed frame on tablet properties but respective dissolution profiles for each 

formulation are expected to be in agreement with experimental data. 

• An in vivo study remains to be conducted to confirm the validity of PBPK 

model in regards to the influence of different formulations on bioavailability.

• The manufacturing, dissolution, and PBPK models are currently being 

integrated into a unified automated framework.
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Figure 2. Overview of the processes integrated in the framework and corresponding modeling tools.

• The model was tested on nine 5% 

APAP formulations prepared with 

differing compaction force, feed 

frame, and blender speed (Table 1).

• Tablet properties along with formulation and physicochemical attributes served 

as inputs into a mechanistic model built in DDDPlusTM to simulate dissolution in 

a USP II Paddle apparatus with a phosphate buffer.

• The dissolution model was trained using a calibration variable which is a 

function of tablet thickness, porosity, tensile strength, and hardness. It is 

obtained via a multiple linear regression model built with 5 formulations and 

can be accurately predicted for the remaining 4 formulations.

Table 2. Simulated (Sim.) and experimental (Exp.) tablet properties, calibration variable for 

dissolution mode, and F2 similarity index between sim. and exp. dissolution profiles..

Figure 4. Observed and simulated dissolution 

for Formulation 4.

• Finally, the simulated 

dissolution profiles, along 

with API physicochemical, 

pharmacokinetic and 

physiological properties 

were inputted into the 

GastroPlusTM PBPK model 

in order to simulate the PK 

profile and oral 

bioavailability for each 

formulation (Figure 6). Figure 5. Mechanistic prediction of dissolution profiles.

Figure 6. Simulation of pharmacokinetic response.

Table 4. Validation of PK 

response with clinical data.
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• The capabilities of the framework are evaluated through a case study on 

Acetaminophen (APAP) in Beagle dogs. 

• The gPROMSTM and DDDPlusTM models are validated with experimental tablet 

and dissolution data from the continuous manufacturing pilot plant in the Center 

for Structured Organic Particulate Systems (C-SOPS) at Rutgers University. 

The GastroPlusTM model is validated using literature clinical data [5].

• The manufacturing model (Figure 3) uses API and excipient physicochemical 

properties and processing conditions to predict tablet properties. 
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(kp)

1 8 20 150 3.37 3.46 0.17 0.175 0.71 0.071 3.82 3.87 36.2 73.5

2 8 25 250 3.37 3.46 0.164 0.175 0.74 0.071 3.97 3.87 53.1 73.6

3 8 30 200 3.37 3.46 0.161 0.175 0.72 0.071 3.93 3.87 57.4 72.5

4 16 25 150 3.16 3.27 0.114 0.126 1.76 0.181 8.88 9.27 68.8 61.13

5 16 20 200 3.16 3.27 0.112 0.126 1.98 0.181 10.02 9.27 73.5 62.7

6 16 30 250 3.16 3.27 0.119 0.126 1.78 0.181 9.05 9.27 86.7 62

7 24 20 250 3.08 3.17 0.088 0.099 2.6 0.253 12.75 12.58 89.7 60

8 24 25 200 3.08 3.17 0.085 0.099 2.58 0.253 12.75 12.58 91.8 60.2

9 24 30 150 3.08 3.17 0.084 0.099 2.49 0.253 12.37 12.58 98.9 59.32
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Table 1. Manufacturing conditions.Figure 3. The continuous manufacturing 

model simulated tablet properties.   

• The effect of manufacturing on product properties was characterized by 

evaluating tablet thickness, porosity, tensile strength, and hardness (Table 2). 

• Following calibration, simulated 

dissolution curves were compared 

with experimental data (Figure 4).

• Quantitative validation of the 

dissolution model was achieved 

using the F2 similarity index. Profiles 

for which F2 > 50 are deemed 

similar according to FDA regulations 

(Table 2).

Exp. 

(mm)

Sim. 

(mm)
Exp. Sim.

Exp. 

(MPa)

Sim. 

(MPa)

Exp. 

(kp)

Sim. 

(kp)

1 3.37 3.41 0.170 0.163 0.71 0.72 3.82 3.95 36.2 73.5

2 3.37 3.41 0.164 0.163 0.74 0.72 3.97 3.95 53.1 73.6

3 3.37 3.41 0.161 0.163 0.72 0.72 3.93 3.95 57.4 72.5

4 3.16 3.22 0.114 0.114 1.76 1.83 8.88 9.45 68.8 61.13

5 3.16 3.22 0.112 0.114 1.98 1.83 10.02 9.45 73.5 62.7

6 3.16 3.22 0.119 0.114 1.78 1.83 9.05 9.45 86.7 62

7 3.08 3.13 0.088 0.087 2.6 2.52 12.75 12.65 89.7 60

8 3.08 3.13 0.085 0.087 2.58 2.52 12.75 12.65 91.8 60.2

9 3.08 3.13 0.084 0.087 2.49 2.52 12.37 12.65 98.9 59.32
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• Figure 5 illustrates the simulated dissolution profiles for each formulation. 

These curves suggest that the distinctive tablet properties produced as a result 

of differing manufacturing settings yields formulations with different rates of 

dissolution.

• The pharmacokinetic responses were validated with an in vivo clinical study 

on Beagle dogs by Koyanagi et al. [5] The literature study analyzed the effects 

of age on APAP bioavailability. 
• Table 4 compares simulated results with 

averaged young and old Beagle data 

from the study scaled to a 5% dose. 


