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Introduction Modelling in Pharmacokinetics

Introduction: Build a Non-Linear Mixed Effect Model

Knowledge base/search space for a PopPK analysis

Questions when build a model:

First-order absorption?

Any absorption delay?

Fixed or linear bioavailablity?

1,2,3,4 compartment model?

Saturable metabolism?

Random effects on parameters?

Residual error model?

Covariate impact? Linear? Power?
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Introduction Current Human Modelling Strategy

Introduction: Human Modelling Strategy

Workflow

Features:

Decisions made in a sequential manner.

A locally optimal solution made at each stage.

Usually no backtracking.
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Introduction Automated Modelling: Inspired from Nature

Introduction: Inspired from Nature - Genetic Algroithms
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Introduction Automated Modelling: Inspired from Nature

Introduction: Inspired from Nature - Ant Colony Optimisation

Food

Nest

At the beginning

Food

Nest

After a few minutes

Food

Nest

At the end

Ant foraging behaviours
Positive Feedback

Zhonghui Huang zhonghui.huang.20@ucl.ac.uk PAGE 31 2023 4 / 19



Introduction Automated Modelling: Inspired from Nature

Introduction: Inspired from Nature - Ant Colony Optimisation

Diagram of ACO path for PopPK analysis
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Introduction Automated Modelling: Inspired from Nature

Current evaluation methods for automated modelling

Limited range of models tested

Success judged by “better fit” than human model
“Better fit” definitions: Lower fitness values

Lower AIC, BIC or OFV
Lower AIC, BIC or OFV + penalty (convergence, covariance step, shrinkage...)

Fitting all possible models (“exhaustive approach”) allows finding the true best model
given the data (not usually done)
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Aim and Objectives

Aim and Objectives

How do automated modelling algorithms perform for selecting a

“true best model”?
Objectives

Generate 1,2 3 compartment with different random and residual models (72 cases)
Fit All possible models (exhaustive algorithm =⇒ ground truth)
Evaluate different fitness functions
Compare: Stepwise, GA and ACO algorithms against ground truth using identified fitness
function

Model fitting done in nlmixr2

GA, Genetic Algorithm
ACO, Ant Colony Optimistion
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Methods Search space

Methods: Search Space

Model Components in the Search Space

Component No. Description Options

1 No. of compartments 1, 2, 3
2 Presence or not presence of IIV on Vc 0 (no), 1 (yes)
3 Presence or not presence of IIV on Vp 0 (no), 1 (yes)
4 Presence or not presence of IIV on Q 0 (no), 1 (yes)
5 Presence or not presence of IIV on Vp2 0 (no), 1 (yes)
6 Presence or not presence of IIV on Q2 0 (no), 1 (yes)
7 Presence or not presence of correlation 0 (no), 1 (yes)
8 Residual unexplained Model (RUV) additive, proportional, combined

Vc, central volume of distribution
Vp, first peripheral volume of distribution
Q, inter-compartmental clearance for the first peripheral compartment
Vp2, second peripheral volume of distribution
Q2, inter-compartmental clearance for the second peripheral compartment
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Methods Simulated datasets

Methods: Characteristics of 72 Simulated Cases

Two compartment

One compartment

ETA[Vc]

ETA[CL,Vc]

ETA[CL,Vc]

ETA[C;Vc,Vp]

Additive
Proportional
Combined

1Cmpt,ETA[CL],nocorr,add

Three-compartment

1Cmpt,ETA[CL],nocorr.prop

1Cmpt,ETA[CL],nocorr,comb

Additive
Proportional
Combined

1Cmpt,ETA[CL,Vc],nocorr,add

ETA[CL,Vc,Vp,Q]

ETA[CL,Vc]

ETA[C;Vc,Vp2]

ETA[CL,Vc,Vp,Vp2,Q,Q2]

Dataset 
Pool

Rich [100 Subjects]

Sparse [100 Subjects]

Optimal [10-150 Subjects]

Additive
Proportional
Combined

2Cmpt,ETA[CL,Vc],nocorr,add

Additive
Proportional
Combined

2Cmpt,ETA[CL,Vp],nocorr,add

Additive
Proportional
Combined

1Cmpt,ETA[CL,Vc],nocorr,prop

1Cmpt,ETA[CL,Vc],nocorr,comb

2Cmpt,ETA[CL,Vc],nocorr,prop

2Cmpt,ETA[CL,Vc],nocorr,comb

2Cmpt,ETA[CL,Vp],nocorr,prop

2Cmpt,ETA[CL,Vp],nocorr,comb

2Cmpt,ETA[CL,Vc, Vp, Q],nocorr,add

2Cmpt,ETA[CL,Vc, Vp, Q],nocorr,prop

2Cmpt,ETA[CL,Vc, Vp, Q],nocorr,comb

Additive
Proportional
Combined

3Cmpt,ETA[CL,Vc],nocorr,add

Additive
Proportional
Combined

3Cmpt,ETA[CL,Vp],nocorr,add

Additive
Proportional
Combined

3Cmpt,ETA[CL,Vc],nocorr,prop

3Cmpt,ETA[CL,Vc],nocorr,comb

3Cmpt,ETA[CL,Vp],nocorr,prop

3Cmpt,ETA[CL,Vp],nocorr,comb

3Cmpt,ETA[CL,Vc, Vp,Vp2 Q,Q2],nocorr,add

3Cmpt,ETA[CL,Vc, Vp, Vp2,Q,Q2],nocorr,prop

3Cmpt,ETA[CL,Vc, Vp, Vp2,Q,Q2],nocorr,comb
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Methods Fitness Function

Methods: Fitness Function Exploration

Original 
Models

Selected best models 
defined by AIC/BIC/OFV

Selected best models 
defined by AIC/BIC/OFV 
+ penalty on # RV and # 

RSE

Optimal 
Sampling 

Design

Simulated 
Datasets

Step 1: Generation of simulated datasets

A set of dataset that can 
mimic the original model.

Model library

Model 1: 1Cmpt, ETA[CL], ADD

Model 2: 1Cmpt, ETA[CL], PROP

Model 243: 3Cmpt, ETA [CL, Vc, Vp, Q, 
Vp2,Q2], COMB

Model results  

Step 2: Parameter Estimation

AIC, BIC, OFV 

TCL[RSE%], TV[RSE%]

sd_etaCL [BSV%, SHRINK%]

sd_etaV [BSV%,SHRINK%]

 Retrieval rate of exhaustive 
algorithm

......
Model 3: 1Cmpt, ETA[CL], COMB

Model 242: 3Cmpt, ETA [CL, Vc, Vp, Q, 
Vp2, Q2], PROP

Step 3: Criteria evaluation 

Selected best models 
defined by AIC/BIC/OFV 

+ penalty on # RV 

Selected best models 
defined by AIC/BIC/OFV 
+ penalty on # RV, # RSE 

and # shrinkage 

......

Penalty Rule: RSE (>20%),
high shrinkage (>30%), and lower 
standard deviation values (value of 

additive RV model < 1/1000 of estimated 
Cmax, value of proportional RV model < 

5%) in the RV models.
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Methods Algorithm Design

Methods: General Workflow of Designed Algorithms

EXHAUSTIVE MODULE

...

Candidate Model 4

Candidate Model 3

Candidate Model 2
 

Candidate Model 1

STEPWISE MODULE

Candidate Model 3

Candidate Model 2
 

Candidate Model 1

Candidate Model 3

Candidate Model 2
 

Candidate Model 1

Candidate Model 3

Candidate Model 2
 

Candidate Model 1

Structure IIV Model RV Model

HYBRID GENETIC ALGORITHM

...

Chromosome 2

Chromosome 1INPUT DATA

First Generation Evaluation and 
selection

...

Chromosome 2

Selected 
Chromosome 1

Crossover

...

Chromosome 2
 

Chromosome 1

...
Local Model 2

 
Local Model 1

Mutation

Best

local Search

Best
BestINPUT DATA

INPUT DATA

Evaluate Selection
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ALGORITHM DESIGN:

ACO in PopPK modelling



Methods Algorithm Design

Methods: ACO design in PopPK modelling

Step 1. Solution Construction
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Methods Algorithm Design

Methods: ACO design in PopPK modelling

Step 2. Pheromone initialisation

Initial pheromone τ = τ0Zhonghui Huang zhonghui.huang.20@ucl.ac.uk PAGE 31 2023 11 / 19



Methods Algorithm Design

Methods: ACO design in PopPK modelling

Step 3. Ant Practice

1CMPT, IIV on CL, combined residual error model

2CMPT, IIV on CL, Vc,Vp, combined residual error model
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Methods Algorithm Design

Methods: ACO design in PopPK modelling

Step 4. Pheromone generation and evaporation

Pheromone generation ∆τ = 1
Rank(fitness)

After pheromone evaporation τ = (1− ρ)τ0 +∆τ
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Methods Algorithm Design

Methods: ACO design in PopPK modelling

Step 5. Start new travel and repeat the process

Travel 1 Travel 2 ... Travel 15

The probability of each node/local path was calculated based on the ratio of the pheromone deposited on that
each node/local path to the total pheromone present in all nodes for the corresponding group.
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Methods Algorithm Design

Methods: ACO design in PopPK modelling

Initialisation

Parameter estimation and model evaluation

Pheromone update for the next travel
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Methods Algorithm Performance Evaluation

Methods: General Workflow of Designed Algorithms

Performance evaluation

EXHAUSTIVE MODULE

...

Candidate Model 4

Candidate Model 3

Candidate Model 2
 

Candidate Model 1

STEPWISE MODULE

Candidate Model 3

Candidate Model 2
 

Candidate Model 1

Candidate Model 3

Candidate Model 2
 

Candidate Model 1

Candidate Model 3

Candidate Model 2
 

Candidate Model 1

Structure IIV Model RV Model

HYBRID GENETIC ALGORITHM

...

Chromosome 2

Chromosome 1INPUT DATA

First Generation Evaluation and 
selection

...

Chromosome 2

Selected 
Chromosome 1

Crossover

...

Chromosome 2
 

Chromosome 1

...
Local Model 2

 
Local Model 1

Mutation

Best

SIMPLE ANT COLONY OPTIMISATION MODULE

...

Ant 2 (New Travel)

Ant 1 (New Travel)

local Search

Initialise ants and 
pheromone

Transition Rule

...

Evaluate ant 2
 

Evaluate ant 1

 Pheromone 
Update

Best

Best

BestINPUT DATA
INPUT DATA

INPUT DATA

Evaluate Selection

Accuracy rate, percentage of models selected by the test algorithms that matched the “true best models”
identified by exhaustive algorithm for 72 cases.
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Results Fitness Function

Results: Fitness Function

Retrieval rate of simulated models by exhaustive algorithm using only AIC, BIC and OFV
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Results Fitness Function

Results: Fitness Function

Percentages of high quality models selected by
exhaustive algorithm
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Evaluation method

AIC with penalty on 
 RV−RSE−shrinkage

BIC with penalty on 
  RV−RSE−shrinkage

OFV with penalty on 
 RV−RSE−shrinkage

Retrieval rate of simulated models by exhaustive
algorithm using the fitness function

96

74

100

71

AIC with penalty on RV, RSE and shrinkage

Structure IIV RV Overall Three

0

25

50

75

100

Model components

R
et

rie
va

l R
at

e 
(%

)

Model components

Structure

IIV

RV

Overall Three

fitness = AIC +
k∑

i=1

10000⊮RSE>20% + 10000⊮Shrinkage>30% + 10000⊮σ1<1,σ2<0.05
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ALGORITHMS: APP DEMO



Results Results: R Shiny App

Results: R Shiny App Interface
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Results Results: R Shiny App

Results: R Shiny App Interface

Case 1. 1Cmpt, IIV on CL, additive residual error model (Sparse data)
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Results Results: R Shiny App

Results: R Shiny App Interface

Case 1. 1Cmpt, IIV on CL, additive residual error model (Sparse data)
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Results Results: R Shiny App

Results: R Shiny App Interface

Genetic Algorithm Output
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Results Results: R Shiny App

Results: R Shiny App Interface

ACO Algorithm Output
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Results Results: R Shiny App

Results: R Shiny App Interface

ACO Algorithm Output
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Results Results: R Shiny App

Results: GA and ACO Final Parameter setting

GA parameters

Population size: 10

Crossover probability: 1

Mutation rate: 0.2

Maximum of iterations: 15

ACO parameters

Ant size : 10

Evaporation rate: 0.4

Alpha value: 1

Maximum of iterations: 15
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Results Algorithm Performance

Results: Algorithm Performance
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Conclusion

Conclusion

Fitness Function

Consider RSE and shrinkage, variance of RV model

10000 penalty was appropriate

May need to revise when extending to other model/data types

Algorithm Performance

Optimal design data: ACO and GA similar, both outperform stepwise

Rich data: ACO and GA similar, both outperform stepwise

Sparse data: ACO superior to GA and stepwise, stepwise better than GA
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Conclusion

Future Work

Considerations in the future

Oral/other routes of administration

Nonlinear kinetics

Setting initial estimates

Application to Real-World Data

Publish as R-package
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