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Myself: 
Under grad: Computer System Engineering, BEng (Hons)  
     University of Warwick 

• Control (Prof Keith Godfrey) 

• Modelling and Simulation (Dr Mike Chappell) 

• Final yr project (collaboration with University of Cardiff, Dr Rachel Harrington and Dr Paul Smith):  

• M&S of uptake kinetics of Topotecan into MCF7 cells  

  (Dr Neil Evans, Dr Michael Chappell and Prof Keith Godfrey) 

 

PhD, 3yrs, – School of Pharmacy and Pharmaceutical Science 
     University of Manchester 

• Structural identifiability of PKPD models (Prof Leon Aarons) 

 

Post-doc, 2 yrs CAPKR, Centre of Applied Pharmacokinetic Research  
      University of Manchester (CAPKR funded by Pfizer, GSK, Novartis, Servier , Eli Lily) 

• WBPBPK and other mechanistic modelling (Prof Leon Aarons and Prof Malcolm Rowland)  

 

Clinical Pharmacometrician, AstraZeneca, 4.5 yrs, QCP, ECD, AZ, UK 
• Oncology portfolio 

Project Manager and functional representative of AZ Paediatric working group 
• Across therapeutic area on paediatric portfolio 

• Ensure Clin. Pharm and M&S supports  science and regulatory interactions 

 

Pharmacometrics - is the science of developing and applying mathematical and 

Statistical methods to characterise, understand and predict a drug’s 

pharmacokinetics, pharmacodynamics, and biomarker outcome behaviour. 
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AstraZeneca - overview 
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We manufacture in 16 countries and are committed to ensuring a reliable supply of 

medicines where and when they are needed.  

We work in over 100 countries and our medicines are used by millions of patients 

worldwide.  

 

 

We employ around 51,500 people worldwide: 34.8% in Europe, 

21.7% in North America, 6% in Central and South America, 4.1% 

in the Middle East and Africa and 33.4% in Asia Pacific.  

We invest over $4 billion in R&D each year  

and have over 9,000 people in our R&D organisation  

 

In 2012, our worldwide sales totalled $25.7billion  

 

 

  

Our primary focus is on three important areas of healthcare: 

Cardiovascular and Metabolic disease (CVMD); Oncology; and 

Respiratory, Inflammation and Autoimmunity (RIA). We are also 

active in the Infection, Neuroscience and Gastrointestinal (ING) 

disease areas. (both small and large molecules) 

 

 

 

Cheung SYA Warwick, 24 Mar 2014 



Global R&D Sites 

Alderley Park, 

Macclesfield 

/Cambridge  

Mölndal  

Shanghai  

 

Osaka 

Boston 

 

Gaithersburg 
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What can modelling and simulation provide for drug 

development? 
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From an engineering point of view: 
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System 

(mechanistic models, 

disease models, 

techniques, 

uncertainty etc) 

Input 

(Assumptions 

(uncertainty), prior 

knowledge, expr. 

design, data, 

communication) 

Output 

(prediction, influence 

to decision, validation 

data & assumption, 

improvement process) 

From an engineering point of view: 
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Terminology, quick brief overview: 
Pharmacokinetics (PK) : 

What the body does to the drug, ADME, absorption, distribution, metabolism and 

elimination/excretion 

- Covers:  
• route of administration: oral, iv, bolus, inhaled etc 

• Measurements: serum, blood, plasma, urine, breath etc for drug concentration 

 

Pharmacodynamics (PD): 

What the drug does to the body, physiological effect and response of the body to 

the drug agent/s 

- Covers: 
• blood pressure, liver function, glucose, insulin, fat cells etc 

 

Clinical outcome:  

- Covers: 
• survival, adverse effect, image scan (tumour size), bone density, weight lose, pain 

etc 

 

Biomarker (BDWG):  
   A characteristic that is objectively measured and evaluated as an indicator of normal 

biological  process, pathogenic process or pharmacologic responses to a therapeutic 

intervention. (A lot of time, we use surrogate endpoints, a biomarker to sub for 

clinical endpoints)  
• Blood pressure, body temperature (for paracetamol) etc 

 Cheung SYA Warwick, 24 Mar 2014 



Sandra Visser, Merck 

PHARMACOKINETICS PHARMACODYNAMICS

Pharmacokinetic-Pharmacodynamic Principles

Signal transduction, homeostatic and 
disease processes

Compound-specific properties System-specific properties

drug disposition,
biophase equilibration,

metabolism & elimination
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PKPD models use quantitative pharmacology to build mathematical relationships

describing the causal chain of events implied in the biological hypothesis
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Using a quantitative pharmacology approach to support decision making, by 

establishing a translational exposure –target engagement – efficacy/safety 

modelling in animals and humans and predicting the dose to man, optimal dosing 

schedule and clinical study design. 
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Dose (safe and efficacious) 

↓ 

More efficacious than standard of care 

The R&D process (time and decision involved) 

 

 

Discovery 
Pre-clinical  

Development 
Phase I 

50-150 h/p 

Phase II 

100-200 p 

Phase III 

500-5000 p 

Phase IV 

• Identify compound 

• TOX in animal 

• In vivo pharmacology 

• PK in human 

• Safety 

• Tolerability  

   (dosage) 

•Proof of Mechanism 

• Identification efficacious 

  dose   

• Pop PK 

• Side effects • Proof of principle 

• Demonstrate efficacy 

• Investigate target pop 

• Gather information  

   for labelling 

• Long term side effect  

• Long term safety 

• Investigate new  

  indication, new  

  formulation 

• Post marketing 

• Further trials required  

  by FDA 

Increase in cost, company commitment and trial size!  

Critical Path! 

IIa 

Animal data 

↓ 

Hypothesis→ Trial 

IIb 

Tolerated dose 

↓ 

Dose response & Toxicity relationship 

Compound √ effect 

↓ 

Short list dosing regimen → Phase III? 

Combination therapy 

Anecdotal evidence 

↓ 

Other indication 

Hypotheses → Trials 

? 

? 

? 

? 

? 
? 

Approximately 8 - 12 years from idea to marketable drug 

*Investigational  

New Drug 

Application for permission to 

administer a new drug to humans 

**New Drug Application 

Application for permission to market a 

new drug 

2–4 yrs. 

2–6 mos. 

3–6 yrs. 

1–3 yrs.  
Regulatory 

review 

Regulatory 

review 
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Grasela and Slusser, Clin. Pharm & Ther, 2010, Vol 88:2 p263-268 
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New model based drug development approach (MBDD) 

1. Instead of discrete understanding (Yes and No) whether 

a drug efficacious and safe.  

2. Increase confidence and understanding of Risk/benefit 

balance.  

3. Allow relationship understand through model and 

estimation 
• Quantitative assessment of effects and safety across dose 

range and population 

 

MBDD integrates Dose-PK-PD (where PD may be response, desired and/or un-desired, effect on 

biomarkers etc) knowledge into models, aiming to increase understanding of the characteristics of a 

compound/group of compounds and to quantitatively evaluate study and program design and to 

predict probability of success.  

 

Model Based Drug Development (MBDD) should play a fundamental role in projects decision-making 

across the value chain (from before first time in man to life cycle management).  
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MBDD – high impact examples (Pfizer) 
6/9 involved model based dose-response analyses in phase IIb 

Milligan, CPT 2013 
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Adapted from Lalonde RL et al., Model-based drug development. Clin Pharmacol Ther 2007;82:21-32 

And  Shepard T, Role of Modelling and Simulation in Regulatory Decision Making in Europe, EMA-EFPIA M&S  WS 2011 

Benefit/Risk decision and M&S continuum   

Learn/confirm 

and predict 

Phase VI 

Registering  

and  

Labeling 

(MAA) 

Uncertainty  
Confident and Drug and Disease  

Paediatric Strategy  & Investigation Plan 

Scientific Advice 

Clinical Trial Application, Qualification of novel methodologies 

MAA + post lic. 

Early 

Anytime 

Late 
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Modelling and simulation 

(M&S) 
Hypothesis → drug development 
 
Trials answer questions from hypotheses 
 
Traditional approach → Data driven (more trials, higher cost) 
 
M&S → integration → hypothesis → mathematical model (           ) 

- Numerical and in silico studies (H0 → test (DDI) and refined (dose)) 
- Fewer trials, less cost  
- ‘what if’→ study design + diff. H0 
- Info. (previous trials + literature) 
 

Accumulation of experience and knowledge of preparation for future 
studies design = efficient development path 

 
Avoid try and error approaches! 
 

Validated  

with data 
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Examples 
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Discovery 
Pre-clinical  

Development 
Phase I Phase II Phase III Phase IV 

PK Prediction and design of sampling 

scheme 

M&S in development process 

Fit model in 

NONMEM  

Step 2 

Design trial using 

this pop model  

Step 3 

Develop PBPK 

model + variability 

Step 1 
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• Primary: 
- Safety 
- Tolerability 
 

• Secondary: 
- Pharmacokinetics (PK) 
- Anti-tumour activity (Early Efficacy Signal) 
 

• Exploratory  
- Pharmacodynamics (PD) and PoM Biomarkers 

 
 
• Oncology: Compounds generally unsuitable for healthy volunteers and studies often enrol 

patients for whom all other standard therapies have failed 
 
• Sets recommended dose and schedule for rest of program e.g. Phase II/III 
 
• Understand PK-PD-Safety-Efficacy relationship for future trials 
 
• A range of administration schedules may also be studied e.g. intermittent vs. continuous 
 
• Study design aim: To escalate the dose in steps to identify Maximum Tolerated Dose (MTD) and a 

Recommended Dose (RD) for future studies which balances safety and efficacy (PD effect)  and 
vs. maximising the number of patients that receive a therapeutic dose. 

 
• Multiple dose escalation methods available 

 

Discovery 
Pre-clinical  

Development 
Phase I Phase II Phase III Phase IV 

Translational and Dose escalation: PhI Oncology SAD and MAD  

M&S in development process 
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Could a population model based approach be more suitable? 

Data integration and variability assessment 

• The rule based approach lacks of understanding of all the data available.  

• The common model based approach lacks exposure-response at a population level. 

• Integration: 

 
 

Emerging paradigm for efficacy – why not safety? 
Hence the incorporation of: 

• Preclinical modelling result/ information– enables model continuum 

• Emerging trial data 

• Population model based approach – allow understanding of underlying mechanism and relationship  

  between exposure, target engagement and safety during escalation 

Sandra Visser 
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Population PK analysis demonstrates similar 

pharmacokinetics in Western and Japanese 

patients 

Confidence in similar 

dose escalation and 

scheduling approach 
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↔ 

W 

↔ 

W 

↔ 

W 
↔ 

W 

2 

↔ 

M 

Intermitted BID simulation scenario 

Simulating missed dose management strategy 

Early Population PK is used to guide trial design 

 Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 1 2 3 4 5 6 7 

Example  √ X X √ √ ! ! √ √ √ √ ! ! ! √ √ √ √ ! ! ! √ √ √ √ ! ! ! 

x 

↔ 

M 
= x day missing doses 

↔ 

W = washout period 

Completing 6 doses after 

interrupting 1st cycle, still 

provides adequate washout 

before 2nd cycle  

Questions:  

•Can you resume and complete 

4 days of dosing after an 

interruption due to toxicity? 

•Should you stop and start at the 

next cycle? 

Based upon on the simulated upper 

exposure range: 

•If only 1 day of dosing is missed, then 

it is acceptable to complete the 8 doses 

with a reduced washout period. 

•If two days are missed then one can 

administer 6 doses on that cycle. 

If more days are missed, then restart at 

the next cycle.  
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Model developed using pre-clinical data 

Akt required for translocation of glucose transporters from cytoplasmic to fuctional plasma membrane 

location, in response to insulin receptor  activation.  Akt phosphorylation of GSK3b relieves inhibition of 

glycogen synthase and co-ordinates glucose influx and glycogen storage. 

Akt inhibition by AZD5363 results in increased plasma glucose (inhibition 

of Glut4 function) and increased plasma insulin (dynamic response to elevated plasma 

glucose). 

AKT component of insulin dependent glucose uptake 

gut central
periphera

l

glucose

insulin

kGin kGout

kIin
kIout

SGSI

CL/Vcen

ka
Q/Vper

Q/Vcen

Drug inhibits 

dependent removal of 

glucose 

= observation 

peripheral 

Lima et al, Clin Pharm & Ther. 2004: 76(1):27-37 
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Population modelling guides dose escalation 

PK- glucose relationship extrapolated to higher doses 

Simulation of medium effects (97.5% upper 

quantile shown below) 

Blood sugar back to 

baseline during ‘off drug’ 

days 

0 24 48

0
5

1
0

1
5

2
0

Time (hrs)

G
lu

c
o

s
e

 m
M

0 24 48

0
5

1
0

1
5

2
0

Time (hrs)

G
lu

c
o

s
e

 m
M

0 24 48

0
5

1
0

1
5

2
0

Time (hrs)

G
lu

c
o

s
e

 m
M

0 24 48

0
5

1
0

1
5

2
0

Time (hrs)

G
lu

c
o

s
e

 m
M

0 24 48

0
5

1
0

1
5

2
0

Time (hrs)

G
lu

c
o

s
e

 m
M

0 24 48

0
5

1
0

1
5

2
0

Time (hrs)

G
lu

c
o

s
e

 m
M

0 24 48

0
5

1
0

1
5

2
0

Time (hrs)

G
lu

c
o

s
e

 m
M

0 24 48

0
5

1
0

1
5

2
0

Time (hrs)

G
lu

c
o

s
e

 m
M

0 24 48

0
5

1
0

1
5

2
0

Time (hrs)

G
lu

c
o

s
e

 m
M

80 mg

160 mg

240 mg

Cheung SYA Warwick, 24 Mar 2014 



M&S in development process 

 

 

Discovery 
Pre-clinical  

Development 
Phase I Phase II Phase III Phase IV 

Paediatric  

http://www.medicalobserver.com.au/news/medicines-need-to-

meet-the-toddler-taste-test Cheung SYA Warwick, 24 Mar 2014 



Paediatric medicine status 

It is important to improve current medicine 

for children because it is an area of unmet 

need.  
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preclinical Ph1 Ph2 Ph3 NDA 

Submission 

Marketing  

approval 

Post - Marketing  

approval 

EMA/EU 

US 

PIP  PIP  

Amendment 

If needed  

Approved PIP required for MAA 

PDCO 

Adult PK 
Preclinical info 

PSP* 

discussed  

WR issued 

by BPCA 

PREA 

requirement 

agreed  prior 

approval  

Compliance 

check: 

-Paediatric data 

-Or deferral 

-Or waiver 

*currently new guidance are being updated 

Consideration also required for: 

Japan 

China 

Australia 

Canada etc 

Regulatory agencies have requirements 

to plan paediatric development: paediatric 

investigation/study plan in Europe/US 

(PIP/PSP). 
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Clinical paediatric trial consideration? 

•What do we want the trial to tell us? 

•What do we need to assume? 

•Age appropriate Formulation  

•Feasibility on location of sampling? 

•Blood volume limitation (ICH-11, WHO, many guidance existed ) 

•SAD and MAD? 

•Rich sample sparse sampling? 

•Can single dose predict steady state? 

•Consideration of micro-sampling: Wet and dry (Dry Blood Spot)? 

•Drug-Drug Interaction (DDI)? 

•PD? 

 

Conclusion: Many consideration and it’s not simple 
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Benefit/Risk decision and M&S continuum   

Learn/confirm 

and predict 

Phase VI 

Registering  

and  

Labeling 

(MAA) 

Uncertainty  
Confident and Drug and Disease  

Paediatric Strategy & Investigation Plan Early 
Rich sampling 

 PK in Ph1 

PIP in amendments Fulfilled PIP 

•Adult dose-exposure (PK)-response (PD) ,DER, relationship 

•DER similar in adult and paediatric population 

•Age groups differences in exposure 

•Biomarker/safety response similar? 

 

 

 



Limited data collected in trial potentially (issues in both adult and 

children trials) : Population PKPD approach 

Non-linear Mixed effect modelling (across species) 

•Utilise all data (rich sampling and sparse) in a population levels 

•Understand inter and intra individual variability 

•Covariate effect (on ADME) 

•Incorporation of Bayesian methodology (prior distribution) 

•Regulatory acceptance 

 

 

 

 

 

Cheung SYA AP, AZ 28 Jan 

2014 

Rich sampling 

 PK in Ph1 

Sparse sampling PK in Ph2 

Population modelling diagnostic plot 

Plots are for illustration purposes 



Similar idea for  FDA: 

Guidance for 

Industry: 

Exposure-

Response 

Relationships 



Children are not small adult!  

Growth, maturation/ontogeny 

•Continuous development from embryo to adolescent 
Body composition (weight, height) 
Organ function (e.g. lung, liver, kidney) 
ADME changes (ontogeny /maturation) 
• A: Gastric acid &GI emptying &feasible route of admin 
• D: Volume distribution, diff fat & body water & transporter, protein 
• M: Drug metabolizing enzymes (CYPs) 

- Unique metabolic pathways 
• E: renal 
Receptor response (pathway, safety) Data? 
Appearance Clearance: important parameter 
 
Dose = CL/F * AUCtau 
 
But to what extend we will use 0.75 as a factor of allometric 
scaling? 

 

Kearns, G. L. et al. N Engl J Med 2003;349:1157-1167 

Group Age 

Neonate < 1 month 

Infant 1 month – 2 years 

Child 2-12 years 

Adolescent 12-16 years 

‘Mini Adult’ 16-<18 years 

Draft guidance Paediatric PK study 1998 
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Outline: PBPK modelling 

What is PBPK modelling approach? 

Why we are using it?  

Regulatory view 
Both Europe and US 

Examples 
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Empirical Approach vs. Mechanistic Approach 

 
Consideration: 

•Objective 

•Assumption 

•Amount and quality of data 

•Extrapolation? Extend? 

        

Manolis et al. Ped Anes 21: 214-221 (2011) 

Simcyp 2013 

M&S in positive PIP opinion (as of Jan 

2010). Model types and number of 

opinions with reference to specific model 

types. 
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Application of physiologically based PK/PD model (PBPK/PD) 

From July 2008 to June 2012, the FDA reviewed 18 IND 

and 15 NDA submission containing PBPK M&S to support 

clinical pharmacology by sponsors. In addition, FDA 

reviewers conducted PBPK M&S to support review of 

another 16 submission which sponsor did not use PBPK 

Rowland, Peck, Tucker 2011 Annu. Rev. Pharmacol. Toxicol. 

Zhao et al, 2011 Clin. Pharm. Ther 

Zhao et al, 2012 Clin Pharm Ther 

Huang et al, 2013 J Pharm Sci 

 

Distribution of clinical pharmacology question addressed 

by PBPK among submission over the period of Jun 2008 

and Dec 2011 
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Background 

• Mammalian body consist of a number  
   organs/tissues that are interconnected  
 
• Organs between species 
• Common link via blood circulation  through heart, lung and blood vessels  
• Vital organs are similar in function such as brain, heart , lung 
• Sizes and ADME process are different  
• Similarity allow us to understand cross-species PKPD in species ,important to  
      drug development 
 

• In humans, organs form systems: 
• 11 major systems 

- Cardiovascular 
- Respiratory  
- Digestive 
- Endocrine 
- Excretory 
- Reproductive 
- Skeletal  
- Integumentary 
- Muscular 
- Nervous 
- Immune system 
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PBPK: Physiologically Based Pharmacokinetic model 

• It’s not a new science but evolving 

•First discussed by Teorell T. 1937  

• Not restricted to mammal, as in 

environmental  tox.  and risk 

• Aim: PBPK model reflects the 

physiological structure that we have 

knowledge on such as blood flow rate and 

tissue volume to understand underlying 

mechanism  
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The Physiological (PBPK) Approach 

•Incorporates known physiological parameters and overlays compound specific 

properties into a single model structure 

•Estimate kinetics in a target tissue or organ (effect compartment) 

• Evaluate the effect of various intrinsic (age, race, gender, disease, etc.) and extrinsic 

(DDI, environment, smoking, etc.) factors on drug exposure and response 

•Model variability & uncertainty 

 

 

 

 

User friendly software 

imbedded or allow software 

development e.g.:  

• Simcyp, PK-Sim & 

SimulationPlus, Gastro-plus 

• NONMEM, MATLAB, ACSLX  

Zhao et al, 2011 Clin. Pharm. Ther 
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Usage of PBPK model: 

• A prior prediction of PK 

• Understanding of the impact of changes in metabolism and 

transporter on PK and toxicity effects 

• Effective and integrative use of in-vitro and in-vivo data 

• Accumulating knowledge of the estimated kinetics (effect) 

compartments that will be useful for same compound class 

• Extrapolation across species, routes of administration and 

doses 

• Special populations such as paediatric, obese and elderly 
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Formulation extrapolation  

Adult 

formulation B 
Real clinical trial  

 

Adult 

formulation A 
Real clinical trial  

Paediatric 

formulation A 
Real clinical trial  

 

Paediatric 

formulation B 
Modelling study 

Modelling 

extrapolation 

using PBPK 

Assumptions:  

•Similar disease/progression 

•Similar response to treatment 

 

Validate in adult in two formulation in 

PBPK model 

Adult & Paed. PBPK Comparing PK 

parameters: 

• Absorption, CL/f, V 

• AUC/Cmax 

Allow investigation of DDI aspects, 

CYPs, transporter and UGT 

Ethical to avoid unnecessary trial  & 

increase for other paediatric 

development 

Modelling 

extrapolation 

using PBPK 
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Adaptive protocol and modelling 

Proposed  

dose 

X mg 

Extrapolation 

with existing 

data (data, 

preclinical  

Data 

collection 

(blood 

sampling) 

Modelling  Dose-

exposure-

response  (PD, 

efficacy, safety) 

Dose 

Adjustment 

New dose 

used 

Validation 

Adapting 

• Usefulness of 

simulation with existed 

model and data 

•Incorporate ongoing 

study data for dose 

adjustment 

•Adaptive design 

incorporation into 

protocol 
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PBPK Optimal design 

Data in adult 

Data in Children 

(limited?) 

Data in literature 

M&S in 

paediatric  

Population 

modelling sparse 

samples 

PKPD 

modelling 

Bayesian 

approach 

simulation 

 

 

 

•Quality and quantity of PK data  

•Model consideration 

•Strategy: extrapolation from 

preclinical, adult and older children 

•Use prior knowledge 

•Identify covariate 

•Minimise optimal number of samples 

and number of patients 

•Interaction and impact to organs 

•Predict exposure in diff. Age group 

•Use PK extrapolate to efficacy 

•Dose individualisation 

 

 

 

 

 

 

•Utilise existing information 

•Justify necessity of additional trial and 

trial design 

•Ethically, min study need, size and 

distress, pain and fear 

•Maximise fain of knowledge in 

paediatric setting 

•Develop better paediatric study  

•Develop dosing recommendation 

•Provide evidences and rational for 

regulatory 

 

 

 

Rich and 

sparse data 

Unmet medical 

need in Children 

Adult ≠/=children? 

Growth and maturation 

Disease /Response diff  

Regulatory 

expectation 

Ethical consideration 

paediatric clinical trial  
Modelling and 

simulation in drug 

development 

(useful? 

Acceptance?) 
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Conclusion 

M&S → crucial decision → fewer trials →fewer failure 
compounds →reduce cost →higher productivity 

Key → Integrating trials and external data as projects 
develop (base decision on evidence in data) 

Literature → Some therapy areas are better 
represented  in the literature than others using M&S 
- Clinical end point (measured + sampled) e.g. pain 
- System biology/pharmacology → cellular pathway e.g. oncology 

Communication → Results to influence a project 
Use and learn →  existing tools 
Adapts new tools → to the current process 
Wider education → M&S idea 
Collaboration→ Scientists and clinical practitioners 
Impact→ Science and patient’s life 
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Thank you and questions? 
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