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Modelling Pre-Clinical Oncology data
• What are the aims of pre-clinical PKPD?

• Help validate the linkage between target and disease
• Provide a quantitative framework• Provide a quantitative framework
• Identify drug exposures (and biomarker responses) that are efficacious to 

enable clinical predictions
• Generate hypotheses for further experimentationGenerate hypotheses for further experimentation
• Optimal dosing schedules
• Identify schedules that are efficacious in combination with standard of care

•Translate to the clinic
•Dose Escalation
•Balance with Safetyy
•Go/No Go
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Cancer disease process: 
Translation from animal to human
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Overview of models in the literature

•Empirical models of control 
growth. 
N l ti f h th di•No explanation of how the disease 

state results in this. 
•No explanation of how the drug 
interacts ith this processinteracts with this process
•OK for prediction within drug, but 
not between drugs

Wang et al CPT 2009 for clinical NSCLC 
model. Links tumour growth to outcome in 
Drug Independent wayDrug Independent way

M d l b Si i d k AllModel by Simeoni and co-workers. Allows 
for delay in drug effect. Drug effect linear 
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Overview of models in the literature:

Mechanism of interaction not explained –
what if proliferating fraction is different?
Interaction not related to concentration ofInteraction not related to concentration of 
both drugs – One drug is apparently 
more effective in the presence of the 
other
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What are the issues?
Drug Dependent
• What effect does the drug have on the 

pathway?
C h d l d d t ffi b• Can schedule dependent efficacy be 
explained?

• Can we extrapolate to untested doses 
and schedules?and schedules?

System Dependent
•Pathway inhibition can have multiple 
consequencesconsequences
•Connecting target mechanism to disease 
progression
•Multiple processes in tumours, these are p p ,
likely to be different between xenografts, 
explants and clinical tumours

•Vasculature
•Cycling compartment
•Drug distribution
•Doubling rate
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Example 1: connecting indirect response 
bi k t ft thbiomarker to xenograft growth
• Biomarker delay allowed 

explanation of delayed effects onexplanation of delayed effects on 
xenograft growth

• Can test whether biomarker 
predicts efficacy for other drugspredicts efficacy for other drugs 
with same target – confirms 
biomarker is appropriate
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What do we need in a mechanistic tumour 
th d lgrowth model

• Link between target, target effect and disease process that can 
rationalise different effect for different dosing regimen
• Is the delay in drug effect observed due to delay in pathway orIs the delay in drug effect observed due to delay in pathway or 

duration of cell death process?
• Apoptosis is not the only mode of cell death

• Account for potential different effects the same agent hasp g
• Mechanistically rationalise effects of combination therapy – additive, 

synergistic, antagonistic
• Mechanism (and system approach) allows differences between animal 

and human to be factored in
• Translation –linkage from target engagement to xenograft growth to 

translate PoM markers
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Making models more mechanistic
PHARMACOKINETICS PHARMACODYNAMICS
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• Data can be generated at these various steps pre-clinically
• Some steps are measurable clinically
• Intermediate steps (eg Target Mechanism) are not
• Mechanistic link assume pre clinical mechanism is relevant• Mechanistic link – assume pre-clinical mechanism is relevant 

to clinic (implicit assumption of xenograft studies)
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Emerging models in the literature: More 
h imechanism

Model Considering different populations of 
cells and the effects of hypoxia and 
angiogenesis
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Emerging models in the literature: More 
h imechanism

•Useful linkage between biomarker and drug effect
•Considers markers of proliferation and apoptosis
•Effect on tumour (cell population) is a balance ofEffect on tumour (cell population) is a balance of 
these effects. Normal distribution used to model 
proportion of cells in each state 
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Can we make models more mechanistic?
• Simple framework of micro-

environment offers the possibility 
t b ild i t h i ti

PK/PD
to build in greater mechanistic 
detail.

• More physiological
Cell Death

Proliferating Cells 
in Outer Shell

• “Diffusion thickness” is  vascular 
capacity to supply nutrients.  
Angiogenesisg g

• Movement of cells between shell 
and core as xenograft
grows/shrinks Allows for changing

Diffusion
Thickness

Core 
Radius

grows/shrinks. Allows for changing 
proportions of viable:dead cells 
after multiple treatment cycles

• Structurally Identifiable• Structurally Identifiable
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Can we make models more mechanistic?

PK/PD•Exponential to linear growth modelled 

Cell Death

Proliferating Cells 
in Outer Shell

PK/PDp g
as proliferating shell becoming a 
decreasing proportion of the total 
volume Model by Jumbe et al (J PKvolume. Model by Jumbe et al (J. PK 
PD 2010) is case where diffusion 
thickness is zero.
•Can apply separate effects of anti

Diffusion
Thickness

Core 
Radius

•Can apply separate effects of anti-
proliferation, pro-apoptosis and anti-
angiogenesis driven by PK or 
bi kbiomarkers
•Drug effect applied to susceptible 
compartment (e.g. cycling cells) only
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Example 2: Multiple effects of drug and 
bi ticombination

• Two biomarkers- one of proliferative, one 
survival Proliferating Cells 

PK/PD

Anti-proliferative and 
pro-apoptotic

• SoC no PD so used PK to drive apoptotic effect
• Assumed SoC could only effect cycling 

compartment – potential for antagonism
• Assumed pro apoptotic effect would increase

Cell Death

g
in Outer Shell

Core 

~0.05 hr-1

• Assumed pro-apoptotic effect would increase 
effect of SoC – potential for synergism

• Model can capture differences in efficacy and 
drug effect on rechallenge
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Conclusion

• More mechanism can be built in whilst ensuring identifiability
• More mechanism?

• Cell Cycle
• DNA synthesis
• Metabolism
• Resistance

• Are different phenotypic changes distinguishable from 
tumour growth data? Can we confirm mechanism is correct?
Wh t th diff i l t ft li i l• What are the differences in explants vs. xenografts vs clinical 
tumours?

• What are the equivalent human tumour system parameters 
(f i t t )(for a given tumour type)

• Model is framework to be built upon– is identifiable despite 
complexity
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