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AT Selection Criteria

1. Initial resistance fraction

2. Vicinity to carrying capacity

3. Resistant cell fitness
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Turnover4. Turnover

Important Factors in AT
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What about space?



The Model
• Assumptions:

• 2-D, on-lattice ABM.
• Sensitive and resistant cells.
• Drug kills dividing cells.

• Drug Schedules:

• Continuous Tx: 

• Adaptive Tx from trial.
• Parameters:

• Previous AT modelling 
studies in prostate cancer.
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Can AT improve over CT?

• Random ICs as a “worst case”.
• AT can still be beneficial.

Parameters: n0 = 75%, fR = 0.1%
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The models agree qualitatively
Impact of  Initial Conditions

• Crowding and low resistance 
fraction benefit AT.
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Impact of  Cost and Turnover

• Turnover aids AT and modifies 
the impact of resistance costs.



But quantitative dynamics quite different
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Simulations for the same parameters

• The spatial model predicts different time 
dynamics, and generally smaller relative benefit.



Why do the models differ?
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Quantifying competition
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1) How much competition is there? 2) Who do resistant cells compete with?

• Conclusions:

• Competition increases under AT.
• But also under CT…

• Most resistant cells compete with other 
resistant cells!



A double-edged sword
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• Competition with sensitive cells is a 
double-edged sword.

• That’s why intra-specific competition 
is important.

Increasing competition between 
sensitive and resistant cells Smaller gain, despite 

more competition with 
sensitive cells



AT is not only about sensitive cells
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Edge Core

The “Classical” View of Adaptive Therapy

Incorporating Intra-Specific Competition

AT leverages both inter- as well as 
intra-specific competition!
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The “Classical” View of Adaptive Therapy

Incorporating Intra-Specific Competition

*Diagram adapted from Carlo Maley



The Bruchovsky (2006) et al data

Bruchovsky et al. (2006). Final results of the Canadian prospective Phase II trial… Cancer, 107(2), 389–395. 



The Bruchovsky (2006) et al data

• Data from 67 
patients undergoing 
intermittent 
androgen 
deprivation 
therapy.

Bruchovsky et al. (2006). Final results of the Canadian prospective Phase II trial… Cancer, 107(2), 389–395. 

Drug on Observation
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Fast and slow cyclers display 
different spatial organisation

S(t) R(t)N(t) under IMT Drug on Observation

Free parameters: n0, fR, cost, turnover.
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• The ABM can fit the data.



Fast and slow cyclers display 
different spatial organisation

R2 = 0.90R2 = 0.31

S(t) R(t)N(t) under IMT Drug on Observation

• The ABM can fit the data.
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• Spatial organisation differs 
between fast and slow cyclers.

Free parameters: n0, fR, cost, turnover.
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The Carpet-Patch Hypothesis

Free parameters: cost, turnover.

S(t) R(t)N(t) under IMT Drug on Observation
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S(t) R(t)N(t) under IMT Drug on Observation
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S(t) R(t)N(t) under IMT Drug on Observation
Turnover in %
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The Carpet-Patch Hypothesis

Free parameters: cost, turnover.

S(t) R(t)N(t) under IMT Drug on Observation
Turnover in %

C
os

t i
n 

%

40%

100%

0% 50%

No Relapse
With Relapse

a b
Patient 16Patient 36 Patient 41

“Carpet” “Patch”

36

16
41

Cycling Frequency in 1/y
0.31.1

88*

75*

0 500 1000 1500 20000 500 1000 1500 20000 500 1000 1500 2000
0.0

0.5

1.0

1.5

2.0

PS
A 

Le
ve

l (
re

la
tiv

e 
to

 b
as

el
in

e)
Sn

ap
sh

ot
 a

fte
r 

1s
t  c

yc
le

Fr
eq

ue
nc

y

0

1

Time in Days0 1500

S(t) R(t)N(t) under IMT Drug on Observation
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Is this idea plausible?

Free parameters: cost, turnover.

S(t) R(t)N(t) under IMT Drug on Observation
Turnover in %
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• Bruchovsky et al: 
“suggestive trend that a 
Gleason score <6 may be 
associated with a slightly 
longer time off treatment in 
the initial 2 cycles.”

High Gleason Low Gleason



Where next?

• Look beyond Lotka-Volterra:

• Spatial structure

• Resource competition

• The role of normal tissue.

• Role of stochasticity?



Summary

• Intra-specific competition is an important factor in AT.

• Need to incorporate where and how often resistance arises to judge 
benefit of AT.

• Patient cycling dynamics may tell us about spatial structure, and 
how we should adapt therapy.

Inhibits
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