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1 Non-constant death rate
We use (?7) with

wy (k) = max{p(1 — 4k),0}. (1)
Thus a cell’s survival probability is a function of its initial regulator value, given by

si(t, k) = exp <u /t(l - 4k(s))ds)
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= exp (—,u(t —ty — %(1 + eé(ttk)))> .

1 k=025
- k=05
=2 _
2 sl k=075
- k=10
0 1 8
t

0 0.25 1
k

Figure 1: Upper: each line is fixed k and s(t, k) is the probability that a cell, whose initial regulator value
k;(0) is equal to k, is still alive at time ¢. Lower: each line is fixed ¢ and shows the probability that a cell,
whose initial regulator value is k, is still alive. The formula used is (2), with 4 =1 and 6 = 0.5.

As 6t — oo,
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Thus

1
Sy (t) = / su(t )k = Aje=  as 5t — oo, (@)
0
where 51
a1
A =et/0 4 4 7 (om0 ),

2 Estimate of critical value

Given A\, T and T, what is the minimum value of i necessary to guarantee eventual extinction? Figure 2
summarises numerical results at different values of u. Blue dots represent the mean number of cells still alive
after 100 cycles of dose and recovery. If u is sufficently large then the mean number of cells is small (and all
cells are eliminated in some realisations). At smaller values of u, the population grows in the long run. In
a deterministic model, there is a sharp transition between behaviours in the late-time limit. In a stochastic
model, the probability of extinction is non-zero even when p is below the threshold. In both cases, the greater
the number of doses, the sharper the transition appears.
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Figure 2: Each blue dot represents the mean number of cells still alive after 100 doses; Each red dot represents
the extinction percentage calculated from the same 10000 realisations. The initial number of cells is 100 and
the parameter values are A = 0.25, « =2, § = 2.5, T = 3 and T; = 1. The dotted vertical line is the estimated
value of i, below which ultimate extinction is certain given a sufficient number of doses, calculated using (6).

With these caveats, it is useful to constract an approximation for the critical value of u and examine its
parameter dependence. We may estimate the critical value from the relation

1 X mean time spent in death pool = A X mean time spent in division pool.

Applying this relation is not straightforward because it requires knowledge of the distribution of regulator
values after many cycles of dose and recovery. We obtain an estimate of u. by considering the times T3, 15,
T3 and T, that characterise entry to and exit from the death and divison pools, as shown in Figure 3. Using
the approximations given in Figure 3, we estimate that the critical value, p., satisfies the condition

pe(Ts = To) = ATL + T = Ty) (6)

We note, firstly, that u. is proportional to A, the division rate of cells when they are in the division pool.
Next, we observe that p. is a decreasing function of § and of Ty/T. That is, faster-acting drugs, and drugs
that are applied for a longer fraction of the total cycle time, kill cancer cells more rapidly. The dependence
on the parameter « that describes the rate of relaxation of regulator values in the recovery periods, is more
complicated because speed of recovery affects times spent in both death and division pools.
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Figure 3: Constructing the approximation. The green line is the regulator value of one cell through one round
of dose and recovery. Dotted line: k& = 0.5. Dashed line: k£ = 0.25. We use the following approximations:
T = %logQ, T = %logél, T35 =Ty + élog%, T, =Ty + élogQ.



