Supplementary Material

Derivation of Release Profile Normalization Constant

To ensure a fair comparison between the administration types, the plasma concentration of the drugs
should be the same. To do this, the release profiles are integrated. For the separate administration:
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where t; is the half life of the drug. Then for the nanocell administration:
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So, equating these with a normalization constant implies that the normalization constant for each drug
must be:
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This is the form of the normalization constant used to implement the drug schedules.
System Parameters and Sensitivity Analysis
The tumour growth/treatment system is nondimensionalized using the transformations
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This leads to the nondimensionalized system
7t
an((;? ) =V +n(1—n)+ amemn — d,an — nR(t) (5)
om(Z,1) 2 2
= D, Vo m + m(y + om + em=) + apmnm — BpmV - (mVn) — omA (6)
—_( — 2 k2
0= V2k + ryme (mum) — 1q-]|€- 2l nk (7)
0=V2A4+ X \ym(A,(t) — A) —Ty(n)A — ks A (8)
0=Vc+r H(t)m67<mzm)2 — Geks c— \.c 9)
C k2 + I{/’Q C



qck?

_ w2
0=V a+k2+k2

c— M@ (10)

" 2
0= N, (tyme~(Fm) Z AN (11)

where the parameters are grouped into nondimensionalized reduced parameters and all tildes have been
dropped for simplicity. The system is implemented computationally using this nondimensionalized ver-
sion. A sensitivity analysis is performed on the relevant nondimensionalized parameters appearing in
equations (5)-(11) in S1 Fig and S2 Fig. The sensitivity analysis is performed by increasing and de-
creasing each parameter value by 10%, then calculating the resulting range in tumour cell number and
hypoxic area. The sensitivity as shown in S1 Fig is the range from parameter perturbation divided by the
unperturbed result (relative sensitivity). Notice that for total tumour cell number without treatment, the
model is most sensitive to changes in the proliferation rate from vessels, a,,, with a 20% total change
in parameter value leading to an approximate 20% total change in cell number. Also notice that the
oxygen parameters are not included in the plot for tumour cells as oxygen availability does not directly
affect the cell number in our model: rather, the growth of the tumour is phenomenologically impacted by
the tumour vasculature. For hypoxic area, notice that the oxygen supply rate, rr, and the oxygen decay
rate, 77, have the largest impact with a 20% change in parameter values leading to an approximate 79%
and 70% change in hypoxic area. For parameters related to treatment, the model is generally insensitive
to parameter changes, with all sensitivities remaining under 10%, except for the nanocell decay rate,
An. However, a change in Ay simply corresponds to a change in the total amount of drug seen by the
tumour, since when nondimensionalized, scaling Ay is equivalent to scaling Ry. Therefore it is a not a
fair comparison with the separate administration case. Furthermore, the goal of a sensitivity analysis is
to determine whether perturbations of the model parameters would significantly change the conclusions
of the model. To assess this, we further examined those parameters that showed high sensitivity by run-
ning additional simulations to see whether the nanocell administration remained superior to the separate
administration. As can be seen in S2 Fig, the superiority of nanocells is maintained for all perturbations
of the most sensitive parameters. This analysis could be done for all parameters, but would require
significant computation. It is similarly unlikely to result in a change of the conclusion since the model
is less sensitive to the other parameters as can be seen in Fig. S1 Fig. We therefore conclude that the
model is robust with respect to reasonable changes in the parameter values.

S1 Fig. Relative sensitivities of model parameters for the no treatment case. The relative
change in total tumour cell number and total hypoxic area is shown for a tumour after 15 days of growth.
Oxygen parameters are only included in the hypoxic area figure as they do not impact the total cell
number.

Two parameters in our model were estimated to better match with previous studies and analyze the
results. The vessel chemotaxis rate, (,,,, is estimated to qualitatively match the vasculature obtained in
[1]. If the value for B, from [1] is used in our model, the vessel density does not reach the same maximum
and the qualitative vessel shape dramatically changes from that observed in [1]. We manually altered
Brm in order to match the observations in [1]. For g, the value used in [2] caused a very low amount of
hypoxic area to be observed in our simulations, making the effect of AAs difficult to differentiate. To help
identify the differences, we increased the value of gi. Importantly, the model is insensitive to changes in
both of these parameters, as can be seen in S1 Fig.



S2 Fig. Examination of the effect of perturbations of the model’s most sensitive parameters
on the overall conclusion of the model. As can be seen, the nanocell administration is superior to
the separate administration in all cases. Each group of bars represents the changes in a single parameter
value where the blue bar represents the nanocell case with a 10% increase in the parameter value, the red
is separate administration with a 10% increase, green is nanocell with a 10% decrease, and purple is the
separate with a 10% decrease. The remaining cell number is normalized using the separate administration
case with no parameter changes.
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