S3 Appendix: Estimation of parameters

In order to keep the model as realistic as possible, we attempted to choose parameters
such that the simulated tumor reflects some behaviors observed clinically. According to one
study, breast tumors grow on average 7.8+3.9 years before detection, where the detection size
is approximately 10° cells [1]. The value of k, the intrinsic carrying capacity, should reflect the
fact that typical tumor population sizes can range from 10° to 10! cells [2, 3]. One estimate
is that the size limit of cancer cell populations prior to the initiation of angiogenesis is 10° [4],
so this is a reasonable estimate for the intrinsic carrying capacity k. On the other hand, the
size limit after angiogenesis is on the order of 102 [4], which is generally viewed as the lethal
tumor size at which patient death occurs [5]. Other methods estimate the maximum tumor
size to be 12 cm [6] which corresponds to approximately 7.23 x 10 cells [2], corroborating

the 10'2 estimate.

The intrinsic growth rates of clones can be estimated using data from the Norwegian
Breast Cancer Screening Program [6]. The study used a logistic growth model and data
from a large population to estimate doubling times of breast cancer tumors. In women aged
50-69 years, a 15 mm tumor doubled in diameter on average in 100 days while a 10 mm
tumor doubled in diameter on average in 1.7 years. Using the conversion that one cubic
centimeter tumor corresponds to 10® cells [2], and assuming tumors are perfect spheres,
these two doubling times can be converted to 0.0707 and 0.0113 day ', taking into account
size-dependent growth. Thus, a reasonable estimate for the highest growth rate rop may be
0.07 day~'. This agrees with growth rates obtained from other studies using clinical data [5]

and is similar to assumed parameters used in another mathematical model [7].

The rate of intravasation into the bloodstream has been estimated to be on the order of
107 to 107! day ', but this seems to include the death rate of circulating cells [8]. It is often
estimated that less than 1% of circulating tumor cells survive [9, 10]. Another estimate of
the integrated rate of leaving the primary site and successfully joining a secondary tumor in
pancreatic cancer is 6 x 1077 per cell cycle [11]. We thus assume the parameter a describing

intravasation is on the order of & = 10~% day ' or less, which is several orders of magnitudes



smaller than all other parameters.
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