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SUPPLEMENTARY FIGURES 15 

 16 
Figure S1. Exponential distribution of the number of metastatic sites generated 17 
from type-2 cells in different size categories.  18 

Blue lines denote the results of direct computational simulation and red lines 19 
denote a cumulative exponential distribution with the mean of the expected numbers of 20 
the categories. Parameter values are (A) r=1.0, a1=1.5, a2=2.0, a3=2.0, u1=u2=0.001, 21 
q=0.01, and M1=107; and (B) r=1.0, a1=1.5, a2=2.0, a3=2.0, u1=u2=0.001 q=0.001, and 22 
M=107. 23 
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 26 
Figure S2. Probability of metastasis generated from type-2 cells with various 27 
(epi)genetic alterations and metastatic rates. 28 
 The figures show the dependence of the probability of the existence of 29 
metastatic cells (type-3 cells) upon diagnosis for various parameters. The blue dots 30 
show the results of the direct computer simulations, while the red line shows the 31 
predictions of the analytical approximations (Eq. (9)). Parameter values are listed in 32 
panel J. 33 
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 35 
Figure S3.	
 Probability of metastasis generated from type-2 cells with various 36 
growth rates for each cell type. 37 
 The figures show the dependence of the probability of the existence of 38 
metastatic cells (type-3 cells) upon diagnosis on the growth rate for each cell type. The 39 
blue dots show the results of the direct computer simulations, while the red line shows 40 
the predictions of the analytical approximations (Eq. (9)). Parameter values are listed in 41 
panel K. 42 
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 44 
Figure S4. Expected number of metastases generated from type-2 cells with 45 
various (epi)genetic alterations and metastatic rates.  46 
 The figures show the dependence of the expected number of metastatic sites at 47 
diagnosis on various parameters. Dots show the results of the direct computer 48 
simulations, while lines show the predictions of the analytical approximations (Eq. (12)). 49 
Parameter values used are listed in panel J. 50 
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 52 
Figure S5. Expected number of metastases generated from type-2 cells with 53 
various growth rates for each cell type. 54 
 The figures show the dependence of the expected number of metastatic sites 55 
upon diagnosis on growth rate for each cell type. Dots show the results of the direct 56 
computer simulations, while lines show the predictions of the analytical approximations 57 
(Eq. (12)). Parameter values used were listed in panel K. 58 
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 60 
Figure S6. Expected number of metastases generated from type-1 and type-2 cells. 61 
The figures show the number of metastatic sites of the indicated sizes upon diagnosis on 62 
the x-axis based on computational simulations (black squares) and theoretical formulas 63 
(brown lines) when the primary tumor is diagnosed at a diameter of (A) 3.5 cm and (B) 64 
7 cm. Parameter values are r=0.11, d=0.01r, a1=0.16, b1=0.01a1, a2=0.24, b2=0.01a2, 65 
a3=0.58, b3=0.01a3, u1=u2=6.31×10-5, and q=q’=6.31×10-7, which are based on the 66 
estimation using time series clinical data in the pancreatic cancer autopsy program [1].  67 
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 69 
Figure S7. The number of metastatic sites generated from type-1 and type-2 cells 70 
in different size categories. 71 
 The table shows the number of metastatic sites generated by type-1 and type-2 72 
cells in various size categories. The diameter at diagnosis is (A) 1 cm, (B) 2 cm, (C) 3 73 
cm, (D) 4 cm, (E) 5 cm, and (F) 6 cm. Parameter values are based on the estimation in 74 
the autopsy program [1]; r=0.11, d=0.01r, a1=0.16, b1=0.01a1, a2=0.24, b2=0.01a2, 75 
a3=0.58, b3=0.01a3, u1=u2=6.31×10-5, and q=q’=6.31×10-7. 76 
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 78 
Figure S8. Exponential distribution of the number of metastatic sites generated 79 
from both type-1 and type-2 cells in different size categories.  80 
Blue lines denote the results of direct computational simulation, and red lines denote an 81 
exponential distribution with the mean of the expected numbers of the categories when 82 
the size of the primary tumor is 1 cm. Parameters are based on the estimation in the 83 
autopsy program [1].; r=0.11, d=0.01r, a1=0.16, b1=0.01a1, a2=0.24, b2=0.01a2, a3=0.58, 84 
b3=0.01a3, u1=u2=6.31x10-5, q=q’=6.31×10-7, and M=2.7×109.  85 
 86 
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 88 
Figure S9. Probability of metastasis generated from both type-1 and type-2 cells in 89 
different size categories. 90 
Panels show the probabilities of existence of metastases of the indicated sizes upon 91 
diagnosis on the x-axis, with the assumption that the number of metastatic sites follows 92 
an exponential distribution with the mean of the expected numbers of categories. “Large” 93 
denotes a metastatic site larger than 2.5 cm, “medium” denotes between 0.5 cm and 2.5 94 
cm, “small” denotes between 0.1 cm and 0.5 cm, and “micro” denotes less than 0.1 cm. 95 
The diameter of the primary tumor at diagnosis is (A) 3.5 cm and (B) 7 cm. Parameter 96 
values are based on the estimation in the autopsy program [1].; r=0.11, d=0.01r, 97 
a1=0.16, b1=0.01a1, a2=0.24, b2=0.01a2, a3=0.58, b3=0.01a3, u1=u2=6.31×10-5, and 98 
q=q’=6.31×10-7. 99 
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 102 
Figure S10. Relationship between the number of cells in each population at 103 
diagnosis and survival duration. 104 
 Red dots show the theoretical predictions by Eqs. (19) and (20), and blue dots show 105 
the results of computational simulations. Population types are (A) type-1, (B) type-2, 106 
and (C) type-3. Parameter values are based on the estimation in the autopsy program 107 
[1].; r=0.11, d=0.01r, a1=0.16, b1=0.01a1, a2=0.24, b2=0.01a2, a3=0.58, b3=0.01a3, 108 
u1=u2=6.31×10-5, q=q’=6.31×10-7, M=10N(9.47,0.59), and !M =1011.2. Here, N(9.47, 0.59) 109 
represents the normal distribution with mean 9.47 and variance 0.59.  110 
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 112 
Figure S11. Survival based on computational simulations and theoretical 113 
predictions. 114 

Survival analyses comparing theoretical predictions (black lines, Eq. (19) and 115 
(20)) and computational simulations (red lines). P values are (A) 0.10, (B) 0.92, and (c) 116 
0.86, (D) 0.77, and (E) 0.10. Parameter values used are listed in panel F. 117 
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