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2.1 unu (Introduction)

As known, cancer is leading cause of human death in many past decade. In
tumor biology, cancer is uncontrolled growth of cells and also has the ability to
invade and damage normal tissues. In microscopic mechanisms, the immune
system which attack tumor cellsis complex with principal role to suppress the
cancer or tumor growth in both in vivo and in vitro, see detailed in [1-9]. The
important roles of immune system to cancer cell start with antigen presenting cells
(APCs) to recognize foreign antigens and present to T cells to induce the immune
cells to recognize and memorized cancer cells, as caled immune surveillances.
However, after the immune surveillances recognized the cancer cells and form to
be the cancer —complexes cells, they can evade the immune system to be malignant
tumor [5, 6]. Therole of immune response after recognition process, will be the
duty of cytotoxic immune cells, such as CD8+ or T cells, NK cells these cells may
called effector cells, to kill the tumor cells to be dead tumor cell or necrosis cell [5-
9]. The apoptosis of dead tumor cells with degradation process from the tissues
[5,6,9], is caused by the effective immune response. However, if the dead tumor
cells keep dormant or necrosis is caused by ineffective immune response, as
Immunosuppression to induce apoptosis and decay process of the dead tumor cells
[5-8]. The explanations of the effective and ineffective immune response to show
the critical role for immune system to control the tumor, we can see the detail in [5,
6].

2.2 N15A15AUIANAARAZNITITETABE0 (Survey of Related Literature)

As known, that cancer growth with immune response in subcellular level is
complex biological processes and poorly understood, which challenges the
mathematicians and computational scientist to explain the cancer growth, as seen
the various mathematical models of cancer growth with immune interaction, as
reviewed in [10,11]. A number of computational researches proposed the
mathematical model to explain the tumor growth with immune interactions over
the past decade, such as[12-18]. The cellular automata model (CA) isa
mathematical model which suitable for study the emergent behavior of
microscopic interaction processes including the tumor —immune interactions such
as[12-17]. In 1993, Qi and coworker [12], they proposed the kinetic model to
explain the cell dynamics for tumor growth with immune response to tumor and
then employed the stochastic cellular automata model (SCA) on two dimensional
square lattice. They studied the simulation results by the growth curves with the
difference set of parameter setting. The growth curve give rise the Gompertz — like
curves, which iswell known for predict the avascular tumor growth in
experimental results [20,21]. In 2006, Boondirek and coworker presented the SCA
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of cancer growth with immune response on two dimensional square lattices by
adding the escape mechanism for cancer cells from immune surveillance which
found in experimental reports, as see the detail in [5,13,19]. Boondirek and
Triampo[ 14] studied the kinetic model which proposed by [13] to extend the SCA
model on cubic lattice with more million cells for their ssmulation results with
compared with experimental data, and Boondirek and coworker [15] extended
study to give rise the ssmulation results for the sensitivity analysis for some
parameters in their model to explore the efficacy of parameter and compared the
simulation results with the experimental results.

2.3 35m5398 (Pr r
1. Fur nansvaaemnanadnuesnisiasyveniiosen ankansnnaesTinL
2. a%ﬁﬂmﬁmmLLUUf\i’waaammiﬁmmamiﬁaa’%maﬂmaﬁmﬁumL%Lf:aqaﬂﬁ’umié’q
danawiaanaanovaueseniduilusyduima
3. ahwhuuueagafeelauneuasnayveniosentumnsuauniie
QRANTY INMTATINgvetelaLIm
6. \Feulsunsueeufiuges  muduuumegansoslawnouveamatiyveaiesen
fun1smevaNeIE AN
5. wageuAugndevedlUsunTLL Ty
6. Wivuiisutoyanismeassmendinfudeyailiainnismeaeadsnesiinmes
7. Jou manuscriptuaziauarodiiniuiie e unsnanuluseiuuuni
2.4 Wan13338 (Result)

2.4.1 WAN15IYAINNITT n ncer_immune_t3.pr

2

e

1ANUIN
a v} 1 = 1 [ 3 a, < ¥
UNANITIU @D9EIU AD ddusURALTUNI NN Lagtduveya

1 d' d'> < [ d' I a
AUNNUY LUUNAINNATITTULNBLLEAALUUNTINAA



NI | [0 FTaun

= D o7a1 ] ERARN}

ET T s

o = [Dud g1 aunuu|” poued] -

| £

wos { Bweied ) mES0T )

aarmall Tl *

T PRMSLOZ COCO L0 &2
cgiaT COLVES
1% i O5lrEE
DEZIZ SEZRED

81182 Bi0EES

»
O e "L LA AN LA SR N S L S AN B SN D LB

G o8 PG | ToE% DS ¥ - |

381 WWEL - LLLLLLOES 101



d1uiiae Ao Waveya cancer_immune_t3.txt

N(t) T(t) C(t) D(t)
10.0000  6.00000  4.00000  0.000000

—_

2 12.0000 4.00000 5.00000  0.000000

3 13.0000 4.00000 2.00000  0.000000

4 14.0000 2.00000 4.00000 1.00000

5 13.0000 2.00000 2.00000 2.00000

6 11.0000 4.00000  0.000000 3.00000

7 12.0000 4.00000 2.00000 5.00000

8 13.0000 4.00000 2.00000 5.00000

9 16.0000 9.00000  0.000000 6.00000
10 20.0000 8.00000 5.00000 6.00000
11 23.0000 9.00000 4.00000 6.00000
12 26.0000 10.0000 5.00000 6.00000
13 35.0000 19.0000 4.00000 6.00000
14 41.0000 20.0000 9.00000 6.00000
15 52.0000 25.0000 10.0000 8.00000
16 63.0000 35.0000 10.0000 10.0000
17 85.0000 50.0000 13.0000 12.0000
18 113.000 61.0000 23.0000 14.0000
19 141.000 78.0000 27.0000 16.0000
20 174.000 99.0000 35.0000 19.0000
21 215.000 120.000 40.0000 26.0000
22 255.000 122.000 65.0000 34.0000
23 294.000 137.000 66.0000 39.0000
24 337.000 162.000 73.0000 46.0000
25 406.000 200.000 77.0000 57.0000
26 473.000 229.000 97.0000 72.0000
27 558.000 257.000 116.000 91.0000
28 641.000 292.000 119.000 110.000
29 702.000 316.000 156.000 131.000
30 828.000 395.000 143.000 152.000
31 962.000 452.000 191.000 181.000
32 1124.00 546.000 198.000 204.000
33 1319.00 633.000 246.000 242.000
34 1509.00 704.000 315.000 267.000
35 1711.00 789.000 334.000 313.000
36 1965.00 921.000 351.000 369.000
37 2228.00 1029.00 424.000 435.000
38 2538.00 1142.00 484.000 508.000



39
40
41
42
43
a4
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

2854.00
3185.00
3506.00
3912.00
4378.00
4897.00
5403.00
5948.00
6504.00
7082.00
7744.00
8344.00
9031.00
9747.00
10522.0
11332.0
12317.0
13264.0
14220.0
15182.0
16237.0
17371.0
18698.0
19986.0
21297.0
22670.0
23997.0
25458.0
26913.0
28427.0
29962.0
31574.0
33412.0
35336.0
37228.0
39181.0
41225.0
43297.0
45430.0
47764.0
49988.0

1259.00
1342.00
1484.00
1692.00
1886.00
2081.00
2261.00
2382.00
2580.00
2786.00
3013.00
3168.00
3425.00
3599.00
3940.00
4233.00
4530.00
4868.00
5034.00
5361.00
5678.00
6131.00
6595.00
6922.00
7176.00
7582.00
8074.00
8321.00
8640.00
9050.00
9467.00
9856.00
10579.0
11077.0
11520.0
12003.0
12409.0
12957.0
13433.0
14081.0
14794.0

546.000
658.000
662.000
696.000
808.000
904.000
994.000
1116.00
1171.00
1294.00
1344.00
1480.00
1540.00
1695.00
1714.00
1926.00
2073.00
2198.00
2401.00
2474.00
2649.00
2757.00
2925.00
3197.00
3435.00
3511.00
3610.00
3993.00
4153.00
4241.00
4453.00
4748.00
4794.00
5109.00
5351.00
5623.00
5965.00
6124.00
6461.00
6591.00
6781.00

584.000
665.000
770.000
894.000
1018.00
1160.00
1305.00
1478.00
1673.00
1901.00
2125.00
2396.00
2662.00
2918.00
3228.00
3551.00
3881.00
4241.00
4610.00
5047.00
5490.00
5982.00
6482.00
7042.00
7625.00
8197.00
8878.00
9589.00
10288.0
11108.0
11899.0
12711.0
13559.0
14453.0
15392.0
16346.0
17382.0
18438.0
19566.0
20702.0
21949.0
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80 52499.0 15446.0 7171.00 23232.0
81 55072.0 16149.0 7505.00 24524.0
82 57794.0 16812.0 7852.00 25821.0
83 60384.0 17105.0 8404.00 27263.0
84 63089.0 17613.0 8527.00 28783.0
85 65760.0 18059.0 8781.00 30403.0
86 68467.0 18763.0 8946.00 32076.0
87 71320.0 19443.0 9248.00 33767.0
88 74205.0 19974.0 9642.00 35581.0
89 77242.0 20550.0 9956.00 37448.0
90 80379.0 21374.0 9984.00 39267.0
91 83421.0 21809.0 10544.0 41194.0
92 86847.0 22590.0 10786.0 43182.0
93 90263.0 23179.0 11234.0 45266.0
94 93662.0 23928.0 11457.0 47372.0
95 97255.0 24750.0 11672.0 49585.0
96 100764. 25451.0 12127.0 51762.0
97 104608. 26179.0 12535.0 54096.0
98 108561. 26890.0 12922.0 56422.0
99 112306. 27416.0 13370.0 58901.0
100 116114 28183.0 13564.0 61338.0

From 01:03:02 2015 to 01:04:20 2015
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2.4.4 fuaUuuiNavadwauafnun(sausulIaInN15dLaUaRNIN)

Jduly, 29, 2015
A stochastic cellular automata model of avascular tumor growth with

Immune surveillance and response against tumor: cubic lattice
Ankana Boondirek, | Ming Tang, Kanint Teerapabolarn, Apisit Pakapongpun,
and Wannapong Triampo*
Keywords. Stochastic model, in silico model of tumor growth, cellular automata
model in 3D cubic lattice, and tumor growth with immune response
Abstract
The kinetic model of an avascular tumor growth with tumor-host immune
interaction with six parameters is presented. The model takes to account the
immune survelllance to recognize tumor cell, and immune progression for
cytotoxic activity and apoptosis of dead tumor cells including the immune
suppression to escape of tumor cells by immune surveillance, and the dormancy of
dead tumor cells by ineffective immune responses. A stochastic cellular automata
model on a 3D cubic lattice is hybrid to implement the kinetic model. The
simulation results, such as the growth curves will be discuss.
1. Introduction

As known, cancer is leading cause of human death in many past decade. In
tumor biology, cancer is uncontrolled growth of cells and aso has the ability to
invade and damage normal tissues. In microscopic mechanisms, the immune
system which attack tumor cellsis complex with principal role to suppress the
cancer or tumor growth in both in vivo and in vitro, see detailed in[1-9]. The
important roles of immune system to cancer cell start with antigen presenting cells
(APCs) to recognize foreign antigens and present to T cells to induce the immune
cells to recognize and memorized cancer cells, as called immune surveillances.
However, after the immune surveillances recognized the cancer cells and form to
be the cancer —complexes cells, they can evade the immune system to be malignant
tumor [5, 6]. Therole of immune response after recognition process, will be the
duty of cytotoxic immune cells, such as CD8+ or T cells, NK cells these cells may
called effector cells, to kill the tumor cells to be dead tumor cell or necrosis cell [5-
9]. The apoptosis of dead tumor cells with degradation process from the tissues
[5,6,9], is caused by the effective immune response. However, if the dead tumor
cells kegp dormant or necrosis is caused by ineffective immune response, as
Immunosuppression to induce apoptosis and decay process of the dead tumor cells
[5-8]. The explanations of the effective and ineffective immune response to show
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the critical role for immune system to control the tumor, we can see the detail in [5,
6].

As known, that cancer growth with immune response in subcellular level is
complex biological processes and poorly understood, which challenges the
mathematicians and computational scientist to explain the cancer growth, as seen
the various mathematical models of cancer growth with immune interaction, as
reviewed in[10,11]. A number of computational researches proposed the
mathematical model to explain the tumor growth with immune interactions over
the past decade, such as[12-18]. The cellular automata model (CA) isa
mathematical model which suitable for study the emergent behavior of
microscopic interaction processes including the tumor —immune interactions such
as[12-17]. In 1993, Qi and coworker [12], they proposed the kinetic model to
explain the cell dynamics for tumor growth with immune response to tumor and
then employed the stochastic cellular automata model (SCA) on two dimensional
square lattice. They studied the simulation results by the growth curves with the
difference set of parameter setting. The growth curve give rise the Gompertz — like
curves, which iswell known for predict the avascular tumor growth in
experimental results [20,21]. In 2006, Boondirek and coworker presented the SCA
of cancer growth with immune response on two dimensional sgquare lattices by
adding the escape mechanism for cancer cells from immune surveillance which
found in experimental reports, as see the detail in [5,13,19]. Boondirek and
Triampo[ 14] studied the kinetic model which proposed by [13] to extend the SCA
model on cubic lattice with more million cells for their simulation results with
compared with experimental data, and Boondirek and coworker [15] extended
study to give rise the simulation results for the sensitivity analysis for some
parametersin their model to explore the efficacy of parameter and compared the

simulational results with the experimenta results.

The am of thisresearch isto hybrid the SCA in 3D cubic lattice with the
Kinetic model, presenting by the realistic emergent of tumor growth with immune
system interaction from the studies of the clinical, experimental data, and
mathematical modelsin [1-9,12-19] and then investigate the simulation results.

This paper is organized as follows: The model design rationale and the
method of the SCA model are presented in section Il. In section I11, we present the
simulation results for tumor progression and suppression. The conclusion and
discussion will be givenin section V.

2. Outline of the SCA model
2.1 A Kinetic Model for Avascular Tumor Growth with Immune Interactions

We propose the kinetic model to present the avascular tumor growth with
Immune surveillance, effective and ineffective immune response.

14
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Fig. 1 The kinetic model of cancer cells with immune surveillance and
suppression. T, C, D denotes the number of tumor, tumor-immune complexes,
dead tumor cells, and dormant cells, respectively. And E, E* denotes the effective
and ineffective immune cells,

The first reaction, representing the proliferation of tumor cells by mitosis

process, the proliferative rate of in vivo tumor is defined by, r =rp(1—L)

Tmax

whichis afunction of r,, and the number of tumor cells,T. Where T, denotes as

the carrying capacity for the number of proliferating tumor cells[12-15].
The second reaction, indicating the immune surveillance to recognize to
tumor cells and escape of tumor cells from interaction of immune recognition.

The recognize rate of immune surveillance is defined by, r c ).

= rr (1_ C
Where, r. is the recognize parameter, and C is the number of tumor — immune

complexes cells, C which indicate the number of tumor-immune complexes cells,
and C_, isthe carrying capacity of the effector cells for recognition to tumor cells.

The tumor cells can evade from tumor — immune complexes cells with the evading
rate, ... Thetumor — immune complexes cells can be change to be dead tumor
cell by cytotoxic activity by immune cells with cytotoxic rate, r .- By thelast
reaction, it indicates the both effective and ineffective immune responses, by the
dormant rate, r,,.., Which is the rate of dead tumor cell interacting with the

ineffective immune activity; the immune system cannot induce the dead tumor cell
to programmed cell death or apoptosis and keeping dormant. But in the case of
effective immune response to dead tumor cells, the degradation of dead tumor cells
or programmed cell death which make the dead cells loss from the tumor cluster
with the decay rate, 1, . Where, E and E* represents the effective immune cells

and ineffective immune cells, respectively.

recognize
max
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Fig. 2 Thisfigure showstheinitial condition of the seven proliferative cellsin
the middle of the cubic lattice in therule for CA. This CA ’s rule uses von —
Neumann neighborhood for dynamical change, the nearest neighboring cells of the
middle one(unseen cell) are located around the middle one, which can be seen.

2.2 The method of the SCA model
2.2.1 The model formulation

The biological assumptions, which we took into account when developing

the kinetic model are based on both clinical and experimental data between tumor
growth with immune system from [1-9] and the mathematical models asin [10-19].
The assumptions are as followed:

1.

Tumor is uncontrolled growth of cells, they can divide by mitosis, only they
have enough food and space, and they can divide to two daughter tumor

cellswith proliferative rate, —

The immune system will have the three mechanism steps to tumor cells,
recognition mechanism to the proliferative tumor cells by forming them to
be tumor — complexes cells, cytotoxic mechanism by changing the tumor —
complexes cells to be dead tumor cells, and apoptosis mechanism to degrade
the dead tumor cellsto loss them with the program cell death, respectively.
By the recognition mechanism, the proliferative tumor cells are recognized
by immune surveillance with recognize rate and then form to tumor-

! rrecognize
Immune complexes cells.

The tumor cells escape from tumor — immune complexes cells by the
Ineffectiveness of immune surveillance to be proliferative tumor cells with
evaderate, r

' ‘evade’
By the cytotoxic mechanism, the effective immune response within tumor —
immune complexes cells changes the tumor to be the dead tumor cells and

effectiveimmune cells with the cytotoxic rate, r ;.. -

The dormancy mechanism, caused by the ineffective immune response to

eliminate the dead tumor cell to apoptosis, the dead tumor kept dormant, we
16



can say that the immune suppression to bring the dead tumor cell in
programmed cell death with dormant rate, r, .. -

7. The degradation mechanism, caused by the effective immune cells eliminate
the dead tumor cell to vanish from the tissues with the decay rate, ., -

2.2.2 The Algorithm of SCA model

The tissue model isrely on 3D cubic lattice with size,LxLxL, The details
of algorithm for a simulation can be described as the following steps.
Step |. Theinitial time step: t=0

Theinitia condition in CA model isthe seven proliferative tumor cells,
which are located in the center of the cubic lattice as seenin Fig. 2.
The parameter rate are set, which arer & 1. ooxic faormant gy Crma » AN T - The
setting parameters have to satisfy the conditions, that each rate have the range
between 0 and 1, and rt, < 1,revade+rCytotoxic < 1,rdormam+rdmy <1.
Theinitia configuration for tumor and complexes cellsis T(0)=7 and C(0)=0.
Step Il. Thenexttimestep: t=t+1, startingat t=1

We will describe the details of the automata-based model. The
synchronously updating in the discrete space and time with von Neumann
neighborhood in SCA model isset up. That isthe state of each site on the cubic
|attice can update at most once per time step. The dynamics of cellsisrely on the
random number chosen, space conditions and its rate indicates by the schematics
diagram, in Fig.3.

Torol if/r
r . r . I
I recognize I cytotoxic dormant
Tevade
o

Fig. 3 The diagram is representing the tumor cell dynamics with immune
competition from the kinetic model. ( = proliferative tumor cell,
) = complexes cell, i = dead tumor cell, and = dormant cell)
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For each proliferative tumor cell at timet, after we picked a random number, and
calculated the proliferative rate, the recognize rate, and considered the condition
for space to make the decisions with three possible events:

(i)

(i1)

(iii)

Change to be the complexes cells, C with the probability of the recognize
rate, Iz Caused by immune surveillance. The recognizerateis

Cal CUIated by rrecognize = (1_ Cc(:t _l)

), where C(t — 1) is the number of

complexes cellsin the former time step.
Duplicate to the two daughters’ tumor cells, with the probability of the
proliferative rater,; (t) , and there is at least one vacant nearest

neighboring site of tumor cell. Otherwise, it will keep stay in the tumor
state for the third case. The nearest neighboring of each tumor cell can

be seeninFig. 2. The proliferative rateis calculated by

. T@-Y
rprolif. (t) - rp (1 T

max

former time step.

Keep stay in the same state with the probability of 1 — (Trecagnize () + Fooir. (1))
caused by the proliferative rate of specific tumor cell, recognize rate of
Immune surveillance, and lack of space for tumor proliferation.

Ywhere T(t — 1) isthe number of tumor cellsin the

For each complexes cell at timet, after we picked a random number, calculated the
evade rate, and used the cytotoxic rate to make the decisions with three possible

events.

(1)

(i1)

(iii)

Change to be dead tumor cell with the probability of cytotoxic rate, re.
caused by the effective for immune surveillance.

Change to be proliferative cell with the probability of evade rate, ..
caused by the escape of tumor cell.

Keep stay in the same state with the probability of 1 — (e + e ), CaUSed

by ineffective immune response to kill tumor cells or inability of evading
the tumor cells from complexes cells.

For each dead tumor cell at timet, after we picked arandom number, used the
dormant rate, and decay rate to make the decisions with two possible events:

18



(i)  Changeto be vacant cell with the probability of decay rate, .. caused by
the effective immune response to make the dead tumor cells degrade
from tissues.

(i)  releasethe ineffective immune cells with the probability of the rate rm.
caused by ineffective immune response which cannot degrade the dead
tumor cells form the tissues.

(ili) Keep stay in the same state with the probability of therate 1 - (. *+ o ) -

Technically, all cells are randomly selected one by one with equal probability to
decision for itsdynamics. We progressiteratively intimestep by t=t+1 until
we reach the desired number of time steps.

Step I11. The step Il was applied with self-organizing method until reach the
desired number of time steps. We will have asimulated tumor growth.
3. Simulation Results
We have written a program source code to implemented by using the
algorithms for SCA model. To investigate the simulation results, we measured the
tumor growth curves and tumor growth patterns as the evolution in time is shown
in Fig. 4 and Fig. 5, respectively.

1w

Fig. 4 Plots of time evolutions of the number of tumorous cells and number of
tumor-immune complexes cells from atypical parameter setting is
r,.=0.5,1,=0.05,, . =0. 1.1 tor0xic =04 ormant =0-3.Meey = 0.5 , @NA T, =C,_ ., =100000.

ecay
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Fig. 5 The snapshot of simulated tumor shows the distribution of multicellular of
cells generated by the SCA model hybrid the kinetic reaction is typically, shown.
The ssmulated tumor with the four tumorous cell types, proliferative tumor cells,
tumor-immune complexes cells, dead tumor cells, and dormant cells with the
different color green, brown, red, yellow, respectively.

(B = proliferative tumor cell, J = complexes cell, ) = dead tumor cell,
and = dormant cell)

The Fig.4 and 5. Show two results from a simulation setting. We use 250
time step and we can see qualitative of growth curve, which yields the Gompertz
like curve. Asknown, the Gompertz growth curve is the most used curve to fit the
experimental datafor in vivo tumor growth [20-24]. Obviously, the outer most
regions for tumor have contained the proliferating tumor cells as found by Bru et
a.[29].

4. Conclusion and Discussion

In this research, we studied the tumor biology, in the effects tumor by
Immune system to propose the kinetic model for avascular tumor growth with
tumor-host immune interaction, which are immune surveillance to recognize tumor
cell, and immune progression for cytotoxic activity and apoptosis of dead tumor
cellsincluding the escape of tumor cells after they were activated by immune
response and keep dormant of dead tumor cells. The tumor cells can evade after
they were recognized by the immune system, and however, after the immune
recognize the tumor cells and attack them to dead tumor cells, they can escape to
program cell death cause by the immunosuppression. We created the cellular

20



automata model in cubic lattice to employ the kinetic model to simulate the tumor
growth and found the Gompertz — like curves, which is the known mathematical
function to explain the tumor growth. The computer simulation also shows the
snapshot for simulated tumors in many time steps as seen in simulation sections.
The growth curves shows as the function of the six parametersin the kinetic
model, the simulation results can be show both the typical growth and decay tumor
growth curves with the different parameter setting.

The Gompertz - like growth curves give rise by the simulated growth curves
by atypica parameters setting as shownin Fig. 4.

Further we focus on comparing to the experimental tumor growth by
calibrating the parameters to fit and relevant biological implications. The local
sensitivity analysis of the parametersto explore the efficacy of each parameter to
the simulation results can be calculated. Finally, the spatial distribution of
proliferated tumor cell and complexity of simulated tumor can be measured.
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2 d9unun (Appendix

3.2.1 a7lUsunsu ¥ cancer immune_t3

pro cancer_immune_t3

;Run June 15 2010 step rl

;run r2 for 0,0.1,0.3

;SETTING RUN NUMBER AND TIME STEP AND INITIAL SEED NUMBER

num=1

ntimestep = 100
seed = 107L
t0 = systime()

openw, 18, 'cancer_immune_t3.txt'

;SETTING PARAMETERS

akst=0.65 ;r_prolif

aktwo=0.35 ;r_binding
akndrev=0.1 ;r_detach

akrd= 0.6 ;r_lysis

akfour=0.4 ;r decay

akfive=0.2 ;r dormant

iphi= 1000000ULL
; LOOP FOR RUN VARY EACH RATE THE BIGGEST LOOP
for iloo = 1, 1 do begin

akst = akst + 0.05%(loo-1)
; step*0.1

;SETTING THE LATTICE SIZE (MAX 301 X 301 X 301 SITES)

iLx=121ULL
iLy=iLx
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icom= iLx¥iLx*iLx

print, ' THE TOTAL SITES = 'icom

;SETTING SIZE OF LATTICE SHOWING

device, retain=2, decomposed=0

loadct,4

ixy shw=500 ;SIZE OF SHOWING LATTICE

window, 0, xsize = ixy_shw, ysize = ixy_shw

;SHOW CUT X-PLANE Y-PLANE OR Z-PLANE

ishw = 1;(shw =1 cutx);ishw = 2;(shw cuty);ishw = 3;(shw cutz)

nx = 500
ny = 500

;SETTING CELLS TYPE VARIABLES

normal=0 ;BLACK
dead=3 ;BROWN
complx=2 ;RED
cancer=1 ;GREEN
dormant=4 ;YELLOW

nt = ntimestep+1ULL
sumntotall = LONARR(nt)

sumncl = LONARR(nt)
ssumrl = LONARR(nt)
ssumd1 = LONARR(nt)

ssumndl = LONARR(nt)
ssumdormant = LONARR(nt)
ssumcomplx1 = LONARR(nt)
num_inner = LONARR(nt)
num_ibetween= LONARR(nt)
num_ioutter = LONARR(nt)

pop = LONARRI(ilx+3L,ilx+3L)
pop_shw = LONARR(ilx+3L, ilx+3L)
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dxyz = icom

x = ULONARR(dxyz)
y = ULONARR(dxyz)
z = ULONARR(dxy2)

i =0L

for i = OL,ilx-1 do begin

for j = OL,iLx-1 do begin
for k = OL,iLx-1 do begin

x[i] =i
yli] =j
zZ[ii] = k
i =i +1L

endfor
endfor
endfor

(1)

;{(2) LOOP DO RUN

for ncolony = 1,num do begin

a = ULONARR(dxyz)
b = ULONARR(dxyz)

;- set the first five cancer cell and input details with -

e effecter of the middle of lattice -------------—--

imd = (icom-1ULL)/2ULL

;print, ' middle index',imd

alimd] = cancer
alimd-1] = cancer
alimd+1] = cancer

alimd-iLx] = cancer



alimd+ilx] = cancer
alimd-iLx*iLx] = cancer

alimd+ilx*iLx] = cancer

for i = OL,icom-1L do begin
icol = Z[i]

irow = Vil
poplicol,irow]=ali]

endfor

window, 0, xsize = ixy_shw, ysize = ixy_shw

tvscl, congrid(pop(*,¥),ixy_shw,ixy_shw)

ishw =1

case ishw of
1:begin
;Define :show pop === population in the middle cut x
for i = ((iLx-1L)/2L)%ilx*ilx, ((iLx+1L)/2L)%ilx*ilx do begin
iyyy = zli]
ixxx = yl[il
popl[1,1]=complx
popl2,1]=dead
popl[3,1]=cancer
popl4,1]=dormant
poplixxx,iyyyl=ali]
endfor
tvscl, congrid(pop(*,¥),ixy_shw,ixy_shw)
print,'show at ‘ishw

end

2:begin

;Define :show pop === population in the middle cut y

for i = ((ILx-1ULL)/2ULL)%ilx¥ilx, ((iLx+1ULL)/2ULL)*ilx*ilx do begin

iyyy = X{i]

ixxx = z[i]
popl1,1]=complx
popl2,1]=dead
popl3,1]=cancer
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popl4,1]=dormant
poplixxx,iyyyl=ali]
endfor
tvscl, congrid(pop(*,¥),ixy_shw,ixy_shw)
print,'show at "ishw

end

3: begin
;Define :show pop === population in the middle cut z
for i = ((ILx-1ULL)/2ULLY*ilx¥ilx, ((Lx+1ULL)Y/2ULL)¥ilx*ilx do begin
iyyy = X{i]
ixxx = yl[il
popl1,1]=complx
popl2,1]=dead
popl3,1]=cancer
popl4,1]=dormant
poplixxx,iyyyl=alil
endfor
tvscl, congrid(pop(*,¥),ixy_shw,ixy_shw)
print,'show at ',ishw
end
0:begin
end

endcase

ichosen  =ULONARR(icom)
ichosen_up =ULONARR(icom)
iguess  =ULONARR(10ULL)
icount=0ULL

jlemmmee FOR COUNTING AND REFERENCE AT THE FIRST TUMOR CELLS

ichosen[1]=imd
ichosen[2]=imd-1ULL
ichosen[3]=imd+1ULL

ichosen[4]=imd-iL.x
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ichosen[5]=imd+iL.x
ichosen[6]=imd-iLx*iLx

ichosen[7]=imd+iLx*iLx

e Set initial -

nc=7L
nd=0L
nee=0L
ndor=0L
ntot=7L
ntotal=7L
seed = 107L

sx=0.0d
sy=0.0d
sz=0.0d
sumr=0.0d
r=0.0d
d=0.0d

b=a
(3 DO TIMESTEPS IN A COLONY
for nday =1,ntimestep do begin

ntot=ntotal
ntotal=0ULL

;input logistic growth function
rkup=akst*(1d - (nc*1d/iphi*1d))
rkk = aktwo*(1d - (nee/iphi*1d))

;{{@) LOOP A TIME STEP

for iik=1ULL,ntot do begin
ord=0

;CONDITION TO ORDERING

index = ichosenliik]
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;CHECKING

if (alindex] eq 0) then print, 'error’
[ if case E ]
ndo=0
if ((alindex] eq complx) and (ndo eq 0) ) then begin
ndo=1
ntotal = ntotal +1ULL
ichosen_up[ntotal]=index
If random number less than and equal k3------------
r =randomu(seed)
if (r le akrd) then begin
nee=nee-1ULL
nd=nd+1ULL
blindex]=dead
endif else begin
ifC r gt (1-akndrev)) then begin
nee=nee-1ULL
nc = nc +1ULL
blindex]=cancer
endif
endelse
endif

endif case E ]

if case D ]

if ((alindex] eq dead) and (ndo eq 0) ) then begin

ndo=1

r =randomu(seed)

if (r le akfour ) then begin
nd=nd-1ULL
blindex]=normal

endif else begin
ntotal = ntotal +1ULL
ichosen_up[ntotal]=index

endelse

if (r gt (1 - akfive)) then begin
ndor=ndor+1ULL
blindex]=dormant

ntotal=ntotal + 1ULL
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ichosen_up[ntotal]=index

endif

endif

End if case D ]

if case dormant ]

if ((alindex] eq dormant) and (ndo eq 0) ) then begin

ndo=1
ntotal = ntotal +1ULL
ichosen_up[ntotal]=index

b[index]=dormant

endif

End if case Dormant ]

if case Cancer ]

if ( (alindex] eq cancer) and (ndo eq 0) ) then begin

ndo=1
ntotal = ntotal +1ULL

ichosen_up[ntotal]=index

e k_1prim

ranfix=randomu(seed)

icount =0
l=======================Case one of Cancer====================
! k1 prim

if(ranfix le rkup) then begin
Average radius-(R)and Density (D) -----------——-

if ((alindex-1] eq 0) and (b[index-1] eq 0) ) then begin
icount = icount +1ULL

iguess[icount]=index-1ULL

endif

if ((@lindex+1] eq 0) and (blindex+1] eq 0) ) then begin
icount = icount +1ULL

iguess[icount]=index+1

endif
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if( (alindex-ilx] eq 0) and (blindex-ilx] eq 0))then begin
icount = icount +1ULL
iguess[icount]=index-ilx

endif

if( (alindex+ilx] eq 0) and (blindex+ilx] eq 0)) then begin

icount = icount +1ULL
iguessficount]=index+ilx
endif
if((@lindex-ilx*ilx] eq 0) and (b[index-ilx*ilx] eq 0)) then begin
icount = icount +1ULL
iguess[icount]=index-ilx*ilx
endif
if((alindex+ilx*ilx] eq 0) and (blindex+ilx*ilx] eq 0))then begin
icount = icount +1ULL
iguess[icount]=index+ilx*ilx
endif
iflicount ge 1) then begin
nc=nc+1L
icho=1+fix(icount*randomu(seed))
bliguess[icho]l=cancer
ntotal = ntotal +1ULL

ichosen_upl[ntotal]=iguess[icho]
endif

sendif

endif else begin
if ((ranfix gt rkup) and (ranfix ge (1-rkk) )) then begin
blindex]=complx
nc = nc-1ULL
nee = nee+1ULL
endif
endelse

endif

[ End if case C ]

35



endfor
;===========UPDATE LATTICE
ichosen = ichosen_up
a=b
(@) End loop for one day 1}

if (nday eq ntimestep) then begin
for i = ((ILx-1ULL)/2ULLY*ilx¥ilx, ((Lx+1ULL)Y/2ULL)¥ilx*ilx do begin
iyyy = z[i]
ixxx = yl[il
popl1,1]=complx
popl2,1]=dead
popl3,1]=cancer
popl4,1]=dormant
poplixxx,iyyyl=ali]
endfor

tvscl, congrid(pop(*,¥),ixy_shw,ixy shw)

endif
; end loop Show everyday
; START CALULCUTION ZONE

sx=0.0

sy=0.0

5z=0.0

sumr=0.0

r=0.0

jmmm calculation radius & density

for i=0ULL,icom-1ULL do begin

if( ali] ne normal ) then begin

sx=X[i]-x[imd]

sy=ylil-y[imd]

sz=2[i]-z[imd]

sumr = sumr + long(sqrt(sx*sx+sy*sy+sz*sz))
endif

endfor
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end loop calculation

r=sumr/double(nc+nee+nd+ndor)
d=(double(nc+nee+nd+ndon))/(r*r*r)

jrmmmm e calculation radius & density

- count cancer in each region

inner = 0d

ibetween =0d

ioutter =0d

dis = 0.0

for i=0ULL,icom-1ULL do begin

if (ali] eq cancer) then begin
sx=x[i]-x[imd]
sy=ylil-ylimd]
sz=z[i]-z[imd]

dis= sqrt(sx*sx+sy*sy+sz*sz)

if (dis lt r/2) then begin
inner = inner +1ULL
endif else begin
if (dis (t 0.8%*r) then begin
ibetween = ibetween +1ULL
endif else begin
joutter = ioutter +1ULL
endelse
endelse
endif
endfor

; end of loop count cancer in each region

print,r, nc,float(inner)/float(nc), float(ibetween)/float(nc), float(ioutter)/float(nc)

sendif

;=============keep value every day
num_inner[nday] = num_inner[nday]+inner

num_ibetween[nday] = num_ibetween[nday]+ibetween



num_ioutter[nday] = num_ioutter[nday]+ioutter
sumntotall[nday] = sumntotall[nday] + double(nc+nee+nd)

sumncl[nday] = sumnci[nday]  + double(nc)

ssumri[nday] = ssumrl[nday] +r
ssumdl[nday] = ssumdl[nday] +d
ssumndl[nday] = ssumndi[nday] + nd
ssumcomplx1[nday] = ssumcomplx1[nday] + nee
ssumdormant[nday]=ssumdormant[nday]+ndor

endfor

;(3) End loop for one colony in ntimestep days }}

if (ncolony mod num) eq 0 then begin

printf,18,' r two rev equ',aktwo

for i = 1,ntimestep do begin
printf,18,i,sumntotal1[il/float(num),sumnc1[il/float(num),ssumcomplx1[il/float(num),ssumdormant(il/float(num)
endfor
;======= measure and count

printf,18,’ !

for i = 1,ntimestep do begin
printf,18,i,ssumr1[il/float(num),num_inner(il/float(num),num_ibetweenlil/float(num),$
num_ioutter[il/float(num)

endfor

t1 = systime()
printf,18,t0,t1
PRINT,t0,t1

;====================For Graph
t=indgen(nt)

t1=indgen(nt)

test2 = fltarr(nt)

testl = fltarr(nt)

test3 = fltarr(nt)



testd= fltarr(nt)

testr1 = fltarr(nt)
testr2 = fltarr(nt)
testr3 = fltarr(nt)
testrd = fltarr(nt)

testimm1 =fltarr(nt)

testimm2=fltarr(nt)

test2 = sumntotall/float(num)
testd = sumncl/float(num)
testr2 = ssumrl/float(num)

testr3 =ssumd1/float(num)

;===========[MMUNE-TUMOR

testimm1 = ssumcomplx1/float(num)

for i = 0,ntimestep-1 do begin
t1[il= tfi+1]
test1[i] = test2[i+1]
test3[i] = testd[i+1]
testrl[i] = testr2[i+1]
testrd(i] = testr3[i+1]
testimm2[i] = testimm1[i+1]
endfor

yxz =1

;show graph after run ===========================
if (yxz eq 1) then begin

;============Window 5 shows N, Nc, R

window, 5, xsize = nx, ysize = ny

plot, t1, test,TITLE ='N & R & Nc'

oplot, t1, test3,LINESTYLE =1
oplot,tl,testr1*38.00,LINESTYLE = 3

;==========Window 6 shows R and density
window, 6, xsize = nx, ysize = ny

plot, t1,testr], TITLE=' R and density '
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oplot, t1,testrd, LINESTYLE = 1

;==========Window 7 shows Nc and E====
window, 7, xsize = nx, ysize = ny

plot, t1,test3,TITLE=" Tumor-Immune '

oplot, t1,testimm2,LINESTYLE = 4

endif

;show graph after run ===========================

endif

;====Print on file
print,ncolony

endfor

; ======================_end loop for vary ki

endfor
{2) End doruns }

close, 18

end

3.2.2 §alUsunsu ¥ cancer immune_t1000

pro cancer_immune_t1000
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;Run June 15 2010 step rl
;run r2 for 0,0.1,0.3
;SETTING RUN NUMBER AND TIME STEP AND INITIAL SEED NUMBER

num=1

ntimestep = 250

seed = 107L

t0 = systime()

openw, 18, 'cancer_immune_t1000.txt'

;SETTING PARAMETERS

akst=0.5 ;r_prolif

aktwo=0.05 ;r binding

akndrev=0.1 ;r_detach

akrd= 0.4 ;r_lysis

akfour=0.5 ;r decay

akfive=0.3 ;r dormant

iphi= 100000ULL

LOOP FOR RUN VARY EACH RATE THE BIGGEST LOOP

foriloo = 1, 1 do begin
akst = akst + 0.05*(iloo-1)
; step*0.1

;SETTING THE LATTICE SIZE (MAX 301 X 301 X 301 SITES)

iLx=251ULL
iLy=iLx
icom= iLx*iLx*iLx

print, " THE TOTAL SITES = 'jicom
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;SETTING SIZE OF LATTICE SHOWING

device, retain=2, decomposed=0

loadct,4

ixy shw=500 ;SIZE OF SHOWING LATTICE

window, 0, xsize = ixy_shw, ysize = ixy_shw

;SHOW CUT X-PLANE Y-PLANE OR Z-PLANE

ishw = 1;(shw =1 cutx);ishw = 2;(shw cuty);ishw = 3;(shw cutz)

nx = 500
ny = 500

;SETTING CELLS TYPE VARIABLES

normal=0 ;BLACK
dead=3 ;YELLOW
complx=2 ;RED
cancer=1 ;GREEN

dormant=4 :what's color?

nt = ntimestep+1ULL
sumntotall = LONARR(nt)

sumncl = LONARR(nt)
ssumrl = LONARR(nt)
ssumd1 = LONARR(nt)

ssumndl = LONARR(nt)
ssumdormant = LONARR(nt)
ssumcomplx1 = LONARR(nt)
num_inner = LONARR(nt)
num_ibetween= LONARR(nt)
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num_ioutter = LONARR(nt)

pop = LONARR(ilx+3L,ilx+3L)
pop_shw = LONARR(ix+3L, ilx+3L)

dxyz = icom

x = ULONARR(dxyz)
y = ULONARR(dxyz)
z = ULONARR(dxyz)

i =0L

fori = OL,ilx-1 do begin

for j = OL,iLx-1 do begin
for k = OL,iLx-1 do begin

x[ii] =i
yliil =
z[ii] = k
i =i +1L

endfor
endfor
endfor

(1)

;{(2) LOOP DO RUN

for ncolony = 1,num do begin

a = ULONARR(dxyz)
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b = ULONARR(dxyz)

;- set the first five cancer cell and input details with

e — effecter of the middle of lattice -—————---

imd = (icom-1ULL)/2ULL

;print, ' middle index',imd

alimd] = cancer
alimd-1] = cancer
alimd+1] = cancer

alimd-iLx] = cancer
alimd+ilLx] = cancer
alimd-iLx*iLx] = cancer

alimd+ilLx*iLx] = cancer

for i = OL,icom-1L do begin
icol = z[i]

irow = y[i]
poplicol,irow]=ali]

endfor

window, 0, xsize = ixy_shw, ysize = ixy_shw

tvscl, congrid(pop(*,¥),ixy_shw,ixy shw)

ishw =1

case ishw of
1:begin
;Define :show pop === population in the middle cut x
for i = ((iLx-1L)/2L)%ilx*ilx, ((iLx+1L)/2L)%lx*ilx do begin
iyyy = z[i]
ixxx = y[i]

popl1,1]=complx
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popl2,1]=dead
popl3,1]=cancer
popl4,1]=dormant
poplixxx,iyyyl=ali]
endfor
tvscl, congrid(pop(*,*),ixy_shw,ixy shw)
print,'show at 'jishw

end

2:begin
;Define :show pop === population in the middle cut y
for i = ((iILx-1ULL)/2ULL)%ilx¥ilx, ((iLx+1ULL)/2ULL)*ilx*ilx do begin
iyyy = xli]
ixxx = z[i]
popl1,1]=complx
popl2,1]=dead
popl3,1]=cancer
popl4,1]=dormant
poplixxx,iyyyl=alil
endfor
tvscl, congrid(pop(*,¥),ixy_shw,ixy shw)
print,'show at 'jishw

end

3: begin
;Define :show pop === population in the middle cut z
for i = ((iILx-1ULL)/2ULL)*ilx¥ilx, ((iLx+1ULL)Y/2ULL)*ilx*ilx do begin
iyyy = xli]
ixxx = yl[i]
popl1,1]=complx
popl2,1]=dead
pop(3,1]=cancer
popl4,1]=dormant
poplixxx,iyyyl=ali]

endfor
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tvscl, congrid(pop(*,*),ixy_shw,ixy shw)
print,'show at 'jishw

end

0:begin

end

endcase

ichosen  =ULONARR(icom)
ichosen up =ULONARR(icom)
iguess  =ULONARR(10ULL)
icount=0ULL

ichosen[1]=imd
ichosen[2]=imd-1ULL
ichosen[3]=imd+1ULL
ichosen[4]=imd-iLx
ichosen[5]=imd+ilLx
ichosen[6]=imd-iLx*iLx

ichosen[7]=imd-+iLx*iL.x

;! Setinitial = —--mmmemmm-

nc=7L
nd=0L
nee=0L
ndor=0L
ntot=7L
ntotal=7L



seed = 107L

sx=0.0d
sy=0.0d
sz=0.0d
sumr=0.0d
r=0.0d
d=0.0d

jrmmmmmmn calculation radius & density
for i=0ULL,icom-1ULL do begin

if( alil ne normal ) then begin
sx=x[i]-x[imd]

sy=yl[il-ylimd]

sz=z[i]-z[imd]

sumr = sumr + long(sgrt(sx*sx+sy*sy+sz*sz))
endif

endfor
r=sumr/double(nc+nee+nd+ndor)
d=(double(nc+nee+nd+ndon)/(r*r*r)

jmmmm calculation radius & density

:(3)Y{ DO TIMESTEPS IN A COLONY
for nday =1,ntimestep do begin
ntot=ntotal

ntotal=0ULL

;input logistic growth function
rkup=akst*(1d - (nc*1d/iphi*1d))
rkk = aktwo*(1d - (nee/iphi*1d))

;{{(d) LOOP A TIME STEP

for iik=1ULL,ntot do begin
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ord=0
if( ord eq 1) then begin
;SET NO REORDERING
if (iik eq NTOT+1) then begin

;LOOP FOR RE-ODRERING ; nba ===> mmr_1 is the re-ordered array
mmr=ULLARR(ntot)
mmr_1=ULLARR(ntot+1ULL)
;Loop for re-ordering the sequence of label number of cell
nba = indgen(ntot)+1
for nb=0,ntot-1 do begin
ntemp=ntot-nb
r=randomu(iseed)
nr=fix(r*ntemp)
mmr(nb)=nba(nr)
if(nr It ntemp) then begin
for jo=nr+1,ntemp-1 do begin
nba(jb-1)=nbal(jb)
endfor
endif
endfor
;Shift the label
for i=0,ntot-1 do begin
bjj=i+1
mmr_1[bjj]l=mmrfi]
endfor

endif

;END OF LOOP FOR RE-ORDERING
inew=mmr_1[iik]
index=ichosen[inew]

endif

;CONDITION TO ORDERING
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index = ichosenliik]

;CHECKING

if (alindex] eq 0) then print, 'error’
[ if case E ]
ndo=0
if ((alindex] eq complx) and (ndo eq 0) ) then begin
ndo=1
ntotal = ntotal +1ULL
ichosen_uplntotall=index
If random number less than and equal k3------------
r =randomu(seed)
if (r le akrd) then begin
nee=nee-1ULL
nd=nd+1ULL
blindex]=dead
endif else begin
if( r gt (1-akndrev)) then begin
nee=nee-1ULL
nc = nc +1ULL
blindex]=cancer
endif
endelse
endif

endif case E ]

if case D ]

if ( (alindex] eq dead) and (ndo eq 0) ) then begin
ndo=1
r =randomu(seed)
if (r le akfour ) then begin
nd=nd-1ULL

blindex]=normal
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endif else begin
ntotal = ntotal +1ULL
ichosen_upl[ntotal]=index

endelse

if (r gt (1 - akfive)) then begin
ndor=ndor+1ULL
blindex]=dormant
ntotal=ntotal + 1ULL
ichosen_uplntotall=index

endif

endif

; [ End if case D

; [ if case dormant

if ( (alindex] eq dormant) and (ndo eq 0) ) then begin

ndo=1
ntotal = ntotal +1ULL
ichosen_uplntotall=index

blindex]=dormant

endif

; [ End if case Dormant

; [ if case Cancer

]

if ( (alindex] eq cancer) and (ndo eq 0) ) then begin

ndo=1
ntotal = ntotal +1ULL

ichosen_uplntotal]=index

;! k_1lprime

ranfix=randomu(seed)
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icount = 0

k1 prime
if(ranfix le rkup) then begin
Average radius-(R)and Density (D) ---------—---

if ( (alindex-1] eq 0) and (blindex-1] eq 0) ) then begin
icount = icount +1ULL
iguess[icount]=index-1ULL
endif
if ( (alindex+1] eq 0) and (b[index+1] eq 0) ) then begin
icount = icount +1ULL
iguess[icount]=index+1
endif
if( (alindex-ilx] eq 0) and (blindex-ix] eq 0))then begin
icount = icount +1ULL
iguess[icount]=index-ilx
endif
if( (alindex+ilx] eq 0) and (blindex+ilx] eq 0)) then begin
icount = icount +1ULL
iguess[icount]=index+ilx
endif
if((@lindex-ilx*ilx] eq 0) and (b[index-ilx*ilx] eq 0)) then begin
icount = icount +1ULL
iguess[icount]=index-ilx*ilx
endif
if(@lindex+ilx*ilx] eq 0) and (blindex+ilx*ilx] eq 0))then begin
icount = icount +1ULL
iguess[icount]=index+ilx*ilx
endif
iflicount ge 1) then begin
nc=nc+1L
icho=1+fix(icount*randomu(seed))
blisuess[icho]l=cancer

ntotal = ntotal +1ULL
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ichosen_uplntotal]=iguess[icho]

endif

;endif

;! cancer => complex-————------—----

endif else begin
if ((ranfix gt rkup) and (ranfix ge (1-rkk) )) then begin
blindex]=complx
nc = nc-1ULL

nee = nee+1ULL

endif
endelse
endif
; [ End if case C ]
endfor

;===========UPDATE LATTICE
ichosen = ichosen_up
a=b

;@) End loop for one day 11}

if (nday eq ntimestep) then begin

for i = (iLx-1ULL)/2ULL)*¥ilx*ilx, ((iILx+1ULL)/2ULL)*ilx¥ilx do begin
iyyy = z[i]
ixxx = y[i]

popl1,1]=complx
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popl2,1]=dead
popl3,1]=cancer
popl4,1]=dormant
poplixxx,iyyyl=ali]
endfor
tvscl, congrid(pop(*,*),ixy_shw,ixy shw)
endif

; end loop Show everyday

; START CALULCUTION ZONE

sx=0.0
sy=0.0
5z=0.0
sumr=0.0

r=0.0

e calculation radius & density

for i=0ULL,icom-1ULL do begin

if( alil ne normal ) then begin

sx=X[i]-x[imd]

sy=ylil-ylimd]

sz=z[i]-z[imd]

sumr = sumr + long(sqrt(sx*sx+sy*sy+sz*sz))
endif

endfor

; end loop calculation
r=sumr/double(nc+nee+nd+ndor)
d=(double(nc+nee+nd+ndor))/(r*r*r)

e calculation radius & density

j— count cancer in each region

inner = 0d
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ibetween =0d

ioutter =0d

dis = 0.0

for i=0ULL,icom-1ULL do begin

if (alil eq cancer) then begin

sx=x[i]-x[imd]
sy=ylil-ylimd]
sz=z[i]-z[imd]

dis= sqrt(sx*sx+sy*sy+sz*sz)

if (dis lt r/2) then begin
inner = inner +1ULL
endif else begin
if (dis t 0.8%r) then begin
ibetween = ibetween +1ULL
endif else begin
ioutter = joutter +1ULL
endelse
endelse
endif
endfor

; end of loop count cancer in each region

print,r, nc,float(inner)/float(nc), float(ibetween)/float(nc), float(ioutter)/float(nc)
;endif

;=============keep value every day
num_inner[nday] = num_inner[ndayl+inner
num_ibetween[nday] = num_ibetween[nday]+ibetween
num_ioutter[nday] = num_ioutter[nday]+ioutter
sumntotall[nday] = sumntotall[nday] + double(nc+nee+nd)

sumncl[nday] = sumncl[nday] + double(nc)
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ssumrl[nday] = ssumrl[nday] +r
ssumdi[nday] = ssumdl[nday] +d
ssumndl[nday] = ssumndl[nday] + nd
ssumcomplxl[nday] = ssumcomplxl[nday] + nee
ssumdormant[nday]=ssumdormant[nday]+ndor

endfor

;(3) End loop for one colony in ntimestep days }}

if (ncolony mod num) eq 0 then begin

printf,18,’ r two rev equ',aktwo

for i = 1,ntimestep do begin

printf,18,i,sumntotal1[il/float(num),sumnc1[il/float(num),ssumcomplx1[il/float(num),ssumdormant[il/float(num)

endfor
;======= measure and count

printf,18,' '

for i = 1,ntimestep do begin
printf,18,i,ssumr1[il/float(num),num_inner[il/float(num),num_ibetweenl[il/float(num),$
num_ioutter[il/float(num)

endfor

t1 = systime()
printf,18,t0,t1
PRINT,tO,t1

;::::::::::::::::::::For Gl’aph
t=indgen(nt)
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t1=indgen(nt)
test2 = fltarr(nt)
test1 = fltarr(nt)
test3 = fltarr(nt)
testd= fltarr(nt)
testrl = fltarr(nt)
testr2 = fltarr(nt)
testr3 = fltarr(nt)
testrd = fltarr(nt)

testimm?1 =fltarr(nt)

testimm2=fltarr(nt)

test2 = sumntotall/float(num)
testd = sumncl/float(num)
testr2 = ssumrl/float(num)

testr3 =ssumd1/float(num)

;===========|MMUNE-TUMOR

testimm1 = ssumcomplx1/float(num)

for i = 0,ntimestep-1 do begin
t1[i)= tli+1]
testl[i] = test2[i+1]
test3[i] = testd[i+1]
testrl[i] = testr2[i+1]
testrd[i] = testr3[i+1]
testimm2[i] = testimm1[i+1]
endfor

yxz =1

,ShOW graph aﬂel’ fUN ===========================

if (yxz eq 1) then begin
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;============Window 5 shows N, N¢, R
window, 5, xsize = nx, ysize = ny

plot, t1, testl,TITLE ='N & R & N¢'

oplot, t1, test3,LINESTYLE = 1
oplot,tl,testr1*38.00,LINESTYLE = 3

;==========Window 6 shows R and density
window, 6, xsize = nx, ysize = ny

plot, t1,testrl,TITLE=' R and density '

oplot, t1,testrd,LINESTYLE = 1
;==========Window 7 shows Nc and E====
window, 7, xsize = nx, ysize = ny

plot, t1,test3,TITLE=' Tumor-Immune
oplot, t1,testimm2,LINESTYLE = 4

endif

,ShOW graph aﬂel’ fUN ===========================

endif

; SE===========s======== end Loop for Vary k]_

endfor

(2) End do runs }

close, 18

end
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