The MADIM can solve nonlinear ODE systems

of biological models with far greater efficiency

that classics methods as RK4

The Multistage Adomian Decomposition Improved Method (MADIM)
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® Glioblastomas are the most common and aggressive tumors of the central nervous
system. Glioblastomas are incurable, they must evade the immune response with a with
mechanism known as “sneak through”: when the tumor is small the effector cells are 51 = M?, 6 = M?r , 63 = M?r/K and 6, = /K.
unable to recognize it, by the time the immune activation takes place the tumor is too
large to be contained [1]. Results
® |t is implemented a Multistage Adomian Decomposition Improved Method (MADIM)

1. Solution of Glioma—Immune Evasion Model:
to find a numerical solution of growth of both Glioglastomas and microglia cells. ! e
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' —  the growth of the inmune cells. Figure 1. a) Tumor and immure dynamics with real reported parameters (see table 1). b) Phase space
vi  —  the basal generation of microglia of the system (1) and (2) for different values of saturation K
Y2 —  the natural death rate of microglia. The effect of the “sneak through™ mechanism is present at the numerical solution of the Glioma-—
vs —  the rate of microglia increase due Immune Evasion model using low values of K, as is showed at figure 1a. If the tumor growths beyond
_ _ _ (K >2.3x107), it is effective the reaction of the of immune cells eliminating the tumor cells (figure 1b).
to inmune/tumor interaction xy.

2. About the numerical method

Dynamics of the tumor Cells (gliobastomas): : .. , .
The MADIM demonstrate a high efficiency performance both at computational cost (figure 2a) and at
, numerical error (figure 2b), compared with a classical Runge—Kutta 4—order (RK4),
/ Y Yy
y =ry (I_E) —6$—M2 5 Y(0) =yo (2) _ . . . . . . . —
Ty e e I | ]
h - MADIM method (N=5) @ o o A
where: ‘ MADIM method (N = 10) 4 reoah m ‘ .
100 F . . ‘ ] E] ........ ‘c
y  —  the growth of the tumor cells. - . P
) e-04 [- L P
: . 9 e g N
r — the growing rate of logistic model. S 1wof B “a.
= - E le-06 |- .
i Tt ‘; E .
K — the saturation constant of logistic model. g RO S g | e ey S
2 1E T ‘ ] MADIM method (N =5) ® ? ‘
f —  the depredation efficiency. = g gl oM meteaumi & Fa
M —  isthe half-saturation rate of Holling type III function " ] 12 f o h
0.01F 1 1 1 1 ’ le-14 1 | 1 L 3
0.0001 0.001 0.01 0.1 1.0 0.000001 0.00001 0.0001 0.001 0.01 0.1
Numeric step h Numeric step h

Figure 2. a) Computational cost of MADIM and RK4 measured in terms of CPU resource used time for
different time steps. b) Local truncation error of MADIM and RK4 for different time steps.

Parameter Units Used Value References
v1 (Basal microglia production) IC/days 2500 1] ' | | | R”“‘Jé"(”tgag{'ite" =a°-'015=da”' 5y . o _ _
(Naturel desth rate) 1/d - 4 gl Wb tstep = 3 day =) The method is so efficient that it allows working
atural death rate ays : . . : :
” ' out solutions with extremal time steps like h=15
73 (Rate of microglia increase) — 1/days 8.6x 107 [L2] s} ' | time units (1 unit = 1 day), in contrast to a
zo (Initial inmune cells) IC 2.5x 101 [2] 3 _ limited step time required for the RK4, e.g.,
yo (Initial tumoral cells) TC 102 3] 3 i} Lo ] h=0.015 (see flgure 3).
r (Tumor growth rate) 1/days 0.18 4] 5
K (Saturation threshold) TC 107 1] 05t | 1 Conclusions
f (Depredation efficiency) TC/days*IC 1 4]
M (Half-saturation constant) TC 7.5 x 10% [1,3] 0(-; - - - - : - -~ . ® The Glioma—-Immune Evasion model exhibit
Inmune Cells (<106) the “sneak through™ mechanism for low values
Table 1: P 1 d in simulations. . ; ;
abie 1 Tarameter values used in simulations Figure 3. Two Phase path of the system (1) and (2) of K and periodic process for values larger (K >
solved with RK4 (h=0.015) and MADIM 2.3x107).
(h=15).
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