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Additional Mathematical Equations

Relative oxygen concentration coefficient: O =1-(b, +a,) - n,
Coefficient related to the critical oxygen concentration for the proliferative cells to turn to

n,=0,0(,t)>0
hypoxie ) n =1, o(l,t) <0

Conversion rate of proliferative cells to hypoxic: bh :(1'

Omp (1,0
O

)/ 20

Relative glucose concentration coefficient: Gl = 1'(bq "'an) ) glq

Coefficient related to the critical glucose concentration for the proliferative cells to turn to
gl, =0,gl(l,t)>0

hypoglycemic _
gl, =1gl(l,t) <0

Conversion rate of proliferative cells to hypoglycemic: Mq —( - —l)
0
la(l,t) —la,
Relative lactate concentration; =& =
la(l, 1)
h(l,t) —h,
Relative H* concentration: " tions = h(|,t)

Coefficient related to the pH threshold that determines the beginning of the proliferation rate
pH, >0= pH =1
6 pr pr
decrease: H = H - —IO h I,t 10 d
rease: PH e = PHa1pr ( g(h(l,t) ) an pHpr<0, pHpr=0
Coefficient related to the pH threshold for the proliferative cells to turn to quiescent (stop
6 pH,>0= pH, =1
proliferating): PH, = —log(h(l,t)-10° — pH,,, and pH, <0, pH, =0
Coefficient related to the pH threshold for the acidic cells to turn to necrotic:
pH,>0= pH, A =1
H_=—log(h(l,t)-10° —pH d
p n g( ( ) p valN an pHn<0’ pHn:O
Conversion rate of proliferative to acidic cells and acidic to proliferative:

b, = Oa :1_(bh N, +bq 'g|q+N(|’t)'an)

a



Threshold for the hypoxic cells to turn to necrotic due to the absence of oxygen:
H(,t
(.1) >0.9
H(,t)+C,t)+Q(,t) + A(l, t) —=n, =1
n, =1

Threshold for the hypoxic cells to turn to necrotic due to the absence of glucose:

il SR
g|q=1 :>ghn_

Threshold for the hypoglycemic cells to turn to necrotic due to the absence of glucose:
Q1) >0.75
H(,1)+C(1,1) +Q(l, 1) + A(l, 1) =gl, =1
gl, =1

Threshold for the hypoglycemic cells to turn to necrotic due to the absence of oxygen:

n, =1 .
n. =
gl, =1 = Man

Concentration change of hypoglycemic cells:

aQ(l.1) =V (D, (L,)-A-T)VQ(, 1)+ (C(L,t)-b, - ol, + AL t)-b, - gl —Q(L,t) - g, - L-gl,)

ot
_Q(I’t)'aq 'nqn _Q(I!t)'aglq 'glqn _Q(I!t) N(I’t)an) pHn _Q(I’t)(l_ pHn)

Concentration change of glucose:

agl(1,t)

= Dglvzgl(lat)"‘ﬁm (1, t) = (Fogn - @=1y) + ¥ - My) - C(1, 1)
“Vhgl H(I’t)_ngl °Q(I1t)_7agl 'A(I!t)_‘c"gl g|(|1t)



Table 1 - Parameter Values

Parameters Symbols Values Units
Tissue maximum carrying capacity Cn 2.39%10° cells/mm?
Initial spherical tumor cell density Co 3*10* cells/mm?
Initial real tumor cell density Cor 5*10* cells'rmm?
Initial spherical tumor cell density for model 5 s
o Cov 10 cells/mm
validation
Initial spherical tumor radius lo 1 mm
Initial Diffusion coefficient of proliferative )
D.=Dy, 0.005, 0.3 mm-</day
cells
Initial Diffusion coefficient of hypoxic cells Dy D.*10 mm?/day
Initial Diffusion coefficient of hypoglycemic
D, D, mm?/day
cells
Initial Diffusion coefficient of acidic cells D, D, mmzlday
Low and high cell-diffusion coefficients for )
o ] Dey 0.01, 0.06 mm®/day
model validation (spherical tumor)
Cell-diffusion coefficient for model )
o Deur 0.01 mm-“/day
validation (real tumor)
Proliferation rate constant p 0.0025, 0.04 1/day
Low and high cell-proliferation rates for
o ) Py 0.013, 0.033 1/day
model validation (spherical tumor)

Cell-proliferation rate for model validation

Pur 0.005 1/day
(real tumor)

Initial ECM concentration outside the tumor fo 107 mol/mm?
Initial intratumoral ECM concentration forumor 0.9%10° mol/mm?®
Initial MDEs concentration outside the 5

mg 0 mol/mm

tumor
Initial intratumoral MDESs concentration Motumor 0.5*%Cy mol/mm?®
Initial oxygen concentration outside the . s
0o 0.28*10° mol/mm

tumor
Initial intratumoral oxygen concentration g s
. Ootumor 0p*e’ ' mol/mm

(spherical geometry)
Initial intratumoral oxygen concentration 5
Ootumor 0.5* 04 mol/mm
(real geometry)

Initial glucose concentration outside the alo 16.5*10° mol/mm?®




tumor

Initial intratumoral glucose concentration

. gIOtumor glo*e-d(r) mol/mm?®
(spherical geometry)
Initial intratumoral glucose concentration 3
Olotumor 0.5*gly mol/mm
(real geometry)
Initial lactate concentration outside the 0 3
lag 107 mol/mm
tumor
Initial intratumoral lactate concentration laotumor 10*la, mol/mm?®
Initial H* concentration outside the tumor "y 5
ho 3.98*10 mol/mm
(Extra-tumoral pH=7.4)
Initial intratumoral H* concentration » s
Notwmor 7.94*10 mol/mm
(Intratumoral pH=7.1)
Reduced proliferation rate pH value PHyaipr 6.8 -
Quiescent acidic pH value PHvaiq 6.4 -
Necrotic pH value pPHvan 6 -
Diffusion coefficient of MDEs Dn, 0.00864 mm2/day
Diffusion coefficient of oxygen D, 157.248 mm?/day
Diffusion coefficient of glucose Dgi 9.504 mm?/day
Diffusion coefficient of lactate D 15.379 mm2/day
Diffusion coefficient of H Dy 155.52 mm?/day
Oxygen natural decay rate € 0.0375 1/day
Oxygen production rate Bo 0.5025 1/day
Glucose natural decay rate Olgl 0.11 1/day
Glucose production rate Bal 1.1 1/day
Lactate excretion rate € 0.8 1/day
H* excretion rate €ph 2592 1/day
Oxygen consumption rate by proliferative
cells under normoxic conditions (60% Yeol 5.52 *10*2 mol/cell*day
glycolysis)
Oxygen consumption rate by proliferative
cells under hypoxic conditions (75% YVeo2 5.175*10™ mol/cell*day
glycolysis)
Oxygen consumption rate by hypoxic cells
yo P _ P Yo 6.9 *10™ mol/cell*day
(99% glycolysis)
Oxygen consumption rate by hypoglycemic
yo P Y hypogly Ygo1 0.8125* vy 1 mol/cell*day

cells under normoxic conditions (60%




glycolysis)

Oxygen consumption rate by hypoglycemic

cells under hypoxic conditions (60% Yqo2 0.5% yent mol/cell*day
glycolysis)
Oxygen consumption rate by acidic cells
Yo P _ Y Yao 3.45*10™% mol/cell*day
(50% glycolysis)
Glucose consumption rate by proliferative
cells under normoxic conditions (60% Vegit 2.3*10" mol/cell*day
glycolysis)
Glucose consumption rate by proliferative
cells under hypoxic conditions (75% Yegl2 0.5* yegn mol/cell*day
glycolysis)
Glucose consumption rate by hypoxic cells Yhgl 1.15*10™ mol/cell*day
Glucose consumption rate by hypoglycemic
P cells yypogy Yagl 0.5% yegn mol/cell*day
Glucose consumption rate by acidic cells Yagl 0.5% yegn mol/cell*day
Lactate consumption rate by proliferative
] o Yela 0.5% yegn mol/cell*day
cells under hypoxic conditions
Lactate consumption rate by hypoglycemic
] N Yqla 0.25* yegn mol/cell*day
cells under normoxic conditions
Lactate production rate by proliferative cells
. . . Betat 1.2% yeqn mol/cell*day
under normoxic conditions (60% glycolysis)
Lactate production rate by proliferative cells
. . _ Beaz 0.75* yequ mol/cell*day
under hypoxic conditions (75% glycolysis)
Lactate production rate by hypoxic cells
) Bhia 1.98% vy mol/cell*day
(75% glycolysis)
Lactate production rate by hypoglycemic
P Y y-p a4 Byla 1.2%* ygq mol/cell*day
cells (60% glycolysis)
Lactate production rate by acidic cells (50%
alycolysis) Bala Yagl mol/cell*day
H* production rate by proliferative cells 3
. . . Bent Bela1*10 mol/cell*day
under normoxic conditions (60% glycolysis)
H* production rate by proliferative cells 3
) . . Benz Bela2*10 mol/cell*day
under hypoxic conditions (75% glycolysis)
H* production rate by hypoxic cells (75%
P P ( Brn Bria*107 mol/cell*day

glycolysis)




H* production rate by hypoglycemic cells

*107 mol/cell*da
(60% glycolysis) Par P y
H* production rate by acidic cells (50%
. Ban Bata mol/cell*day
glycolysis)
ECM degradation rate o 0.0022388 mm?*/mol*day
MDEs natural decay rate A 0.432 1/day
MDEs production rate by proliferative cells e 0.006 mol/cell*day
MDEs production rate by hypoxic cells i 2%, mol/cell*day
MDEs production rate by hypoglycemic
Hq Ue mol/cell*day
cells
Conversion rate of hypoxic to proliferative
- On 0.05 1/day
or acidic cells
Conversion rate of hypoxic to necrotic cells
due to lack of oxygen % by/10 L/day
Conversion rate of hypoxic to necrotic cells
dgih 0.01 1/day
due lack of glucose
Conversion rate of hypoglycemic to
) ) yp- 9y Jq 0.05 1/day
proliferative or acidic cells
Conversion rate of hypoglycemic to necrotic
cells due to lack of oxygen % 0.01 L/day
Conversion rate of hypoglycemic to necrotic
agig by/10 1/day
cells due lack of glucose
Conversion rate of proliferative, hypoxic,
hypoglycemic, acidic to necrotic cells due to an log(2)/(50C*10%) | mm?*/day*cells
contact with necrotic region
Time step dt 0.0005 days
Spatial grid dimensions of spherical tumor dr 0.2 mm
Spatial grid dimensions of RIDER-NEURO
dx, dy, dz 1,1, 1 mm
tumor
Spatial grid dimensions of clinical real
dx, dy,dz | 0.599, 0.599, 0.725 mm

tumor




