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1 Numerical Methods

1.1 Differential, Laplacian, and Flux Terms

Let all variables be defined on cell centers, except velocities %, and iz, which are defined on edge
centers. Spatial derivatives acting on dimensionless scalar fi,j,k and vector fi,,-,k functions are
replaced by differential operators D,, D,,, and D, in the following manner:
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where i, j, and k in the two equations above include non-integers; &;, 8;, and &, are unit vectors in
the x —, y —, and z — direction, respectively. Following definitions given in Egs. (1.1.1) & (1.1.2),
the discrete Laplacian operator is defined by the second order approximation below:
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Using the above definitions, Laplacian terms in Egs. (2.1) — (2.3) can be approximated by
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where edge-centered approximation of cell-centered variables may be determined by the following
averaging operators A:
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Note that the averaging operators above also apply to cell-centered approximation of edge-centered
variables.

Similarly, the convective flux terms in Egs. (2.1) — (2.3) and Egs. (2.33) — (2.35) are approximated by

where @i*, 1Y, and @* are edge-centered velocity components. The edge-centered approximations of
cell-centered ¢ can be computed using the upwind biased WENO scheme (1, 2):
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In our case, a simple upwind Donor-Cell advection is used to estimate edge-centered values from
cell-centered data.

1.2 Discretized Governing Equations



The model consists of a set of stiff differential equations that are fourth-order in space. At time step
a with time step size 0, they are discretized in time using the Crank-Nicolson Method as in Wise,
Lowengrub (3) (terms computed from the converged solution of the previous time step are in blue).
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Extraction of the strain tensor from the set of elastic energy equations shown in Egs. (2.10) — (2.16)
is discussed in the next section.

1.3 Multigrid V—Cycle Iterations

Terms at current time step a in equation sets in the previous secction are divided according to their
iteration sequence. Each iteration travels through one V—cycle, starting from the finest mesh level
(see also Adaptive FAS V-Cycle in Results). Letting the iteration number be r, we rewrite all
governing equations and group all known terms entering each V—cycle to the RHS of equations in the
following manner (terms computed from the previous iteration of the current time step are in green):
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Displacement vectors are computed at the beginning of each time step from V-T; = 0, using
relations listed in Egs. (2.10) — (2.16) and known values from the previous iteration. The m-—
component of the displacement vector can therefore be written as (current unknown is shown in red):
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where the subscript m represents both the direction x, y, or z and its corresponding index i, j, or k.
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Let the set of variables be Y. With the exceptions of Egs. (1.3.4), (1.3.5), (1.3.8) — (1.3.10) and
(1.3.18), all terms on the RHS of equations above, which pertain to the previous time step a — 1 and
the previous iteration of the current time step a,r — 1, for each variable 3 are grouped as

R, (Wi, fl]rkl) and let the LHS of equations be LK(qu]rk, tpff,zl ). We aim to seek a unique

solution for the set of equations L(W{,, Wi/, ") = R(W{ ;4 Wi/, "), where we have defined
L= (Ly,Lp, -, L.g) asthe operator terms and R = (Ry, Rp, :**, Ry,5) as their corresponding source

terms.

1.4 Nonlinear Gauss—Seidel Relaxations

The FAS uses local linearization such as the nonlinear Gauss-Seidel (GS) smoothing described in this
section. We show the lexicographical Gauss-Seidel (GS-LEX) method here because of its simplicity.



In our relaxation procedure, the red-black ordering of the GS scheme (GS-RB) is used for faster

convergence.

Letting the current smoothing pass be n, one smoothing step consists of relaxing the following

system of equations lexicographically to obtain ;"

(current time step, current iteration, and

previous sweep are in ; current time step, current iteration, and current sweep with already
updated variables are in , While those variables to be updated are in red):

Cells and ECM Components

(B0 + @i o] +

+ + + ]

= Ry (Wi Wt +9—an [
+ [ + |+
+ [ + |+
+ | + I}

(8007 + @ +

+ + + ]

= R (Wi Wi +6—an{ [
+ [ + |+
+ [ + +
+ | + I}

(o0 + G | .

+ + + ]

= Rp (Wi Wt +9—I:2 [
+ [ + |+
+ [ + |+

+ 6

] (1.4.1)

+6

] (1.4.2)

+6

] (1.4.3)

11



Chemical Potentials

g 6ér°
(AU'T)Z’]T:;(n - [ TIZ

_ -1 ar—1
= RyT(‘l’gj,k'll"i,j,k )+

~ 2
€

- — +
n
~ 2
€

S N
n

- 6 é°
( E)g,]rkn [ 1’]2 +

_ -1 ar—1
= Ryg (qlgj,qu’i,j,k )+

+
_f;f_;[ N
_gziz[ +

Pressures and Velocities

~ a,rn 6€TEZ ~ arn
(¢T)i,j,k - nZ (¢E)i,j,k
+ + +
+ + +

i,j,k

; | o

1 1
~kyar—1/x\arn _ -1 g ar-1y __ _—
5 @@ = RV W) - 3

6 1
~\a,rm _ -1 r—1
—n_z(qﬁ[kn = Ry(Wie Wik ) - TI_Z[ +

+ +

- ~ _ Yr, . -
@) = —ka [V(p)if',f;(" “Z @) v(er)

]70 ~ yarn
_a(ﬂa)i, ik

— \arn ~ NAT
(uﬁ)i,j,k = —kgV(@iji

@) = @) e — M V(i)

i,jk i,j,k

en

+ |

arn
i,j,k
armn

VE - armo(x
Lk —g(uE)if[k”V(%)

arn
i)k

Yr . arn
_a(#m)i, jk

arn

i,j,k

(1.4.4

] )

(1.4.5

)
(1.4.6)
(1.4.7)
(1.4.8)
(1.4.9)
(1.4.10)



Nutrients and Waste Products

~ |+ BT+ @ | @
_Rn(ll"l]k’ il]rk_l 277 [ + ]
1
[(kg1+kg2)ar 1 _n )ar 1] ( )?]rkn
1
_Rg(ll"l]k lp?]rkl)__[ + ]
[(kf +Ra) +—(<ﬁ3)”‘1] Wik
—Rw(lpz]k' ?]rkl)__[ + ]
1 Dya,r—1
|z = (®7) +—(<PNM+ Pep + Pnea+ Pnes + Pver)
ar—1 armn
+ (k)| @)
—Rt’(lljl]k' il]rkl)__[ + ]
ZZ—;; + + + )
[277 (@)*" 1+_((p]\fb{’+ Pvp + Pwva + Pwns + Pvr)
+ kr(a)?jrk 1] (b)?]rkn
_Rb(lljl]k lpza]rkl)__ + ]
+§—f7 + + + + )

((P )ar 1+_((p]\fa{’+ (p]\fab+ (.ONaa+ (pNas+ @Nar)

+ (b)” l@e
1
=R (lIJl]k lI":l]rkl _2_7,]2 + ]
+§—;‘7 + + + + )

(1.4.11)

(1.4.12)

(1.4.13)

(1.4.14)

(1.4.15)

(1.4.16)

13



arn

(¢s )ar 1+_(§0]\/‘s{’+ 90]\/‘sb + (p]\/”sa+ (p]\/”ss+ (p]\/”sr)] (S)”';c

=R (l|J” k>’ ?]rk ! ) - _[ + ] (1.4.17)
ZS
o + + + + )
1y, - .
M =5 [2@) + 20)] + 2@ + 2] (1418)

Tumorigenic Species

1 1 =11, — ~ar,
[ (Regr + Aae,igr + A, tgf)?]rk X —(@8,)"" ] (tgf )Z;kn

(1.4.19)
_Rtgf(lljl]k' il]rkl)__[ + ]
ar— 1 1 - ar—1 —~ \aTrn
[ (Aear + Adear +Avtar), ), re (Ptar) ] (taf), ;.
(1.4.20)
—Rtaf(lljuk lllflrkl)——[ + ]
[1+ (gom)” ! (m)?;”;:l
(1.4.21)
_Rm(ll"z]k' ?]rkl)'i‘ + ]
arn —
(FE)U o = Ree(Wii, :l,rk ! (1.4.22)
Blood and Lymphatic Vessels
9 ~ ~ 1 ~ _ ~ a,rn
{1 + ﬁ [Xche,BnE + Xhap,BnE + 5 ((pgnE)a'r 1]} (Bg)i,j,k
= Rpng (W50, W3 ") - po 2 Renems + Thap.pnE (14.23)
1
_1 N |
| ]
9 ~ ~ 1 ~ _ arn
{1 + 4__ [Xche,LnE + Xhap,LnE + ﬁ ((pLDnE)a'r 1]} ( n)l Jk
- RLnE(lIJl] Kk lIJ:l]rk ! ) - {Xche LnE + )?hap,LnE (1.4.24)

- + |



a,rn

. . . . . . ~\Qa,r,n ~ ~ \a,rn
Tissue myofibroblastic cell concentration is obtained from (F)," " = (¢z),, (Fs), . whereas
tissue blood and lymphatic vessel concentrations are calculated from their concentrations in ECM,

(B2 = @l B and ()7 = (o)

The second-derivative terms in Egs. (1.4.4) & (1.4.5) result from the Taylor expansion used in
. . ~ ~ arn ~ ~ arn ~ ~ a,r,n .

estimating (an/aqu)i’j’k , (an/ang)i’j’k, and (aW/ang)i’j,k. Using Egs. (2.7) — (2.9), the

second derivative terms are computed as:

=124 | " -1 (1.4.25)
2
+ 24, [ - 1]
= 24, [ ]2 —6 +2(1+ A, + A, — As) (1.4.26)
SHE!
= é16[1-2 ] Z [5 (€r),  Tmn— (g;")mnTmn] + (1.4.27)
mmn=1
3
6000 (=0T Y, €0, [, 2T

where (€7) , Tonn, (7)., and Ty, are calculated as in Egs. (2.10) - (2.16) and (Tr) s given
by

3
(Tr) = 212 (E0),,,, + Lnbn ) (€0, - (1.4.28)
k=1
In Egs. (1.4.14) — (1.4.17), terms in the forms of @, and are computed as:
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Prcoy = AW )1 DT = (W) DD
2

,],k ,],k
+ A Ny ar1 (y)arl Ny a'rllD()arl
y(N7), el j+zk Ay (N7, (1.4.29)
y\AT— 1 ar—1 YT = 1 ar—1
+ A, (V) ) L D, (7% ek~ A, (V) ) 1 D, (¥ ),,,k_%

= (poyl - (poyz + (pay3 - (pay4 + (pays - (Pay6

- - ~arn-1 AT, ~ ~arn—1
Pnoyoe = Poy1 (0)?.:17,},;( — Poy2 (0)?_1”1,7}’{ + @gy3 (U)f-f}f;k 1.4.30
~ ~\a,rn ~ ~\a,rn—1 ~ ~\a,r,n ( L )
— Poya(0) 0k + Poys(0): r = Paye(0) 1y
where o = {#,b,a,5},y = {¢,b,d,5,7},and V) represents
~ ar-1
(~y)ar—1= ~ ar 1 _ ZZDV _ _
7 lijk wk 722Dy 0+ 22D, b+D,a+ 22Dy §+ 22D, ik
5o\t
_ (5,)"" )‘” (1.4.31)
- l] k
i,j,k
~ ar—1 ar—1
= ( )L] k ( )L] k )

Letting o represent blood (B) and lymphatic (L) vessels, & .o iury @eneriary Crapney Crapl i

Denenpnetars Ocnerineiary Prappne e, and @0 in Egs. (1.4.23) & (1.4.24) can be
decompressed as the following:

Pereoar = [Ax(Acneome)iis |, D (tan‘”“ = 4 Acneons)y 1 Do (1)
+ Ay (Acnams ) af>‘”” = Ay (Aene m-)“f () b 14
+Ammmy”m@m““AmmmY”wwm”w
= Pchect — Pchecz T Pchess — Pcnecs t+ Pchess — Pcheoe
Pravos = [Ax(Anapans) o 02 (0) 1 = AxAnapane) 1 D1 (82)]
Ay om0, ) = (a2, e

+ A (dqhap cmE)a]rki A( E)arn 1] —A4 ("qhap cmE)ar ' (¢E)?;:_%]

= (Z)Hapal — PHapo2 + (;DHapOB - (pHapcrél- + (pHapOS (pHapcr6



(1.4.34)

(1.4.35)

Again, letting o represent species in Egs. (1.4.11) — (1.4.17), (1.4.19) — (1.4.21), (1.4.23) & (1.4.24),

(p2Hyar-1, , and terms are given below:
ar—-1 a,r—1 a,r—1 ~ a,r—1
(goa)ar L= ( 0)1 1]k+( O')L] 1k+( U)L]k 1+6(D0')L'J"k (1436)
ar—1 ar—1 ar—1 i
+( J)l+1]k+( J)l]+1k+( U)l]k+1
a,r— 1 ar—-1 ar— 1 ar—-1
- [(DU) U)z+11 k] + [(DU) ‘7)1] k+1] (1 4 37)
ar— 1 ~ ar—1 v
+ [(DJ) )i,j+1,k]
ar—1 ar—1 ~ a,r—1 ~ ar—1
= [(Da)l k + (DJ)” 1k] + [(Da)i,j,k + (D")i—Lj,k] (1.4.38)
a,r— 1 ar—1
+ [(DU) U)l] k— 1]
Note that the terms (@)% 1, , and in Eq. (1.4.6) are given in the same

forms as shown in Egs. (1.4.36), (1.4.37), and (1.4.38), respectively. Refer to Supplementary Table
6 for source terms, rates expressions, as well as their corresponding adjustment factors.

In each relaxation sweep, the following parallel and sequential steps take place:
* Solve Egs. (1.4.1) — (1.4.5) simultaneously for (év)?;{n’ (fﬁp)?'jr:, (qu)a,'r.n, (g% and

i)k Ljk
()73
= Solve Egs. (1.4.6), (1.4.7), (1.4.11) — (1 4.17), and (1.4.19) — (1.4.21) by simple division for
~N\QA,T, ~\Q,T, ~\a,T, ~\a,r, arn arn QT —~ \ATN
(p)?Jrkn’ (q)?}rkn’ (n)g}?.ﬁkn’ (g)gj?:kn ?]rkn’ (f)uk ( )l]k ?Jrkn (S)?J'T-ﬁkn' (tgf)i,j,k !

(taf f) ", and ()
. e e ~ a,rn ~ arn ~ a,rn
= Solve Eqs. (1.4.22) — (1.4.24) by simple division for (FE)i,j,k , (Bf)l,’j‘k , and (Lﬁ)i'j'k :

= Update (i1,){7;", (i ﬁ)‘”" (1), and (P with Egs. (1.4.8) — (1.4.10), and (1.4.18).
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ar,v

After n = v full relaxation sweeps at a grid level k, we arrive at ;""" represented by

Y = SMOOTH(v, g™, L, R,) (1.4.39)

a,r,0

where ;" is the set of initial values used in the smoother. In the model, the numbers of pre— and
post— smoothing cycles may be different and are denoted by 14 and v, respectively.



2 Supplementary Tables

Supplementary Table 1 Dimensionless Diffusivities (from (4)).

Dimensionless Biological Representation Scaling Va.llue
Parameter Factor *  Assigned
D, Effective diffusivity of O, Dnr computed
Dng Diffusivity of O, through ECM regions Dnr 1.0
D1 Diffusivity of O, through tumor regions Dy 1.0
Dy Diffusivity of O, through host regions Dy 1.0
D, Effective diffusivity of glucose Dy computed
5‘9,5 Diffusivity of glucose through ECM regions Dy 1.0
EQ,T Diffusivity of glucose through tumor regions Dy r 1.0
~g,H Diffusivity of glucose through host regions Dy 1.0
D, Effective diffusivity of CO, Dy computed
Dy Diffusivity of CO, through ECM regions Dy 1.0
D1 Diffusivity of CO, through tumor regions D,r 1.0
Dy, u Diffusivity of CO, through host regions Dy 1.0
D, Effective diffusivity of lactate Dy computed
Dyr Diffusivity of lactate through ECM regions Dnr 1.0
D,r Diffusivity of lactate through tumor regions Dy 1.0
Doy Diffusivity of lactate through host regions D,r 1.0
D, Effective diffusivity of bicarbonate D,r computed
Dyk Diffusivity of bicarbonate through ECM regions D,r 1.0
Dyr Diffusivity of bicarbonate through tumor regions D,r 1.0
Dy Diffusivity of bicarbonate through host regions Dy 1.0
D, Effective diffusivity of H" ions Dyr computed
Dok Diffusivity of H* through ECM regions Dyr 1.0
Dur Diffusivity of H* ions through tumor regions Dpr 1.0
Dan Diffusivity of H* ions through host regions Dpr 1.0
D, Effective diffusivity of Na* ions Dpr computed
D, Diffusivity of Na* through ECM regions Dnr 1.0

D,y Diffusivity of Na" ions through tumor regions Dyr 1.0



Dimensionless
Parameter

F,H

5 BnE
5BnE,E
5 BnE,T
5BnE,H

5 LnE
5 LnEE
5LnE,T

DLnE,H

Biological Representation

Diffusivity of Na* ions through host regions
Effective diffusivity of TGFs

Diffusivity of TGFs through ECM regions
Diffusivity of TGFs through tumor regions
Diffusivity of TGFs through host regions
Effective diffusivity of TAFs

Diffusivity of TAFs through ECM regions
Diffusivity of TAFs through tumor regions
Diffusivity of TAFs through host regions
Effective diffusivity of MDEs

Diffusivity of MDEs through ECM regions
Diffusivity of MDEs through tumor regions
Diffusivity of MDEs through host regions
Effective diffusivity of Myofibroblastic cells (MFC)
Diffusivity of MFCs through ECM regions
Diffusivity of MFCs through tumor regions
Diffusivity of MFCs through host regions
Effective diffusivity of ECS

Diffusivity of ECs through ECM regions
Diffusivity of ECs through tumor regions
Diffusivity of ECs through host regions
Effective diffusivity of LECs

Diffusivity of LECs through ECM regions
Diffusivity of LECs through tumor regions
Diffusivity of LECs through host regions

* For example, D,, = D, /Dy r

Scaling
Factor *

Value
Assigned

1.0
computed
1.0
1.0
1.0
computed
1.0
1.0
1.0
computed
0.05
0.01
0.01
computed
1.0
0.0
0.0
computed
1.0
0.0
0.0
computed
1.0
0.0
0.0



Supplementary Table 2

Dimensionless
Parameter

}\M,V
7\N,V
}\L,D
7\F,E
)\de,E
}\B,n
}\B,n,E

}\B,n,T

)\B,n,H

AU,V,n

AU,H,n

Ap,g
XB, 9,E
XB, a.T
XB, g,H
XU,V,g
XU ,H,g

7~\B,w

}\B,W,E

AB,W,T

7\B,W,H

Biological Representation

Mitosis rate constant of viable tumor cells
Necrosis rate constant of viable tumor cells
Lysis rate constant of dead tumor cells

ECM rate of secretion by myofibroblastic cells
Degradation rate of ECM

Apparent transfer coefficient of O, via capillary
network

Transfer coefficient of O, via capillary network in
ECM regions

Transfer coefficient of O, via capillary network in
tumor regions

Transfer coefficient of O, via capillary network in
host regions

Uptake rate constant of O, by viable tumor cells
Uptake rate constant of O, by healthy host cells

Apparent transfer coefficient of glucose via
capillary network

Transfer coefficient of glucose via capillary
network in ECM regions

Transfer coefficient of glucose via capillary
network in tumor regions

Transfer coefficient of glucose via capillary
network in host regions

Uptake rate constant of glucose by viable tumor
cells

Uptake rate constant of glucose by healthy host
cells

Apparent transfer coefficient of CO, via capillary
network

Transfer coefficient of CO; via capillary network
in ECM regions

Transfer coefficient of CO; via capillary network
in tumor regions

Transfer coefficient of CO; via capillary network

Dimensionless Rate Constants (from (4)).

Scaling
Factor *

xM,V
}\M,V

7kM,V
(]Sa)\M,V/ I max

xM,V

xU vn
AU n
AU n

AU vn

}\U,V,n

}\U,V,n

}\U,V,n
}\U,V,n
}\U,V,n
}\U,V,n
}\U,V,n
}\U,V,n
}\U,V,n
}\U,V,n

}\U,V,n

}\U,V,n

Value
Assigned

1.0
3.0
1.0
5.0
1.0

computed
0.1
0.001

0.01

1.0
0.0001

computed
0.1
0.001
0.01
1.0
0.0001
computed
1.0

1.0

1.0
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Dimensionless

Parameter

Age
XB,#,E
XB,{’,T
XB,[,H

AV,tgf
Ade,tgf

}\U,V,tg f

}\V,ta f
7\de,ta f
}\U,B,ta f
}\U,L,ta f
)\V,m
}\de,m
}\M,FE
}\A,F E

}\N,FE

}\m,BnE

S

crush,BnE

}\re,BnE

Biological Representation

in host regions

Forward reaction rate of the dissolution of CO,
and H,O

Backward reaction rate of the dissolution of CO,
and H,O

Apparent transfer coefficient of lactate via
capillary network

Transfer coefficient of lactate via capillary
network in ECM regions

Transfer coefficient of lactate via capillary
network in tumor regions

Transfer coefficient of lactate via capillary
network in host regions

Production rate constant of TGFs by viable tumor
cells

Degradation rate constant of TGFs

Uptake rate constant of TGFs by viable tumor
cells

Production rate constant of TAFs by viable tumor
cells

Degradation rate constant of TAFs

Uptake rate constant of TAFs by proliferating
ECs

Uptake rate constant of TAFs by proliferating
LECs

Production rate constant of MDEs by viable
tumor cells

Decay rate constant of MDEs

Mitosis rate constant of MFCs
Apoptosis rate constant of MFCs
Necrosis rate constant of MFCs
Maximum mitosis rate constant of ECs

Maximum degradation rate constant of new blood
vessels due to cell pressure

Remodeling rate constant of new blood vessels by

Scaling
Factor *

Aoy
Ay y /Moo
Aoy
Aoy
Auyn
Auyn

AU vn
AU n

AU vn

}\U,V,n

}\U,V,n

AU.V,n / Bmax

AU.V,n / Lmax

Value
Assigned

1.0
1.0
computed
1.0
0.1
0.5

0.2
0.05

0.0

0.2
0.05

0.0011574
0.0011574

0.2

5.0
0.1
0.1
0.3
1.0

1.0

1.0



Dimensionless
Parameter

)\m,LnE

}\crush,LnE

Are,LnE

Biological Representation

MDEs
Maximum mitosis rate constant of LECs

Maximum degradation rate constant of new
lymphatic vessels due to cell pressure

Remodeling rate constant of new lymphatic
vessels by MDEs

* For example, Ay y = Ay y/Apy-

Scaling
Factor *

Value
Assigned

1.0

1.0

1.0
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Supplementary Table 3

Dimensionless
Parameter

Xche,BnE

Xhap,BnE

~max
X hap,BnE

~min
X hap,BnE
Xche,LnE

Xhap,LnE

~max
X hap,LnE
~min
Xhap,LnE

Biological Representation

Mobility of cell species

Motility of the solid phase (cells)
Motility of the tumor cell phase

Motility of the ECM phase

Motility of the healthy host cell phase
Motility of the fluid phase (interstitial fluid)
Chemotaxis coefficient of ECs
Haptotaxis coefficient of ECs

Maximum haptotaxis coefficient of ECs
Minimum haptotaxis coefficient of ECs
Chemotaxis coefficient of LECs
Haptotaxis coefficient of LECs
Maximum haptotaxis coefficient of LECs

Minimum haptotaxis coefficient of LECs

Scaling Factor*

2

Q

]

]

& & Q?T‘II &

=

£2/(T tafsa)
L2/(T $o)
L2/(T $o)
L2/(T $o)

L2/(T tafsa)
L2/(T $o)
L2/(7 $.)
L2/(7 $o)

Mobility, Motilities, and Taxis Coefficients (from (4)).

Value
Assigned

0.1
Computed'
10.0
10.0
10.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

All nondimensionalized chemotaxis and haptotaxis coefficients are set to 1 as an initial value in this
study. A wider range of values will be tested and analyzed in future work.

~ _ 2
* For example, Xche,BnE - )(che,BnET tafsat/L .

1 The solid phase motility k, is computed from kg, kr, and ky using Eq.(2.38) by replacing 1; with

k;.



Supplementary Table 4

Dimensionless
Constant

Biological Representation

Interaction strength for tumor cells
Interaction strength for ECM

Interaction strength between tumor cells

and ECM

Strain energy coefficient

Hypoxic level of O,

O level in capillaries

Glucose level in capillaries

CO;, level in capillaries

Lactate level in capillaries

O, viability limit of viable tumor cells
O, viability limit of MFCs

Glucose viability limit of viable tumor
cells

Charge of a lactate ion
Charge of a bicarbonate ion
Charge of Na*

Charge of CI”

Threshold level of tgf corresponding
to the onset of the upregulation of
myofibroblastic cell proliferation

Threshold level of taf corresponding
to the onset of EC proliferation

Threshold level of taf corresponding
to the onset of LEC proliferation

Eigenstrain for the ECM component

Eigenstrain for the cell components

Lamé constants for ECM component
Lamé constants for cell components

Lamé constants for cell components

Dimensionless Constants (from (4)).

Scaling Factors*

my

My

™y

tgfsat

tafsat

tafsat

i

(9]

S S

L3

Value
Assigned

0.05
0.05

0.02

0.001
0.3
1.0
1.0
0.0
0.0

0.21
0.21

0.1

-1.0
-1.0
1.0
-1.0

0.1

0.2

0.2

1.0

0.0

1.0
1.0
1.0
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Dimensionless
Constant

((ﬁE)min,Bn
(QBE)max,Bn
((ﬁE)min,Ln

(¢~)E )max,Ln

pc,Bn

pc,Ln

Biological Representation

Concentration of ECM macromolecules
corresponding to the minimum EC
haptotaxis strength

Concentration of ECM macromolecules
corresponding to the maximum EC
haptotaxis strength

Concentration of ECM macromolecules
corresponding to the minimum LEC
haptotaxis strength

Concentration of ECM macromolecules
corresponding to the maximum LEC
haptotaxis strength

Threshold pressure corresponding to the
onset of blood vessel loss

Threshold pressure corresponding to the
onset of lymphatic vessel loss

Threshold pressure corresponding to the
maximum rate of neo-blood vessel loss

Threshold pressure corresponding to the
maximum rate of neo-lymphatic vessel
loss

* For example, i, = n,/ne .

Scaling Factors*

Value
Assigned

0.2

0.8

0.2

0.8

0.6
0.6

0.8

0.8



Supplementary Table 5 Scaling Factors (from (4)).

Dimensional

Scaling Factor Biological Representation

L Characteristic length
T Characteristic time
P Characteristic cell pressure
Q Characteristic fluid pressure
M Characteristic mobility
€ Characteristic interaction strength

Characteristic Strain

(91]

Characteristic Myofibroblastic diffusivity

(=]
=

Expression

T t9fsar
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Supplementary Table 6 Source Terms, Rates, and Adjustment Factors (adapted
from (4)).

From Equations (2.1):
S~V = XM,VCAM,VJ)V - 7\N,VUQN,VQ-';V
Ay = A1 + tgf)H G — 1)
Avy =1=H (i =y )H (G =~ Goy)

From Equation (2.2):

S~D = XN,V"AN,VJ)V - XL,DCAL,DQED
"AL,D = 1

From Equation (2.3):
S~E = XF,E‘AF,EF - Xde,Edqde,E‘iBE

Are = (1= Gr = @e)(L+ L6]) |1+ Fhp e G — )| # (5 — ) (09
— t9fre)H (1 — dr — P)

Agerp =M

From Equation (2.22):

kny = XB,n"-’qB,n

knz = AyynAvyn + AugnAunn

Agp = Ay = Agy = Age = (B)0s (1 - %) 3 (Bes — P)
dqu,v,n = ¢~’V

"AU,H,n = ¢y

From Equation (2.23):



d‘lU,H,g = qSH

From Equation (2.24):

];w = XB,WCAB,W
~ p - -
An = (B)0s (1 - ~—) H (Bes )
Pt
From Equation (2.25):
Ef = 7\3,{’0‘13,{’
~ p - -
Ane = (B)0: (1 - ~—)w(pt,3 ~5)
Pt

From Equation (2.30):

thf = XV.tgf Ay tgr
XU,tgf = XU,V,tgf‘/qU,V,tgf
c/lv,tgf = QBV

c/ZU,V,tgf = QBV

From Equation (2.31):

)\taf = 7\V,taffﬂv,taf

Autaf = AuptarAupitar + AuLtarAuLtaf

~ np — fl - - - -
Ay tar = v |1+ Fprop =——HFp — ) |H (A — fipy),  where Fp = 1
np Nyy
c’qU,B,taf = Bn
c’qU,L,taf = Zn

From Equation (2.32):

gm = 7~\V,mc"lV,m(l - fFl) - Xde,mﬁi - Rtaf,mRA(fU,B,taf + fU,L,taf)
Aym = dsv
R, =8.64 x 10°

Rtaf,m = tafsat/msat =1



Supplementary Material

From Equation (2.33):

S~FE = XM,FE‘/ZM,FEFE - XA,FE"/‘ZA,FEIE'E - XN,FE‘AN,FEFE

-y M ~ ~ o

Amreg = (1= Fg)Q3 (1 — ﬁh) [1 + Ttgf,F tgf }[(tgf - tngE)]}f(n — fip),
where Flj ¢ p = 2

C’qN,FE =1- }[(ﬁ - ﬁv,F)}[(g - gv,F)

C’qA,FE =1

From Equation (2.36):

Acnepne = Fpn Where the effect of TAF is not considered.

C’Clhazr),BnE
Jr ®pn Fpn ¢r < ((;bE)min‘Bn and ¢g > (‘;bE)maJ
= (QBE)max Bn o q";E g g g
| [(1 - (DBn)Q4 <($ ) _, (('5 ) + ®pn :FBTL (d)E)min,Bn < d)E < (d)E)max,Bn
k EJmax,Bn EJmin,Bn
)?min
where ®g, = lean
hap,Bn
From Equation (2.37):
Acnerne = Frn where the effect of TAF is not considered.
‘Ahap,LnE
J[ Orn Fin dr < ((;bE)min’Ln and ¢g > (¢E)max’1

Fin ((I;E)min,Ln < ¢p < ((ﬁE)

max,Ln

[(1 ~ )Q < (d;E)max,Ln N diE ) +&
— O = = (0%
L " ' ((’bE)max,Ln - (¢E)min,Ln "

~min

X hap,Ln

~max
hap,Ln

where ®;, =

From Equation (2.34):

N Y DE 3 ~ DE oY DE
SBnE - }\m,BnE “Am,BnE Bn - )\re,BnE dqre,BnE m Bn - }\crush,BnE c/qcrush,BnE Bn

tET - ta}Bn —~ —~
A =F ——— | H(taf —ta
m,BnE BnQS < 1 — taan ( f an)

30



t?l? taf Bn
1—-ta f Bn
c’qcrush,BnE = H(p - pc,Bn)

C’qre,BnE = FpnQ3 < >}[(t af — taan)

From Equation (2.35):

G Y TE 3 ~ TE
SLnE - }\m,LnE c’qm,LnE Ln - )‘re LnE cﬂre,LnE m Ln

Aming = Frn03 <M> H (taf - taan)

an

taf — taf;,
c’qre,LnE = F1n0Q3 <—n
f Ln

C’Clcrush,LnE =H (ﬁ - ﬁc,Ln)

)7—[(1: af — tafi,)

3 TE
- )\crush,LnE ‘Acrush,LnE Ln
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