l. Chemical reactions

The relevant chemical reactions are presented here (molecular species and parameters are
defined in the glossary):

kon V165, MECM

V165 +M ECM <—V165M ECM

off V165 MECM

k
on V 165, MEBM :
V165 +M EBM <—V165M EBM

kfo V165 MEBM

kon‘V:LGS‘MPBM

V165 +M PBM V165M PBM

kfo V165 MPBM

kon,v165‘R1

V165 + R1 <——V165R1

on,V165,R1

k0n,V165,R2

V165 + Rz <——V165 Rz

off V165R2

kon V165,N1
ViSNI
V165 + N1 <——V165N1

koff V165N1

ch165Nl R2
, ‘ N
V165 N1 + Rz & R2V165 N1

koff WV165N1R2

kc V165R2,N1
‘ , N
V165 Rz + N1 &= R2V165 N1

off V165R2N1

kon‘Vles‘N 2
V165 + Nz (7\/165 N 2

kon,\/lGS,N 2

kc,VlGSNZ,RZ
V165N2 + Rz < R2V165N2

off V165N 2R2

kc,VlGSRZ,NZ
V165N2 + Rz < R2V165N2

koff WV165R2N 2

kon V121,R1

V121 + R1 <—V121R1

koff WV121R1

kon V121,R2
vi2LR2
V121 + Rz <—V121R2

koff V121R2

kon V121,R1
viLRL
V121 + R1N1 <—V121R1N1

kfo V121R1

kc,Rl,Ni
V121R1 + N1 (—V121R1N1

kdissoc,RiNi

kC,Rl,Nl
R + N,z ™2 RN,

dissoc,RIN1

kon V121,R1

V121 + R1N2 (—V121R1N2

off V121R1



kc,Rl,NZ
V121R1 + Nz <—V121R1N2

kdissoc‘RlN 2

kc,Rl,NZ
R + N, =——"*—>RN,

kdissoc‘RlN 2

V A kon,VlBS,A }V A
165 T A—— V45

koff V165A

kon,v121,A

V121 + A(—VlzlA

off V121A

I1. Equations

The complete list of ordinary differential equations is presented below:

A. Interstitial space in normal tissue compartment

d [\/165]N N N

_ N
dt - q\/165 - kon,V165,MEBM [\/165]N [M EBM ]N + koff V165, MEBM 165M EBM ]N

N N
_kon,V165,MPBM [\/165]N [M PBM ]N + koff ,V165,MPBM 165M PBM ]N

N N
_kon,V165,MECM [\/165]N [M ECM ]N + koff V165, MECM 165|\/I ECM ]N

—Kon w165, mlVass In [Ru N + Kot vassralVaes Rl
~Konv1es o Viss I [Ro I + Kot vassra[VassRo
_ko’\rl1,v165,N1[V165]N [N,]y + ko visanilVissNi Iy

~Kon a5 na Vies In ) Kot Viban s N1 myo

_kol\rll,VIGS,A[\/lSS]N[A]N + k(;\:f V164 A lGSA]N

_[kL + kp'\l\/BSNB ][\/165]N +k5) Sus U Vies e

Uy Kav v ” Uy Up

d [\/121]N

dt = qVNlZl - kor\r‘LVlZl, Rl[VlZI]N [Rl]N + ko,\f‘f ,V121Rl[\/121R1]N

_koNn,VlZL RlNl[\/121]N [RlNl]N + kol\fl‘f ,VlZlRlNl[\/llelNl]N
_koNn,VlZLRZ[\/lZ]N [RZ]N + ktz\fl'f ,VlZlRZ[\/IZIRZ]N

_koNn,V121,A[\/121]N [A]N + kol\fl'f WV121A lZlA]N

_ kL + k;’)\l\?SNB [\/121]N kBN SNB U_B
+ pv [\/121]3
UN KAV,N UN UP

(S.1)

(S.2)



d[MEBM ]N —

dt

d[M e I - _

dt

d[MECM]N — N

dt

d I-\/165M EBM ]N

dt

d[\/IGSM PBM ]N —

dt

d [\/165 M EC

dt

diRJy _
dt

N
— 7 Mon,v165,MEBM [\/165] [M EBM ]N + koff \V165MEBM 165M EBM ]N

(;\rl\,V165,MPBM [\/165]N [M PBM ]N + kol\flf ,V165MPBM 165'\/I PBM ]N

- on,V 165, MECM [\/165]N [M ECM ]N + k(;\flf ,V165MECM 165M ECM ]N
on V165 MEBM [\/165] [M EBM ]N kol\flf ,\V165MEBM 165'\/I EBM ]N

- kol\l"l,V165,MPBM [V165]N [M PBM ]N - kol\f“f ,\V165MPBM 165'\/I PBM ]N

]
M on V165 MECM [\/165] [M ECM ]N Off \V165MECM 165M ECM ]N

- S}gll o ki’r\llt,Rl[Rl]N k0'\r‘1V165 Rl[V165] [R:I.]N + kof‘f V165R1[V165R1]N

N
on V121 Rl[\/121] [Ri]N + koff V121R1[\/121R1]N

- c,Rl,Nl[Nl]N [Rl]N + kd’\llssoc RlNl[RlNl]N

d[R, ]y
dt

diN, ]y _
dt

N N
= SR2 |nt RZ[R ]N on V121 RZ[\/lZl]N[RZ]N + koff \V120R2 121R2]N

N
konVlG45R2[V165] [R ]N + koff WV165R2 lGSR ]N

chlGSNl RZ[\/165 1] [R ]N + koff WV165N1, R2[R2V165N1]N

= N1 kllr\llt Nl[Nl]N - chZlRl Nl[\/l2lR1] [Nl]N + kd’\llssoc RlNl[\/ZLZlRiNl]N

_chRl Nl[Nl] [Rl]N + kL;\llssoc RlNl[RlNl]N

N
onV165 Nl[\/lGS] [Nl]N + koff WV 165N1L 7165 l]N

_kC,VlGSRZ,Nl[\/l(SS RZ]N [Nl]N + ko'?f ,V165R2,N1[R2V165 Nl]N

ANy Iy myo

dt

_ «N,myo N, myo
- SN1 kmt N1 [Nl]N,myo

N N
kon\r;]:)LISS Nl[\/lﬁs]N[Nl]N,myo koffT/nySNl 165 1]N,my0

(S.3)

(S.4)

(S.5)

(S.6)

(S.7)

(S.8)

(S.9)

(S.10)

(S.11)

(S.12)



d
[VIZSIRJN - _ki’:t'““m[vle“ Rl + kOI\l"l,V165,R1[V165]N [Ry - kofo ,v165R1[V165R1]N

d[V,.R,]

% = _ki:t,vmst 165R2]N + ko’\r|1,v165,R2[V165]N [RZ]N - ko’\f‘f V165R2 165R2]N
_kc’\,‘V165R2,Nl[V165 RZ]N [Nl]N + ko,\:f ,V165R2N1[R2V165N1]N

d[ViesN, ]

% = _ki,:t,VlSSNl 165 Nl]N + koh:],VlSS,Nl[VmS]N [Nl]N - ko,\iff V165N1 165N1]N
_kcl\,‘V165Nl,R2 [\/165N1]N [RZ]N + k;:f ,V165N1R2[R2V165 Nl]N

d[R,V,.N,]

% = _kiwt,V165R2N1[R2V165Nl]N

+kC’\,lV165R2,Nl[\/l65R2]N [Nl]N - ko'\flf ,V165R2N1[R2V165N1]N
+kcl\,lV165Nl,R2[\/165Nl]N [RZ]N - kol\fl'f ,VlGSNlRZ[R2V165N1]N

d
% = _ki’:t,VIZlRl[VlZlRl]N

N N
+kon,V121,R1[V121]N [Rl]N - koff V121R1 lZlRl]N

_kcl\,lRl,Nl[\/lZlRl]N [Nl]N + kd’\i‘ssoc,RlNl[VlﬂRiNl]N

AV Ry — _kN

N N
dt int,V121R2 121R2]N + kon,VlZl,RZ[V121]N[R2]N - koff WV121R2 lZlRZ]N

m = —k-Nt ranal RN ]

dt
+k0'\,lR1,Nl[R1]N [Nl]N - kd’\i‘ssoc,RlNl[RlNl]N
_ko’\rlLVlZl,Rl[VlZl]N [RiNl]N + ko'\flf ,VlZlRl[V121R1N1]N

d N
% = —Kinw oMzt RN Iy

+kC’\,lV121Rl,Nl[\/121R1]N [Nl]N - ké\ilssoc,V121N1[V121R1Nl]N
+k0’\rll,V121RlNl[\/121]N [RlNl]N - kor\flf ,VlZlRlNl[\/lZlRiNl]N

d [\/165 Nl]N .myo — —k-N ,myo

int,V165N1L Y165 Nl]N ,myo
dt

N,myo N,myo
+kon,V165,N1[V165]N [Nl]N,myo - koff WV 165N1 165N1]N,myo

(S.13)

(S.14)

(S.15)

(S.16)
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(S.18)

(S.19)

(S.20)
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d[A
% = On V165 A[\/165] [A]N + koff WV165A 165A]N

onv121 AV N [A]y + Koy

off V121A 121A]N

kBN SNB UB [A] _(kL +k;’)\I§SNB] [A]N
B

A U U UN KAV,N
d A
[Vlgi ]N k;\; V165, A[V165]N[A]N _ko’\flf V165A 165A]N
kBN SNB UB I_V ] kL + k:J\‘ABSNB [VlGSA]N
pA U U 165/\1B U K
N AV ,N
d[V121A]N

dt = kol\:l,VlZLA[\/lZl]N [A]N - kol\:'f WV121A 121A]N

+kBN SNB UB [\/121 ]B (kL + kyABSNBJ[VmA]N

U, U, U,

KAV,N

B. Interstitial space in blood compartment

(S.22)

(S.23)

(S.24)

We denote the luminal receptors and ligand-receptor complexes on endothelial cells (ECs) by the

subscript i (i=N for normal ECs; i=T for diseased ECs).

d[\/165]B —

dt - _CVlGS[\/lGS]B on V165 Rl[\/lGS] [Rl]B i + koff V165R1[\/165R1]B,i

k:;] V165, R2[\/165] [R ]Bi + k(:gff WV 165R2 165R2]B,i
on V165 Nl[\/165] [Nl]B i + kB

off V165N1L" 165 l]B,i

B
on V165 A[\/165] [A]B + koff WV165A 165A]B

ks\’/\l NB [V ] (kL +k£‘\?SNBJ[V165]N
16518
p UB KAV,N

(S.25)



d
—[\/121]8 = _CV121[V121]B on v121 Rl[VlZl] [R1]B i T koff V121R1[V121R1]B,i

dt
on v121 RlNl[V121] [R1N1]B i T koBff V121R1N1[V121R1N1]B i
on v121 RZ[V121] [R ]B. + koBff V121R2 121R ]B,i
on v121 A[V121] [A]B + koBff V121A 121A]B
kBN k kNBS
pV NB [\/ ] L + pvV ¥ NB [\/121]N
12118 U K
p B AV, N
d[R]s;
% = 351 int, Rl[R1]B i on VlGS R1 [\/164]B[R1]B it kfff v165R1I.V165R1]B,i
Konviz Vi Js [RiJs s + Koir vioma[Viot Rus s
Rl Nl[Nl]B |[R1]B i + kdISSOC R1N1[RN Nl]B,i
d[R,]s;
% = SRBZ |nt R2 [R ]B i on v121 R2[V121]B[R2]B i T koBff V121R2 121R ]B,i
kan V165, R2[V165] [R ]B. + koff V165R2 165R ]B,i
kch165N1 R2LV165 1] [R ]B. + koff V165N1, R2[R2V165N1]B,i
d[N, ]s;
d}[ Bl = Sﬁl int, Nl[Nl]B i cV121R1 N1I.V121R1]B[N1]B it k(ﬁssoc RlNl[VlZlRlNl]B,i

_kcBRl Nl[Nl]B i[R:L]B i T kdBissoc RlNl[RlNl]B i
on V165 Nl[Vlﬁs] [Nl]B i + koBff V165N1[V165 1]B i

_kCB:V165R2,Nl[\/165R2]B,i [Nl]B,i + ko?‘f ,V165R2,N1[R2V165N1]B,i

ANVigsRuls,
2 12— |ntV165R1[V165R1]B| + kon vies rilViss Ja[Rulsi — koBff vissrilVigsRuIg

dt
d[ViesR, Is

mét R = _klﬁtV165R2 1esPs ]B. + kon V165, R2[V165]B[R2]B’i - kf;f V165R2 165R2]&i
d[ViesNi s

lsét = _klﬁtV165N1 165 1]B| + kon V165, n1lVies I[Ny Ig i — k(ﬁf V165N1 165N1]B,i

B
kc V165N1,R2L 7165 l]B |[R ]BI + koff V165N1R2[R 165 l]B,i

(S.26)

(S.27, S.28)

(S.29, S.30)

(S.31, S.32)

(S.33, S.34)

(S.35, S.36)

(S.37, S.38)



d [R2V165 Nl]B,i

at = _kiﬁt,Vl65R2N1[R2VlG5 Nl]B,i
+kcB,V165R2,N1 16sRoJe i IN g, — koBff vissranilRoViesN: I i (5.39, 5.40)

+kCB,Vl65N1,R2 165Nl]B,i[R2]B,i - k(?ff ,V165N1R2[R2V165Nl]B,i

dV R s,
ﬁ = —ki:t,v121R1[V121R1]B,i

dt

+kan,V121,R1[V121]B,i[R:L]B,i - kfff ,V121R1[\/121R1]B,i (5-41’ 5-42)
_kcB,Rl,Nl[VlZlRl]B,i[Nl]B,i + kdBissoc,RlNl[VIZlRlNl]B,i

d[VisiR,Is

% = _kiEt,V12lR2 121R2]B,i + k(ﬁ],VlZl,RZWlZl]B[RZ]B,i - kfﬁ V121R2 121R2]B,i (3-43, 8-44)

d[R,N,],

% = _kiﬁt,RlNl[RlNl]B,i
+kc[2:R1,N1[R1]B,i[N1]B,i - kcﬁssoc,RlNl[R1N1]B,i (8'45’ 846)

_kerVlZl,Rl[VlZl]B[RlNl]B,i + koBff ,V121R1[\/121R1N1]B,i

d[V,, RN g
et 1B _kiﬁtV121RlN1[V121R1Nl]B:i

dt
+kcB,V121R1,Nl lZlRl]B,i[Nl]B,i - k(ﬁssoc,VlZlNl[VulRlNl]B,i (5-47, 8-48)
"‘kan,v121R1N1[V121]B[RlNl]B,i - ktﬁf V121RIN1 lZlRlNl]B,i
d[A
% =0, CA[A]B - kerVlGS,A[VlESS]B[A]B + koBff V165A lGSA]B
_kOE;LVlZl,A[VlZl]B[A]B + k(ﬁf V121A 121A]B (8-49)
k, +kNBS
iz Sean, (75 1
p B AV, N
d[ViesAl
% = _CV165A[V165A]B + kfn,VlGS,A[VlGS]B[A]B - kfff V165A 165A]B

(S.50)

k +kNS
_kr?ﬁr\\l h[\/MSA]B +| = m [VlGSA]N
U U,

p KAV,N



d[VinAlg

dt = _C\/121A[\/121A]B + kan V121, A[\/121]B[A]B - k(?ff WV121A 121A]B

kL + k;g\lABSNB [V121A]N
UB

ke She SNB Sue (v, Al + (

P KAV,N

C. Interstitial space in tumor compartment

(S.51)

We denote the receptors and ligand-receptor complexes by the subscript i (i=T for tumor ECs;

i=tumor for tumor cells).

d [\/165 L _
dt

T
- qV165 On V165 MEBM [\/165 ]T [M EBM ]T + koff ,V165,MEBM 165M EBM ]T

T
kon ,V165,MPBM [\/lGS]T [M PBM ]T + kof‘f ,V165,MPBM 165M PBM ]T

T
kon ,V165,MECM [\/165 ]T [M ECM ]T + kof‘f ,V165,MECM 165|\/I ECM ]T

kgnl\/les rlVigslr [Rir i + Kot vassrilVagsRilr i
kgnl\/les rolVies It [RoJr i + Ko vassra[VissRo
kgnlvles nalVassJr INLTr i + Ko vasana [Vaes N Jr 4
kJn‘sTé’; n2lViss I N Tt wor + Kot vasen 2 VassNo Tt waror

T
On V165 A[\/165]T [A]T + koff WV164ALY 165 A]T

— kL+kTB B [\/165]T + kBT STBUB[V ]
U, KAV,T pv U, U, 16518

d
% = Qyypy — K on, v121 rulVia v Ry + Ko vV R

T

kon V121, RlNlWlZl]T[RlNl]T i + koff WV121RIN1 lZlR I\ll]T,i
T

kon V121,R2 lZ]T[R ]T i + koff WV121R2 121R ]T,i

koTn V121, A[V121]T [A]T + koff V121A 121A]T
_[kL+k;5 TB][V121]T BT STB UB [\/2]
12148

U, Kav " U U,
d[M
[ dEtBM ]T = _kOI\f‘LVlSS,MEBM [\/165]T [M EBM ]T + konf V165MEBM 165M EBM ]T
d [M PBM ]T — kT

T
dt — 7 Mon,V165,MPBM [\/165]T [M PBM ]T + kof‘f ,\V165MPBM [\/165M PBM ]T

(S.52)

(S.53)

(S.54)

(S.55)



d[MECM]T _ T

dt = —Konvies.meem Viss r [Mgew I + koff viesmeem [ViesM eem |r
ANsMeslr _ o T
% - k°”'V165’MEBM Vigs r [M gy I — Ko viesweam [ViesM eau I
MMk _ :
% = K3 vas wpom Vs - [M pam It = K3t v asswpom [VissM pawt Ir

d [\/IGSM ECM ]T kT

dt on,V165,MECM [\/165]T M ECM ]T off V165MECM 165M ECM ]T
d[R];;
# = S:u int, Rl[Rl]T i on V165 Rl[V165]T[R1]T,i + k;ﬁ ,V165R1[V165R1]T,i
on v121 Rl[V121]T [R1]T it konf V121R1 LY ]T,i
- c,Rl,Nl[Nl]T,i[Rl]T it k;ssoc RlNl[RlNl]T,i
d[R,]; ;
dzt Tl = S:zz int, RZ[R ]T i k;n V121, RZ[\/121]T[R ]T it koff V120R2 121R ]T,i
on V1645R2[V165]T[R ]T it konf V165R2 165R ]T i
kTVlGSNl RZ[V165 1]T |[R ]T i T kgff V165N1, RZ[R V165N1]T i
d[N, ] ;
df[ Tl = Slu int, Nl[Nl]T ch,v121R1,N1[V121R1]T,i[N1]T,i + kc-jrissoc,RlNl[vllelNl]T,i
Rl Nl[Nl]T |[R ]T i + k;SSOC RlNl[RlNl]T,i
k;n V165, Nl[VlGS]T[Nl]T it koff V165N1LV165 1]T i
kTVlGSRZ Nl[V165R ]T |[N1]T it kgﬁ V165R2, Nl[R V165N1]T i
d[N,]
f =Sn2 — kint,Nz[Nz]T

+k0n,V165,N 2[V165]T [NZ]T - kof‘f ,V165N2[V165 NZ]T

dViesR
% - _ki:ut,v165R1[V164 Rl]T it k;n V165, o\ [Rl]T i Oﬁ V165RL 165R1]T,i

d [\/165 RZ ]T i

dt = _k;lr-1t V165R2 [\/165 RZ]T i + k(-:-n ,V165,R2 [\/165]T [RZ]T,i - k;-ff WV 165R2 [\/165 RZ]T,i

kTV165R2 Nl[\/165R ]T I[Nl]T i + k(-)rff V165R2N1[R V165N1]T i

(S.56)

(S.57)

(S.58)

(S.59)

(S.60, S.61)

(S.62, S.63)

(S.64, S.65)

(S.66)

(S.67, S.68)

(S.69, S.70)



d [\/165 Nl]T i

T T
dt k|ntV165N1 165 1]T i + kon V165, Nl[\/165]T[N1]T,i B koff WV165N1 165N1]T,i

T T
k c,V165N1, RZ[\/165 l]T |[R ]T i + koff V165N1R2[R 165 l]T,i

d[RVigsN, Iy .

intviesranilRaVass Ny
dt

+kTV165R2 Nl[\/165R ]T |[N1]T i k(;rff ,V165R2N1[R2V165N1]T,i
+kTV165Nl RZ[V165 1]T |[R ]T i k;—ﬁ ,V165N1R2[R2V165N1]T,i

dV, Rl
ﬁ = _kiTm,v121R1[V121R1]T,i

dt
+k§n V121, Rl[V121]T [Rl]T i k;ff V121R1[\/121R1]T,i
Rl Nl[V121R ]T |[N1]T it kdlssoc RlNl[VIZlRlNl]T,i
d[Viy, Ry ; ;
% = leﬂVlZlRZ 121R ]T it kon V121, Rzl.vlzl]T[Rz]T,i - k;ff V121R2 121R2]T,i
d N
[\/121dF:1 1]T = k:r;tVlZlRlNl[VIZlRlNl]T,i
+kTV121R1 Nl[V121R1]T |[N1]T i dISSOC V121N1[V121R1N1]T,i
+kgn VlZlRlNl[V121]T [R1N1]T,i - k(;rff V121RIN1 lZlRlNl]T,i
d[RN,]; .
% = _k;t RlNl[RlNl]T,i
+kTR1 Nl[R1]T |[N1]T i dlssoc RlNl[RlNl]T,i
k;n V121, Rl[V121]T [R1N1]T it koff V121R1[V121R1N1]T,i
d[ViesN,]
1;5,[ 2T = lentV165N2 165 2]T +k0nV165 N2[V165]T[N2]T _kgff,vmsNz 165N2]T
kTv165N2 RZ[V165N ]T[R ]T it k;rff V165N2R2[R V165N ]T
d[RV, .. N
% = _kiT1t,V165R2N2[R2V165N2]T

+kTV165R2 N2[\/165R ]T |[N2]T k;—ff ,V165R2N2[R2V165N2]T
+kTV165N2 RZ[\/165 Z]T[R ]T i k;-f'f ,V165N2R2[R2V165N2]T

(S.71, S.72)

(S.73, S.74)

(S.75, S.76)

(S.77,S.78)

(S.79, S.80)

(S.81, S.82)

(S.83)

(S.84)



dIRN, L _ 1
dt kInt RlNl[RlNZ]T

+kTm N2[R1]T i[N ]T - k;ssoc RlNZ[RlNZ]T (5-85)
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d[V,,RiN,]
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d A
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(5.89)
kBT STB UB [V ] I(L + k;/ESTB [\/121A]T
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1. Glossary

A. Concentrations

[Vi21], [Vaes]
[Mecm], [Mesm], [Mpeml]

[ViesMecm], [ViesMesml], [ViesMpem]

Concentration of unbound VEGF,; and VEGF 45

Concentration of VEGF binding sites in the ECM,
EBM, and PBM

Concentration of VEGF1¢5 bound to the ECM,
EBM, and PBM



[R1], [R2] Concentration of un-occupiedVEGFR-1 and
VEGFR-2 receptor tyrosine kinases

[N1] Concentration of un-occupied NRP1 co-receptor

[N2] Concentration of un-occupied NRP2 co-receptor

[RiN4] Concentration of the VEGFR1-NRP1 complex

[RiN2] Concentration of the VEGFR1-NRP2 complex

[ViR]] Concentration of VEGF isoform i bound to VEGFR
j

[ViN1] Concentration of VEGF isoform i bound to NRP1

[ViN2] Concentration of VEGF isoform i bound to NRP2

[R2V16sN1] Concentration of the VEGFR2-VEGF65-NRP1
ternary complex

[R2V16sN2] Concentration of the VEGFR2-VEGF65-NRP2
ternary complex

[V121R1N1] Concentration of the VEGF1,;-VEGFR1-NRP1
ternary complex

[V121R1N2] Concentration of the VEGF1,:-VEGFR1-NRP2
ternary complex

[A] Concentration of anti-VEGF agent

[ViA] Concentration of VEGF isoform i bound to anti-
VEGF agent

B. Geometric parameters

Ui VVolume of compartment i (N=normal tissue,
B=blood, P=plasma, T=tumor)

Sie Total surface area of endothelial cells at the
interface of compartment i and blood
(N=normal tissue, T=tumor)

Kav.i Available volume fraction in the tissue, i.e.,
ratio of available fluid volume to total tissue
volume U;



C. Kinetic parameters

Qv121, Qvies

Qa

SR

kO n
Kot

kint

ke
Cv121, Cvie5

Ca, Cv121A, Cvi65A

Secretion rate of VEGF1,; and VEGF 65

Injection rate of exogenous anti-VEGF agent; q, =

7.78 mg/min during the infusion time (90
minutes) and g, = 0 at all other times.

Insertion rate of receptors into the cell membrane of
endothelial cells or myocytes

Kinetic binding rate

Kinetic unbinding rate

Kinetic coupling rate for receptors
Internalization rate of receptors
Microvascular permeability of VEGF from

compartment i to compartment j (N=normal
tissue, B=blood, T=tumor)

Microvascular permeability of anti-VEGF agent and

VEGF/anti-VEGF complex from compartment i
to compartment j (N=normal tissue, B=blood,
T=tumor)

Lymphatic drainage rate
Rate of plasma clearance of VEGFi,; and VEGFigs

Rate of plasma clearance of anti-VEGF and
VEGF/anti-VEGF complex



V. Model parameters

Table S1: Whole-body parameters

Parameter Value Unit
Normal Total volume 61321 cm’
Available fluid volume for VEGF 3825 cm?®
Blood Total volume 5 L
Available fluid volume for VEGF (plasma) 2.717 L
Tumor Total volume 33.5 cm?
Available fluid volume for VEGF 17.5 cm?®




Table S2: Geometric parameters

Value (Normal) Reference Value (Tumor) Reference
Cell geometry
Perimeter of myofiber 222 um Calculated in (1) - -
Cross-sectional area of myofiber 3000 pm? Calculated in (1) - -
SMND surface area 1850 pm? Calculated in (1) - -
Myofiber density 304 per mm? tissue Calculated in (1) - -
Tumor cell external diameter - - 17 um 2
Surface area of one tumor cell - - 997 um? Calculated in (3)
Volume of one tumor cell - - 2572 um’ Calculated in (3)
Microvessels
Perimeter of one microvessel 26 um Calculated in (1) 43.7 um Calculated in (3)
Cross-sectional area of one microvessel 45 pm? Calculated in (1) 100.3 um? Calculated in (3)
Average diameter of one microvessel 7.56 um Calculated in (1) 10.3 um 4)
Endothelial cell thickness 0.5 um (5) 0.5 um Calculated in (3)
Capillary-myofiber ratio 1.38 (6) -

Capillary density

420 per mm? tissue

Calculated in (1)

235 per mm? tissue

Calculated in (3)

Surface areas
Tissue cells
Microvessels

664 cm?/cm? tissue
108 cm?/cm® tissue

Calculated in (1)
Calculated in (1)

1534 cm?/cm?® tissue
105 cm?/cm® tissue

Calculated in (3)
Calculated in (3)

Basement membranes (BM)
Thickness of tissue cell BM
Thickness of microvessel BM
Volume of parenchymal cell BM
of which available to VEGF
Volume of microvessel BM

of which available to VEGF
Volume of extracellular matrix
of which available to VEGF

24 nm

43 nm

0.00159 cm®/cm? tissue
0.000307 cm®/cm? tissue
0.00045 cm®/cm? tissue
0.000087 cm®/cm? tissue
0.07951 cm®/cm? tissue
0.061987 cm®/cm® tissue

(7)

(7)

Calculated in (8)
Calculated in (8)
Calculated in (8)
Calculated in (8)
Calculated in (8)
Calculated in (8)

30 nm

50 nm

0.00388 cm®/cm? tissue
0.002446 cm®/cm? tissue
0.00043 cm®/cm? tissue
0.00027 cm®/cm? tissue
0.6062 cm*/cm? tissue
0.519308 cm®/cm? tissue

Calculated in (3)
Calculated in (3)
Calculated in (8)
Calculated in (8)
Calculated in (8)
Calculated in (8)
Calculated in (8)
Calculated in (8)

Volume fractions
Interstitial space

of which available to VEGF
Microvessels

of which vascular space
Tissue cells

0.0816 cm*/cm? tissue
0.062381 cm®/cm? tissue
0.0186 cm®/cm?® tissue
0.0140 cm®/cm? tissue
0.8998 cm*/cm? tissue

(9, 10)
Calculated in (8)
Calculated in (1)
(13)

Calculated in (1)

0.611 cm®/cm® tissue
0.522024 cm®/cm? tissue
0.024 cm®/cm?® tissue
0.020 cm*/cm?® tissue
0.370 cm*/cm?® tissue

(11, 12)

Calculated in (8)
Calculated in (3)
Calculated in (3)
Calculated in (3)

SMND = skeletal muscle nuclear domain; BM = basement membrane.



Table S3: Kinetic parameters

Measured parameters Model parameters
Value Unit Reference Value Value Value Unit
(Normal) (Blood) (Tumor)

VEGF binding to VEGFR1

Kon 3.0 x 10’ M?s? (3, 8) 48x10" 55x10% 58x10°  (pmol/cm® tissue)’s™
Koft 1.0x10°% st (3, 8)

Kg 33 pM (3,8) 21x10%  18x10% 1.7x10°  pmol/cm® tissue
VEGF binding to VEGFR2

Kon 1.0 x 10’ Mgt (3, 8) 1.6x10"  1.8x10% 1.9x10%  (pmol/cm? tissue)™'s™
Koft 1.0x10% st (3, 8)

Kq 100 pM (3, 8) 6.2x10° 54x10° 52x10%  pmol/lcm® tissue
VEGF 45 binding to NRP1

Kon 3.2 x 10° Mgt (3, 8) 51x10% 59x10% 6.1x10°  (pmol/cm? tissue)'s™
Koft 1.0x10% st (3, 8)

Kg 312 pM (3,8) 20x10%  1.7x10"  1.6x10"  pmol/cm® tissue
VEGF 45 binding to NRP2

Kon 1.0 x 10° Mgt (14, 15) - - 1.9x10°  (pmol/cm?® tissue)’s™
Koft 1.0x10° st (3, 8)

Ky 1 nM Calculated - - pmol/cm?® tissue
VEGF 45 binding to GAGs

Kon 4.2 x 10° M?s? (3, 8) 6.7x10° - 8.0x10*  (pmol/cm? tissue)?s™
Koft 1.0x10% st (3, 8)

Kq 24 nM (3,8) 2.71 - 52x 10" pmol/cm® tissue
Coupling of NRP1/2 and

VEGFR1

Ke RN 1.0x 10"  (mol/em®)?s* (3, 8) 93x10"  93x10%' 95x10"  (pmol/cm® tissue)’s™
Kaissoc RLN 1.0x10%  s* (3.8)

Coupling of NRP1/2 and

VEGFR?2

Ke viesR2N 3.1x10%  (mol/cm?)?s? (3, 8) 29x10"  29x10"  3.0x10"  (pmol/cm® tissue)’s™
Koff viesraN 1.0x 10° st (3,8)

Ke viesnRe 1.0 x 10* (r?ol/cmz)'ls'l (3, 8) 93x10" 93x10% 95x10  (pmol/cm® tissue)’s™

Koff viesn 2 1.0x10° S (3,8)




Measured parameters

Model parameters

Value Unit Reference Value Value Value Unit
(Normal) (Blood) (Tumor)

VEGFR internalization
Kint R 28x10* st (3, 8)
Kint, ¢ 2.80x10* st (3, 8)
VEGF binding to anti-VEGF
Kon 9.20x10* Mt (16) 15x10° 16x10* 1.8x10*  (pmol/cm® tissue)’s™
Koft 2.00x10* st (16)
Kq 2.2 nM (16) 1.4x10" 1.2 1.1 pmol/cm?® tissue

Conversions to model parameters:
Normal: 6.24 x 107 (pmol/cm? tissue)/M and 1.08 x 10** (pmol/cm? tissue)/(mol/cm? EC)

Blood: 5.43 x 10° (pmol/cm? tissue)/M and 1.08 x 10™ (pmol/cm? tissue)/(mol/cm? EC)
Tumor: 5.22 x 10° (pmol/cm? tissue)/M and 1.05 x 10** (pmol/cm3 tissue)/(mol/cm? EC)



Table S4: Receptor densities

Measured parameters Model parameters
Value Unit Value Unit

VEGFR1

Luminal EC (normal) 550 rec/EC 1.21 x 10" pmol/cm® tissue
Abluminal EC (normal) 550 rec/EC 9.86 x 10°  pmol/cm? tissue
Luminal EC (diseased) 3,750 rec/EC 438 x 10"  pmol/cm? tissue
Abluminal EC (diseased) 3,750 rec/EC 6.54 x 102 pmol/cm? tissue
Myocytes 0 rec/myocyte 0 pmol/cm?® tissue
Tumor cells 1,100 rec/tumor cell  2.81x 10"  pmol/cm® tissue
VEGFR2

Luminal EC (normal) 350 rec/EC 7.70 x 10?  pmol/cm? tissue
Abluminal EC (normal) 350 rec/EC 6.28 x 10°  pmol/cm? tissue
Luminal EC (diseased) 300 rec/EC 3.51x10°  pmol/cm? tissue
Abluminal EC (diseased) 300 rec/EC 5.23x10°  pmol/cm? tissue
Myocytes 0 rec/myocyte 0 pmol/cm?® tissue
Tumor cells 550 rec/tumor cell  1.41x 10"  pmol/cm® tissue
NRP1

Luminal EC (normal) 17,500 rec/EC 3.74 pmol/cm?® tissue
Abluminal EC (normal) 17,500 rec/EC 3.05x 10"  pmol/cm? tissue
Luminal EC (diseased) 20,000"  rec/EC 2.34x10°  pmol/cm? tissue
Abluminal EC (diseased) 20,000 rec/EC 3.49x 10" pmol/cm? tissue
Myocytes 34,500 rec/myocyte 2.06 pmol/cm?® tissue
Tumor cells 39,500 rec/tumor cell  1.01 x 10* pmol/cm? tissue
NRP2

Luminal EC (normal) 0 rec/EC 0 pmol/cm?® tissue
Abluminal EC (normal) 0 rec/EC 0 pmol/cm?® tissue
Luminal EC (diseased) 0 rec/EC 0 pmol/cm® tissue
Abluminal EC (diseased) 0 rec/EC 0 pmol/cm?® tissue
Myocytes 0 rec/myocyte 0 pmol/cm?® tissue

Tumor cells 39,500° rec/tumor cell  1.02 x 10* pmol/cm? tissue

Receptor quantification from (17, 18). T Extrapolated from receptor density on normal ECs, accounting for different cell surface areas. *No NRP2 quantification
available; assumed to be the same as NRP1 on tumor cells. Conversions of receptor densities to tissue concentrations:

Abluminal EC receptors (normal): 1.79 x 10”° (pmol/cm? tissue)/(rec/EC); Luminal EC receptors (normal): 2.20 x 10 (pmol/cm?® tissue)/(rec/EC);

Abluminal EC receptors (diseased): 1.74 x 10™° (pmol/cm? tissue)/(rec/EC); Luminal EC receptors (diseased): 1.17 x 10" (pmol/cm? tissue)/(rec/EC);

Myocyte receptors: 5.96 x 10° (pmol/cm? tissue)/(rec/myocyte); Myocyte receptor densities are expressed per myonuclear domain;

Tumor receptors: 2.55 x 10™* (pmol/cm? tissue)/(rec/tumor cell)



Table S5: Receptor and matrix binding site densities

Measured parameter  Model parameters

Value Value Value Unit
(Normal) (Tumor)
Extracellular matrix ~ 0.75 uM 46 389 pmol/cm” tissue
Microvessel BM 13 uM 1 4 pmol/cm?® tissue
Parenchymal cell BM 13 uM 4 32 pmol/cm? tissue

BM = basement membrane. VEGF binding sites in the ECM and BMs are based on those volumes:

Normal: 6.2 x 10" (pmol/cm? tissue)/M(ECM), 8.7 x 10* (pmol/cm?® tissue)/M(EBM), and 3.1 x 10° (pmol/cm? tissue)/M(PBM).
Tumor: 5.2 x 10® (pmol/cm?® tissue)/M(ECM), 2.7 x 10° (pmol/cm® tissue)/M(EBM), and 2.4 x 10° (pmol/cm?® tissue)/M(PBM).
M = moles/liter interstitial space; for example, M(EBM) = moles/liter of endothelial basement membrane.



Table S6: Transport parameters

Value Reference
VEGF secretion rate
Normal tissue (92:8 VEGF15: VEGF12) 0.751 molecules/cell/s  *
Tumor (50:50 VEGF145:VEGF 1) 0.562 molecules/cell/s  (17)
Lymph flow rate 120 mL/h (19)
Microvascular permeability
To VEGF in the normal tissue 4.00 x 10 cm/s (8)
To anti-VEGF & VEGF/anti-VEGF complex in the normal 3.00 x 10°® cm/s (8)
tissue
To VEGF in the tumor 4.00 x 107 cm/s (8)
To anti-VEGF & VEGF/anti-VEGF complex in the tumor 3.00 x 107 cm/s (8)
Clearance
VEGF 0.0648 min™ (20)
Anti-VEGF & VEGF/anti-VEGF complex 3.82 x 10" min™ (21)

*Set to achieve ~4.5 pM free VEGF in blood, based on (22).
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