Supplemental Information

The chemical reactions as well as the equations relevant in our model are presented here.
For further information on the choice of parameter values, we invite the reader to look at
(1) and (2). The concentrations are noted in brackets (see glossary below).

a. Chemical reactions

kon V165, MECM
AT — VigsMeem
off V165, MECM

komVlGS,MEBM
V165 + M EBM \—V165M EBM

koff V165, MEBM

Kon v 165 MPBM
V165 + M PBM *VlGSM PBM

koﬂ V 165,MPBM

V165 +M ECM

K

on V165 R1
V165 + Rl V165R1

kfo V165R1

k
on,V 165,R2 N
V165 + RZ *VMS RZ

koff V165R2

Kon v 165 N1
V165 + Nl V165N1

koff V165N1

Kevi65n1R2
V165 Nl + RZ K R2V165 Nl
off V165N1,R2

K
cV165R2,N1 \
ViesRo + N, . R \ViesN;
off V165R2,N1

Konv121.R1
VlZl + Rl kﬁvﬂl Rl

off V121R1

k

V121 + RZ

on V121 R2
X ViR,
off V121R2

kon,VlZl,Rl
Vi + RN, \k—V121R1 N,

off V121R1

kc‘Rl,Nl
ViR + Ny Vi RN

kdissoc ,RIN1

Kerini
R+N—=———=RN,

kdissoc,RlNl

k
V121+ A onV121 A :V121A
koff V121A

kon,v165,A
V165 + A V165A

koff V165A




b. interstitial space (normal tissue and tumor compartments only)
We denote the tissue compartment by the subscript i (i=N for the normal tissue

compartment; i=T for the tumor compartment).

d{Mgy |
% = _kon,V165vMEBM [V165]i [M EBM ]i + |(0ff V165MEBM [V165M EBM ]i (Sl)

d [MECM ]i

dt = _kon,VlGS,MECM [V165]i [M ECM ]i + koff V165MECM [V165M ECM ]i (S-Z)

d{Mggy |
% = _kon,V165vMPBM [V165]i [M PBM ]i + |(0ff V165MPBM [V165M PBM ]i (53)

d [VlGSM EBM ]i

dt = kon,VlGS,MEBM [VlGS]i [M EBM ]i - koff V165MEBM [V165M EBM ]i (84)

d [VlGSM ECM ]i

dt = kon,VlGS,MECM [V165]i [M ECM ]i - koff V165MECM [V165M ECM ]i (S.5)

d [VlGSM PBM ]i

dt = kon,VlGS,MPBM [VlGS]i [M PBM ]i - koff V165MPBM V165|vI PBM ]i (86)

c. cell surface (normal tissue and tumor compartments only)

d [Rl]i
dt

= sRl,i - kint,Rl [ Rl]i - kon,Vles,Rl [VlGS]i [Rl]i + koff V165R1 [V165 Rl]i
- kon,v121,R1 [VlZl]i [Rl]i + koff V121R1 [V121R1]i (8-7)
- kc,Rl,Nl [Nl]i [Rl]i + kdissoc,RlNl [R1N1]i

d|R,|
M = SRz,i - kint,Rz [Rz ]i - kon,VlZl,RZ [VlZl]i [Rz]i + koff V121R2 [VlZlRZ]i

dt
- kon,v165,R2 [V165]i [Rz]i + koff V165R2 [V165 Rz ]i (5-8)
- kc,V165Nl,R2 [V165 Nl]i [Rz]i + koff V165N1,R2 [RZVlGSNl]i



d{N,|
—[ l]l =Sn1i T kint,Nl[Nl]i —Kev121rine [V121R1]i [Nl]i Koo pan [VllelNl]i

dt
- kc,Rl,Nl [ Nl]i [R1], + kdissoc,RlNl [ R1N1]i - kon,VlGS,Nl [VlGS]i [Nl]i (8-9)
+ koff V165N1 [V165N1]i - kc,V165R2,Nl [V165 Rz ]i [Nl]i + koff V165R2,N1 [ R2V165N1]i
div,,,R |
[ ldz: 1]I = _kint,Vllel [V121R1]i + kon,VlZl,Rl [V121]i [R1]| - koff V121R1 [V121R1]i (8.10)
- kc,Rl,Nl [V121R1]i [N1]i + kdissoc,RlNl [V121R1N1]i
d{V,,.R, |
% = _kint,V121R2 [V121R2]i + kon,VlZl,RZ [V121]i [Rz]i - koff V121R2 V121R2]i (S-ll)

d|ViesR |
—[ - ]I = —Kinev1esre [V165R1]i + Ko v 165,r1 [VlGS]i [R1]| ~Kotr vissrr [V165R1]i (512)

dt
d(V,.R, |
% = _kint,VlGSRZ [V165 Rz ]i + kon,v165,R2 [VlGS]i [Rz]i - koff V165R2 [V165 Rz ]i (8.13)
- kc,V165R2,N1 [V165 Rz]i [ Nl]i + koff V165R2,N1 [R2V165 Nl]i
d|V,.N, |
% = _kint,V165N1 [V165N1]i + kon,V165,N1 [Vles]i [Nl]i - koff V165N1 [V165N1]i (8.14)
- kc,V165N1,R2 [V165Nl]i [Rz ]i + koff V165N1,R2 [RZVlGSNl]i
d{RV,.N, |
% = _kint,V165R2N1 [ RZVlGSNl]i + kc,VlGSRZ,Nl [V165 Rz ]i [Nl]i
- koff V165R2,N1 [ R2V165N1]i + kc,VlGSNl,RZ [V165 Nl]i [Rz ]i (8-15)
- koff V165N1,R2 [RZVlGSNl]i
d [V, RN, ]
% = _kint,VllelNl [V121R1N1]i + kc,VlZlRl,Nl [V121R1]i [Nl]i
- kdissoc,VlZlNl [V121R1N1]i + kon,VlZl,RlNl [V121]i [RlNl]i (8-16)
- koff V121RIN1 [V121R1N1]i

d [RlNl]i
dt

= _kint,RlNl [RiNl]i + kc,Rl,Nl [ Nl]i [R1], - kdissoc,RlNl [RiNl]i

- kon,VlZl,Rl [V121]i [RlNl]i + koff VI21R1 [V121R1N1]i

(S.17)



d. ligands in the tissue compartments

We denote the blood compartment by the subscript B.

d|V,
[ Jil]N =tz ~ Kanyazapa [Vl?l]N [Rl]N + Kot 12181 [V121R1]N

- kon,VlZl,RlNl [VlZl]N [RlNl]N + koff V121RIN1 [V121R1N1]N
- kon,VlZl,RZ [VlZl]N [Rz]N + koff V121R2 [V121R2]N

k, +kN%S . \[V S U
[ 0, ”B][ by Vg

KAV,N " UN Up

(S.18)

The equation includes the secretion of the VEGF12; isoform by parenchymal cells (q},,),

binding to its receptors (secondth to seventh term on the right hand side of the equation
(S.18)), and intravasation and extravasation of the ligand. Note that, due to closed pores
and inaccessible spaces, free diffusible VEGF is constrained in the “available interstitial
fluid volume” Uay = Kav U, where Kay is the available volume fraction.

Similarly, the equation governing VEGFgs is:

d [V165 ] N
dt

= q\L\ll(SS - kon,VlGS,MEBM [V165]N [M EBM ]N + koff V165, MEBM [V165M EBM ]N

- kon,VlGS,MECM [V165]N [M ECM ]N + koff V165MECM VlGSM ECM ]N

- kon,VlGS,MPBM [V165 ]N [M PBM ]N + koff V165MPBM V165M PBM ]N (819)

- kon,Vles,Rl [V165]N [R1]N + koff V165R1 [V165R1]N - kon,Vles,Rz [V165]N [Rz]N
+ koff V165R2 V165R2]N _kon,v1es,N1[V165]N [NI]N + koff ,V165N1[V165N1]N

_[kL+k;’3\l\/BSNBJ[V165]N L KEN Sye Ug.
Uy Kav . " U, U,

[V165 ] B

In the tumor microenvironment, the lymphatics are thought not to function properly
because the interstitial fluid pressure is elevated. To illustrate this property, we set the
lymph flow rate k_ to zero in the compartment. Therefore, in the tumor compartment, the

equations (S.18) and (S.19) become:



dlV,
A = Qg — Konwizt ke [V121 ]T [Rl]T + Kot vizir [Vllel]T

dt
- kon,VlZl,RlNl [V121]T [R1N1]T +Ko V121RIN1 [V121R1N1]T (S.20)
- kon,VlZl,RZ [V121]-|- [Rz ]T + Ko V121R2 [V121R2 ]T
S.y [Vizt] S, U
_ kTB ~1B. T kBT ~1B B V
» Ur Kar T U, Up [ 121]T
dfV,
[ = ]T = q\-ll-165 - kon,VlGS,MEBM [V165 ]T [M EBM ]T + Ko V165, MEBM [V165M EBM ]T
dt
- kon,VlGS,MECM [V165 ]T [M ECM ]T + Kyt vissmeeu | ViesM ecm ]T
- kon,VlGS,MPBM [V165 ]T [M PBM ]T +Kor V165MPBM [V165M PBM ]T
—Konv1es r1 [V165 ]T [R1]T +Kott v16sra [V165R1]T —Konv1es.r2 [V165 ]T [Rz ]T
+ Kot vissrz | Vass Rz ]T —Konvies.n1 [V165 ]T [Nl]T +Kotr vassna V165N1]-|-
Sy [Viss ] S, U
—kB B L 2 kBT ITB ZB Ty
" Ur Kar w U, Up[ 165]8
e. ligands in the blood compartment
d [Vm] S k + kN\‘/BSNB [V121]
dt 2= Qi [V121]B _ks\’;‘ U_N:[VlZZL]B + UF; KAV,I\’:‘
S S |V
—k5y U_TB[V121]|3 +kgy f [Km]T
p B MavT
d[Vigs ], S K, +K"S, 0 ) [Vies]
- _ V _kBNﬂV + L pvV ¥ NB 165 IN
dt CV165[ 165]3 pv Up [ 165]3 u, KAV,N

S S [V165]
CKET OBy ] 4k S LYssk
pv [ 165]B pv UB KAV’T

p

where cy represents the clearance of VEGF from the blood.

f. anti-VEGF agent and modification of the equations

(S.21)

(S.22)

(S.23)



The available interstitial fluid volumes for the anti-VEGF agent and its complex with
VEGF are taken to be the same as that of VEGF. The presence of the anti-VEGF alters
the equations governing the VEGF isoforms, i.e., equations (S.18-S.23). These equations

become:

d [VlZl ] N

= qy121 - kon,v121,R1 [V121]N [Rl]N + koff V121R1 [V121R1]N
dt

- kon V121,RIN1 [V121] [R1N ] + koff V121RIN1 [V121R1N1]N
on,V121,R2 [V121] [R ] + koff V121R2 [V121R ] (8'24)
onV121,A [Vlzl] [A] + koff V121A [V121A]

-k

-k

‘ +kNBSNB [Vm] kr?\';l SNB e [Vlzl]
Kav Uy U,

dlV,
[ (;T]N = tiss ~ Kon,v165,meem [V155]N [M EBM ]N + Kot w165, meem | ViesM eeu ]N

~Kony1es vecm [Vies ]y [Mecm [y +Korr vassueom [ViesMecu

—~Konyses wpant [Viss J [M pem ]y, + Kot vasswpont [ViesM psu

—Konviss re [V165]N [Rl]N +k0ff,V165Rl[ 165R1] Konv 165. RZ[ 165] [R ]
+ Kot yaasra [VaesRa |y = Kanwaesna [Vass |y [N2 ]y + Kot vassna [VassNi ]
—Konwiona [Vass |y [A]y + Ket vissa [Viss Al

_LkL+k;‘\?SNB][V165] 4 kBN SNB U [ ]
pv 165
U, KAV,N U, U

(S.25)

d [VlZl ]T

dt = quzl - kon,v121,R1 [V121]T [R1]T + koff V121R1 [V121R1]T

- kon,VlZl,RlNl [V121]T [RlNl]T + koff V121RIN1 V121R1N1]T
- kon,v121,R2 [V121]T [Rz ]T + koff V121R2 [V121R2 ]T (8'26)
- kon,v121,A [V121]T [A] + koff VI121A [V121A]T

kTB STB [ 121] +kBT STB U [ 121]

o U KAVT o UT Up



dfV,
[ = ]T = Q\Iles - kon,Vles,MEBM [V165 ]T [M EBM ]T Ko V165, MEBM [V165M EBM ]T

dt
- kon,VlGS,MECM [V165 ]T [M ECM ]T + koff V165MECM [V165M ECM ]T
- kon,VlGS,MPBM [V165 ]T [M PBM ]T + koff V165MPBM V165M PBM ]T
S.27
- kon,VlGS,Rl [V165 ]T [R1]T + kof‘f V165R1 [V165R1]T - kon,VlGS,RZ [V165 ]T [Rz ]T ( )
+ koff V165R2 Vl65 Rz ]T - kon,V165,Nl [V165 ]T [Nl]T + koff V165N1 V165N1]T
- kon,VlZl,A [V165 ]T [A]T + koff V165A V165 A]T
Sy [Viss ] S, U
_k™e 1B L 60T | BT ~TB FB [\
" UT KAV,T o UT Up[ 165]8
d Vi, S ke + kS s ) [Vini]
- _ V. _ kBN 2NB Ty n L pvV ¥NB 121N
dt Cv121[ 121]5 pv Up [ 121]5 UB KAV,N
S S [V121]
— kB ZTE v +kB B L 22T S.28
pv Up [ 121]3 pv UB KAVYT ( )
- kon,VlZl,A [VlZl]B [A]B + koff V121A [VlZlA]B
d [Vigs ] s ke + kS ) [Vies]
R R e
s Sto [Vies]
— kBT Z1B IV + k™ Z18 L 16501 (S.29)
pv Up [ 165]8 pv UB KAV’T

- kon,V165,A [V165 ]B [A]B + koff V165A [V165 A]B

The inclusion of the anti-VEGF agent also introduces new equations in the plasma, in the

normal tissue, and in the tumor compartments:

d|A
[dt]N = Konv21.4 [V121]N [A]N + Kot 1214 [VlZlA]N _koanlzlvA[Vles’]N [A]N
(S.30)
k. +kSws | [A] Sye U
K VoAl —| X pv ONB N 4 kBN ENB ZBTA
+ off,VlZlA[ 165 ]N ( U, ]KA\/,N + Koy U, Up[ ]B



d[A]

d = onVlZlA[ 21] [ ] off V121A [VlZlA] kon,VlZl,A[VlBS]T[A]T
t I (S.31)
S S, U
+kof‘f,V121/-\[ 165 ] _k;\B/ UTB KAVT kEJ UTB UB [A]
V., A
[ 1; ] konVlZlA[ 121] [ ]N _kofr,va [VIZlA]N
. (S.32)
_ kL-i_kpv SNB [V121A]N N SNB U [ ]
UN KAV,N 121
V., A
% onVlZlA[V121] [A] off V121A [V121A]T
t S NuAL (S.33)
S, U
B 121 kBT 8 V.. A
kpv U KAVT UT Up[ o ]
d{V,..A
% = kon,Vles,A [VlGS]N [A]N - koff V165A [V165 A]N
" (S.34)
_ kL+kPV SNBJ[VMSA]N +kBN SNB UB [VlGSA]
UN KAV,N N ~p
VA
[ tji ] konV165A[V165] [A] koff ,V165A[V165A]T
] (S.35)
S S U
kTB 1657 't kBT B V A
va Koo Koy u, Up[les ]
d[A], o S k, +KS, ) [A]
=0, —C,[A], -k B[ A . N
dt qA CA[ ]B pv Up [ ]B+ UB KAV,N
S S, [A]
—kgy “E[A], +kpy BT $.36
pv Up[ ]B+ pv UB KAVT ( )

on V121,A [VlZl]B [A]B + koff V121A [VlZlA]B
on V121,A [V165 ]B [A]B + koff WV165A [V165 A]B



d [V, A s K+ Ky Sy | VA
% s~ M, K SV, { e )[K]
S S [VlZlA]
k& BV, Al + ki BT >
pv Up [ 121 ]B Ko UB KAv,T | |
+ kon,v121,A [VlZl]B [A]B Ko VizIA [VlZlA]B
d[V,. A S ki + Ky Sus | [ViesA
% = Oyagsa — Cvassa [Viss Al —Kov U_N:[VlGSA]B +( L U:/ - ][ E:VJN
s St [VissA]
L AR\ i o
pv Up [ 165 ]B Y Ug Kur | )

+k V,

on,V165,A [ 165]B [A]B - koff V165A [V165A]B



GLOSSARY

Concentrations and densities

[Mecm], [Mesm], [Mpeml]

[Vi21], [Vaes]

[Ri], [R:]

[N:]
[RiN4]

[ViR{]

[ViN1]

[R2V16sN1]
[Vi21R1N1]

[A]

[VA]

Kinetic parameters

(vi21, Qvies

da

SR

Density of VEGF binding sites in the ECM, EBM and PBM
Concentration of unbound VEGF32; and VEGF¢s In the
available interstitial fluid

Density of the unoccupied receptor tyrosine kinases
VEGFR1 and VEGFR2

Density of the unoccupied co-receptor (NRP1)

Density of the VEGFR1/NRP1 complex

Concentration of VEGF isoform i bound to VEGF receptor
VEGFR;

Concentration of VEGF isoform i bound to co-receptor
NRP1

Concentration of ternary complex VEGFR2/VEGF45/NRP1
Concentration of ternary complex VEGF1,:/VEGFR1/NRP1
Concentration of anti-VEGF agent

Concentration of VEGF/anti-VEGF complex

Secretion rate of VEGF1,1 and VEGF 65

Injection rate of the anti-VEGF agent

Rate at which the receptors are inserted into the cell
membrane

Kinetic rate for binding
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Koft

kint

Cv121, Cvies

Ca, Cv121A, Cvi65A

Geometric parameters

Ui

SNB

Kavi,i

Kinetic rate for receptor coupling
Kinetic rate for unbinding

Internalization rate of the receptors
Microvascular permeability kp for VEGF (noted as V) from

compartment i to j (N = tissue; B = blood)

Lymph flow rate

Clearance of VEGF;21 and VEGF65 from the blood
Clearance from the blood of anti-VEGF, of its complex
formed when binding to VEGF;,; isoform, and of its

complex formed when binding to VEGF;¢5 isoform

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

Total surface of the microvessels at the interface of the
tissue (N) and the blood (B)

Available volume fraction in the tissue, i.e., ratio of

available fluid volume to total tissue volume U;
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FIGURE LEGENDS

Figure S1. Anti-VEGF concentration profiles following the intravenous injection of
an anti-VEGF agent.
A-B. Single injection (10 mg/kg), C-D. Daily injection of 1 mg/kg for 10 days

(metronomic therapy). Solid line: normal tissue; dashed line: blood; dotted line: tumor.

Figure S2. VEGF/anti-VEGF concentration profiles following the intravenous
injection of an anti-VEGF agent.

A-B. Single injection (10 mg/kg), C-D. Daily injection of 1 mg/kg for 10 days
(metronomic therapy). Solid line: normal tissue; dashed line: blood; dotted line: tumor.
This also illustrates the total VEGF concentration profiles following the intravenous

injection of an anti-VEGF agent.

Figure S3. VEGF distribution profiles in normal, blood and tumor tissues.
Concentrations of VEGF bound to the anti-VEGF agent, free, bound to the receptors and
sequestered in the extracellular matrix. From top to bottom: normal tissue, blood, tumor.
Solid line: VEGF bound to anti-VEGF; dotted line: VEGF bound to the extracellular

matrix; dashed line: VEGF bound to receptors; dashed-dotted line: unbound VEGF.

-12 -
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