UNIVERSITA' degli STUDI i ROMA
TOR VERGATA

INE

y” 22" . .
(rzia— F5E A continuum mechanics model of enzyme-based

universite tissue degradation in cancer therapies FRANCO 1TALDO
deBORDEAUX ITALIENNE FRANCESE

° Je o o0 ° Je
*Inria Sud-Ouest. MONC team M. Deville*, R. Natalini®, C. Poignard

°IAC, Rome, Italy

Abstract Drug penetration in tumors

— An Injection of matrix degrading enzymes removes diffusive hindrance to the

@ ECM degrading enzymes can degrade some constituents of the ECM. They are . .
penetration of therapeutic molecules

used to enhance gene transfection or penetration of drugs into tumors. Our goal is
to evaluate the effect of an injection of ECM degrading enzymes on the porosity The distribution of

of a biological tissue. therapeutic agents is

Injection of an wider when the spheroid
ECM degradation . .

~ enzyme was previously incubated
into an ECM degrading

enzyme, thereby

j_/ improving the diffusion

@ We developed a poroelastic macroscopic
model of biological tissue based on :
2z Balance laws
2z Constitutive relations

process.

@ We consider that the changes of porosity
are due to :

. . . 45 - |nterstitial Fluid Pressure may be temporarily reduced by degrading the tumor
> the elasticity of the medium ECM thus improving the transcapillary transport of therapeutic agents
» the fact that cells are slightly )}/ |
. 1.6 — | l |
compressible v/ L 201 o 150U $ Y
_ ] A i ] \ A= 150 U | _ ]
z the effect of an ECM degradlng - ] ?:zouu . » 4= 500U IFP is reduced in a dose-
L 16- v o —— 1500 U
enzyme £ caoou | =120 RO\ N =300 dependent manner up to a
212 ccommol | S| B A e '~ maximum reduction.
£ = RV .
$10- £ SR Increasing the dose further,
0.8 | R :
08 - . IFP is reduced to a lesser
@ Assumptions : saturated medium, incompressible liquid phase, slightly compressible e 5 10 2 30 40 %0 6o 0 10 20 30 40 50 60
SOIld phase, negllglble Inertla Time after intratumoral injection (min) ¢t (min)
_ _ (95‘|‘9¢‘|‘f:1 (1) _
Mass balance on fluid —) Volur?sotr;ls(;:;(;n(;x; fluid V - ((gg + g¢) ()\(V : U_)I + ,LL(VII + VU_T))) — VP (2) WIthOUt pretreatment, the
- | (gs +g0) -~V (KVP) = Q" +~(P, — P) drugs stay at the periphery.
Interstitial pressure (2) Mass balance law on ECM —— Volume fraction of ECM (6) pR,O . (3) An enzyme pretreatment
- + ( T 1) ge(Kh + ar(£(0,%) = f)) = V- (at) X l permits to obtain a wider
ass balance law on cells ————|  Volume fraction of cells (5) | i i i i» i - - -
: | (2? ( f DO V h+h J ) : 00 040 °‘9[§’istance into tu:,}?,i, (mm) 10 22 Normalized distance into the tumor Al d IStrI b Utl o n .
: ke ou (4)
omentum balance law on _|_ h - _I_ Senz
" fluidbp:lase ! 4 ( f < ot ))
Displacement (1) K I % n ( v <f§)u)) ge =0 (5)
omentum balance law on t
" solidbp:1ase ! 395 ConCI USIon Refe rences
. I8+ (Kh+an(£(0.%) ~ £)) gg
' (6)
ou . Hyaluronidase induces a transcapillary pressure gradient and
Mass balance law on 3 Enzyme’s concentration (4) i ( Y (5%5)) 9e =0 ® An InJ ection of ECM degradmg enzyme improves the distribution and uptake of liposomal doxorubicin
efzyme's concentration e enhances the dIStrlbUthn ()f drugs by (Caelyx) in human osteosarcoma xenografts, Eikenes, Tari, Tufto,
— =V - (fD,.. . Vc+ i) : . : : : Bruland and De Lange Davis (2010)
Mass balance law on _ o (7) improving both diffusion and convection 2. Effects of hyaluronidase on doxorubicin penetration into squamous
therapeutic agent's | Therape:tl:. age(r;t)'s i < ke g ( du )) LS carcinoma multicellular tumor spheroids and its cell lethality,
_____________________ concentration e “\ 77 a1 drug , | _ _ . _ Kohno, Ohnuma, Truog (1994)
Constitutive Relations . | : ~ @ Calibration with additional experimental 3. Mathematical Modeling of a Solid-Liquid Mixture with Mass

Darcy, Hooke, Starling : . with Jo.. = %K,VP—DSMV]‘ and  Ju — nVP DY vy data iS needed Exchange Between Constituents, L. Fusi, A. Farina, D. Ambrosi (2006)



