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Three-dimensional numerical simulation of microcirculation and
drug delivery in solid tumors

WU Jie', XU Shi-xiong®>, LONG Quan’, DING Zu-rong' (1. School of Naval Architecture, Ocean
and Civil Engineering, Shanghai Jiaotong University, Shanghai 200240, China; 2. Department of Mechanics and
Engineering Science, Fudan University, Shanghai200433, China; 3. Brunel Institute for Bioengineering, Brunel
University, Uxbridge, Middlesex, UK)

Abstract; Objective To study the characteristics of micro-environmental flow and the process of macromolecular
drug delivery in solid tumor. Method 3D models simulating tumor hemodynamics and drug delivery were devel-
oped. Microcirculation and concentration distribution of two macromolecular drugs in tumor were simulated. Re-
sults The model successfully reflected abnormal tumor hemodynamics, which results in impeded drug delivery
and uneven concentration distribution of the drug. The results also shows that the drug with lower molecular
weight is more easy to spread in tumor and excrete with interstitial fluid flow. In contrast, the drug with higher mo-
lecular weight tends to accumulate and maintain an effective concentration in tumor for a longer period. Conclu-
sions The results derive from this model can reflect physiological conditions, providing a reliable numerical mod-
el for the investigation of tumor micro-environment, drug delivery and strategy of therapy.

Key words . Solid tumor; Microcirculation; Drug delivery; 3D numerical simulation

YT MR FBRZ . HE  ALRWHEESAEE LR, FELF2Y %
PR W B 2 BRI ARSI DU DUA RO S S R B R BE T,

g% H #3:2010-01-20 5 &[] H $:2010-02-06
B4 E : ER H AR =4 AW H (10772051)
R R (1982-) , %, Wi RO o) AR A T %
BEHAESE Rk, E-mail : janny_wujie@ yahoo. com. cn,



EREYHE F£25% $£2H 2010F4 5
130 Journal of Medical Biomechanics, Vol. 25 No.2, Apr. 2010

B IR SRR S WE. BRI T e N L& sh 7
F MW ians A R R EIPITE o (R SERE R AR
FEESL TR 34 5] 43 A BUBR X R SF B R I A ) B
SRS R P I R A0 IV
DABRFER . A5 SOR A M4 A BRI T BLAE BT
3 BeJEE LU P9 4% AR ALE ) = 48 L4 Y, I A8 L B Al
LB G WS L X 2 s A
ML H 15 A0 B R BT SRR R 9 2y
Yrfeidad i, RS 0 R b 25 W0ia IT SRR it
AR BEDIT T B

1 HFRE

R SR P e A A AR B R (A e = 4
W R, a1 R R 2 mm x 2
mm x 2 mm, FAE 2 mm §E BRI AL FALLIX
A, R B IE 8 R 78 RS BRI
Bk AL TR K AL A R o, R
TN do s dy y o AR JSEY ML ) 250 P 245 2 5
R, R A 4 XUyl 3 A TR S
BRI ST

w0
g0 |-

601
401
20

ok
100

Bl EBFAEME=ENMDERN. RELES XEH, OEES
H 3 BUV UK, N, B0 A T

Fig.1 3D tumor microvasculature from simulation. The angiogenic
vessels are classified into three groups according to their branching
generations; arterioles, venules, capillaries!®’
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Fig.7 The time-drug concentration curve in tumor tissue in 24 h with a bolus injection
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