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In this paper, the diffusion coefficient in a normal tissue and tumor are to be estimated by the method

of inverse problems. At the beginning, distribution of drug (with the assumption of uniform and
isentropic diffusion coefficient) in the tissue is considered as the direct problem. In the direct problem,
the governing equation is the convection—diffusion, which is the generalized form of Fick’s law. Here, a
source and a sink are defined; the source as the rate of solute transport per unit volume from blood
vessels into the interstitial space and the sink as the rate of solute transport per unit volume from the
interstitial space into lymph vessels are added to this equation. To solve the direct problem, the finite
difference method has been considered. Additionally, the diffusion coefficient of a normal tissue and
tumor will be approximated by parameter estimation method of Levenberg-Marquardt. This method is
based on minimizing the sum of squared errors which, in the present study considered error is the
difference of the estimated concentration and the concentration measured by medical images (simulated
numerically). Finally, the results obtained by Levenberg-Marquardt method have provided an
acceptable estimation of diffusion coefficient in normal tissue and tumor.
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Table 1 Material properties of normal and tumor tissues used in
numerical simulations
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[6] 21.0-10% 2.710™" Lp[m/Pas]
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[6] 2080 2080 P, [Pa]

[6] 2660 2660 m[Pa)

[6] 1995 1330 m[Pa]

[6] 0.82 091 os

[13] - 0 P.[Pa]

[4] - 8x107 L S/V[1/Pa 5]
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Fig. 4 The contour of interstitial velocity in the domain for both
normal and tumor tissues
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Fig. 3 The contour of interstitial pressure in the domain for both
normal and tumor tissues
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Table 4 The results of estimated diffusion coefficient of normal tissue
and tumor at the same time
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Table 3 The initial guess and the actual value of unknown parameters
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Fig. 6 The Chart of sensitivity coefficients - time in normal tissue and
tumor

oesi g il 2l 5 o - ol calp Jlagei 6 JSUS


https://dorl.net/dor/20.1001.1.10275940.1396.17.4.16.2
https://mme.modares.ac.ir/article-15-1992-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1396.17.4.16.2 ]

Ve 9 2 a0 ey SlgS lo— S yuigl gy Hl oSkl b yge95 9 eIl 8L iy sl 36 dnlxe
" noise (w=0.001) " noise (w=0)
x 10 x 10
4 - 4 J
Z 3 - = 3f -
£ 2f ; % 2t ;
Py X:23 =} X:27
Ir Y:2.071e12 r Y:2e-12 |
ok . N N : - ok , : : : P
5 10 15 20 5 10 15 20 25
12 Iteration 12 Iteration
Tyt U— . . . s . . . .
Z 10} - T 0 J
E E
S’ = q -
g ° X:23 l a8’ X:27
Y: 1.479¢-13 ¥:1.602e-13
0 i i -_ 0 N 2 . -
5 10 15 20 5 10 15 20 25
Tteration Iteration
1o noise (w=0.01) 1! noise (w=0.005)
o v v T v r T g . r T T r r T r T
- 3 : -~ 3F -
@» w
g =
E 2 1 g 2} i
— A
A ik X:33 A X: 39
Y: 2.121e-12 1r Y:2.23e-12 ]
0 . . : : : = b : : : : : Pa—
5 10 15 20 25 30 35 5 0 15 20 25 30 35 40
Iteration Iteration
-12 -12
15 240 . . . . . 15 <10 v - r r ; r
Z 10} 1 Z 10 1
~ -1
E £
= 5 - = 5
=] X:33 =] X:39
Y: 2.713e-13 Y: 2.535e-13
0 - - 0 L L T ™
5 10 15 20 25 30 35 5 10 15 20 25 30 35 40
Iteration Iteration

Fig. 7 estimated diffusion coefficient of normal tissue and tumor by Levenberg-Marquardt method for Various noise
085 Uss wlalasdl ol 4 olsS Lo ~ S gl gy Lawgi js055 5 plles 8L iy calpd e T S

point in normal tissue

0.2 T T T T T T T
P S
'E 015} P 1
A .
S~
@] osh *  C measurements (w=0.01)
o — C estimate
0 1 A 1 ' ' A
0 1 2 3 4 5 6 7 8
t (hour)

Fig. 8 The chart of the measured and estimated concentrations

(M%) Wl 2l e iy cope Dan
(MP1S) 13055 b Jise iy wuys D
(KGIM?S) 23t > b sole JUasl o s Jim
2 3 .
(MPas) sibile Sspond Giile, cuyps K

C (kg/m?)

point in tumor

0.8 T T T T T T T
| / ﬁ\‘\\\\n |
04} / -
/ ]
0.2 /‘ * € measurements (w=0.01) 4

I —C estimate

0 L L L N N s L

0 1 2 3 4 5 6 7 8

t (hour)
0l 00 e g 0 (6 pS o3l glaclale jlages 8 S

e o ygd -7
Kg/m®y o> esle clile €
Kg/M?) Ledly s s> esle clale Cp
(M?S) 53e (25 uye Dert

4 ojlass 17 0993 1396 45 (oo Suille wise


https://dorl.net/dor/20.1001.1.10275940.1396.17.4.16.2
https://mme.modares.ac.ir/article-15-1992-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1396.17.4.16.2 ]

Ol 9 e ey

SlgS lo— S yuigl gy Hl oSkl b yge95 9 eIl 8L iy sl 36 dnlxe

tumors, PloS One, Vol. 6, No. 6, pp. e20344, 2011.

[7] M. Soltani, P. Chen, Effect of tumor shape and size on drug
delivery to solid tumors, Journal of Biological Engineering, Vol. 6,
No. 1, pp. 1, 2012.

[8] M. Sefidgar, M. Soltani, K. Raahemifar, M. Sadeghi, H. Bazmara,
M. Bazargan, M. M. Naeenian, Numerical modeling of drug
delivery in a dynamic solid tumor microvasculature, Microvascular
Research, Vol. 99, pp. 43-56, 2015.

[9] M. Sefidgar, M. Soltani, K. Raahemifar, H. Bazmara, S. M. M.
Nayinian, M. Bazargan, Effect of tumor shape, size, and tissue
transport properties on drug delivery to solid tumors, Journal of
Biological Engineering, Vol. 8, No. 1, pp. 1, 2014.

[10]A. Jalali, M.-B. Ayani, M. Baghban, Simultaneous estimation of
controllable parameters in a living tissue during thermal therapy,
Journal of Thermal Biology, Vol. 45, pp. 37-42, 2014.

[11]C. Michel, Starling: the formulation of his hypothesis of
microvascular fluid exchange and its significance after 100 years,
Experimental Physiology, Vol. 82, No. 1, pp. 1-30, 1997.

[12]0. Kedem, A. Katchalsky, Thermodynamic analysis of the
permeability of biological membranes to non-electrolytes,
Biochimica et biophysica Acta, Vol. 27, pp. 229-246, 1958.

[13]G. L. Pishko, G. W. Astary, J. Zhang, T. H. Mareci, M.
Sarntinoranont, Role of convection and diffusion on DCE-MRI
parameters in low leakiness KHT sarcomas, Microvascular
research, Vol. 84, No. 3, pp. 306-313, 2012.

[14]C. Patlak, D. Goldstein, J. Hoffman, The flow of solute and solvent
across a two-membrane system, Journal of Theoretical Biology,
Vol. 5, No. 3, pp. 426-442, 1963.

[15]3. V. Beck, K. J. Arnold, Parameter estimation in engineering and
science, pp. 168, New Jersey: John Wiley & Sons, 1977.

[16]M. Ozisik, H. Orlande, A. Kassab, Inverse heat transfer:
fundamentals and applications, Applied Mechanics Reviews, Vol.
55, pp. 18, 2002.

[17]3. E. Dennis Jr, R. B. Schnabel, Numerical methods for
unconstrained optimization and nonlinear equations, pp. 159, New
Jersey: Prentice Hall, 1983.

[18]T. Hompland, K. Gulliksrud, C. Ellingsen, E. K. Rofstad,
Assessment of the interstitial fluid pressure of tumors by dynamic
contrast-enhanced magnetic resonance imaging with contrast
agents of different molecular weights, Acta Oncologica, Vol. 52,
No. 3, pp. 627-635, 2013.

[19]D. Y. Arifin, C. Wang, K. A. Smith, T. L. K. Yiu, Patient-specific
chemotherapeutic drug delivery to brain tumors, Mimics Innov
Award, Vol. 1, pp. 1-9, 2007

4 oploits 17 0995 1396 Hu5 (o )ow Suilfo wdise

(1/Pa's) il gl ks ey o LpLS/V

(M/Pa S) e s (Sdg i (colam) b,  Lp
(Pa) ) Sslewlg e JLzs Py
(M/S) S 50 s pydsis mpo P
(Pa)(S ngecssm Jid) o> Jed Bo
(Pa) sbols jlus Pi
cds, sae Pe

(Pa) dlole Sl yomsl Las T

(Pa) Ldly (gl Jlad T

Ogalild D3k <oyl OF

Loy 59 0 (Sl Jamgie (ol WSl oy Os

4 LS, ez a2ly p Gadde esle JUl g5 @b
(kg/m®s) sl oo sl

'ul-‘-" 6Léé )| > ..\>|5 » @M& oole JLL.J CJ" @1
(kg/M®s) sslad slas, & 23k

4 op sbS, e oy Jbw b g5 P
(1/8) (s8blee sl

&8

[1] M. Heron, Deaths: leading causes for 2008, Natl Vital Stat Rep,
Vol. 60, No. 6, pp. 1-94, 2012.

[2] S. Suresh, Biomechanics and biophysics of cancer cells, Acta
Materialia, VVol. 55, No. 12, pp. 3989-4014, 7//, 2007.

[3] L. T. Baxter, R. K. Jain, Transport of fluid and macromolecules in
tumors. I. Role of interstitial pressure and convection,
Microvascular Research, Vol. 37, No. 1, pp. 77-104, 1989.

[4] L. T. Baxter, R. K. Jain, Transport of fluid and macromolecules in
tumors. Il. Role of heterogeneous perfusion and lymphatics,
Microvascular Research, Vol. 40, No. 2, pp. 246-263, 1990.

[5] L. T. Baxter, R. K. Jain, Transport of fluid and macromolecules in
tumors: 1ll. Role of binding and metabolism, Microvascular
Research, Vol. 41, No. 1, pp. 5-23, 1991.

[6] M. Soltani, P. Chen, Numerical modeling of fluid flow in solid


https://dorl.net/dor/20.1001.1.10275940.1396.17.4.16.2
https://mme.modares.ac.ir/article-15-1992-fa.html
http://www.tcpdf.org

