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Gompertz model-based tumor radiotherapy analysis and simulation

HONG Wensong, ZHANG Li, CHEN Bingfeng, LI Zhen, HUANG Kailing

Department of Radiotherapy, Guangdong Second Provincial General Hospital, Guangzhou 510317, China

Abstract: Objective To discuss the optimization of personalized radiotherapy based on the fractional radiotherapy
mathematical model derived from classical Gompertz mathematical model of tumor growth. Methods The classical
Gompertz model of tumor growth was analyzed, and the proper parameters were selected to establish a fractional
radiotherapy model. With the computer simulation, we discussed the effects of single dose, fractional dose and o/f value on
the therapeutic effect. Results The whole model run stably and output stable results. The simulation results revealed that
both the radiotherapy dose and &/f value had remarkable effects on the therapeutic effect of radiotherapy, which indicated
that lots of accurate data were necessary for the optimization of personalized radiotherapy. Conclusion To some extent, the

Gompertz model- based radiotherapy model can simulate the therapeutic effect of radiotherapy as well as provide some

theoretical instructions for the optimization of personalized radiotherapy.
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b: Dynamic capacity Gompertz model (DCGM)
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Fig.2 DCGM single dose radiotherapy model (begin time: =40 days,
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Fig.3 Part of DCGM single dose radiotherapy model (a/3=10)
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Fig.4 DCGM fractional radiotherapy model with different
fractional doses (a/3=10)

i s, X AR A TR BT — D UIA KL T35k, A
[ ) o/ (L 22 WSS WA T A RICR (P 5) o Tl 1S L
L MR ALY o (B 6~25 Z 1), PR, FRAT T4
6,10 15 ENBHUACER, IR, &5 Al T, o/ {E B
N TP 7 SR B, DRI 3 ST — B e A Y iR
2R o p B 2 R T 7 TP 2 2 —

34t it

1600,
[~ Breast (a = 2.63, b = 0.829, Fractional Time =30, D = 2Gy, a/p = 15)|
1400; . .
y -~ Breast (a = 2.63, b = 0.829, Fractional Time =30, D = 2Gy, a/f = 10)
© Breast (a = 2.63, b = 0.829, Fractional Time =30, D = 2Gy, o/ = 6)
1200 4
g
<
=
S
£1000-
=
=
800
600
400
0 5 10 15 20 25 30 35
t/days

5 DCGM 7RIt iR B [E aB 1B
Fig.5 DCGM fractional radiotherapy model with different a/3

values

IR AR AR B R A ST AR R U T Y E
A, X EEAR G TR R A PRI A R 2 R O
AR R ] L3 5 TS LR AT, RO AR i T AR
I HTAREAC 0 2T, 6 iR AR A RO READ) 32 2047 P
AT T s — 77 TR A AR A K R B TR
A o RIS AR AR DL B AR SRASE AR A R A, T
5 DL — b O B AR SR B R A i e (HLd
e 2%, It SRR 2 5 53— T3 Th 2 i WL g A=
Ko A, P H— L8 S H Rl R Ay s LR AR AT 5 A Ky
PR Sk AR HA TR 2 B 0V L 32 Ay
w, BT RCRZ RN B %52, AWEFEF Gompertz
(I s B e

TECHAT T, B R B RS T 5823 I
F UG PR R ST, (AR I Ak 5 R L
FOEH LA EAE Y B RT3 AR 1Y
FR A, HASU BORE HE C 2 AR WM i o By ELASE
BAGN , JE TR A W= R A B A e SR TGk, U2z
B L-Q R R 22 AN W i AL, 1 S Tz
Masahiro 25" [0 H] L-Q 5 2 3k 73 A R k37 A E 1]
PRER T A AR 47 I BE A . Matthias 55> WA HI L-Q
BRI AR R EIHO PR . Aad, B2EHFIE R
e FAAIN ] L-Q A S ARG iR 28 KA 5 %
8o IR, WABETE AT LUK, 1673 YO 7 LB
iR AR B A BB AR AE — 5 2 T S O RO
A R TR, S 3 — A e 5 Y 0 R
s ZORE AT 55 1E B A U O BRI oK A, X
WRFANT T —Br B pE s 5 . 34k, — 2630k
LS, AN TR ST 1) e 229 BT AN TR 14 oo AL i1 AR
ATBIREELF AT LUK B, AN TR] 64 oo (L B S 52 M0 7



-8 - Hh R B2 %i35%

AORCR o TR, FRAT A AT R I RS g, R
BB T L 2% S IR 2 ML 1) o B AL, ST A
PRI S5

(5% 30Hk]

[1] SHEEMA S, ROBERTO B, PAOLO M, et al. Mathematical modeling
of drug resistance due to KRAS mutation in colorectal cancer[J]. J
Theoret Biol, 2016, 389(1): 263-273.

[2] NITISH P, FEBA S S, WAYNE C, et al. A three dimensional
micropatterned tumor model for breast cancer cell migration studies
[J]. Biomaterials, 2016, 81(3): 72-83.

[3] stsm. A THFER G B LE&ETEMSI] PRAMKFE
%, 2016, 11(11): 33-36.

HONG W S. Simulation analysis of tumor combination therapy based
on mathematical models[J]. China Digital Medicine, 2016, 11(11):
33-36.

[4] ANJA B, UDO S, GERO W. Simulation of metastatic progression
using computer model including chemotherapy and radiation
therapy[J|. J Biomed Inform, 2015, 57(10): 74-87.

[5] JOSE S D. Gompertz model: resolution and analysis for tumors[J].
J Math Modell Appl, 2012, 1(7): 70-77.

[6] TIMALSINA A, TIAN J P, WANG J. Mathematical and computational
modeling for tumor virotherapy with mediated immunity [J]. Bull
Math Biol, 2017, 79(1): 1-23.

[7] SEBASTIEN B, CLARE L, AFSHIN B, et al. Classical mathematical
models for description and prediction of experimental tumor growth
[OL]. https://arxiv.org/pdf/1406.1446.

[8] ALIM A, JAKHARVS L, PUNIA D P, et al. Estimation of linear
quadratic (LQ) model parameter alpha/beta (a/f) and biologically
effective dose (BED) for acute normal tissue reactions in head and
neck malignancies| J . Int J Cancer Ther Oncol, 2016, 4(4): 449-458.

[9] BA, §&R, Xi& . HAEIT T SR IE R LS F R R
ARR[T). ER A A5, 2015, 30(4): 311-317.

LU J, CAO J F, WU J. A mathematical model and numerical
simulation for tumor growth under radiotherapy [J]. Journal of
Medical Biomechanics, 2015, 30(4): 311-317.

[10] SLEAM, 354, A, . 2T 3 ) F AR E R TIARAAHE
1] PEESWESE L E, 2017, 34(8): 770-775.

WEN Y M, HUANG J, LONG F X, et al. Re-optimized molecular
dynamics algorithm in intensity-modulated radiotherapy[J|. Chinese
Journal of Medical Physics, 2017, 34(8): 770-775.

[11] NAGHAVI N, HOSSEINI F S, SARDARABADI M, et al. Simulation
of tumor induced angiogenesis using an analytical adaptive modeling
including dynamic sprouting and blood flow modeling[ J ]. Microvasc
Res, 2016, 107(14): 51-64.

[12] LORENZO G, SCOTT M A, TEW K, et al. Tissue-scale, personalized
modeling and simulation of prostate cancer growth[J]. Proc Natl Acad
Sci US A, 2016, 113(48): E7663-E7671.

[13] HAN K, CLARET L, SANDLER A, et al. Modeling and simulation
of maintenance treatment in first-line non-small cell lung cancer with
external validation[ J]. BMC Cancer, 2016, 16(1): 473-482.

[14] DIABY V, ALI A A, ADUNLIN G, et al. Parameterization of a disease
progression simulation model for sequentially treated metastatic
human epidermal growth factor receptor 2 positive breast cancer
patients[ J]. Curr Med Res Opin, 2016, 32(6): 991-996.

[15] BOLTON L, CLOOT A H, SCHOOMBIE S W, et al. A proposed
fractional-order Gompertz model and its application to tumor growth
data[ J]. Math Med Biol, 2015, 32(2): 187-207.

[16] ROMAN-ROMAN P, ROMAN-ROMAN S, SERRANO-PEREZ J J,
et al. Modeling tumor growth in the presence of a therapy with an
effect on rate growth and variability by means of a modified Gompertz
diffusion process[J]. J Theor Biol, 2016, 407: 1-17.

[17] HENDRIK B, CLAUS B. In the linear quadratic model, the Poisson
approximation and the Zaider-Minerbo formula agree on the ranking
of tumor control probabilities, up to a critical cell birth rate[ J ]. Int J
Radiat Biol, 2017, 93(3): 279-285.

[ 18] VASSILIEV O N, GROSSHANS D R, MOHAN R. A new formalism
for modelling parameters alpha and beta of the linear quadratic model
of cell survival for hadron therapy[J]. Phys Med Biol, 2017, 62(20):
8041-8060.

[19] MASAHIRO M, SEISHIN T, HIROYUKI D, et al. A mathematical
study to select fractionation regimen based on physical dose
distribution and the linear quadratic model[J]. Int J Radiation Oncol
Biol Phys, 2017, 84(3): 829-833.

[20] MATTHIAS G, RAINER J K, MICHAEL A, et al. Applicability of
the linear-quadratic formalism for modeling local tumor control
probability in high dose per fraction stereotactic body radiotherapy
for early stage non-small cell lung cancer[J]. Radiother Oncol,
2013, 109(1): 13-20.

[21] UNKEL S, BELKA C, LAUBER K. On the analysis of clonogenic
survival data: statistical alternatives to the linear-quadratic model[J].
Radiat Oncol, 2016, 11(1): 11-21.

(%345 . TR §2)



