https://doi.org/10.7742/jksr.2017.11.4.177

pISSN : 1976-0620, eISSN : 2384-0633
"J. Korean Soc. Radiol., Vol. 11, No. 4, August 2017"

Comparison of Parameter Using the Repair Survival Model Irradiated
High-LET

Eunae Choi

Department of Bio-convergence Engineering, Korea university

Received: June 04, 2017. Revised: June 30, 2017. Accepted: August 31, 2017

ABSTRACT

Dose response curves using absorbed dose to the biological effect are usually available in case of conventional
X beam. However, absorbed dose is not consider in treatment planning for carbon beam such as heavy ions.
Because the biological effects also depend on other quantities such as the local variation, which is often
characterized by the linear energy transfer (LET). So LQ model cannot explain the entire response of fractionated
carbon beam irradiation. The variation in LET with penetration depth leads to substantial differences in biological
effect of carbon beam. And it is therefore essential in treatment planning to calculate not only the absorbed dose
but also the LET to estimate the biological outcome of the radiation of interest. LET variation plays an important
role in the fractionated irradiations. It is suggested that consideration of LET is necessary in biophysical model.
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II. MATERIAL AND METHODS
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II. RESULT

°F 75keV/ume] EFAR] FALE single 2A}SFO]
F2Y ojAle]E Al st § HFL-1 A1l Survivi
ng fraction H|o]E & 7]¥+S 2 LQ modelZ} Repair s
urvival model= a, B, a/B3, v F&ug ZkS A4k
ato] Table. 19} e ZAA}E =&

Table 1. a, B, a/B values derived by the repair
survival model fit to the surviving fraction data and
y reduction rate (75keV/um-13keV/um) is calculate
by methmatica software (9.0 ver)

Parameter values (75keV/um)
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Fig. 1 Survival curves of the cells one fraction
irradiated 75keV/pm carbon beam. Fit to the repair
survival model. (horizontal axis: absorbed dose,
vertical axis: surviving fraction)
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Fig. 2 Survival curves of the cells two fraction
irradiated 75keV/um carbon beam. Fit to the repair
survival model. (horizontal axis: absorbed dose, vertical
axis: surviving fraction)
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Fig. 3 Survival curves of the cells three fraction
irradiated 75keV/pm carbon beam. Fit to the repair
survival model. (horizontal axis: absorbed dose, vertical
axis: surviving fraction)
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Fig. 4 Survival curves of the cells four fraction
irradiated 75keV/um carbon beam. Fit to the repair
survival model. (horizontal axis: absorbed dose, vertical
axis: surviving fraction)
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IV. DISCUSSION AND CONCLUSION

H AFl A= 75keV/um®] 3L LET ©4R] 3
A} Al Potentially Lethal Damage Repair (PLDR)<]
AFE BQlstal ALET AR Wl aate] 743
o e1shas St

ZFAF A

=N

o

75keV/ume] Eraw
Ag-oll Hs] MEAEEC]
3l JILET 24838 A} A] B3 sl Z71ess
= ALETOl Hlaf Hlw® #e v&2 BEEo] 5
743k shel&tgit). o]+ ILLET %A} A] PLDRE
FAEN=A ‘ﬂéH *ﬂ‘i*ﬂ Fol dA s =5
w3 A JdE 749 ALET

13 P 4% Ol% HAom =R *@%%01

dsol A l 7] o) =]

viES Aake A3 13keV/ium ol B8] 3ehvlE
o] S71e2 H.o potentially lethal damage repair
(PLDR) Aol ZAEASFS Flstalnt. w3k #
& st AdSS vEe AAe Fo s 3%
TS} 4T A Al vk Apol7F YEREA] &
UTh = ILET ZAF Aol £ sle7 5716k
© PLDRe =4

13keV/um FAME
A3 welde wg

o
UE

Ji

N o
E
oy
ot

N

2 -+

o 4

= k-3

= [o 9

1l = T

e,

2 M d
ot
BNk
>
N ﬂ

o2
Mo ok
N
o
6%
au JL
B
o

o
o
i,
po
(o
fr
>
ro
v

Reference

[1] Akifumi Miyakawa, Yuta Shibamoto, Shinya Otsuka,
Hiromitsu Iwata "Applicability of the linear-quadratic
model to single and fractionated radiotherapy schedul
es" Journal of Radiation Research pp 1-4, 2013.

179



Comparison of Parameter Using the Repair Survival Model Irradiated High-LET

[21 Wedenberg M, Lind BK, Toma-Dasu, Rehbinder H,
Brahme A, "Analytical Description of the LET Depen
dence of cell survival using the Repairable-Conditiona
Ily Repairable damage model" Radiation Research, p
p. 517-525, 2010.

[3]1 Jack E Fowler, "Is Repair of DNA Strand Break Da
mage from lonizing Radiation Second-Order Rather T
han First-Order? A Simpler Explanation of Apparentl
y Multiexponential Repair", Radiation research, pp. 1
24-136, 1999.

[4]1 Nilsson P, Thames HD, Joiner MC "A generalized fo
rmulation of the 'incomplete-repair’ model for cell sur
vival and tissue response to fractionated low dose-rat
e irradiation" Radiation biology, pp.127-142, 1990.

[51 Roger G. Dale, Jack F. Fowler, Bleddyn Jones, "A N
ew Incomplete-repair Model Based on a ‘'Reciprocal-t
ime’" Pattern of Sublethal Damage Repair" Acta Onco
logica, pp 919-929, 1999.

[6]1 Stanley B. Curtis, "Lethal and potentially lethal Iesio
ns induced by radiation-A unified repair model", Radi
ation research, pp. 252-270, 1986.

[71 Anatoly Dritschilo, Anthony J. Piro, James A. Belli,
"Repair of radiation damage in plateau-phase mammal
ian cells: relationship between sub-lethal and potential
ly lethal damage states" Radiation. biology, Vol. 30,
No. 6, pp. 565-569, 1976.

[81 Ang KK, Thames HD Jr, van der Kogel AJ, van der
Schueren E., "Is the rate of repair of radiation-induce
d sublethal damage in rat spinal cord dependent on t
he size of dose per fraction?", Radiation Oncology bi
ology. Physics, pp. 557-562, 1987.

[91 Michael J. Marchese, Lawrence Minarik, Eric J. Hall,
Marco Zaider, "Potentially lethal damage repair in cel
I lines of radioresistant human tumours and normal s
kin fibroblasts" Radiation Biology, Vol. 48, No. 3, p
p. 431-439, 1985.

[101 Marchese MJ, Zaider M, Hall EJ., "Potentially lethal
damage repair in human cells" Radiotherapy and On
cology, Vol. 9, pp. 57-65, 1987.

[11]1 Alejandro carabe-fernandez, "The incorporation of th
e concept of minimum RBE into the linear-quadratic
model and potential for improved daiobiological anal
ysis of high-LET tratments" Radiation Biology, Vol.
83, No. 1, pp. 27-39, 2006.

180



pISSN : 1976-0620, eISSN : 2384-0633
"J. Korean Soc. Radiol., Vol. 11, No. 4, August 2017"

LET F7tel w& 315 AE 24| sy 3t vjx

8 ¢

WAL A& e §T+(Radio biological effectiveness, RBE)S A&l tff-i o]t XA & gAan
o] 7% LET9 ®WstZe wh=A] arguofopdt Alglolt}. o= XAl = =53] 24 A% £x-=& 2zt
3 917] wiEol™ LE T«] Haleko] F Q3 o] 7} H) w}a}/\ﬁ 7129 LQ Rdolu} 3B gER o] 7o
oj2]gt o] et A ol ©ARIY & A Al EAIKE HolW oFE Holal vk & ATolA=
oF 75keV/um®] ILLET ©A4H] &8 ZA} Al Potentially Lethal Damage Repair (PLDR)2] WA FS 8215kl
°F 13keV/um AJLET ZALe} HluLste] @A 3] 7HA48taS helakaith. PLDRE] Aol whet &8 wgt
Akt weba gl o] A& shA] e skl LETO] WSt WheA] agjEojxol & Ao=w B
et}

181





