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Compensatory calculation of radiotherapy interruption based on radiobiological modeling and

its clinical application
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Abstract: Prolonged total treatment time due to radiotherapy interruptions is detrimental to local tumor control. There are

multiple causes that contribute to the occurrence of interruption events during radiotherapy, including public holidays,

machine breakdown and maintenance, and radiotherapy complications. If treatment interruption events are unavoidable

during radiotherapy, compensatory approaches should be taken to minimize the effects of radiotherapy interruptions on tumor

control. Herein the study provides a summary on the causes and influence of radiotherapy interruptions, the ideas of

interruption compensation, and the biological models of radiotherapy interruption compensation, such as nominal standard

dose, cumulative radiation effect, time-dose fractionation factors, biologically effective dose models, etc. Additionally, the

compensatory calculation for radiotherapy interruption in nasopharyngeal carcinoma is taken as an example to provide a

reference for the quantitative compensation calculation for radiotherapy interruption in clinic.
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Table 1 Values for K and T, from clinical studies
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Bk AR 0.15 <12 (2001)
Turesson and Thames (1989)46/
N N Bentzen, et al (2001)"45
i RhER 1.00 <12
Chougule and Supe (1993)!47!
Jiti Jili & 0.81 Bentzen, et al (2000)/4%)
Jii e
K 30 eg 0.90 28 Roberts, et al(1993)4]
_ Haviland, et al(2016)3)
FLIE 0.94 i
Haviland, et al(2013)'5")
T 0.83 Geh, et al(2006)52)
Joiner MC,Van der kogel A (2018 )[4
A /N M i 0.56 £
Stuschke and Péttgen (2010)53
iRe i obEe 0.62 021 Hinata, et al (2001)"%*)
" Thames, et al (2010)"55
TS B 0.42 52

Vogelius and Bentzen (2018)"%¢!

3 B AT R B B Il PR BT ST 3 R

AR O B 53 R 3R T AR Mg ey Hh e
FHOCHIF 5T R o 9 5] 52 G000 B2 T ¢ 2% (the Royal
College of Radiologist, RCR) 7£ it J7 1 Wi i B 45 7 2
4 Bt g AH RIS 1 32 W i i R ) R
F AL « S S0 R A0 B R B R B
Jeh B 20 IR RN L b 22 AR 2 R A . B
b SCER IR K BT 5 A R B B 9Y 3 AR TR L Sk SR
i LR 200 B s s | LR 5 RO v W S T 8GR )
D5 T A SY , J0 X F SR AR 2 | Ik T
AT Jipged B 0T Th A A8 S0 D . Xu A5
T S MR TS ) R RIS [l Jsi A 540 53 A % IR I
AR A7 B (Overall Survival, OS) F1 JG 2 g A= 77 &
(Failure-Free Survival, FFS) 5 7 H 5 2 W) 507
W 4 2R G . Yao A5 T S MR R AR O ) R AN
BRET- 15 40 7 & BT A Wk ol 37 5 e AR A%
B[] 7 d DAL B AN F T S i s £ 3 () AR 7 . Yang
SETIN Ry e M A S A R A S O S I A 3 d TR
7 TR R 22 AR A R B ST R R . Hua 26 °8IA
Sk G MR e R8E ICTT I ) S, R A e Ak B B AR T
A AU BF S 3 T i . Xiang 550D\ R X T 3k 2518 i
T B T R R (O HE R T8 ) R A H
(9 Yao 55N A X T R0 T AT 1Y) 5 WA A8 8
ST T W S T) 9 S 55 Ry 4 ) 22 1B A7 A k2 A
Ko Inal FE N R & AR A0 T AR PO G O v X

Al /IS 240 1 fifs g 0 g 42 o B B PR AR . Chow
SR LR IR O R RO A B BB T R KT S
6] 5458 2% (1 OS FE7E A bk

4 RIS RN BN EEITE

T 260 o ik 87 B A DX R R K PTV A T 7 6y
69.66 Gy/33 F, /K4 2.12 Gy, 5 F/J& , BIG 7Y
6]y 45 d, HoG 52 500 49.5 Gy (1.5 Gyx33 F) . &
WAEIRYT S UG & AT rh W, v s [ o — Ji] A%
SCHE A R TS R i % o RIS TSR AR IR T
1SRG JRIT 25 5 43 & AR i T b 58 o
15 41 2% S5 A 95 955 051 ) @/ B=10 . K=0.9 . T,=28 d, i T~ 1)
o/ B=327 40368 SRR R DT i R 1 A
F¥) S 5 B P WTIE B0 A g A ) R (AR TR
TR 358 B M, R 0] AR 1.3 7 7 i O R AT
b, X HUR L 3 AN MR T R RN . 7R LARIE
S TR RAR | B I F 386 5 252 19 43 Uk BRI 8 DA
DRAIEF% R I [8] 25 P75 5 28 2 ARIE R YT IR
FORAR R W7 J 4 b 0BT £ B [ 05T 4 e by — ]
(PR T 500 IR AE — JE R TT XA B IR T7 IR
O IE S | PR Ay S A AR BRI R T, B
PLAr R BB SRR AS | F v B S5 1) 43 YR 8 1%
BER— a5 I 3 AR UE AR R i AN AR, B b /5 K TH
Fi FEFR 9 43 U GR) S B , 2% RS g P A, SRR
A B IR AR



12

- 1477 -

#2 ¥ BED £ A 15 EQD, 2~ X35 77 %, R H
1200) DJR7ASE Wi i - M = I N 1Y b B A SR
&, R =L (10) 3F B A 2 M R W EQD, =

d 2.12
1+T/>’ 1+—10
ned % =212 % 33 % S —— =5 = 70.66 Gy
1+— 14+ —
olff ( 10)
T 2% S o Jeg 3 52 i, AR 6 =X (1) TH330 45 2] i g
5
[
EQD, = n+d |- (7-1)=7066-
I+—| 1+—
olff olff
0.9 . X
5 (45 - 28) = 57.91 Gy, B 43 IR 7T X5 hif B 1]
1+—
10

5. B EQD, fE2R ] Origin B2 151, 85 R AN 1R

——EQD, 70.66

701 —‘—Eg;gzu‘:em
« IAITH
) S 57.91 ]

0 7 [V B T TR
TRIT RS AT ] /d
1 JERETER TR ME EQD,
Figure 1 EQD, of tumor in the non—interrupted case
EQD, FT A IR S50 5 B AL, EQD,
I LB MR R A e A 20 Y 43 W S8 A P

PRAIE P T 4D o 5 R A S EQD, 1B 5 I v W 17
B0 1 b 98 EQD, (i AH 7] , 25 1&g 344 7 5% ), A1 ikt
FRAE 3R 3 Fhkh i 7 28, XHEIRYTY S IR 15K 25 KA
K B T R T A, X R R & L PTV, 5
0 B B RN 2 i . WIRYY S IRJE &)
HWT R 1 T AN R R (LD R 2.12 % 5 x

d
1+—
( 10) 0.9
(1+ 2)
10

+23xd x -
(1+120) (1+120)
57.91 Gy, TH545 2 e Jt A kb v KIS 18 B R S )
it d=2.5 Gy; P ili 1 v T 10 B A ) R
2.5
2.12

x(45-28)=

1.5 x

= 1.77Gy, I T #J & EQD, = 5 x 1.50 x

R

[ (]

e R TR LR AKX S AL
2~4 43 B F R IR SRk AL PTV, FEIRYT 5.15.25 KA
K AT R A R R A R

Fr 2% 2 0T LAAS Y, CRIE bR B EQD, fE AH [R] 9 17
N DS EYNE = SR I N Y [ s
i+ 5 EQD, {H7E 7 52 1 R e fe /N, 5 8 2 XK
6% JiAT , TR IR 1K 12% L h . WE 2~F 4
AL, 7E H W7 2R AT i AR S USRI HR R O B
] g5, AT (4 88 EQD (IR 2SR T R 1> R 2>
58 3, M H Wi 25 36 97 8 L B[R] 39 0, AH X5 0L A i R
EQD, {H 22 FE i K 5 >4 35 2 A1 [A] (9 Jib % EQD, 1
(57.91Gy) i, G FER M BRI IR R A 2 1<
2<J5 %3, LR Bk 3 Fhor Z kA7 rh b a2, £
TIE S5 2 1 g A= ) e AR W) PO AT 1, i S B Y
ZARSE T R 1<l 5 2<Tr E 3R MR T R T &
VI, R N 5 %8 2, Jr 8 3 AN A 25 0 T B MR i
SEVR YT IF B) — B LU 5 A 1 P g i e 1 I T
BRI SR YT ) — 2 A By — HURIRYT R
] F0E <, 25 6 1) e 348 B ) T, TS 4 7 B T 2
A IR Y EQD, Al it , DA T 5 BHE #4147 1]
F ARG

5 FiEERE

G TE R R R A R A T T AR A UK
ARYA T I [ ZE 4, DAY Ff 8 200 A 1 P 8 444 oo~
i 5 BB O ek R v A S AT L b B R
R QAT A T A B M B AR T 1 . A SCE X 4 Ff
FE T A W 2EASE AL (8 O Hh TR R R
VE TR 2044 . TDF A5 CREBIAIA R [R5k
F NSD#L R & R i , AR @ T A A1 21 5 Stk i ik
BN P S R0N R AR TR . X NSD .CRE  TDF £
B EAAEAE AR ] fa] B0 — 2 A 1 X i S i
LR FE M I AS T X6 g 5 0 2 1y 2H 2 1 5 i)
NSD J5 32 ) Ja BR P - NSD 2 MUl & & 26 T 4~30 401K
() S AR | A R S 56 2008 A s NSD 45 HY 1) S
20 0 3K 3 58 41t 32 7 & (full tolerance) B 8 57 & , AN
i T AR B 58 A ifi 52 ) 2 B I ; 2R IR97 NSD
HE AN BE B AR IR DAl 0% 700 5800 s NSD £& 1
PG I T J R B R LA X AN AN
I PR 2% 15,55 R FAS [R] 1 NSD {1l , 1 52 5 22 AR 14
NSD JF5 36 ff FH A 5480 1 (5%~19% ) 1 173536447
CRE #E R A] LU A 1F % 2 SR 38 3 58 4 1iif 52 551 het st

+23x1.77x = 45.59 Gy, [R] 2



- 1478 - o ] 2 2 2 R 415

2 FREPEEET R R ARHNE 5 BRI

Table 2 Comparison of different interruption time nodes and different compensatory schemes

FIBTRTTR SRS ()
LD S 151 25
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W R IRY T IR B (n2) 23 28 33 13 18 23 3 8 13
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P R i (d1) /Gy 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
P BRI (d2) /Gy 1.77 1.61 1.50 1.97 1.67 1.50 3.30 1.88 1.50
S (D)/Gy 4822 5259  57.00 48.10  52.58  57.00 47.41 5252 57.00
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TR BRI (d2) /Gy 2.50 2.28 2.12 2.78 236 2.12 4.67 2.65 2.12
SR (D)/Gy 68.15 7433  80.56 67.98 7432  80.56 67.01 7422 80.56
M EQD,/Gy 5791  57.90  58.12 5791  57.92  57.00 5791 5791  57.00
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Figure 2 EQD, of tumor for 3 compensatory schemes in the case of

interruptions occurring after 5 treatment fractions
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Figure 3 EQD, of tumor for 3 compensatory schemes in the case of

interruptions occurring after 15 treatment fractions
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Figure 4 EQD, of tumor for 3 compensatory schemes in the case of

interruptions occurring after 25 treatment fractions
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