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Experimental study of stereotactic body radiotherapy dosimetry for primary hepatic carcinoma
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Abstract: Objective To investigate whether the dosimetric effects of stereotactic body radiotherapy (SBRT) in hepatic
carcinoma conform to the linear-quadratic (LQ) model. Methods Human hepatic carcinoma cell lines HepG2 and Hep3B
cultured in vitro were selected and subjected to biological equivalent dose (BED) irradiation (6, 8, 10, 12, 14 Gy). The
fractionation regimens included single-fraction irradiation (simulated SBRT) and 3- or 5-fraction irradiation (simulated
IMRT). The surviving fraction after irradiation reflected the damage effects of different fractionation regimens; the effects of

different fractionation regimens on cell proliferation were analyzed through survival curves; and cell scratch experiment after

model.

irradiation was used to observe the cell invasive and migration abilities after exposure to different fractionation regimens.
differences in terms of damage effects, proliferative ability, and invasive ability, indicating SBRT conformed to the LQ

Results Significant separation effect was observed in the in vitro validation of the LQ model in SBRT for hepatic carcinoma.

For HepG2 cells and Hep3B cells, when BED < 12 Gy (o/f= 10 Gy), fractionation regimens did not show significant
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model; when BED > 12 Gy, single-fraction had more obvious damage effects as compared with multiple-fraction, indicating
Keywords: hepatic carcinoma; linear-quadratic model; fractionation regimen; stereotactic body radiotherapy

that the damage effect in SBRT was more significant than that in IMRT. Conclusion The LQ model applies to SBRT for

hepatic carcinoma in a certain dose range, beyond which the damage effect is higher than the predicted results of the LQ
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BAR, T YT U 2% | Tl 32 BR T 18 i 3 55 18 B
BT ROV, PR TR T B R A ST
& % 1) B ST 36 J7 (Stereotactic Body Radiotherapy,
SBRT ) & — R8I AR 7 75 2, JCHGE T
JE R AN A SR R M SRR R e o B SBRT
BRI L, T WO 7 7 205 2 B AR T, 5L T
HCCRY7 24311 . R, SBRT it = 4t — Ak
BV bR 7, 45 3L 26 M YK (Linear Quadratic, LQ)
BEAIAE SBRT 7 & 4 ROV PG EAFTERR A7
PRI, USC Fl RMR 4885 AU 1 LQL Al MLQ 45 &
TE AR Al e S B, SR T 3 S AR A I R W A
LQ MEAY g 2 A DL 2 AR SCR T IR R S 4 i
% (HepG2 Ml Hep3B) , 7 A [6] 4= ¥ A &4 7 &
(Biological Effective Dose, BED)Ff % T, >k FH AN [A] 43
#1752, LG P 20 A S 4 03 R0 1 SRR DL S AR
R IERRETT, AR LQBAYTE SBRT i I PE#2 At i

| RS %

1.1 #paLE s

A9 HepG2 Fll Hep3B 411 ifg 1) T H [ 24 B 4N
e, 4 B 5 10% AG2F- I35 (Vivacell) . 100 U/mL
FFZE 1100 U/mL 5 5 Z (Beyotime ) ) RPMI1640 £5
723 (Hyclone) /7, 7£ 37 °C KB 4UH 5% CO, ffE
135 F5 48 (Thermofisher ) P S 7 o 2B 52 0 B A 4
2 A — K . M AT A B IS H) 2 80% B,
0.25% JBi%E [ iF-EDTA (Gibeo) W AAZ 4L
12 REBEH

HUXT B AR K 0 Y 4e B 2 Rh & T25 85 R
(Corning) N, ¢ 20 LI A5 B 35 211 2 80% B, = i TR
H VitalBeam F £k il # #§ (Varian) #£ 1T 6 MV-X £k 8
51 MR 0°FHE 7 R PR T VR B2 B 100 em, 155 380 T 3
1.5 e [FElfA/K , FEEHEF 40 cm x40 cm, FHEH 500 cGy/min,
PUEEFfi % 2 180° /AU . 43511 % BED 4 6.8.10.12.
14 Gy 2 EAT A, 20 43 3 Fh 08005 2K, 43901k Bk
3 3G 5 E
1.3 BHFIENITE

BED j1&. /A2 : BED=nd(1+d/o/B), HiH n R 53k
B d R TR 5 /B A AL SURE S5 55,
Jo 2B E I 10, 4% 18 BED i85 A 208 A )
BED 4320 & AN [R] 4381 75 2 By BR300 6 L 45 2R
F 1R
1.4 SERE R LI

X85 A= K 3] 1) HepG2 Fl Hep3B 41 A 43 51 #E 47

=1 REIBED KR53 /RBHA R TS RFIE(Gy)
Tablel Fractional doses with different BED and

fractionation regimens (Gy)

BED
Pt EN

6Gy 8Gy 10Gy 12Gy 14Gy

BRAYE] 422 525 6.18 7.04  7.85
3R 5 1.71 2.12 2.64 3.06 3.47

SRS 1.08 1.40 1.71 2.00 2.28

6 MV-X 2 R AR S R 4250 1.3 /N h ik . g
WA e IHAR AT IC R e B H 0 40 A A
T 60 mm By FEIL T, & T 37 °C 5% CO, ¥ A B
7£10 d, FFHREFR I, J5 H PBS(Servicebio) /N0 ik
3k, FF P (Sigma) [ %€ 30 min, F 3 mL 8% Giemsa
(Beyotime) % {4, 30 min, 7£ B B N iH 80w (R
TBE S KT 50 AL iy AR 9% Sy — A5k ) o HER T
R T 6 (o B T 1l 6= A8 /42 ol 248 L 50 100% )
DA K AE 1% 53 %0 (Survival Faction, SF=3Z iR 5 41l Jifd 1) 72,
R TV 1 236/ R A 240 b o B T B3 ) |, I 4 Wl A A7
S

1.5 M A 38 5E 40

2 X8 50 A A U 00 L o B 2 AR, 100 uL
4 B B T 96 FLAR A9 L H (10 000 4~ 41 B /AL ) , B
HBCE 3NEAL, W F7 24 .48 .72 h 5 BEATAR N, 1] 4
FLH A 10 uL CCK-8(Beyotime) #A ¥ . #5 96 LT
TE 37 °CHiFRFA NI H 1 h, HE#FR 1Y (Thermofisher)
D5 450 nm &b (19 1 S BEAE, 52 5050 3 1k, B34
{8, 2= H3E s th 2
1.6 {R5MRIIRSETG

BOW B R0, LA 10%/mL A3 BE 3 R0 T 6 4L
Mo, 55 5% 28 A I R IR LIS . FHJCTA 200 pL &
Sk 7E gL A0 B ) — 25 A5 B AR A A
13 ALY o PR PBS T 18 3 IR LABR 2 517 4l il . b s
WA RR G 0T FAR . k2R 5%, RERR 24 h7E B
B OSSR S8 B, R I HIARALAA BC 5% . BRIl
FH Image] X ARAL L, LIRS 0 h 15725 (12,24 h) B9 K1
SR AR . I 40 M A 7% Z8 130 3 [ 0 B A 8 2R =
(0 h R T AR -35 73 Ja R AR ) /0 h QIR AR 5
ARV 538 X AT S 2
1.7 FitER*

4 R H SPSS20.0 e b4k 44 o i, 77 & IE S 4
AR TR AR e 22 3R AL B] LU BCR H ¢
g , 22 20 0] LA oR B R 37 2253 #1 771k . P<0.05
hESAGIEE L.
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2.1 #HE BEDEAR S EI AKX TAEHAMEREH
5% R FniE FE B

I 2 96 3 Sl 1 25 AT, Bt R 5 %) 4 1Y)
B, AN A 438007 2T AR B AE T R B R R

R B R 57 KM . 78 BED 4 T 6~10 Gy i, A
Ivi] 2310y ST 0 85 0 AR B RE 7 1R o Hh B
225t . M BED=12 Gy B, AN [FIAATEG 4t T4 85, R
a1 G i R 2 TP A = O 7 TS O A=
K11, 24 BED=12 Gy i By K5 07 I 40 g
WaFE e ) 32 B 5 S A

2 HepG2iEZ A REIE X HEBRHEHEE D B Gxs)
Table 2 Surviving fraction of HepG2 after exposure to different doses of X-rays (Mean+SD)

BED
Bax e
6 Gy 8 Gy 10 Gy 12 Gy 14 Gy
AR E] 0.401+0.019  0.31540.017  0.144+0.010  0.033+0.003  0.001:0.001
343 0.435+0.028  0.348+0.034  0.154+0.016  0.077+0.008  0.003+0.001
5K 4yH 0.467+0.020  0.323£0.021  0.136£0.010  0.066£0.005  0.004+0.001
P 0.075 0.401 0.402 0.001 0.001

73 Hep3B#HEZ T REIFIE X FH R FMEE T B (v+s)
Table 3 Surviving fraction of Hep3B after exposure to different doses of X-rays (Mean+SD)

BED
Sy #7720
6 Gy 8 Gy 10 Gy 12 Gy 14 Gy
FRYR S 0.522+0.013 0.451+0.023 0.252+0.016 0.103+0.011 0.00120.001
3 0.539+0.034  0.438+0.014  0.265+0.010  0.145+0.008  0.003+0.001
541 0.559+0.042 0.419+0.023 0.270+0.015 0.159+0.012 0.005+0.001
PiH 0.419 0.957 0.343 0.002 0.001
1.2' 12' K%
¥k
1.0 — LR 1.01 — Bk sE
0.8 “3%’\6’}'%“ 0.8 == 3%\%%”
g —5 5 s — SISrE
a 0.6 Z0.6-
206 g 0.6
0.4 0.4
0.24 0.2-
0.0 . . . . 0.0 . . . .
24 48 72 96 24 48 72 96
t/h t/h
a:HepG2 b:Hep3B

1 #8[E BED WY1 T, 7[5 538175 248 B8 T BT 2 4 AR Y HE 3R 15 5L (4 P<0.01)

Figure 1 Proliferation of hepatic carcinoma cells irradiated by different fractionation regimens with the same BED (**P<0.01)
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WA S 2.1 /AN R 25 5 24 BED>12 Gy i, i
PRG350 75 23 1 4 M 453 03 250y 5 H A 4581 =X
AR EES . R T IR SR A R AN [R5 )
J5 20 7 2 0 40 M 1 3B B BB ) 7 A AN TR S ), BE 4
BED=12 Gy # 17 AN[F J5 8 B . P &1 2 81 3 (45 2R

AL, 46 BRI AN A TE RS 18 ) W 5 R, 7E 24,
48 TP B[] 8, BRI 43 1) SRS %) 9 R A48 B 7 A
fie 1 5 HoAth 4380 7 R I 72 A 3 25 R/ (P<0.05) o
SR, 3 YR A3 EIFN 5 YR 4 E W Ry =X RS I 20 e 7%
AE ST ek A TC B 35 22 5 (P>0.05) . LA &5 JRE 0 HH 24
BED=12 Gy I, BLYR 1) e B SR 0k JH 98 400 J 1) i B8
A RA L N UE LA
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Figure 2 Migration ability of HepG2 after exposure to different irradiation regimens at a BED of 12 Gy (**P<0.01)
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Figure 3 Migration ability of Hep3B after exposure to different irradiation regimens at a BED of 12 Gy (*P<0.05, **P<0.01)
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HCC J2& — Fift i S5 i J52 0SB  Fofd , (HLE e
THCST 7 A AT e 0 A3 A R 4 T e S Y
AT 52 S BT 7E HCC R Y7 h Y VR HISZ B 201
PRI fe A AR R 4R TP T R 2 0, el S 0 G
YU B I 52 BRI AR, O $h RO A2 IR 7 FP L
MEARTB . =& Ry KRS S 5o7
I )4 A — ZR A AR T O RS E B T B F T T
SR YT AR L i I PR 2R

B % SBRT £ A (19 8L -5 25, B /b By IR A3
0 TG B LR WA RO TR 4 AR DX ) LA
BRI B s B A0 T (A TR T AR B AR
SR, X T SBRT 5l 7 TS A L $6 AT B0 A 4 — 1)
ﬁ‘/ﬁ HAr 2 A i /9 57 & 24~60 Gy, 3~10

HIR R T g 7R 14 SR AR ) ) R S A [
E’Ji@t[zz-ﬂHli%ﬂljﬁﬁi%fjutﬂﬁﬁ%%ﬁi%o % &%
oy F8 90 g e T B SR 14 A8 B A B A R L Bk
HFIIRERIL T |, 5 B 57— P 8 A AR A SBRT
A7 I R A2 505 2

e 25 B A S5 70 B 2 AR B T LQ RS R ST Y

SRIM LQ A AL 7E SBRT 7 82 WA o J& 753 FA A7 7F
BRAWT, Brown S Ak LQ LAY K T 458 15 771
(<20 Gy) By G A= 102 0% T0 AT LA 458 9 1 40
BULEE . SR A UEHE RIS UG 5 T 10 Gy B,
S 23 R ) V) A A N, B ot AR A5 i
S0 D9 B A AR 45 A5 . R ARAE LR E LT SBRT 1
A2 E UM AR T o [ Kelada 25 %2 B4R
XiF K3 BT 18 28 A3 88010 55 W) B Sy 8 25 77 LQ AR A
RATRE AL T XIS B P, X F LQ AR 7Y
& 75348 T SBRT LA K S 75 5 B4R 2 o0 G- 1 51 0 A
RIS FH T SBRT 8 56 A= W2 A000 (1 EAG il 2200 £
IR FE T AR

SEOLR] AERSN LI R 5 A TR i X[
(BED 4 6~10 Gy ) B} A 5] 431 7 2%k 4 5 28 A0 3300k
(4 52 MR 45 /0N, LQASE AL IE FH A8 [R] 41 07 1 2
WyeE RN 0 . SR S 56 550 i R (BED>12 Gy)
B, B YR R et AT 28 22 W 40 B0y 7 A o v 1 AR
WE SO0 o I 22 S R0ONE 9 7 AR 5 B R R T
T B0 R A5 AL ) 22 5 6 UR T LA A i AT
107 SRR IR FE S ) 72 K o7 vh gV R Sy
FOO W AR R BRAE 0 i 2 T, T RS AR 5T
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