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[BZIBM: £ E 547 F L MAE R (DCGS) X T F 47 T 422 A T Ao £ M7 T8 H vk, J7i% : I Pinnacle’ &
itk RGP T H R 8 TF R 124, BRERAMA DCGS=4.0 mm &9 3+ J B -, tE AL R 58 B 0% 08 77 7 &, B % DCGS
(1.0~ 7.0 mm), EH7i+ L IR Fe & & % B (OAR) 8 H & , 3R 3T ¥ X A= OAR #9245 22 5 2 A= A 4 7] B DCGS #9 TALH .
2R 3o R e OAR #9972 7 FF DCGS #9 % K i , BARRF F A 7 B LRI E i AR KA TR T4, ALK
B3RO, Fe IR 69 fit 98 2 A HE R (TCP) A= OAR #9 JE 5 4 8 5 K JE #E & (NTCP) AL DCGS 38 X # 22 1% %1%, PGTV, %9 TCP
T2 4 0.7%/mm,PTV #) TCP F K325 % 0.6%/mm, /o A= 237 ¢ NTCP F Fif AR stabe , BERNTCP F &%
KALA 15.0%, B NTCP F &z RAEHA 13.5%, £5iL: & H 7 T HEMNZF £ M7 ZH DCGS T R ), X
F2 OAR #9227 F EARARF T A5 B ERIEERGKA TR T4, XA T AL A5 558 F KGR a9 TCP &
OAR # NTCP,
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Effects of dose calculation grid size on physical dose and biological dose in radiotherapy for cervical

cancer
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Department of Radiation Oncology, Yunnan Cancer Hospital/the Third Affiliated Hospital of Kunming Medical University/Yunnan

Cancer Center, Kunming 650118, China

Abstract: Objective To quantitatively investigate the effects of dose calculation grid size (DCGS) on the physical dose and
biological dose in radiotherapy for cervical cancer. Methods Twelve treatment plans of cervical cancer designed in
Pinnacle’ treatment planning system were selected and then optimized with the default DCGS of 4.0 mm. As the DCGS were
changed from 1.0 mm to 7.0 mm, the doses of target areas and organs-at-risk (OAR) were recalculated to explore the changes
of physical dose and biological dose of target and OAR with different DCGS. Results The physical doses of target areas and
OAR were decreased with the increase of DCGS, and the dose-volume curves showed an overall shift to the lower dose region
in dose-volume histogram.Except for the NTCP of femoral heads, both the tumor control probability (TCP) of target areas and
the normal tissue complication probability (NTCP) of OAR were slowly decreased with the increase of DCGS. The decline rate
of TCP of PGTV,, was about 0.7%/mm, and that of TCP of PTV was about 0.6%/mm. However, the decrease rates of NTCP of
the bladder and the rectum were relatively faster, and the maximum decrease rate of NTCP was 15.0% for the bladder and 13.5%
for the rectum. Conclusion The physical dose and biological dose in radiotherapy for cervical cancer are decreased with the
increase of DCGS, and the dose-volume curves of target areas and OAR show an overall shift to the lower dose region in dose-
volume histogram, which will induce the underestimations of the TCP of target areas and the NTCP of OAR.
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TE 25 FH0iE #% ¥4 5% (Volumetric Modulated Arc
Therapy, VMAT) iR 1T, 553153 B % T (Dose
Calculation Grid Size, DCGS ) J&— I E:A () S 505 B,
i H — &R B3R 714 & 48 (Treatment Planning
System, TPS) 2> f (L HUE7E— & T [l N 1Y DCGS, DAt
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THRR T B AR AN W P 75 2T R . 1 i
Pinnacle’ TPS #2417 M 1.0 mm %] 10.0 mm /1 DCGS , 2k
JADCGS=4.0 mm. # KA DCGS i FA B X Al
&, M43 B (Organs-at-Risk, OAR) AT He e K ], LA
FRAG T I THROR 5 (H A AR 3] S 90 e 50T 7 v iy
PR AZ RS SURAEAARSE/IMATL OAR HRS 5,
R R R A R, R/ NI AR R AR A T
TR
AN [ P A6 RUST 3 g 114 59 2 25 57 1T B 23 5 I X
77 SRR A . BRIL, BIF9Y DCGS X5 S50 iy T
(14) 40 3L 7] 0 A 0 3 1 R A RO R A
B R OT T R R e W T
VB o ABHFE R 4381 T 2K A Pinnacle® TPS %3179 12
15 Ey 2098 S IR YT T 58, B8 H DCGS MR AR X
FTOAR 114 #5511 F A= 9 1) 1, QA8 X FT OAR 1Y

D+ Dopean P DCGS 1175 £1 17 B0, $8 X 11 fih 964 422 1l 4K
3 (Tumor Control Probability, TCP) F1 OAR [ 1E # 41
4 If K& GE #f % (Normal Tissue Complication
Probability, NTCP) Bl DCGS A8 fb 175 0 % .

1 R 5%

1.1 Rl

e 2017 4F 12 H~2018 4F 11 1E 2 i 44 b8 = B
AT BHEZ 15T (DCGS=4.0 mm) 1) 12 {41 5 2%
B IBIT I S T oY . R BRI L A
8 [X (Primary Gross Tumor Volume of Lymph Nodes,
PGTV,,) 8 21.0~395.0 cm’®, 31 %) 40 X (Planning
Target Volume, PTV )& 1 336.0~2 587.0 cm*; PGTV,,
FIPTV BT BB 3k 141.6 .1 850.7 em®s #LIX AN
OAR HIMFRIE L 1.

#F1 2P HEEELXOAR AT (cm?)

Tab.1 Volumes of target areas and organs—at-risk (OAR) in 12 patients with cervical cancer (cm?)

TN PGTV,, PTV =87 B2 e e 3k ik
1 258 2214 52 134 111 107
2 171 1944 33 243 89 93
3 21 1539 115 575 99 98
4 395 2511 52 245 163 163
5 38 1336 47 93 90 90
6 75 2091 27 128 95 100
7 223 2 587 75 117 101 101
8 37 1502 51 66 91 87
9 41 1373 41 661 98 109
10 105 1584 27 319 109 98
1 293 1817 65 165 120 116
12 42 1710 36 432 140 145
Sy 141.6+119.1 1 850.7+406.3 51.8+23.6 264.8+187.4 108.8+21.5 108.9+£21.9

AEE AP EN BT BT S T, FH AR 0 0BR[]
7 o K M Siemens Somatom Sensation Open 24 CT
(Siemens Co., Munich, Germany) 1E A % #i K 45 &
G, A H A A TR T S RS R 2% 1.0 em,
3.0 mm JZ 5 #E R 1Y CT B0 , K ix Se s
% % Pinnacle’ TPS 9.10,
1.2 VMAT it %I #9ig it

12 141 J 35 AT 7 28 39K FH VersaHD B £k i 2%
(Elekta Medical Systems Co., Stockholm, Sweden)6 MV
Y6F £k, 360° 42 SOV A Smart Arc i3 il £t 4k (19 77 =X

WA VMAT 340, 336 ) A A6 B ) H AR ok 502 o 251
Wk 2 s, 5l ARk A7 8 45 AR 12 ( Collapsed
Cone Convolution, CCC ) "**! . PGTV,, & J #| &
60.0~62.5 Gy/25 F; PTV 4bJ7 7l i 45.0~50.0 Gy/25 F.,

B VMAT it %] J7 % #% J{] Pinnacle® TPS 9.10
B, BUER Al DCGS=4.0 mm Y155 k& Al Ak 1 5%
B HUE R IT R, A R 8 kR T el ZE DCGS
(1.0~7.0 mm) , FH 155K A DCGS B, #LIX F1 OAR
AR A . ASBIFSE 43 5 R HI DCGS=1.0.2.0.3.0.,
4.0.5.0.6.0 f17.0 mm #EA7T ] H 5.
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R2 BHE VMAT HHRIB0FI & - R IRERR EUD = (Z.V,-D?) (7)
Tab.2 Dose—volume criteria used in the volumetric !

modulated arc therapy plan for cervical cancer

HLIX B OAR SRR R

PGTV,, D,,,295%PD, V,,295%, D, <107%PD
PTV D,,,295%PD, V,p,>95%

H V,;<60%, D, <45 Gy

i e V,0<40%, D5, <45 Gy
Lok V,5<5%, V3,<30%

Fi ek V,45<5%, V3,<30%

N7 V,,<30%

i D, .<45 Gy

PD SRy &b Jy 7l ik

1.3 MEFIENSEITNEYFIEHNITE

MR SCHRL 7-11 TR A 245 BRI A I R4 56, s
51 Fi & TCP MINTCP A % V) 56 2 1 4 #2856
DCGS S {b I 5, 1 i PGTV,, f1 PTV #Y D, .D
D, .i& JE i #6454 ( Conformity Index, CI) FlIH4 ) L5 %
(Homogeneity Index, HI) ; BT EL I D, ., D, 55 o
Horp CLVHI (D A (2) T35 512

CI _ Vt,ref2
VI.Vrcl'

HAr, V,  JEIES 7 50 2 BT e S A A AR v 2
DXHIRER 5 V, I 275 0 BT Y it T Fr 6. 58 7 25 7]
(LS 2N

DZ"/

HI = —= (2)
D98“/n

Horr, D, 2 2% 041 DX W) £ 14 B /IME 5 Dogy, M
98% Mo AT X W WA 1) i Py e K fH

TCP 28 M 7E— & M 0 T R4 4UR
HR4EE i HE R B K /N s NTCP 248 1IE # 42U — 2 5l i
) BB, OAR U P O K i & LE AR R/ o R
& Schultheiss TCP 4% %"/ 1 Lyman-Kutcher-Burman
(LKB)NTCP £ #1''  TCP FI NTCP i 1% 24 =X
R

max

(D

1
TCP=— (3)
TCD,\ ™
1+
EUD
NTCP = 1/V/2x L ethdr (4)
Hr,
u = (EUD - TD,,)/(mTD,,) (5)

TD,,(v) = TD4 (1) v™ (6)

Horfr,BUD St — OAR 114824345 7% i (Equivalent
Uniform Dose) ; v, f1 D, %7~ 5= OAR 4K FH v, 52 E] 5]
5 D, 1Y RS 5 a F ps, by Jid 55 0E B 2H 288 R A 3R
il 280, AT DL 5k i PRASCHE $05 45 3], JHOG 1 B U
SCHik[20-21] 3 m n 34K OAR 546 #Y H %L, m 22 [F)
— 7] i BRI s 4 i NTCP 551 45007 8 i 3% n 2
A B Ak 0 2R B, X B IO DL SC R [20-21 ] 5w 2
NTCP A iy — D A8 1, L2 — 5 EUD A G
F4 BRI D & OAR JF R AEME AN 50% I il 452 fY
5] 3 4 TCDg 2 48 XA 45 IR 28R 50% i 75 21
o)

2.1 SBXEYMEFIEFNIEFRIE DCGS

MARIRYY T A TR Y DCGS(1.0~7.0 mm)
Xof 7 R AT EOET AR, g i) R R 7 1A (Dose-
Volume Histogram, DVH) I PGTV . PTV,,, (PTV {I
Bk PGTV,, % 4% 19 25 R &8 43 ) 19 Do Do Dieans
PGTV,, /) CI.HI L JZ PTV i) CI i DCGS #7251k, 48
P44~ DCGS T 12 #3697 75 %8 v i 5t — ¥ 2 (451
W PGTV, 1 D) » S8 5 RV B {E FbRfE 2% o, 10
B 1~ 4 iR . PGTV, . PTV,,, i Dy Dy s Doean B
DCGS #9728 K 1 v/ (3 o PTV,,, A 4831 D,
PGTV,, i) CI.HI Fl PTV Y CI [ifi DCGS & i i 34 i},
£ DCGS=4 mm A&k 3L T AR A/ ME . X T PTV,
WA G HHIA D, , JRFJEPTV WAL B PGTV,,
f4b Ty ) B T PTV AR 7 I, BAE TR
fEBsS, C 29 PTV I i 7 i — 224 F PGTV W,
MANREALTE PTV,,, o

6800 —=_D_ . (PGTVnd)
—~—D,,(PGTVnd)
6600 T T = D,,,.(PGTVnd)
. 6400
&)
.
u]
= 6200
6000
5800

4
DCGS/mm

1 PGTV,,#D,;,\D,. F1D, .. i DCGS I ZE1L

Fig.1 Variations of the D, D_. and D_, of PGTV , with dose
calculation grid size (DCGS)

min, ™ max mean
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00 —— 7 RLIK . DA EL A D, 266 DCGS 3k
| —o—meanD(PTV,,,) /N, JBE VG BB N 26 A IR Sk D, B DCGS 34
50001 e
R/ NG Mg UL AL (] 5~ 7) o
4800
§46OO
= 1 —m— maxD(B:RE)
i J
J%Ij ] 65004 _ _ —O— meanD (k)
= 4400 T T = T
1 6000+
42004 L S S A A N
40001 2307
3800 T T T T T T T 75000+ -
1 2 3 4 5 6 7 - T T - - - -
DCGS/mm 4500
2 PTV,, 8D, FD, . B DCGS H 21
Fig.2 Variations of the D,,;, and D,,.,, of PTV ;. with DCGS 4000+
3500 T T T T T T T
1 2 3 4 5 6 7
0.95 - —s— CI(PGTVnd) DCGS/mm
—&— CI(PTV)
0.90 5 EERtHD,, D, BEDCGS 193k
0851 Fig.5 Variations of the D, and D, of the bladder with DCGS
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0.60 N
g
0.55 T T T T T T T m\E‘_ 4800+
1 2 3 4 5 6 7 F-o
DCGS/mm B 1T 7T T T T 4 4 ale
3 PGTV,, FPTV # CIK DCGS K% 46007
. . . na #J CIBE E'Jxﬂf. _2‘*—9—\—9__9\0_\(
Fig.3 Variations of the CI of PGTV , and PTV with DCGS 1 T T T
4400 B . - 1 1
1.09 1 2 3 4 5 6 7
] —m— HI(PGTVnd) DCGS/mm
1.087 El6 EHHD,, FID,, BDCGS
1.074  _ Fig.6 Variations of the D, and D, of the rectum with DCGS
1.06
E ] TSN
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1 25004 T T F T I o T
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| 2400+
13 = 1 & 523001
< ] or — ~ |——E!_ E
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4 PGTV, A HIFEDCGS I3k, 20009 | 1
Fig.4 Variations of the HI of PGTV,, with DCGS 19004 1 T 1
18001 B
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Fig.7 Variations of the D, of the L-femur and the R—
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femur with DCGS



8

- 975 -

2.3 TCP.NTCP K& DCGS HIZE4L
B 12 5By 00988 5B 84 Y T R (12x7=84) Y
DVH #3455 R axe B0 SCF . MATLAB % 2

BRI ot SCOE P B B R A (7) b 15 2 A
A0 X FNEES OAR 19 EUD, 4K 5 A 28 (3)~2 (6) 11
B TCP FINTCP, 25 54035 3 Firm .

%<3 $BXTCP.fE X2 E NTCP it EAf[EkE DCGS ML
Tab.3 Variations of the TCP of target areas, the NTCP of organs—at-risk and calculation time with DCGS

TCP/%

NTCP/%

DCGS/mm T} ] /min
PGTV,, PTV i bt HY Lk ARESk
1 62.32£0.71  72.00+2.1 2.2540.54  3.84+£1.55  0.00£0.00  0.00:0.00  273.14+66.66
2 61.89£0.71  71.58+2.1 2.06:0.38  3.45:1.73  0.00£0.00  0.00£0.00  27.70+6.28
3 61.52+0.88  71.15+3.0 1.87+0.61  3.11£0.92  0.00£0.00  0.00£0.00  9.10+1.79
4 61.09£0.71  70.80+2.2 1.66£0.55 2.83:120  0.00£0.00  0.00£0.00  4.79+0.80
5 60.79£0.70  70.38+2.2 1475043 2.58£0.90  0.00£0.00  0.00+0.00  3.15:0.43
6 60.43£0.85  69.96+23 138+0.61  236+0.87  0.00£0.00  0.00£0.00  2.51+0.28
7 59.65£0.72  69.40+2.4 1.20£0.66  2.08£0.89  0.00£0.00  0.00£0.00  2.14x0.21
%}F PGTV,,, TCD,=51.24 Gy,y,,=0.83; %} T-PTV, A= 50 B B 50

TCD,=36.5 Gy, 15,=0.72"2"; 7E 115 PGTV, , f1 PTV f
EUD i}, a=-10. 2§ TD,=78.0 Gy, m=0.17,1n=0.09,
a=1.0; H 5 TD,=78.0 Gy , m=0.14 ,n=0.02 , a=1.0 ; i
‘B TD,,=78.0 Gy,m=0.12,n=0.25,a=1.0"*",

4 DCGS 7£ 1.0~7.0 mm ZZ fL i}, DCGS % 34 K
1.0 mm, PGTV,, 1) TCP V-3 [ 42 0.7%, PTV Y
TCP V-4 F R 2 0.6%; SR 1M, OAR Y NTCP F i i
JE SR XA, B Y NTCP R B B K AT 3k 15.0%
(4 DCGS M 6.0 mm 7% & 7.0 mm B , NTCP 7% fk A
1.38% R[] 1.20%) , E A NTCP [R5 KT ik
#]13.5% (24 DCGS M 6.0 mm 7% % 7.0 mm i , NTCP
AN 2.36% FI%5]2.08%) . HARDCGS F, B
S NTCP /& 1H /Y .

#E DCGS X HERCRAZ M |, ia 7 7RI 5
TR ] DCGS 34 K miei GRS 1tk
AfIE) o 24 DCGS<3 mm i}, fifi DCGS /b , 767
prig g e T O [ R B 2 B NN (A
DCGS=4 mm It} , B DCGS 4 K, 7 H 355 A
/DGR TSR A HE R AN B S R [R] s AR TR
AR .

7 7 58 00 Jo e 2 B DA 3R L P R
S o BN R EE ARG T T BT E A
5 B WL R IR H LN & i ML I RE LA K
TRV RS PEREM S & . AWEFEE &
3T DCGS B B S0 07 34 J7 58 ) BHL57) 8

T R b U B B RN A 95 B DCGS A 8%
A 1 AR A 35 IFFE BRI 1~7 mm % DCGS. M K]
LA 2 AT I L FE X D,y Dy s Dy A B 1
TR, H DCGS (A AL XFHE X D, B KT D, Al
Dyene WNE 8 i, —fEHLIX PGTV,,, 3% PTV [ D, il
WAL T XA, 24 DCGS=2 mm i}, 7l 5 i)
BN ARBUR E R < /N R S XK 2 DCGS=5 mm
B, 350 5 A B AR A O T T /N D BT X
S, 0 DX 2 B 2 IR S ) X3 AR S HL X, A
M 51 HE X Y D, B, AR X A9 D, BB DCGS
AR TR BEAR , T8 DX PN 1) D, 38 23 AhFE T X Y
HUO R, 24 DCGS A8 Kk B S 24 i 3 BBl e AR K
A P A B D, 0 o PR, XY
D, .D,, .D,.. ki DCGS # K fi &A%, FLD,, FEIKIE
FEd Ko M3 FE 4 Hra] DR 250 XA HITF CTAE
DCGS=4.0 mm B3k B AL, 502 H b 124697 07
) IR P AY DOGS=40 mm ., 7E DCGS=4.0 mm
i, 5 H A DCGS H Eb , T4 535K HI A CLiE # 2]
T EAE

X IEH AL E TS B B D, YIbE
DCGS By 38 AT wsk /1N, 1% B B0 A 22 A I =k 1
D,... ki DCGS [ 34 KM s/ N A2 B L AR 32 A
Sk 1% I RN EL B 19 D, 38 A Fizdn B 5 X R 22 5t
Aab, RIYE 751 DX BT 7 e R R Ak, BE % DCGS
BER T 0% KA AR BT B D, 5, T S SR
JOEFN L 1 D, 980N A EATTHY D, I AN B SRR TR
BN T AR AL B 8, 2645 B 3K D e JLT- AR
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PGTVag MinDose (6] R, 2kE, KM, 5. APk a T H8 ARG RRAST F oAl
DCGS=2mm TR, MR 5 s 7, 2017, 30(1): 39-42.
DCGS=5mm WU J T, DI H, SHI C M, et al. Dosimetric study of two algorithms
inpostoperative intensity modulated radiotherapy for cervical
carcinomal J . Journal of Cancer Control and Treatment, 2017, 30(1):
HbeE Sk JEME K 39-42.

PTV m
i=N7]

8 EHEIMX M OAREX LB ~EE

Fig.8 Schematic diagram of relative position of target areas and

OAR in the patient with cervical cancer

ARBFFEH, WIRIRHEBER DCGS (s & L2k,
FETH5 TCP FINTCP B, PRI X T OAR B9 B 5t 25
kil DCGS 4R miyg/ N, #X (7) o EUD S HEEREZ 08N
P X EUD &5 540 A (3) il 5 TCP A3 (B R =2
W/, [RIEPEF OAR 1 EUD AR A (5) i, PR X (4)
Al THAAS H NTCP Wl 2 i/ N . (H 253 H TCP Al
NTCP F 4 X HE S A K, iX F 25 TCP MINTCP 144
A m .n . TD,, Ml TCD,, A HUEAH G , TD,, F1 TCD,, [ HX
(EARATRER LK T 28 3 it Rl DCGS iz iy
He M s . AMFF B S NTCP iZA R 0, I A=
R ANk DCGS AR AT , T PR A AR AR E 3 /N
TR TR A A P B P e 25

4 % it

B U O Hh ) B R A AR 5 R 38 B DCGS
AR KM /D . X HOAR (4 BRI B /£ DVH | 5%
TR AR o) IR o DX O S 3R R A T R XA
OARA AR—FEMTE X o HTRHCRNHZIE, R
K DCGS BEITT & it , T RE A5 3 — MK T3
o 751 2 11 ) L) e, K 2 5 S F 9 A 6 HE XA TCP
(AEA , 5 (A () TCP I8 2 BB Tl 12 I R 2K, 2 LS
Bt TCP B il f i PREER , 3k J&AA FIY 5 {8 R g
SWF5EH X OAR BY NTCP RUMRAS , X H1 2 AFIAY .

(5% 30ik])
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