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Liver segment-based assessment of dosimetric characteristics of helical tomotherapy for portal

vein tumor thrombus under different jaw modes

XIE Chuanbin, XU Shouping, DAI Xiangkun, CHEN Gaoxiang, GE Ruigang, GONG Hanshun, QU Baolin
Department of Radiation Oncology, the First Medical Center of Chinese PLA General Hospital, Beijing 100853, China

Abstract: Objective To explore the dosimetric characteristics of helical tomotherapy for portal vein tumor thrombus under
different jaw modes by liver segment-based assessment. Methods Twelve patients with portal vein tumor thrombus were enrolled
in the study. According to the anatomical relationship between the target area and the liver, the liver was divided into 3 parts,

namely L, which was defined by the part beyond the superior edge of the target area, L, . which was defined by the part beyond

'sup

the inferior edge of the target area, and L, which was defined by the middle part. Three groups of fixed jaw (FJ) plans with the

‘mid
field width (FW) of 1.0, 2.5 and 5.0 cm, respectively, were designed and defined as F, ,, F, ; and F;; and two groups of dynamic
jaw (DJ) plans with FW of 2.5 and 5.0 cm were designed and defined as D, ; and D . The dosimetric differences of the target
area and organs-at-risk were analyzed and compared among different groups, and the delivery efficiency was also evaluated.
Results The dose distributions in the target area were similar in 5 groups. With the same FW, DJ plans reduced the irradiation
dose of the whole liver significantly and obtained the result that was close to that of FJ plans with smaller FW. When FW were
2.5 and 5.0 cm, the mean dose of L,,, in DJ plans was decreased by 35.5% and 51.3% as compared with that of FJ plans, but the
mean dose of L, varied slightly. The irradiation dose of L, increased obviously with the increase of FW under each jaw mode,
while the irradiation dose of L ., showed a trend of slight increase, and there were no statistical significance. The delivery time
was increased significantly with the increase of FW. With the same FW, the gantry periods and delivery time of DJ plans were
increased. Conclusion DJ technique can be used to not only effectively reduce the dose extension along the longitudinal edge

of the target area due to the increase of FW, thereby increasing the corresponding dose gradient, but also significantly decrease
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the irradiation doses of normal tissues and organs-at-risk such as liver.

Keywords: helical tomotherapy; jaw mode; portal vein tumor thrombus; liver segment; dosimetric characteristic
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Fig.1 Diagram of liver segments
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Tab.1 Comparison of dosimetric parameters for the target area (Mean+SD)

2 D,/Gy D,/Gy Vo/% HI CI
F,, 63.05+£0.54  60.11+£0.08  98.09£1.00 0.05+0.01 0.90+0.04
F,, 63.80£0.55  60.14£0.08  98.36+0.14  0.06+0.01  0.91+0.01
Fs, 64.2840.70  60.13£0.06  98.27+0.15  0.07+0.01  0.83+0.08
D) 63.75+£0.75  60.13+0.05  98.23+0.08 0.06+0.01 0.90+0.03
Ds, 64.10£0.75  60.14+0.07  98.31x0.18  0.07£0.01  0.83+0.03
(fE/PAH F,&D,,  -2.80/0.03 -0.83/0.44  -042/0.69  -2.75/0.03  -1.45/0.70

F,;&D,,  030/0.77  032/075  230/0.06  024/0.82  1.23/0.57

F,;&D,, -1.80/0.12  -0.26/0.80  1.00/0.35  -1.82/0.11  0.89/0.23

Fi,&Ds,  099/035  -0.82/0.44  0.99/035  1.12/0.30  -1.34/0.96
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Tab.2 Comparison of dosimetric parameters for L, (Mean+SD)

28 V% V,/% V,o/% V,o/% V,o/% Vo/% D,..../Gy
F, 68.32+13.18  59.23+13.82  33.10£12.60  18.9148.99  12.15+5.78  8.67+4.18 17.70+4.86
F,, 79.13+11.19  66.87£13.27 38.49+14.53 2229+10.61  14.55£7.20  10.02£5.09  19.09+7.02
Fs, 92.0946.52  77.54+11.30 45.22+15.43 27.46+12.96  17.44+8.48  11.35£5.60  23.40+5.51
D, 70.16£12.89  61.04+13.19  3527+13.34  21.05+10.07  13.96£6.95  9.62+4.88 18.72+5.16
Dy, 73.12+12.77  63.61£12.68  38.16£13.44 23.33+10.81  15.71+7.71  10.78+5.36  20.00£5.36
HE/PE F,&D,s  -4.64/0.00 -3.81/0.01 -3.49/0.01 -2.81/0.03 -2.51/0.04 -2.63/0.03 -4.53/0.00
F,;&D,;  834/0.00 6.84/0.00 5.42/0.00 2.66/0.03 3.58/0.01 3.20/0.02 0.32/0.76
F,;&D,,  6.83/0.00 3.50/0.01 0.44/0.67 -1.74/0.13 -3.29/0.01 -3.38/0.01 -0.77/0.47
F,, & Dy,  6.54/0.00 7.39/0.00 5.28/0.00 4.62/0.00 5.24/0.00 4.58/0.00 7.37/0.00
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Tab.3 Comparison of dosimetric parameters for L,,, (Mean+SD)

Fiy 31.21+15.44  16.14£9.50 4.98+3.27 2.59+1.72 0.64+1.02 0.00+0.00 5.73+2.37

Fs, 87.52+13.84 64.22+20.84 32.20+17.44 22.16x19.14 8.98+6.35 2.89+2.33 17.61+5.82

Dy, 42.79+17.73  25.18+11.52  11.34+6.39 5.78+3.71 3.85+2.55 1.05+1.22 8.57+3.35

F4 FFhBRAES MR ()

Tab.4 Comparison of dosimetric parameters for L, (Mean+SD)

o5

L0 99.99+0.02 94.06+5.81  54.82+15.33  31.44+12.53 20.61+8.25 15.09+6.15 27.23+4.89

100.00£0.00  95.63£3.95  60.08+14.30 38.02+14.34  25.61+£10.47  18.26+7.74 29.59+5.31

99.98+0.06 95.36+3.54  59.25+14.46  36.95+14.13 25.12+10.43  16.76+7.05 29.30+5.24

w
°

3=

2.3 Hftfe RF[EFEITMH SN PR B s A B A e AR TR FW R, DI
XHASE Ko dn B RS EGEAT o B, 00 L BT R RE A SRR A B P 2R R (D) B
H MBS RSB AT TEAUNERE FW R 2R B AG 2 R S s,

*5 Hitfe RB|EFIESHELE (x5, Gy)

Tab.5 Comparison of dosimetric parameters for other organs—at-risk (Mean+SD, Gy)

F,, 3.8543.15  3.884231 8744261 3320£1547  18.99+2.66

Fs, 6.43£3.24  6.97£2.46  12.75%£3.55 43.59+10.16  20.94+3.49

Dy, 4.38+2.84  4.96+2.41  9.63+£2.66  36.58+14.03  20.86+3.55
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Fig.2 Coronal isodose curve distributions of different plans for the same patient

5 '
40 50 60

2 1
10 20

30
CT )21
E3 E—fEERERIER AT E DS
Fig.3 Dose profiles in the coronal longitudinal axis of different

plans for the same patient
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Tab.6 Comparison of delivery efficiency among different

groups (Mean+SD)

2 HLAEERG R /s  Seitat /s
F, 21.4+2.3 389.0+89.0
F, 18.5+1.4 177.0+28.0
F,, 17.6+1.3 111.0+14.0
D,, 19.9+1.3 192.8432.0
D., 19.4+1.2 126.0+15.0
(E/P1E F,&D,; 1.88/0.10 8.85/0.00
F,5 & D, -3.56/0.01 -7.67/0.00
F,5 & Dy, -2.70/0.03 10.91/0.00
F,, & Dy, -6.34/0.00 -9.58/0.00
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1.0 em "' BFSE R, SEBRIG R FH HR AR 2116 R
AT LA I 5.0 cm FW (8 DI 3R 2.5 cm FW 1)
FI T30, 76 52 BUAH I 11500 o o BE kb 388 v 14l i 52
T AR A RS AE H, 2E T8 B R i 4
Js R 2 51 9 X RS F L 5.0 cm FW (9 DI R AH 4L T
2.5 cm FW 1Y FI 31300 & W @ 385 m 1 eIk . B DA X
/N 1) 32 BRG] A Sk 290308 i R 88 K it i LA
b AAFAE R AN A7 BRI 3 0 1), ARV
BENG I EE X AW E N S5l R A 5,
T8 XA F A0 R GE AT 099 8], SR 5.0 em FW Y
DI ) R AT SE B AR A R . LR Y, 5
Bl R N FH 8 X5 e S i B B4R ¢ &R R e
BTSSR FW BB BRI 1 25 TR R .

AHIE SR LAY ki A 05 90V R F 98 % 42, i AR
[T IR0 S FW RN B AT T 33, FEZEAR 5
DX 55 T U %) il 791 OC 22 8 I D 2R 47 40 X0 6 Al 1,
FE S AT AN [ R R 25 IR 23 XA 30 22 2800

Rtk X TR X522 ETHETXER,
Az B a5 0 X 4% T ) % ) N S DDA O
ARHFFE 25 FFMH 2K FH D, i RIBENS A 2 F, 3 HRITA 4
1) JHF U 52 ER i, B8 28 A6 ARt XA B8 4 g R 4
R, 33X 5 AR I K S5 20 HT 367 i 8 B AS [ 0% ) A
207 I 2 b s 000 il () B0 2 8 SRR L. T B
SRR I 2R A B4R, Az BRI & B A OC TR IX Y
O FR A R DRI R A B A U A PR A R FIABERC
T ETRIE T R AEBE SRR/ N FW  (HIX SUAS 1 36 f
HHE SR T YA YT B 1] B R0 A [ &8, 17 DI TR AR 4
Hufip s 7T AN RIAE . WFSESE SRRV, D, TR 1E B
U F, o B0 g B AR 4 R SR TR st K 350 A S it 380K 3 v
T 37.3%. HMULATIEH X FIEF ST S X 5 h
AHAR R 191, 7 % 30 % DI LR 1948 K FW k473t
R T 1 B H AR A R L 5 XA G, A
HE ) T2 B a7 L DX 1) 00 % %) 7 o R S ) PR U
Xof HE A i 2 SR A T PEAG 2 30 HL 32 R a7 AN [R)
IR IR0 B AR (AR AR A T TR T i B
F I LR FW A3 S B 38 i k34, i
WL T FW ) B8 45 -5 58 DXOR ) 391 a0 HL A A G
P, BRI Y R B I TR O (2 (ELFE I PR B £ v id
N2 T LA R il 2 AR 1) AR AR B R I A2 2%
X2,

4 4 g

BB THOR LA AR T FW S g 5
(18 08 DX 1) 320 25 1) S fof 2 T vy #00 DX 1) 30 5
R TR A T, P N 77 1) o JEF R 5 i B e B
T AU 52 R B ) 25 O R

[5% 3k]

[1] STERZING F, UHL M, HAUSWALD H, et al. Dynamic jaws and
dynamic couch in helical tomotherapy[J]. Int J Radiat Oncol Biol
Phys, 2009, 75(3): 1266-1273.

[2] OLIVER M, ANSBACHER W, BECKHAM W A. Comparing
planning time, delivery time and plan quality for IMRT, RapidArc
and tomotherapy[J]. J Appl Clin Med Phys, 2009, 10(4): 117-131.

[3] MURAI T, HAYASHI A, MANABE Y, et al. Efficacy of stereotactic
radiotherapy for brain metastases using dynamic jaws technology in
the helical tomotherapy system[ J]. Br J Radiol, 2016, 89: 20160374.

[4] MANABE Y, SHIBAMOTO Y, SUGIE C, et al. Helical and static-port
tomotherapy using the newly-developed dynamic jaws technology for
lung cancer[J]. Technol Cancer Res T, 2015, 14(5): 583-591.

[5] CHENY, CHEN Q, CHEN M, et al. Dynamic tomotherapy delivery
[J]. Med Phys, 2011, 38(6): 3013-3024.

[6] HODAPP N. The ICRU Report 83: prescribing, recording and
reporting photon-beam intensity modulated radiation therapy(IMRT)
[J]. Strahlent Heronkol, 2012, 188(1): 97-99.

[7] LOPEZ GUERRA J L, MARRONE I, JAEN J, et al. Outcome and

toxicity using helical tomotherapy for craniospinal irradiation in



7 R,

S FHIFE 53 DXRPA XA ) 5 1A T ke e SR BT 2 B 5 A Ak A

- 809 -

pediatric medulloblastomal[ J . Clin Transl Oncol, 2014, 16(1): 96-101.

[8] MURAI T, MURATA R, MANABE Y. Intensity modulated stereotactic
body radiation therapy for single or multiple vertebral metastases with
spinal cord compression[J]‘ Pract Radiat Oncol, 2014, 4: €231-¢237.

(9] %0 &3%, 30848, MAR. 2 S ITHARLE P EAE &FRYER
BB PR R AT, P A E S 5 54 4 &, 2019, 39(1): 63-67.
LIU Z Q, HU Z H, DAI J R. Application of dynamic jaw technique in
helical tomotherapy for mid-esophageal carcinoma [J]. Chinese
Journal of Radiological Medicine and Protection, 2019, 39(1): 63-67.

[10] SLAIMIZU H, SASAKI K, KUBOTA T, et al. Interfacility variation
in treatment planning parameters in tomotherapy: field width, pitch,
and modulation factor[ J]. J Radiat Res, 2018, 59(5): 664-668.

(11] fte i, i1, AR R, 5 . SBiRsAR 0T R 0877 W 22 A di kAL
B Z e odr[T]. EIRREE L E, 2012, 27(3): 257-262.
XIE C B, XU S P, DAI X K, et al. Analysis of best fitting tomotherapy
treatment planning parameters for nasopharyngeal carcinomal J]. The
Practical Journal of Cancer, 2012, 27(3): 257-262.

(12] 2RM 7, Wbk, Rk, & B0 30 508 SR A T B AH 6 97 R R
AR A ZFAR[T]. P EEFEE, 2018, 15(7): 18-21.
CAI BN, XIE C B, MENG L L, et al. Dosimetric study of different
jaw modes of helical tomotherapy for squamous carcinoma of pars
laryngea pharyngis[ J . China Medical Equipment, 2018, 15(7): 18-21.

[13] SUGIE C, MANABE Y, HAYASHI A, et al. Efficacy of the dynamic
jaw mode in helical tomotherapy with static ports for breast cancer[J].
Int J Radiat Oncol, 2014, 90(1): S222.

[14] 1842, 3KT, 30m, 5 a7 BT R RS R3) SHITH AW 5
MR [T, P A i g 2 &, 2019, 28(2): 125-130.
HU Z H, ZHANG K,HUANG P, et al. Commissioning of
dynamic jaw delivery in tomotherapy [J]. Chinese Journal of
Radiation Oncology, 2019, 28(2): 125-130.

[15] PATRIZIA U, NATHAN C A, VITE CRISTINA V. Accuracy of
TomoEDGE dynamic jaw field widths[J]. J Appl Clin Med Phys,
2018, 19(5): 761-766.

[16] KRAUSE S, BECK S, SCHUBERT K, et al. Accelerated large volume
irradiation with dynamic Jaw/Dynamic Couch Helical Tomotherapy
[T]. Radiat Oncol, 2012, 7: 191.

[17] HAN EY, KIM D W, ZHANG X, et al. Dosimetric effect on pediatric
conformal treatment plans using dynamic jaw with tomotherapy HDA
[J]. Med Dosim, 2015, 40(3): 244-247.

[18] LAWTON C A, MICHALSKI J, EL-NAQA I, et al. RTOG GU
radiation oncology specialists reach consensus on pelvic lymph node
volumes for high-risk prostate cancer[J]. Int ] Radiat Oncol Biol Phys,
2009, 74(2): 383-387.

[19] KATAYAMA S, HAEFNER M F, MOHR A, et al. Accelerated
tomotherapy delivery with TomoEdge technique[J]. J Radiat Res,
2015, 16(2): 33-42.

[20] ROUAK, AR, 1A T, 5 . SR AT B R SR A A 7 B B R Bl 45
IMAEX R AFFRT]. FEESFES, 2017, 14(7): 23-27.

SONG M Y, XIE C B, XU S P, et al. Study on the application of
different jaw mode in the treatment of lung cancer with helical
tomotherapy[ J]. China Medical Equipment, 2017, 14(7): 23-27.

[21] fthiz, th AT, Bannl, 5 B 3nu iAo T B SR 4R 5%

53R A i EAT AR B F AR, 52 M JRE 42 &, 2016, 31(2): 120-
123.
XIE C B, XU S P, GE R G, et al. Study of dosimetry of volumetric
modulated arc therapy and helical tomotherapy for patient with locally
advanced laryngeal and hypopharyngeal carcinomal J]. The Practical
Journal of Cancer, 2016, 31(2): 120-123.

(%% . A E)



