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Margin expansions of different regions of interest in craniospinal irradiation using helical

tomotherapy

ZHANG Wei, HUAN Fukui, ZHANG Yanxin, LI Tantan, LI Wei, HUANG Peng, HU Zhihui, QIN Shirui, MEN Kuo, LUO Jingwei
Department of Radiation Oncology, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese

Academy of Medical Sciences and Peking Union Medical College, Beijing 100021, China

Abstract: Objective To carry out image registration and setup error analysis with skull, cervical spine, thoracic vertebra,
lumbar vertebra and the whole planning target volume (PTV) in MVCT images of patients treated by craniospinal
radiotherapy using helical tomotherapy (TOMO) as regions of interest (Syo, Cron Tron Lrow PT Viorn respectively), and to
calculate the margin expansion of each ROI. Methods A total of 154 sets of MVCT images of 16 patients who received
craniospinal radiotherapy using TOMO in Cancer Hospital, Chinese Academy of Medical Sciences from 2016 to 2020 were
analyzed retrospectively. The skull, cervical spine, thoracic spine, lumbar spine and planning target volume were registered
separately. The setup errors of different regions were recorded, and 5 groups of setup errors including X (left-right), Y
(superior-inferior) and Z (anterior-posterior) directional setup errors were obtained to analyze the difference among S;,;, Cyos
Trow Lror and PTV,,, and the formula M=2.52+0.7¢ was applied to calculate the CTV-PTV margin of each ROI. Results The
differences in X directional setup errors between any two groups were trivial, except for Sy, vs Cyo; (P=0.023); and the Y
directional setup erros in any two groups were close. The compassion of Z directional setup error showed that there were
statistically significant differences in PTV g, vs Cyo; (P<0.001), PT Vo vs Lyop (P<0.001), Sgo; vs Crop (P=0.007), Sgo; vs Tror
(P=0.017), Sgo; V8 Lo (P<0.001), Cy; Vs Ty, (P<0.001), Cypp vs Ly, (P<0.001), Tye; vs Ly, (P<0.001), but not in PTV, vs

Sror PTVior vs Tro. Conclusion In craniospinal irradiation using TOMO, the difference in Y directional PTV margin
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expansion is insignificant, but the X and Z directional margin expansions show an increasing trend from head to lumbar

spine. It is suggested that different PTV margin expansion strategies should be adopted at different craniospinal regions.

Keywords: craniospinal irradiation; helical tomotherapy; setup error; target volume margin expansion
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Figure 2 Box—plot of three—dimensiaonal setup errors of PTV ., skull, cervical spine, thoracic vertebra, lumbar vertebra

2.3 BANREMBXR MY

RGO 1 22, #e A X M=2.524-0.70 53 51|31
A AN (] JRR % X I i o T A ER B I CTV i &
PTV B 45 77 m B AMIGA AL, angk 1 R o
2.4 AEFALIBXAVBEMIRE LR

3 CHEAS D7 ) b AN [ R 7 I IX AR A 6 152 2%
KRR ARG 5 , 25 SR o 72224 (XO) 5 ) LR P g L
b, s RSER L, 22 R A Gii 0 L (P=0.023),
HARFH R TR E 2R Sk OY) Jr 1 Eryw
W LLH, 22 S 0 Ge 2 0 S AR T (Z2) Jr 1) |
(PR FEH  PTV o FFILE \PTV o, FIRARE T 2. 25 1
Z 5 BRIL LA AL P L EC, 2 R St
o W2,

33t 8

AR FEXS AT CST B J5 K Jii fif e 6 A () B 7
AL DX B35 PTV SN S, 45 R o  AE e 4 07
[ I T 7 16 L, DA Ske ORGS0 i A A1 R A e
3 1 PTV SRt FE 2 dr K, >R FH 48— 1 A1 Bt

R1 165l PIRME RGBT EENBMIRERMLXINULR
Table 1 Setup errors and target volume margin expansions in 16

patients receiving craniospinal irradiation

JEROLERIX IR Ty X/mm o/mm A /mm
PTVyo X 1.3 1.3 4.0
Y 1.5 1.5 49
z 0.9 12 3.0
fiiH X 1.4 1.2 4.4
Y 1.6 1.4 49
z 12 1.4 4.0
HiHE X 1.7 1.6 53
Y 1.6 1.4 5.0
z 1.4 1.8 47
g3 X 2.7 2.4 8.3
Y 1.6 1.7 52
z 1.3 1.6 42
[ HE X 3.1 38 10.3
Y 1.6 1.7 5.1
z 2.8 2.1 8.4
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Table 2 P value obtained in the comparison of

the setup errors between different ROI

LD X Y z
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J A v FEEARE 0.704  0.748  0.000%
*FIR P<0.05

AN BT R AL SR, LR PG A A i, X A
THCRR R /INAE 2 A R 7 1) g 3k 380 3 AR IX P P £
DL, 46— 10 B DX A 5 s s S5O DX RS B i
B AN 1

TR Ge A R BOT R IR RMOE L 3397 B R, &7
T B, R FE AR PR 22 R R TR B R A A
LT RS AR RO PR EF R ARAT SR ) 1 B A 4
DX 35 751 A RO B i TOMO A7 B v
AR CTT BB E R AR AT R AT B 5 35 1
HEPERRE B T e (Haerh i 2 R
G b K R0 DX 0] R S BOR[RI B A48 R 25 A7 1 22
5, i H TOMO #EA7 4 KT PTV SMBCR I H i
Il R AT A IR B — 804548 17 . Al-Wassia 8%t F
TOMO (1) CSI7E4F HAF MVCT Wy FHERE T 48—
HI AN 5 3 mm,e Novak 285 R AIF 25 HE 42 1E I
PLEAHAT 5~7 mm A PTV AN, 6B 86N B AT 10 mm
1) PTV Ao X T4 A B i KR IX, 45 &
TOMO 7£ Tt [ IR 5[] 47 78 TR I 4 5, 2 iR X 4%
BLWIR 2525 5 B

ARHFFE AT T CSTRH B RL AR IR 22500, LA
RS TR AN X 43 ) v P A R 25 e . A
] FIE 5 7 1) PR 43407 15 22 A Sk 38 380 A 22 “ i U fg
FEE A, Sk By o] RO ER A IR 25 R 5 R E o A4 T Il
I 7 ) O A7 100 25 320 7 348 KO vh e o 1 22 3K
(), A7 SCHERHRE 1o i e iR 25 AEHE B 45 rhuts 15 em b
AEE2.6 mm P B I 22, T 2° 00 e 15 22 )l
5.2 mm W07 B2 o [ 20K AN R B AL 1)
DX 2R FH AN [ 9 B o s o 43 0 B Sk BR0 7 1 F 2461
WA R G 25 FBEALIR 22 0 BUE I

o, 22 BRI B G222 5 (P>0.05) , BEHHRAE#H
TE AT AN [r] B2 8 X T o s A B e P s o — 01
DI AR L AE (RO R 22T BT AR PTV SNIGH A F
DA Sk 8 C o AT LA 200ME TC v A T B 45 SR =2 1), ELAIM ik
Nk Z M R TR B FEE A O I b BR
T PTV o FE \PTV o, MBI HE HL 5 TC 122 5
Sl e 4% X 3 74 A 2007 15 2 o) HE 4 A AR B o 4 L
B S B TOMO JR A5 i 4k 78 v (4 1 [
CST IR 2E K/ INAT 5, JHE b G JIEEAFE P 52 i) B B &l

2 TR, 4l TOMO LAk #5228 0 [
77 AT CSURT , AN R IR T D88 (S (30 L g | G
1 ) Iz 2R FH AN 7] 4 508 DX Al SR s ] — DXl e £ 3 1Y
Ze A5 RS 5 7 1] 07 R JUAS [R] 178 58 DX A/ 5 s, Sk
JEI 5 1] F A X7 R — B0

(5% 3K]

(1] Awak, HAF, 2 FF, . 5 A kb EHOT R B 2 R
AR AR [T]. E R E 2 &, 2019, 34(4): 348-352.
Cheng XL, Chen X, Liu JP, et al. Optimization of position fixing in
craniospinal irradiation with helical tomotherapy [J]. Journal of
Practical Oncology, 2019, 34(4): 348-352.

(2] #h3E&, 154, 5mb, 5% . TomoDirect 3% R 2 4 i & A H1AL 77 7 49
FRT]. P Aes gt B3 5 5 37 7 &, 2015, 35(6): 445-448.

Xu YJ, Hu ZH, Huang P, et al. Application of TomoDirect for
craniospinal irradiation[ J]. Chinese Journal of Radiological Medicine
and Protection, 2015, 35(6): 445-448.

[3] ME#. AFRFSAEITeEE[T]. B 42, 2014, 20(2): 276-279.
Yang ML. Progress in the treatment of caraniospinal radiotherapy[J].
Medical Recapitulate, 2014, 20(2): 276-279.

[4] 4%, 8%, SRE 3, & Ak AT AR HUSR A b E3H 6 57 3 )
At R[I]. ¥ B EFWE SR E, 2012,29(6): 3737-3741.

Wen T, Li ZQ, Zhang JJ, et al. Craniospinal irradiation using improved
helical tomotherapy: evaluation of clinical feasibility [J]. Chinese
Journal of Medical Physics, 2012, 29(6): 3737-3741.

[5] BEEMBL TR P BT RIEE TR R ASE T REFIEH
AARFad[I]. P ABIM B F 5 &, 2018, 27(4): 335-342.
Comittee of Quality Control in Radiotherapy, National Cancer
Diagnosis and Treatment Quality Control Center. Basic guidelines of
quality control for radiotherapy [J]. Chinese Journal of Radiation
Oncology, 2018, 27(4): 335-342.

[6] Van Herk M. Errors and margins in radiotherapy[J ]. Semin Rasiat
Oncol, 2004, 14(1): 52-64.

[7] Van Herk M, Remeijer P, Rasch C, et al. The probability of correct
target dosage: dose-population histograms for deriving treatment
margins in radiotherapy|J |. Int J Radiat Oncol Biol Phys, 2000, 47(4):
1121-1135.

[8] XF. AmeAisspaB AN EREERE, 2007,
35(3): 476-4717.

Wu L. Fixation technique for craniospinal irradiation [J]. Clinical
Journal of Medical Officer, 2007, 35(3): 476-477.

[9] ZeskWl, B 255 A ARSI EME CT AU AL K[ T]. P
E 3438 3 2 &, 2006, 23(1): 16-17.

Li ZM, Cui YQ. Location technology of radiotherapy for all of the
brain and spine with supine position by CT simulation[J]. Chinese
Journal of Medical Physics, 2006, 23(1): 16-17.

[10] Bk, Wb 5%, JLIa &R, 5. A &AM 8 R 1 5 AR 69 16 R B
AT b EEFHEF R E, 2012, 29(6): 3752-3754.

Yang B, Yang WQ, Kong XD, et al. The clinical application of the

technique as rotating couch and half beam for craniospinal irradiation

[J]. Chinese Journal of Medical Physics, 2012, 29(6): 3752-3754.
[11] ek, 24, FRAS, F. 2 TREHHEANRE] PRESFY



- 1338 -

] 22

.

5539 %:

5k &, 2012, 29(3): 3354-3357.

Yang JL, Wu D, Bu MW, et al. Novel exploration of craniospinal

radiotherapy technique [J]. Chinese Journal of Medical Physics, 2012,

29(3): 3354-3357.

) EXR, AR, HED, FLRR A AR AT 7 XA F

BAIEEIR Z AR R Hal] P ABSEF LB R E, 2014,

34(7): 526-529.

Liu ZJ, Zhu XD, Yang HM, et al. The dosimetric comparison of

different craniospinal irradiation plans and impact of setup error on

target dose distribution[ J ]. Chinese Journal of Radiological Medicine

and Protection, 2014, 34(7): 526-529.

[13] A 2R, Fb &, 4k, & S 5 RRMNIFHEEALILE & PR

Y22 RGATT P e AT, P B E S F R E, 2016, 33(7):
678-682.
Yang YG, Qi HZ, Xu L, et al. Application value of conformal and
intensity modulated field convergence technique for craniospinal
irradiation of children[J]. Chinese Journal of Medical Physics, 2016,
33(7): 678-682.

[14] 245, $H, 55, % R NK/T 40 Rk €547 4 fi A A48 1
HeaHF RG] P B E S g % &, 2016, 33(2): 177-180.
Shan DY, Cao K, Bin SZ, et al. Design of intensity-modulated
radiotherapy plan for multi-target, multi-center and multi-stage[J].
Chinese Journal of Medical Physics, 2016, 33(2): 177-180.

[15] WAk, thA-F, BARR, F . & PARAYZ R R W BEAIE T
LI F B2 F 1R FR, 2008, 29(2): 137-139.

Qu BL, Xu SP, Dai XK, et al. Research of helical tomotherapy for
craniospinal radiation [J]. Academic Journal of PLA Postgraduate
Medical School, 2008, 29(2): 137-139.

[12

[

[16] Klaus H, Florian S, Gregor H, et al. Craniospinal irradiation using
helical tomotherapy for central nervous system tumors[ J]. J Radiat
Res, 2017, 58(2): 238-246.

[17] Tejpal G, Maheshkumar U, Zubin M, et al. Assessment of three-
dimensional set-up errors using megavoltage computed tomography
(MVCT) during image-guided intensity-modulated radiation therapy
(IMRT) for craniospinal irradiation (CSI) on helical tomotherapy (HT)
[J]. Technol Cancer Res Treat, 2015, 14(1): 29-36.

[ 18] Al-Wassia R, Bahig H, Poon E, et al. Daily setup uncertainty analysis
for craniospinal irradiation using helical tomotherapy [ J]. Pract Radiat
Oncol, 2013, 3(4): 349-355.

[19] Novak J, Li R, Amini A, et al. Setup accuracy in craniospinal
irradiation: implications for planning treatment volume margins[J].
Int J Radiat Oncol, 2019, 105(1S): E695.

[20] Fh2 AN, B, KT, & BRI B R BB E 7RI ALE R &
Foit AKX e b [T FEEFES, 2019, 16(6): 37-41.

Sun XS, Zhou B, Zhang Y, et al. The measurement of decline rule of
tomo therapy couch and fitting of the calculation formula[J]. China
Medical Equipment, 2019, 16(6): 37-41.

[21] 3K Z 47, HAR, B4Rk, 5. 5 A EPID 247 % 230 I 95 3 3% 247
69321532 £ [T, P ARSI S 5 &, 2008, 17(1): 39-42.

Zhang YX, Dai JR, Yi JL, el al. Analyzing setup error with electron
portal images device for head and neck tumors treated with intensity
modulated radiation therapy [J]. Chinese Journal of Radiation

Oncology, 2008, 17(1): 39-42.
(%45 . BEiE)



