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Effect of overlapping areas on craniospinal irradiation plans

JU Mengyang', SHI Yujing', TIAN Tian’, SUN Xinchen®
1. Department of Medicine in Specific Environments, Nanjing Medical University, Nanjing 210009, China; 2. Department of Radiation
Oncology, the First Affiliated Hospital of Nanjing Medical University, Nanjing 210009, China

Abstract: Objective To set different sizes of overlapping areas and setup errors during the design of craniospinal irradiation
(CSI) plan and analyze the effects of overlapping lengths on CSI plans. Methods Eight patients treated with CSI were
retrospectively collected. Six overlapping lengths, namely 1, 2, 4, 6, 8 and 10 cm, were set to design CSI plans, and the
qualities and implementations of plans with different overlapping lengths were compared. Based on the above six lengths,
we simulated different setup errors in head- feet direction, and then conducted the plan optimization. The effects of
overlapping lengths and setup errors on plans were compared. Results A total of 272 treatment plans were designed for 8
patients. When the overlapping lengths were 1, 2, 4, 6, 8 and 10 cm, all plans were able to meet prescribed requirements
(95%-107% PTV was covered). However, the prescribed dose coverage rate was 95.2%=+1.0% in plans with the overlapping
length of 1 cm, smaller than the other plans (P=0.000). With the overlapping lengths increasing from 2 cm to 10 cm, the
conformity index increased, while the homogeneity index decreased (P=0.03). When the setup errors were £0.5 cm or
larger, the dose distribution in overlapping areas was obviously uneven. Conclusion The overlapping of irradiation field
which in a proper range avoids the movement of irradiation field during CSI, reducing the system error. Considering the six
overlapping lengths above, when the overlapping length raises from 4 cm to 10 cm, the plans meet the plan requirements.
Moreover, the setup errors smaller than 0.5 cm scarcely affect the plan.
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Tab.1 Comparison of plans with different overlapping lengths

Parameters 1 cm 2cm 4 cm 6 cm 8 cm 10 cm
PTV e 37.7£0.5 37.9+0.4 38.3+0.5 38.1+0.4 37.7+0.3 37.5+0.3
TN e 42.34£3.6 41.8+1.2 42.4+1.3 42.7£1.6 41.5£1.2 41.4+0.9
CI 0.78+0.02 0.81+0.03 0.84+0.06 0.87+0.03 0.87+0.02 0.87+0.02
HI 1.11+0.04 1.07+0.01 1.06+0.01 1.06+0.01 1.05+0.01 1.05+0.01
Visay/%o 95.20+1.00 96.90+1.50 98.70+1.30 99.50+0.70 98.30+1.05 98.60+0.80

CI: Conformal index; HI: Homogeneity index
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Tab.2 Effect of set—up errors on plans

Overlapping D oste Dietup st

lengths/em — _1 0 cm -0.5 cm -0.4 cm -0.3 cm 0.0 cm 0.3 cm 0.4 cm 0.5 cm 1.0 cm 0.0 cm

1 35.20£1.42  40.50+24.50 39.30+1.02 40.30+1.10 40.20£1.50  39.30£1.40 39.10+1.42 32.80+9.50 33.40+8.80 36.10+0.31
2 35.40+£0.43 39.70+1.31 39.22+0.80 40.00+1.20 39.00+0.70 ~ 40.50+£1.10 39.30+0.50 35.80+2.10 36.10£13.30 36.20+0.25
4 36.40+£0.47 39.10£0.57 38.90+0.04 40.00+6.90 39.00+0.40  40.10£1.50 39.50+0.02 37.20+0.60 37.30+0.60 36.60+0.41
6 36.10£0.50 38.40£0.70 39.40+0.10 38.80+6.30 39.00+0.30  39.80£4.20 39.30+0.60 36.70+0.30 36.60+0.50 36.70+0.39
8 35.80+£0.31 38.50+0.54 39.30+0.60 40.10+1.30 38.70+0.30  39.90+£1.40 39.50+0.40 38.40+0.50 36.70£0.20 36.50+0.20
10 35.50+£0.40 39.00+0.30 39.60+0.50 39.30+5.20 39.20+0.90  39.10£2.40 39.70+0.35 36.90+0.20 37.00+0.20 37.20+1.24

33t g

RN AT CSTAAZ e AL PR BT T2 AL
FRFRR AL, K Al B R A T B i A T
B BN, AT DAk o A D AR v )RR R )
G RE T BRI S2 M S | — RANBIRBE .
T SR A B O B R A R A A
SR PRRF AT 5 BB, LAk G 1 FE S wlUd fIG, PRUERE X
SIS PEREIZIE I AT DGR Rk BTy
FAHEELR, H APl e O A RA T —E Y
SRS TE] B, I35 o A o A R A L P P AR 2 A T

F RS 12K, B 1~2 cm, DAREGRAHAR BT A58
PR LA B, SEER P B, A S e iR

ARSI L 35 ] PR TP R R A 1 A I R AL 2
ERASIX R A&, ARG T R85 R
ST 00 A0 0 DX S Ot o sl A AR IR %, A AN
SRS B TR AT B LS B S L A R
%, EEXKERE.2.4.6.8.10 cm 6 7251505k
ettt 18 HES XA 1~10 e ¥REWE 2 TTRIT
FOR,ESKIELE2,4,6,8 cm BRI AY CL{E T &, HI
(AR, FS XA I AR s BRESKE NI,



- 134 - Hh R B2 3546

2,8, 10 e i, DX AR 40 5 70 e 7 i 5/ N T A LA
R, AT RIEAS B T I EER o B AE 5 i
6 PRI TR S XK 1 em I TiRIEAL, A5 4
TR AR E T 1 em IWE SR, (HEAE
SR S DX LR R R RN T S XK A
4~6 cm BB XS0 e 1 em (IR 54457, 2540
AN Lin 55 R FESKETE(6.720.5) ecm B HEEIX
BEAS SRR M. LideY, Fogliata %" .Chen " |
XFEZARAE AR T2k A B BEE X IR T A e
I 2N A P S T S, XA S K TR
2 em DA BB E S XAl AT 2 4 5) , [Rli, AR SCRiF
TR, BEKJELE4~6 cm N, 2 X AFIR M 02
S(P=0.14) , HIEOTRZELE 0.5 e A2 A RHAY T MRy
SEMAAN K, SO SR SR T S B B B ) B S K R R
9 4~6 cm, LUK BIBEAF 7 553 A0 SR TR

EEFBLAL T Sk ) 1) I e e R e PR, e 4
PEFEFE 0.5 em DL PTV e M1 PTV, 51224 0.3 |
0.4 e AH L EA 3K 255 (P=0.000) , 1777 0.3 F110.4 cm 1Y
PENHRIE R X 2 Do osoi 1 Do 0 SO 2552
TR T 1 em WHERLR2E , AW Dacvap osoa I U8
JIN SRR AT DX U R I LS 22 A R,
T FHT e TR, AT AR S EERK IR
YRR R SEma A TR GV E AT e R, AR B K B
1.2 em BHE IR ZEER , Dicva 50 F1 Dscuposs /1N, A7 7E AH
HARVEEH (P=0.007, 7>1) ., FEEZKE N 4~10 cm
B, Dicup osos EAT AR 1R 2ZEHE B I VS 5 H 3 AR
5 HEE XK RN BAR A (P=0.18, >1) , i
TE RO 8 AR RO IR ZE X T R RN, 2
RUAY Strojnik & WFFE WL THEAFE 0.5 cm B EE X
F R AAE25% , X G AL AL Seppild
SR E I D T T S B E S ) IMRT VAT
72, IFREAY 3 mm 4B/ 1R 2R [ 3SDCRT 5 IMRT L
ORI, IMRT Z 212 2 3 mm B2 AN, X5
ASCHIWFFTIA, ST 0.3 .0.4 em B RO IR ZE X}
THO AR LL N

4 & &

A4 BRI RO R S S XK/
TE 4~6 cm A, HABNIRZETE 0.5 cm DU B X151
AR M3 /N o

(5% 30iK]

(1] Mz, i, kg, 5. @i ZREARF ke et A s
FaA A BHBEAR[V]. AMESF TS 5 &, 2010,27(1): 193-197.
FUY C, LI GJ, LIN D Q, et al. Optimization of the craniospinal

radiation technique by synthesizing multiple advanced radiation

techniques[J . Journal of Biomedical Engineering, 2010, 27(1): 193-
197

(2] th#a, THL, 38, F . — AU LWL FMATHAT] ¥ B
2N 7 &, 2008, 6(1): 48-51.

XU T, GUMF, LI Q, et al. A new technology of radiotherapy for
craniospnial irradiation[J . Chinese Journal of Neuro-Oncology, 2008,
6(1): 48-51.

[3] KUSTERS J M, LOUWE R J, VAN KOLLENBURG P G, et al.
Optimal normal tissue sparing in craniospinal axis irradiation using
IMRT with daily intrafractionally modulated junction(s)[J]. Int J
Radiat Oncol Biol Phys, 2011, 81(5): 1405-1414.

[4] CAOF, RAMASESHAN R, CORNS R, et al. A three-isocenter jagged-
junction IMRT approach for craniospinal irradiation without beam
edge matching for field junctions[J]. Int J Radiat Oncol Biol Phys,
2012, 84(3): 648-654.

[5] STUDENSKI M T,SHEN X, YU Y, et al. Intensity-modulated
radiation therapy and volumetric- modulated arc therapy for adult
craniospinal irradiation: a comparison with traditional techniques
[J]. Med Dosim, 2013, 38(1): 48-54.

(6] 47 Ak, b B, 2R AE . 340 )L BEH 4w L = 4 i YA 75
#57 Z AT, b B2 &, 2009, 19(2): 138-141.

HE D F, HA S H, WANG C S. The effect of three dimensional
conformal radiation therapy for 34 cases of children
medulloblastomalJ]. China Cancer, 2009, 19(2): 138-141.

(7] W A ampess [ MI/BRATAG, B2 I BAS G 5. 53
M. AT o E A AR A AR, 2002: 1025-1029.

XIAO J P. Medulloblastoma [M |//YIN W B, GU X Z. Radiation
Oncology. 3rd ed. Beijing: Press of China Union Medical University,
2002: 1025-1029.

[8] LIQL,GUW D, MU JM, et al. Collimator rotation in volumetric
modulated arc therapy for craniospinal irradiation and the dose
distribution in the beam junction region[J]. Radiat Oncol, 2015, 10(1):
235.

[9] FOGLIATA A, BERGSTROM S, CAFARO 1, et al. Cranio-spinal
irradiation with volumetric modulated arc therapy: a multi institutional
treatment experience[J]. Radiother Oncol, 2011, 99(1): 79-85.

[10] CHEN J, CHEN C, ATWOOD T F, et al. Volumetric modulated arc
therapy planning method for supine craniospinal irradiation[J]. Radiat
Oncol, 2012, 1(3): 291-297.

(1] 00 & A&, k&R, iR, 5. R R A Ra A A ST 7 X6 A5 0

RRARAEIR AT IR M ra 1], F A E S 5B & &, 2014,
34(7): 526-529.
LIU Z J, ZHU X D, YANG H M, et al.The dosimetric comparison of
different craniospinal irradiation plans and impact of setup error on
target dose distribution[ J ]. Chinese Journal of Radiology Medicine
and Protection, 2014, 34(7): 526-529.

[12] LIN H, DING X, KIRK M, et al. Supine craniospinal irradiation using
a proton pencil beam scanning technique without matchline changes
for field junctions[J]. Int J Radiat Oncol Biol Phys, 2014, 90(1): 71-
78.

[13] Bifns, 50, T2F, 5. AMAHHAMIT 0 6 TFAR IR BH X
B [T]. 2R E 242 &, 2014, 31(12): 1072-1074.

LU H P, LI Y, WANG H Y, et al. The study on six-field intensity
modulated radiation used in craniospinal axis irradiation[J |. Practical
Journal of Medicine & Pharmacy, 2014, 31(12): 1072-1074.

[14] STROINIK A, MENDEZ I, PETERLIN P, et al. Reducing the
dosimetric impact of positional errors in field junctions for
craniospinal irradiation using VMAT[J]. Rep Pract Oncol Radiother,
2016, 21(3): 232-239.

[15] SEPPALA J, KULMALA J, LINDHOLM P, et al. A method to
improve target dose homogeneity of craniospinal irradiation using
dynamic split field IMRT[J ]. Radiother Oncol, 2010, 96(2): 209-215.

(4. B )



