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Development and evaluation of a new
technique in three-dimensional conformal
radiotherapy (3D-CRT) for craniospinal axis
radiotherapy planning

Mohammad Hmodi" Dr. Majeda Nahili ™

Abstract

A new technique for craniospinal irradiation (CSI) was developed in
three-dimensional conventional radiotherapy (3D-CRT) using a half
beam and a field in field (FIF) to improve dose distribution in the
planning target volume (PTV) and to reduce the dose of organs at risk
(OARs). This technique was evaluated by comparing it with conventional
technique through studying the dose volume histograms (DVHS), in
addition to calculate the quality indexes and dose of the OAR.

The new technique reduced the maximum dose in the overlap fields
junction area to 107% of the prescribed dose. It also increased the
minimum dose of spinal curvature to 87.8%. it significantly improved
the homogeneity index values (-40 £ 13.1%) and the conformity index
(11.8 £ 4.2). A significant reduction of maximum dose was observed
in the liver, stomach and bowel (p < 0.05). The results of this study
showed the importance of using new technique in the radiotherapy
planning systems for craniospinal irradiation (CSI) because they have
a significant role in achieving more homogeneous dose distribution

along PTV with less radiation dose for OAR.

Keywords: craniospinal; three-dimensional conventional adiotherapy;
half beam; field in field.
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Technique Patient1 ~ Patient 2  Patient3  Patient4  Patient5  Average + SD
D,, Conventional 40.76 4158 41.19 41.49 40.32 41.1+0.5
(Gy) New 38.08 40.50 39.27 38.92 38.10 38.9+1.0
Degs, _ CONVentional 35.27 36.10 35.14 35.52 35.52 35.5+0.4
(Gy) New 35.15 35.88 34.98 34.91 35.20 35.240.4
Dmean  CONventional 36.54 38.93 37.98 37.53 36.53 37.5+1.0
(Gy) New 36.51 38.79 37.97 37.46 36.46 37.420.9
H Conventional 0.15 0.14 0.16 0.16 0.13 0.15 +0.01
New 0.08 0.12 0.11 0.11 0.08 0.10 +0.02
Vy 3 Conventional ~ 2270.17 187236  1865.67  1800.67  2261.45  2014.1+2315
(cm®) New 2268.05 187254  1868.48 179562  2258.65  2012.6+230.9
v, _Conventional 4003.99 394363  4506.24  4584.36  4002.88  4208.2+3.9.9
(cm®) New 345282 368493 415337  4160.15 344265  3778.8+358.4
V1 (cmd) 227830 187470  1883.70  1804.70 227049  2022.3+232.1
cN _Conventional 0.56 0.47 0.41 0.39 0.56 0.48 +0.08
New 0.65 0.51 0.45 0.43 0.65 0.54 +0.11

Slo @ Gl cndl 13 dpladl Sl e [6]5 [5] Oleasd)
8yslatiall Jgiall Ciln Gl DA (e Juad¥) dahaie b Aol g5 (el
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dejall Lnide Jgia 4 ) 3 00 aladin) & [5] gapall b cJlad¥) Cany
038 gl Ao yall Aumide Jgia 10 I 7 (e creniinl [6] paall & Lai
dhie 4 Gl dejad) JiEs denll gh5 Gmesd 8 ddlaY) Jsall
dabhie b L (el ALl Jeis aladiu) O Gl s 6 Ly oJlad)
3gaal) ¢ lindl Aaii Anidic Lo dejall ilS 3hlie & crasinl Jy JLail
ouds PTV dalledl dihie JolS o depall g5 aund 3 agd Laa (g5l
LJlaiy) dilaie b Lo

Aal mdass aoiall G Alad) @l CSI Aalled 435 [12] aapd) Caay
e S & Al ol Ciegud SOUrce-to-surface (SSD) SSD = 100cm
[13] el pasin) . Jlad) dikie 3 Jgiall JAlS e palidll eV
sabaal) Aol Qi 8 agnd Les Ssil) g lal) dihie dalleal dile Jgia 3
[12, 13] Gl (30 IS (8 00 «(3) soalls come 58 LS PTV (& Dy
OSE 8 oY) de ) ol 3 OAR asa Gl dle OAR deja cuils
Y OAR dcpn Jiin 3 Candl 1aa Lloadl 2gan Liall 138 a4yl
dalhie 8 dojall z bl A gy el g laall Jiad dgeatll dojall alaai
O ef culS Al Q) de s oLl OAR desa JB 55 ey JlaV)
diallae (Kay ¥ 5 gslall g lal) Ailaia & Clil) pumpail Blai Candl 128
A(4) Jsaadl (8 me o LS ddias dais Jlaxinly

PTV depn Jal 0a [13] aasally diad) 138 Gy 435l 2(3) Jgand

Technique D(V98) [%] " | D(V95) [%] | Dinean [%] Drmax [%] | Drmin [%]

This work 98.5 98.8 101.3 111.6 87.8

Ref. 13 94.8 97.5 100.9 109.8 77.8

- swmall ana e X% lgalind 3l deyadl D (V)
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OAR Jal ¢a [13]5 [12] comasalls gl 138 ¢y Ailie :(4) Jsoad

. Max dose | Vs | Vsow | Voo | D(V80) | D(V30) | D(V5)
OAR | Techniawe | “ay) | [] | [ | (%] | ©y) | Gy) | (©y)
This work 36.07 507 | 10.82 | 16.62 0.54 1.50 27.08
Lungs Ref. 12 44.39 12.6 18.10 23.8 - - -
Ref. 13 - - - - 5.8 314 56.5
This work 32.47 0.78 2.97 7.72 0.61 151 11.93
Kidneys Ref. 12 38.94 8.5 12.5 21.01 - - -
Ref. 13 - - - - 19.8 31.8 41.4
This work 2.91 0 0 0 0.25 0.38 0
Spleen Ref. 12 - - - - - - -
Ref. 13 - - - - 18.9 18.9 27.3
This work 31.35 11.92 | 32.47 37.62 1.99 21.77 26.51
Heart Ref. 12 30.66 9.4 595 27.21 - - -
Ref. 13 - - - - 3.9 19.7 29.6
This work 33.38 4.73 17.05 21.05 1.39 20.74 22.24
Liver Ref. 12 48.58 11.00 | 26.10 30.80 - - -
Ref. 13 - - - - 3.5 23.7 32
This work 26.07 0 14.23 28.93 - - -
Stomach Ref. 12 44,12 6.00 20.30 34.40 - - -
Ref. 13 - - - - - - -

Adgeagall deall Ga X% alind 53l aasll 1V,

el ) G Ayglal) o180 dilaia dallaal Jgia 5 [14] aaal) paiind
Oe 22l 138 aladinl (o ¢(0°, 220°, 230°, 130°% 140%) dindl g lasll dikaidl
Dhse b saalsiall Aedull sliaeYl pany WSt b ST dpa el Jgiall
sanll aan g SV eiall Leledll dojall S 5 gl e Jsiall ol
Bac aladiul o) @Al &ab e ¢S ¢(5) Jsaalls mase s LS (Vo Vaon)
dalue uy (peadl Jaly AY) e Gilide jlue Jia JS)) diline Uy Jgia
sanls Aygly Jsin padiid 3 Candl 1 CDA e g LD A pad) dilaial)
an Laa i ()55 £ LD Aimjeall Allaiall 5 gy (Sl Ll dallas die
Gl 138 on Alie (6) Jsaad) cpm Al ahdl G Jlaal Qs b
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dcyall e 95% abisd Ayl ana o Zaaly PTV dejn dal e [14] gasalls
Wi cigemsall dejnlly apsll Juadl Blaits & (pes Canil) 138 3 ] digeadl
&b 8 IS Apasall dejall (e 107% 5305 deyn abisd (3 )l anal dually
dcyall I Gl ) 138 3 agad CulS Dypean, Dogyey Dios Jal (e cundl 13

el gl Jadl il 25 e

OAR Jal 0a [14] aasally ol 138 ¢y 4d5l8a 1(5) Jgaadl

OAR Technique Voo [%] | Voo [%] | Vaose [%] | Vaoss [%] Vgon [%]
LL This work 17.05 10.46 5.58 457 0.96
ung Ref. 14 72.37 4273 8.01 173 0.02
L This work 25.75 16.35 10.73 9.60 277
ung Ref. 14 77.95 48.95 14.93 477 033
| kid This work 1427 7.67 31 2.24 023

aney Ref. 14 7035 19.05 9.02 151 0
R Kid This work 18.35 8.04 2.98 2.14 0.23

aney Ref. 14 78.08 3552 1041 134 0
This work 7472 62.93 53.72 51.33 750

Heart et 14 7336 474 2159 8.07 .
This work 30.38 25.03 2013 17.50 0.53

Liver Ref 14 69.19 45.24 16.95 4.89 0

21.50 137 8.18 6.97
This work 0
Stomach
Ref. 14 813 57.95 20.90 7.06 0
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PTV depn dal 0a [14] aasally Giad) 138 G 43515 :(6) Jgand)

D1 [GY] Dagos [Gy]** Dinean [GY] Vig79 [%] Vse, [%0] Technique
38.95 35.62 36.47 21.48 99.69 This work
40.6 32.47 37.08 27.33 98.51 Ref. 14"

Jigd Aalan Abgagall agicsn 3 sl Jal oo al) Jacugia coloany aapall 138 g A5G st
36Gy A i)

PTV axa (8 X% Wgaliad 0 &ejadl :DX%6**

ralatiiuy) 5

& CSI gnanll jondl JalS oldl dallaal saon G sl Gl 18 b
o A 038 Caagud (3D-CRT 4 lall dalladl

DA (50 107% ) 121% (30 Juad) Aidaia & Dy (alinll dcjall Qi
5 SS) Juaty) Jihie die Aallad) Jeis il o ol pwia Gl (35
(2,3,4) <Vl Jlexinls CSJ

3seall slindl e Aaill) domidid) dejall Bhlia b Dy (gyieall dejall 52l
35530 FIF ddlaa) Jsis Gulst DA e ((3) dsaad)) 87.8% () Juil (58l
it depll (3hlia 3

oalh (S ¢ ((5) JS) OAR Wy adsidl elnel) dejn (ails
Gl Aain sladYls sanally 2SU ay ) gl Jisn e Ayl clacY
JuatV) dilaie vie Aajall 7)) Carie dghiai daja

dejall dad Coly)) £3mm Jaiey panall dpaas b A o 3Klas die
D e S Juadl 4 ddgagdl Al e 11206 ) Jual alia)
Al 3 Jgind) Jals saly) Cass 129% ) dejall dad Ciliay Cua Al
ke Jgiall Cum saoal) Ll (e o Ak e Qulull LS Lnlid

Ll s B Cas
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All) 2l e 436U CN s HI B2gall Cipiine af 8 Lagale (s @
Oyl Z3les Clad S b sl Al Guks dpal ) 1 i ]
dojall g8 Gl (b € ISy Cusgad L3S sl ) JalS gl dallad
by s dgiall slmed B dejm g mandl ) dltia) JolS o deled)
Cagds dalladll B3 Guend 8 acligw 4D oda il (8 & ey OAR

Al Al Jlexindy dalladl) die \ghsin Jainall dyslall i Ladl

287



APIPIIN el AEDE AgUnall dae Ll Aadleal) 8 Ba0n AL ayiy sk

References galml)

1. Jenkin D., (1996). The radiation treatment of medulloblastoma, J
Neurooncol, 29, 1, pp. 45-54.

2. Paulino A. C., Cha, D. T., Barker Jr. JL., Lo, S., Manera R. B.,
(2004). Patterns of failure in relation to radiotherapy fields in
supratentorial primitive neuroectodermal tumor, Int J Radiat Oncol
Biol Phys, 58, 4, pp. 1171-1176.

3. Phillips C., Willis, D., Cramb, J., et al., (2004). A modified
technique for craniospinal irradiation in children designed to
reduce acute and late radiation toxicity, Australas Radiol, 48, 2, pp.
188-194.

4. Kittie A. E., Povall, J. M., Taylor, R. E, (2000). The need for the
moving junction in craniospinal irradiation, Br J Radiol, 73, 870,
pp. 650-654.

5. South M., Chiu, J. K., Teh, B. S., et al., (2008). Supine
craniospinal irradiation using intrafractional junction shifts and
field-in-field dose shaping: early experience at Methodist Hospital,
Int J Radiat Oncol Biol Phys, 71, 2, pp. 477-483.

6. Yom S. S,, Frija, E. K., Mahajan, A., et al., (2007). Field-in-field
technique with intrafractionally modulated junction shifts for
craniospinal irradiation, Int J Radiat Oncol Biol Phys, 69, 4, pp.
1193-1198.

7. Jennifer L. P., Laura, A. V., Siyong, K., Katherine, S. T., (2013). A
Smart Setup for Craniospinal Irradiation, Progress in medical
physics, 24, 4, pp. 230-236.

8. Johannes K., Rob, L., etall, (2011). Optimal normal tissue sparing
in craniospinal axis irradiation using IMRT with daily
intrafractionally modulated junction(s), Int J Radiat Oncol Biol
Phys, 81, 5, pp. 1405-1414.

9. Fred C., Ramani, R., Robert, C., (2012). A Three-lIsocenter Jagged-
Junction IMRT Approach for Craniospinal Irradiation Without
Beam Edge Matching for Field Junctions. Int J Radiat Oncol Biol
Phys, 84, 3, pp. 648-654.

10.Holmes J. A., Chera, B. S, et al., (2017). Estimating the excess
lifetime risk of radiation induced secondary malignancy (SMN) in

288


https://www.researchgate.net/scientific-contributions/39265263_Siyong_Kim
https://www.researchgate.net/scientific-contributions/2007739315_Katherine_S_Tzou
javascript:void(0);
javascript:void(0);
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holmes%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=27663930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chera%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=27663930

2021 .1 2211, (37) alaall . Lelu) aslell (33 dasls dlase

pediatric patients treated with craniospinal irradiation (CSI),
Practical Radiation Oncology, 7, 1, pp. 35-41.

11.Zheng W., Wei, J., et al., (2013). A simple approach of three-
isocenter IMRT planning for craniospinal irradiation. Radiation
Oncology, 8, 1, pp. 217.

12.Studenski M. T., Shen, X., et al., (2013). Intensity-modulated
radiation therapy and volumetric-modulated arc therapy for adult
craniospinal  irradiation—A  comparison  with  traditional
techniques. Medical Dosimetry, 38, 1, pp. 48-54.

13.Anna B., Tomasz, P., et al., (2015). Prospective study on
dosimetric comparison of helical Tomotherapy and 3DCRT for
craniospinal irradiation A single institution experience. reports of
practical oncology and radiotherapy, 20, 2, pp. 145-152.

14.Sun Z., Yang, S., et al., (2018). Radiotherapy for Adult
Medulloblastoma: Evaluation of Helical Tomotherapy, Volumetric
Intensity Modulated Arc Therapy, and Three-Dimensional
Conformal Radiotherapy and the Results of Helical Tomotherapy
Therapy, BioMed Research International, 2018:9153496.

2018/07/12 (3ed Anals A ) Canall 3555 2 )3
. 2018/12/10 il 4l 8 & )18

289


https://www.ncbi.nlm.nih.gov/pubmed/?term=Shen%20X%5BAuthor%5D&cauthor=true&cauthor_uid=22878118

