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Dosimetry study of different radiotherapy techniques for whole brain radiotherapy

withsimultaneous integrated boost for 1-4 brain metastases
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Abstract: Objective To assess the feasibility of inverse static intensity modulated radiotherapy (IMRT) and volumetric
modulated arc therapy (VMAT) used for whole brain radiotherapy (WBRT) and simultaneous integrated boost (SIB) for
single or multiplebrain metastases; to compare the dosimetry difference of target volumes and organs at risk (OARs); to
discuss on the effects of physical dose on the local tumor control and toxic side effects of organs. Methods Ten patients
diagnosed of brain metastases were randomly selected. Swedish RayStation v4.5 planning system was applied to design five-
field SIB-IMRT and two-arc SIB- VMAT for each patient. Doses of 40 Gy/20 fractions and 46 Gy/20 fractions were
respectively prescribed to the planning target volume of whole brain and the planning gross target volume of brain
metastases. Based on the target volume meeting the requirement of the prescribed dose, dose-volume histogram (DVH) was
applied to compare the homogeneity and conformation of target doses, and the maximum or mean doses of lens, eyeball,
optic nerve, optic chiasma, external auditory canal and so on. The monitor units (MU) and treatment time were also

compared between the two treatment techniques. Results Both SIB-VMAT and SIB-IMRT planssatisfied the target dose and
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preferably protected OARs. Compared with SIB-IMRT plan, SIB-VMAT plan achieved better conformal number (CN) and

homogeneity index (HI) of target volumes (P<0.05). If the number of metastases was larger, the advantages were more

obvious. No significant differences were found in the maximum dose of brainstem, lens, optic nerve, optic chiasm and

middle- innercochlea.Compared with SIB-IMRT, SIB- VMAT significantly reduced maximum and mean doses of eyeball,

maximum and the volume doses (Vas, Vi) of external auditory canal. Meanwhile the mean MU of SIB VMAT reduced by
35.9% (P=0.023), reducing the treatment time. Conclusion Compared with IMRT, VMAT applied for WBRT and SIB for

brain metastases achieves physical dose with better homogeneity and conformation for target volumes and lowers the dose

of major OARs. Moreover, SIB-VMAT planshould be a priority for patients with multiplebrain metastases.

Key words: brain metastases; inverse static intensity modulated radiotherapy; volumetric modulated arc therapy; physical dose
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Tab.1 Characteristics of patients

Patient Age Gender Primary tumor Number of v PGTV boost
(years) brain lesions (cm®)
1 54 M Non-small cell lung cancer 1 1551.9 50.8
2 49 F Breast carcinoma 2 1423.88 27.1
3 69 M Lung squamouscellcancer 1 1665.9 40.3
4 49 M Lung adenocarcinoma 1 1599.6 20.0
5 60 F Breast carcinoma 4 1468.1 28.5
6 65 M Lung adenocarcinoma 3 1666.9 334
7 72 M Lung squamouscellcancer 1 1898.6 89.8
8 45 M Rectal cancer 4 1756.5 18.2
9 59 M Lung squamouscellcancer 1 1839.4 14.3
10 66 M Lung squamouscellcancer 2 1660.1 18.6

PTV: Planning target volume; PGTV: Planning gross target volume
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(Clinical Target Volume, CTV ) 4=l 41, i & fil e
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e J5 AN 3 mm, 15 3] 4 xR X (Planning
Target Volume, PTV ) Fliisi % #5984 11 X1l ¥ [X_ (Planning
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XF10 63, AT AT RIFAT G IR IR EER , 95%1)
PTV (R FER 1k )40 75 74 40 Gy, 1fij /0 95%11) PGTV
IRBUGAE] 46 Gy Fli o —Fpasm Tl Al 0 X 0] 2
W2, XFTFPTVHIPGTV, W E i/ Nl NP1
Fl LA S22 5 A2 SIB-VMAT 110 H i
AR I35 T ¥R X 2 (4787.7+34.2 ¢Gy vs 4753.2429.8
c¢Gy, P=0.022) , ifii . SIB-VMAT 7 8k 35 #1 [X 3 JF i il
S PE Y I B AL T SIB-IMRT, X 21X CN
(0.902+0.016 vs 0.931+0.039, P=0.025) .HI(0.658+0.162
vs 0.737+0.101, P=0.022) , fisi % B g3 #LIX CN (0.179+
0.013, vs 0.168+0.015, P=0.020). HI(0.042+0.007 vs
0.035+0.007, P=0.009), & 1.2.3 ZH: 1 | A
HHRIAFIE I 2620 A AT DVH -, WA JZ 1 I
A LAE 2R TR IX R, VMAT T3 5 )k
TR, REAE ™ A& 1 ) 5t 43 A1 L
2.2 fER 258 (Organ At Risk,OARs){R3P

7% H 2 OARs -5 T3 3 1, SIB-VMAT
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IMRT (P<0.05) , (HFE 2247 S AR 19 e KGR0 i O T oA
AL RIS, P LR T AR e 0 R KR, h
B AR AR 250 i A R R Gt 22 . B
X A T8 ) A, fie K Dan(3433.5+334.6 vs
3154.0+489.9, P=0.031), V15(65.4.6%+22.4 vs 55.7%%
21.9, P=0.013). V3,(28.5%+32.1% vs 10.5%+23.2, P=
0.021), 3 PS4 I SIB-VMAT 51 FlIA FHL 7 2 2420
T SIB-IMRT. & FHH4 #5F ) MU 4351 )2 : SIB-
IMRT=668 + 106, SIB- VMAT=428 + 112, #i tt Z F
VMAT 3151 MU 382> T 35.9%(P<0.05) , Ifif RaySta-
tion TPS 15 H 1) VMAT X1 BN 52 it - X2 Bsf 1] 57 2

min 30 s,
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Tab.2 Dose statistics for planning tumor targets

PTV PGTV
Parameter
SIB-IMRT SIB-VMAT pP* SIB-IMRT SIB-VMAT 175

Dss (cGy) 3898.2+16.3 3919.6+19.8 0.106 4592.0+17.1 4591.2+27..5 0.923
Dys (cGy) 4000 4000 N/A 4619.8+13.5 4622.1+13.7 W=0.629
Diean (cGy) 4201.0+26.8 4213.6+28.9 0.108 4699.7+18.1 4688.2+17.0 0.064
D5 (cGy) 4182.6+30.9 4205.6+38.9 0.05 4700£17.9 4691.5+16.9 0.093
D, (cGy) 4646.8+49.3 4627.5+61.2 0.029 4787.7+34.2 4753.2429.8 0.022
Vaonoueoo 95% 95% N/A 97%+1.3% 97.6%+1.0% W=0.288
CN 0.902+0.016 0.931+0.039 0.025 0.658+0.162 0.737+0.101 0.022
HI 0.179+0.013 0.168+0.015 0.020 0.042+0.007 0.035+0.007 0.009

N/A: Not applicable; Viw: Volume of PTV covered by 4000 cGy dose curves; Vigo: Volume of the PGTV covered by 4600

cGy dose curves; W: Wilcoxon signed ranks test, others were paired  test.

IMRT: Intensity modulated radiotherapy; VMAT: Volumetric modulated arc therapy; SIB: Simultaneous integrated boost;

CN: Conformation number; HI: Homogeneity index
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Fig.1 Comparison of dose distribution of SIB-VMAT and SIB-IMRT plans for one patient
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Tab.3 Dosimetric comparison of major OARs in the two plans

OARs SIB-IMRT SIB-VMAT P value
Brainstem D, (cGy) 4608.7+76.2 4540.2+69.3 0.227
Lens-L D, (cGy) 494.3+69.3 486.8+65.3 0.113
Lens-R Dn. (cGy) 478.9+51.4 483.8461.3 0.201
Eyeball-L
D 2158.1£666.1 719.9+£167.9 <0.05
Dix 719.9+167.9 719.9+167.9 <0.05
Eyeball-R
D (cGy) 2450.3+592.8 1516.7+409.7 <0.05
Diean (cGy) 691.9+155.8 579.9497.5 0.01
Optic nerve-L Dy (cGy) 4198.6+270.1 4058.5+149.4 0.167

Optic nerve-R D, (cGy) 4003. 3+289.1 3993.3+187.5 0.125

Optic chiasm Dy, (cGy) 3969.6+228.6 3866.6£195.12 0306
Cochlea-L Dy (cGy) 3837.84292.7 3808.0+258.7 0.235
Cochlea-R D (cGy) 3942.4+233.7 3802.3£152.8 0219

External auditory canal

Du (cGy) 3433.5+334.6 3154.0+489.9 W=0.031
Vas(%) 65.4.6%+22.4 55.7%+21.9 0.013
Vi (%) 28.5%+32.1 10.5%+23.2 0.021

SR IR RFRIX, SIB-VMAT -3l (i #E [X 5] 2 44 5]
Pk B & I FE 1 SIB-IMRT HR B4, 9 % 748 X
BRI £ X 3 - 249 70 DX e P A P . 22 57, R B
TR AT LAZS T #0 DX a0 1 300 2, TR 3096 A g 1 ©
B . 7 e X SIB-VMAT 5 4 1 #4(4787.7+34.2
vs 4753.2+29.8, P=0.022), Bt B VMAT 351§ X (1) 76
IR B4 Ty ) f [R5 oA Y AR A T T A
TR IT , VMAT TH3 7 8508 B2 W 4, G i R 2
VMAT TR HF 1 BERK, BB A FA B 25 5 XA b
B, IEFEANL, SIB-VMAT 78 1& K 4 B I 57 2 Y Fl
PRI TR A DB, A i AR 1 e ARt ) S H L
T SIB-IMRT , {H¥& A G it2¢ 2 5 (P=0.201) . 7ELME
SR RIA T A v e R, R 43 B TR TOT JE A B
T b2 B e T R R AR R RN, PR AR T
KX TN EE B & BR i, SIB-VMAT 7E -7 4 -
T PR A A B R DAL Vio Vi B AIK T SIB-
IMRT 31, v 68 920 A1 07 %) &1 sz 1o, ELAAR I R &5 S
it — L AR .

AHI 5% 25 A 3 W A ik B B8 S8 3 W) 20 R o7
1, SIB-VMAT %% 2 SIB-IMRT A 1 & 4% 25 fifrJed $ [X.
300 X 5] S B T JE , HLRERS U /D J] 10 F A Y

o
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