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Background and Objective

Whole brain radiation therapy (WBRT) is a main treatment in cancer patients with brain
metastasis, however, the standard treatment of right and left parallel opposing in 3D technique
cannot spare hippocampus organ. Advanced technique, Volumetric Modulated Arc Therapy
(VMAT) and Intensity Modulated Proton Therapy (IMPT), were introduced to reduce organs at
risk (OARs) doses [1]. The purpose of this study was to compare the dosimetric effect between
VMAT and IMPT techniques for WBRT with hippocampal sparing.

Methods

Fifteen-patient plans previously treated WBRT with VMAT from TrueBEAM linear accelerator
(Varian Medical System, Palo Alto, CA) were re-planed with IMPT technique in Eclipse treatment
planning system version 15.6. The 6 MV VMAT plans consisted of two full arcs with coplanar
plane and two to three half arcs with non-coplanar beams. IMPT plans were generated from
three multi-field optimizations for 45, 130 and 180 degree gantry angle with 270 degree couch
angle for all fields and the range shifter was also applied to all proton fields.

The prescribed dose to WB planning target volume (PTV) was 30 Gy in 10 fractions. The dose
constraints were matched to RTOG 0933 planning requirements [2] as shown in Table 1. The
percentage of normalization dose was selected to receive at least prescribed dose at D95%.

Table 1. Dose constraints of PTV and hippocampus according RTOG 0933.

Dose Constraints

WEgaus Per Protocol Variable Acceptable Deviation Unacceptable
PTV D2% <37.5 Gy 40 Gy > D2% > 37.5 Gy V30% < 90%
D98% = 25 Gy D98% <25 Gy D2% > 40 Gy
D100% < D100% <1 D100% > 1
Sfonscaursi 00% <9 Gy 00% < 10 Gy 00% > 10 Gy .

Max. dose < 16 Gy Max. dose < 17 Gy Max. dose > 17 Gy

The target coverage and homogeneity index (HI) was used to evaluate PTV and the maximum
and mean doses were reported for organs at risk (OARs) of hippocampus, eyes and lens.
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Results and Discussion

The PTV Dgso, Wwas higher than the prescribed dose for all cases with no
statistically significant using Wilcoxon match-pairs signed ranks test
between VMAT and IMPT. The example of compared dose distribution
between VMAT and IMPT is presented in Figure 1, while DVH comparison
is shown in Figure 2. The PTV dose of VMAT was lesser homogeneous
than IMPT. The average HlI of VMAT and IMPT was 33.7%13.0 and
17.6x5.0, respectively as shown in Table 2. Moreover, IMPT technique
presented significant lower doses to all OARs include hippocampus, eyes
and lens than VMAT plans. The VMAT plans were not pass the dose
criterions in several cases, especially D,o, (Hippocampus). The maximum
dose of hippocampus of VMAT was reduced from 14.92.1 Gy for VMAT

t09.1+1.7 Gy for IMPT.

Table 2. Average doses of PTV and OARs.

IMPT offers significantly dosimetric advantages over VMAT in both PTV and OARs that expected to get more curative and less complications for patients

whom treated from IMPT in clinic.

Parameters V];;;?I‘(Gy or fl\iEP)T P-value
Dog 26.7+2.9 271+1.5 0.637
Dys 30.1 £0.1 30.0+0.1 0.458
PTV Dso 347+24 314+0.2 0.001
D> 36.8+3.2 323 +0.3 0.001
HI 33.7+£ 130 176+5.0 0.004
Dmax (Hippocampus) 149+2.1 Hak 2l 0.001
Dmean (Hippocampus)  12.6 1.7 59+1.2 0.001
Dioo (Hippucampus) 10.0x£1.0 3.7x1.1 0.001
OARs Dmax (Rt len) D53 29+1.0 0.004
Dmax (Lt len) 04+373 26 + (.9 0.004
Dax (Rt eye) 229+7.1 145+24 0.011
Dmax (Lt eye) 22.9+723 140+ 3.0 0.008
Conclusion

Dosimetric comparison between volumetric modulated arc therapy and intensity
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- ¢ e |
) ore d ]

Figure 1. Dose distribution comparison between VMAT and IMRT for whole brain

irradiation with hippocampal sparing.
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irradiation with hippocampal sparing.
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