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Fig. 1. Position of the target in
Liver cancer: (a) axial view of
tumor location, (b) sagittal view of
tumor location.




Fig. 2. Partial body means the direct pass range of defined field
for rapid arc among acquired range of whole body via CT
image.
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Fig. 3. A screen-shot of the 5 kinds of Plan’s dose distribution in liver cancer: (a) Using 3 fields in 3D plan, (b) using 5 fields in
IMRT plan, (c) double arcs plan, (d) limited triple arcs plan, (e) multiple arcs plan.
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Fig. 4. Comparison of dose-volume histograms (DVHs) for (a) RAs PTVs and partial body, (b) OARs of RAs, (c) tumor volume and
partial body of 3D CRT vs IMRT vs Multiple arcs, (d) OARs of 3D CRT vs IMRT vs Multiple arcs. DVHs of Multiple arcs plans
(squares) show the steepest PTV DVH and lowest organs at risk (OAR) DVH compared with Double arcs plans (triangles) and
Limited Triple arcs plans (circles) in (a) and (b). On the other hand, DVHs of Multiple arcs plans (squares) show the steepest PTV
DVH and lowest organs at risk (OAR) DVH compared with IMRT plans (circles) and 3D CRT plans (triangles) in (c) and (d). The
PTVs are in red and CTVs are in orange (dashed line), the partial body in green-yellow, liver in brown, and heart in purple (dashed

line).
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Fig. 5. Comparison of dose-volume histograms (DVHs) for (a) RAs PTVs and partial body plans after prescription, (b) OAR of RAs
after prescription, (c) target volume and partial body of 3D CRT vs IMRT vs Multiple arcs plans after prescription, (d) OAR of 3D
CRT/IMRT/Multiple arcs plans after prescription. The PTVs are in red and CTVs are orange (dashed line), the partial body in

green-yellow, liver in brown, and heart in purple (dashed line).

Table 1. Various index comparison between 3D-CRT, IMRT, RapidArc using dosimetric parameter when default plan

normalization were used in Eclipse.

Standard of dose constraint ~ 3D-CRT

IMRT  Double arcs

Limited triple arcs  Multiple arcs

HIrroc (Imax/RI) 1.051 1.020
QOCrt10G (Imin/RI) . 0.955
Clsacr (TVogy/TV) 0.98 0.445
Clrroc (Vosz/TV) . 0.485
HTClILomax (TVosn/ Voss) . 0.918

1.070
0.873
0.857
0.855
1.003

1.066
0.870
0.907
0.908
0.999

1.067
0.859
0.907
0.909
0.998

1.067
0.926
0.908
0.911
0.996

Imax: maximum isodose in the target, Imin: minimal isodose surrounding the target, RI: 98% of prescribed dose (reference isodose), TV:
target volume, TVosy: target volume covered by the reference isodose (Lomax and Scheib), Vosx: volume of the reference isodose.
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Table 2. Various index comparison between 3D-CRT, IMRT, RapidArc using dosimetric parameter after prescribing dose to

dose level, lprv=9gss.

3D-CRT IMRT Double arcs Limited triple arcs Multiple arcs
Tprv=0s% 94.7% 93.9% 95.7% 95.6% 96%
Clrroc 1.385 1.064 1.013 1.013 1.024
Clromax (TVri/Vrr) 0.708 0921 0.967 0.967 0.957
HIrroc (Imax/Iprv-os%) 1.056 1117 1.092 1.094 1.090
QOCrroG (Imin/Iprv=-0s%) 0.988 0912 0.891 0.881 0.945

Iprv-osy: isodose surrounding the 98% of PTV, Ina: maximum isodose in the target, Imin: minimal isodose surrounding the target, RI:
98% of prescribed dose (reference isodose), TVrr: target volume covered by the reference isodose (Lomax and Scheib), Vri: volume

of the reference isodose.

Table 3. MUs for 3D-CRT, IMRT, double arcs, Limited triple arcs and multiple arcs.

Number of monitor units (MUs)

3D-CRT IMRT Double arcs Limited triple arcs Multiple arcs

Before prescription 847 668 798 828 674

After prescription (at same CI) 883 712 834 865 702
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In this paper, we evaluated the performance of 3D CRT, IMRT and three kind of RA plannings to investigate
the clinical effect of RA with liver cancer case. The patient undergoing liver cancer of small volume and somewhat
constant motion were selected. We performed 3D CRT, IMRT and RA plannings such as 2RA, limited triple arcs
(8RA) and 3MRA with Eclipse version 8.6.15. The same dose volume objectives were defined for only CTV, PTV
and body except heart, liver and partial body in IMRT and RA plannings. The steepness of dose gradient around
tumor was determined by the Normal Tissue Objective function with the same parameters in place of respective
definitions of dose volume objectives for the normal organs. The approach between the defined dose constraints
and the practical DVH of CTV, PTV and Body was the best in 3MRA and the worst in IMRT. The DVHs were
almost the same among RAs. Plans were evaluated using Conformity Index (Cl), Homogeneity Index (HI) and
Quality of coverage (QoC) by RTOG after prescription with dose level surrounding 98% of PTV in the respective
plans. As a result, 3MRA planning showed the better favorable indices than that of the others and achieved the
lowest MUs. In this study, RA planning is a technique that is possible to obtain the faster and better dose
distribution than 3D CRT or IMRT techniques. Our result suggest that SMRA planning is able to reduce the MUs
further, keeping a similar or better targer dose homogeneity, conformity and sparing normal tissue than 2RA
or 3RA.

Key Words: RapidArc, Liver cancer, Double arcs planning, Multiple arcs planning, IMRT
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