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Abstract

In this study, to evaluate the usefulness of the treatment plan of tomotherapy and volumetric modulated arc
therapy (VMAT) in the radiotherapy for prostate cancer, the absorbed dose, dose volume histogram (DVH),
treatment efficiency, and the results of dose verification accuracy using MapCHECK2 were compared and
analyzed. Of the prostate cancer patients who underwent tomotherapy treatment in the Radiologic Oncology of
H University Hospital between July 2014 and December 2014, 12 patients were randomly selected. As a
result of analyzing the absorbed dose and DVH, both radiologic treatment plans showed slight differences in the
treatment of the cancer tissues and the bladder, but the difference was in the error range of 5% to +3%, and
did not exceed the side effect guideline or the tolerance dose limit. VMAT showed higher treatment efficiency
than tomotherapy with a 2.5 times shorter treatment time and a 10.3 times less monitor unit (MU). Both
showed 95% or higher dose accuracy satisfying the standard. VMAT showed 2.3% higher efficiency than
tomotherapy. In both tomotherapy and VMAT, appropriate doses were absorbed for cancer tissues, and did not
exceed the tolerance dose for normal tissues showing no significant difference in dose distribution. However,
considering the shorter treatment time, lower total MU, and better treatment efficiency and dose verification
accuracy, VMAT may be more useful than tomotherapy in cancer treatments.
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Fig. 1. Tomotherapy Hi-Art system.

Fig. 2. Novalis Tx.

Fig. 3. Device in dose verification accuracy test
MapCHECK2 & MapPHAN.
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Table 1. Normal tissue complication probability(NTCP)
parameters published by Emami1991

Organ ™ 5/5(Gy) T 50/5(Cy)

Rectum 60 80

Bladder 65 80
Femural head 52 65

TD 5/5(Gy), minimal tolerance dose
TD 50/5(Gy), maximal tolerance dose
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Table 2. Absorbed dose of tumor and organ (Unit : Gy)

Tomotherapy AT

(meant SD) (meant SD) p-value

PV Dnean 55.4¢ 0.4 56.3: 1.1 0.0%
Rectum Drean 2.5: 2.1 B7EL5 0156
Bladder Drean  31.8+ 2.5 BO16  0.0%
Fenural head 15+ 3.2 14.4:2.8  0.459

Dmean
Dmean, mean dose
SD, standard deviation
PTV, planning target volume
WAT, volumetric modulated arc therapy

3. A=A A=A (Dose volume histogram, DVH)

3.1 F9¥=x%]°] DVH vz

ERH 9] A9 Dol A2 95%0l A
M) 52.740.6 Gy©l3L Dy 55.140.5 Gy, Dy=56.0
+0.5 Gy, Djp 56.0£0.5 Gy= YEFtth VMATS] 7%
Dgs= 53.440.6 Gy©|3l Dy 55.8+1.0 Gy, Dy>56.9+
1.0 Gy, Dyp& 57.1%1.1 Gy2 YERTE pgkel 0.057 3k
o2 F ARV WE DVHE $A4o2 fos
ZFo] & H.SItHTable 3][Fig. 4].

Foue

Table 3. DVH of PTV (Unit : Gy)

PV T(?nns;zeg))y (me\:nAiTSD) p-value
D95% 52.7+ 0.6 53.4+ 0.6 0.002
D70% 55.1+ 0.5 55.8+ 1.0 0.051
DA40% 56.0+ 0.5 56.9+ 1.0 0.012
D10% 57.1+ 0.7 57.1+ 1.1 0.05

DVH, dose volume histogram

PTV, planning target volume

WAT, volumetric modulated arc therapy
D %, dose to % of PTV volume

SD, standard deviation

3.2 A Ae°] DVH H|=

ERH Y9 H$- DeE 21.7£6.6 Gy©lil Dy 27.
7434 Gy, Dyp>33.5+2.1 Gy, Dy 43322 Gy 2 1}
ERTE VMATS] 7§ Dest= 20.9+7.7 Gy©l il Dy 2

93132 Gy, Dip33.7+39 Gy, Dy 43.9+1.8 Gy=Z 1}
ERstth Pgkol 0.0501%4 082 F A 57]% wE DVH
= FAHR freofet ztole FISATHTable 4],[Fig. 4).

Table 4. DVH of Rectum (Unit : Gy)

Rectun Tomotherapy WAT s
(meant SD) (meant SD)

D95% 21.7+ 6.6 20.9+ 7.7 0.664

D70% 27.7+ 3.4 29.3+ 3.2 0.311

D40% 33.5+ 2.1 33.7£ 3.9 0.06

D10% 43.3£ 2.2 43.9+1.8 0.481

DVH, dose volume histogram

WAT, volumetric modulated arc therapy
D %, dose to % of rectum volume

SD, standard deviation

3.3 ¥s3e] DVH H|=

EREH 2t 9] 49 Dgi= 17.6£3.9 Gy©lal Dy 25.
1£3.8 Gy, Dy233.512.3 Gy, Dyp 46.0+1.0 Gy= e}
ST VMATS] 789 Dot 22.5+2.6 Gy©| il Dy 29.2
124 Gy, Dy 344%1.9 Gy, Dip 459431 Gy & Y
EPTh Des2tDol A pkel 0.05m|REe 2 T X 57]%
of W& DVHE A4 SZ o3 2o]& HATtHTa
ble 5],[Fig. 4].

Table 5. DVH of Bladder (Unit = Gy)

Bladder Z?e‘?a?tegalgy (meZnMiTSD) p-value
D95% 17.6+ 3.9 22.5+ 2.6 0.004
D70% 25.1+ 3.8 29.2+ 2.4 0.015
D40% 33.5+ 2.3 34.4+ 1.9 0.308
D10% 46.0+ 1.0 45.9+ 3.1 0.945

DWH, dose volume histogram

WAT, volumetric modulated arc therapy
D %, dose to % of bladder volume

SD, standard deviation

34 d=&F¢] DVH H| &

ERE T 2] 49 Dii= 9.343.9 Gy©lil Dy 11.9
+3.6 Gy, Di>15213.6 Gy, Dy 21.742.7 Gy= e}
WTh VMATS] 79 Dot 8.814.0 Gy©]al Dy 11.8%
3.7 Gy, Dy 151435 Gy, Dip 20.6+2.8 Gy= LFERSTH
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Ao Fo3t Aol §lTHTable 6),[Fig 4. - D-Femtérjhhead
15 ~
Table 6. DVH of Femural head (Unit : Gy) 1 e e ey
3 VMAT
Fenural head Tom0thersa[§)y VMiTSD p-value 0 T ’
(eanz SD) (mean+ SD) DLO% DAC% D70% DS5%
D9% 9.3+ 3.9 8.8+ 4.0 0.358
D70% 11.9+ 3.6 11.8+ 3.7 0.847
Fig. 4. (Dose volume histogram, DVH)
DA% 15.2£ 3.6 15.1£ 3.5 0.92 D %, dose to % of volume (Unit : Gy)
D10% 2174 2.7 20.6+ 2.8 0.373 VMAT, volumetric modulated arc therapy.

DVH, dose volume histogram
WAT, volumetric modulated arc therapy

D %, dose to % of femural head volume - . -
s, standard deviation 2 JZA 7 M= ERH T 7} 349.8+23.6 sec, VMA

T7F 14124444 secO] R, total MUE ERH 2 7} 50
27.3%349.1 MU, VMAT7} 48584359 MUSIL pate

4. A& 544 27}

A FTVDVH <0012 F Am7|sEd mE Am T84S SAAS
2 folg 2folE HATHTable 7).
assasTomotheragy
—(MAT -
Table 7. Treatment efficiency
Tomotherapy VAT
0 -val
D10% D40% D70% D95% (mean+ SD) (meant SD) et
Treaeant Tire o0 61036 14124 444 <0.01
(sec)
Total W 5027.3+ 349.1 485.8+ 35.9 <0.01
i ] < B Rectum DVH MU, monitor unit
WAT, volumetric modulated arc therapy
k] j SD, standard deviation
N 4+— Tomotherapy
10 4 AT
0 +——— 5. A% A%
Di0% D40% D70% DA5%
7oz EREH 7} 97.551.1%, VMATE 99.8+0.
1%L pgh2 <0012 7 A&77]se e T4
0w o— 2 Fogh ApolE B HTHTable 8],[Fig. 5),[Fig 6].
C.Bladder DVH
FIEE
30 4 g Table 8. Gamma pass rate summarized by patient
0 —"yr ==assTomotherapy
Tomotherapy AT
W A— ——yMAT 0 -val
(meant SD) (meant SD) p-value
B total points  860.6:51.3  780.1+ 415  <0.01
i i pass 840.0+ 56.0  779.1+ 41.7 0.005
fail 20.7+ 8.6 1.0+ 0.9 <0.01
¥ pass 97.5+ 1.1 99.8+ 0.1 <0.01

(Gamma-index)
WAT, volumetric modulated arc therapy
SD, standard deviation
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V. CONCLUSION
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