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Fig. 1. Treatment plans for left-
sided breast cancer patients. (A)
Wedged tangential fields technique,
(B) Tomo Direct IMRT (5 port),
(C) Field in field technique, (D)
Tomo Direct.

Table 1. Dosimetric comparision of clinical target volume

Wedge FIF Direct IMRT (2) IMRT (5)
D99% (Gy) 47.7+1.1 47.140.6 49.240.4 48.6+0.8 49.4+0.1
D95% (Gy) 49.4+0.1 49.2+0.4 49.9+0.4 49.5+0.3 49.8+0.05
DHI 1.1£0.02 1.07+0.02 1.030.001 1.05+£0.02 1.06:0.02
V105% (%) 34.649.3 16.5+14.8 0.0 7.548.3 11.1£10.5
V110% (%) 7.5£7.9 2.143.5 0.0 0.120.1 0.5+0.6

Dio/Doo) 2t Vips (FAHD Ao 105% o3& We E3 vs. 49.5£03 Gyolqlth A% ¥4 A9 FdES W
AF el Bu) MiBg) V0 vlaslda, 4984719 A 1.14£0.02, F: 1.07£0.02, D: 1.03£0.001, I: 1.05+0.020]%}
g 24 Aol dialiA = #3F #l9] Vi (10 Gy o5 W th A% FU A9= TOMO DirectE ©]-83F X 57]4o] 1
22 9] H3] W), Vy, Vil A3€] Vi (10 Gy o] ol T 7k Hol 3 A W obgZ el AEEE
& e AAe] Ba] WlE-E), Vi, Vi, Vo 5= Bl £4 ERfigic). 2] X EIHOZ Vs, Vied] Has vl
skt a9E ull M EA 24 Al 4 34.6+9.3%, 7.5+7.9%%
74 =9k 2 U] ASEA7HS 16.5+14.8%, 2.1+
Z 3.5%%, TOMO direct IMRTE 7.5+8.3%, 0.1£0.1%% Yo}
— - . A2 TOMO Directoll A+ Vigs, Viie'r 3k =5 0%Z 714
1. FAX|H(clinical target volume, CTV) A7) UEhsEe(Table 1)
Zok ) TAAA Y Ak BA At Doy Doso] HFZHS Fig. 29} Fig. 3% 2+7+9] % E7]rﬂy+ TOMO Directol| 4] &
747k 7] A ZAHW)A 47.7+1.1 Gy, 49.4+0.1 Gyo] A Ao digk DVHSF A% EEXE Jepd ez
glov, =4 ] Az B 7PHE)S 247 471406 Gy,  TOMO Directs 7P FU3 A% REE HolFw Qi)

492404 Gy, 28|32 TOMO Direct(D)?} TOMO Direct
IMRT(DN A= 2+ 492404 vs. 48.6+0.8 Gy, 49.9+04
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2. AZE
el A Ak A7) B 24 A, 24
Ak 17} 719, TOMO Direct, TOMO Direct IMRT 7]*ol|

A Vige 22 171435, 17.0£3.5, 165439, 158+4.6%E
VNI, Vooe 14.043.3, 13.9+3.3, 143434, 13.5+4.0%,
Vi 119431, 11.743.1, 12.6+3.1, 11.9+3.6%% Jelyk
ol V2 22 96427, 92426, 0.8+2.7, 10.0+3.1%°]%)
v} Fig. 4= 2H7H9] X871 vlast 4Ael sk DVHE
ERaL 9l

DVH &4 Z3} 747re] 218719 Aolol] AAH oz {9
gk xfo]E Kol gkokor} 5HlE o]-&3F TOMO Direct
IMRTOIAS] Vip, Vi, Vi, Va2l Zkol Z7F 551£12.8,
20.14+11.3, 13.8+44, 42+3.6%% A Ak ddo] & &
Aol A F7ksh= Folgh Xpol& VEM AL, 40 Gy ol
o] A 49 A UEbth(Table 2).

3. &= o

2 o] A 3 AR A7) 24 714, 24 A
H7} 713, TOMO direct, TOMO direct IMRT®l| thgl Vi,
Z¥7F 236455, 23.5+5.5, 22.3+2.6, 20.5+2.1%E e}k

3, Voo 198448, 19.6+4.8, 19.3+1.9, 17.3£1.5%, V3

3 orlo of
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Fig. 2. Dose distributions of treat-
ment plans for one representative
patient. (A) Wedged tangential
fields technique, (B) Field in field
technique, (C) Tomo Direct, (D)
Tomo Direct IMRT (2 port).

2171442, 16.8+4.2, 17.1£1.4, 150%1.1%°]%c}. TOMO
DirectE o|-&3F X 57|Ho] 7|&9 X877} vlasly S
u A Ak =& &AS TR ges ¢ T A
Ak Fig. 55 2479 X87He vlagt 25 sl oigt
DVHE vehix i} 5818 o]8-3F TOMO Direct IMRTO|
219 Vi, Vao, V2] ko] 22 32.146.9, 18.6+54, 134+
3.9%% A7) ZAzke}l Zro] A A oJdo] & gXo] F
7Vl AL ghalslgith(Table 2).
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Fig. 3. Example of dose-volume histogram of clinical target volume (CTV) comparing different technique. (A) TOMO Direct vs.

wedged tangential fields technique, (B) TOMO Direct vs. field in field technique, (C) TOMO Direct vs. TOMO Direct IMRT (2
beams), (D) TOMO Direct vs. TOMO Direct IMRT (5 beams).

A _ B ,
100 — Virtual 1009, ---- Direct
o e Fif £ 2 port_IMRT
90 : ---- Direct 90 li ! ---- 5 port_IMRT
8o+t == 2 port_IMRT 80, ‘=\
Z 7044 3
) 9 !
S ' £ e0{}
= g soqt N
= = 11 \
S S 40 4 o
301 A Tl
201 emeemeo TN
10 1 R
1 O T T T at T e \LI 1
0 10 20 30 40 50
Dose (Gy) heart DVH
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Fig. 4. Example of dose-volume histogram of heart. (A) Comparing four different techniques, (B) TOMO Direct vs. TOMO Direct
IMRT (2 beams vs. 5 beams).
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Table 2. Dosimetric comparision of normal organ

Volume of interest Wedge FIF Direct IMRT (2) IMRT (5)
Heart Viows) 17.14£3.5 17.0£3.5 16.5+£3.9 15.844.6 55.1£12.8
Vaoes 14.0+£3.3 13.9+43.3 14.3£3.4 13.544.0 29.1+11.3

Vio) 11.9+3.1 11.743.1 12.6+3.1 11.943.6 13.844.4

V4o(%) 9.6£2.7 92+2.6 10.8+£2.7 10.0+£3.1 4.243.6

Ipsil lung Vioes 23.6£5.5 23.5+5.5 22.3+2.6 20.5+2.1 32.1+6.9

Vo) 19.844.8 19.6+4.8 19.3+1.9 17.3+1.5 18.6+5.4

V3o 17.144.2 16.844.2 17.1+£1.4 15.0+1.1 13.44+3.9

A . .

100 it — V]rtual 100 ~ ---- Direct
ol
84  a=- 2 port_IMRT 804,

701% 709l 1
£ 60l £ 604! 3
g 50 g so{! %
=] ] = E .
S 40 8 40
30 30
20 - 20
10 10
0 1 0 1
0 0

Dose (Gy) ipsilateral lung DVH

Dose (Gy) ipsilateral lung DVH

Fig. 5. Example of dose-volume histogram of ipsilateral lung. (A) Comparing four different techniques, (B) TOMO Direct vs. TOMO

Direct IMRT (2 beams vs. 5 beams).

o] Hlal 10~15d A3} 3 xg=el Az 73~
sl Z7l3heka Hasigict”
el X8 A Fod 753 A%
o] o]gal= AP Y| HAX B FUg A
EE vr5o] Y] sHA) A 472 Q13k Aekaleko]

Hi = =
EEE 1Y)

ek st =AW A% B 7S A8 AY A
F7HQ B & AXoF s whilo] i, IMRTE A=
2o A A% =% Ao F7kst 2ol ek

B odFof|4E TOMO DirectE o] 83+ A4 zA7|W o]
71&9] o] A& AT vlaste] X & Al A A
g Yobiaz} dlglom, AA X5 A CddEE A
S5 Aol ofstk A Aol kAl Fgheh =AW
W A=k 17 7] X8 AR 3 Foll 78 W 2 =4
e FEo] A ofot F =Ahok 279k & zAbofk 27HE RE
%38 kgt Aeks odS 4 9J9leh gk TOMO Direct IMRT
oA 247t 55 A o] 2> TOMO Direct®] 7]

64

Aola, 58l 7]FEol iyl
Al Srsiela GEA Qlo] o]
S H|sle] TOMO direct2t TOMO Direct IMRTS] o]
g2s] vl EAs Al St

Ztzre] Ak vla Azt el ik vl FAXE 399
ghake] Algkel FRFE Qe SAIA el < folA
AR o121 kot 7k gl wisk s x]ek AXE A4
+ Uehio g2y 7 v ol X8 AlfE AEEH AR vt
g AoF A5 H o]F g AolE Hjlsty] sl
AR EE] 5 vl Eof stk

oA 72} H]E TOMO DirectE ©]-8-3
nl 24 wAe] ol 71 7] A4 X8 7Y, 24
U AzF 274 7)ol sl Bk B & 2UE gel(MU)
(22147, 225+11 vs. 1265+87)¢} 1l 24 A]7H221 £13(s),
217£9(s) vs. 1528+£259(s))& Ye= P2 o} =4
] A B 71T vlaslls Wl X8 Al o] &
olgt AAlo] gt}

AZHoZ TOMO Directs ol&dh A =AY

jus

c

=

EREL
A A



oy 2 52 FEE HHds = YAMM X2 Al TOMO DirectE 0l &% HM ZALel & 7Moo st nF
IMRT .+ Tomotherapy®} 2| # = =9} AAke] x| A=k parative study of surface dose and dose distribution for in-
Al w2 8A L Z5) A)7]A] ok whd A AA tact breast following irradiation with field-in-field technique
o] AU MFEEE 018 2= glo] Sul HE A% = \1139 tille4use of conventional wedges. Med Dosim 2004;29:
A A8 A AR Eelelel Andc 12. Oliver M, Chen J, Wong E, et al.: A treatment planning
study comparing whole breast radiation therapy against con-
i formal, IMRT and tomotherapy for accelerated partial breast
A= irradiation. Radiother Oncol 2007;82:317-323
13. Gonzalez VJ, Buchholz DJ, Langen KM, et al.: Evaluation
1. Fischer B, Redmond C, Poisson R, et al.: Eight-year results of two tomotherapy based techniques for the delivery of
of a randomized clinical trial comparing total mastectomy whole-breast intensity-modulated radiation therapy. Int J
and with or without in the treatment of breast cancer. N Radiat Oncol Biol Phys 2006;65:284-290
Engl J Med 1989;320:822-828 14. Reynders T, Tournel K, De Coninck P, et al.: Dosimetric as-
2. Sarrazin D, Le MG, Arrigada R, et al.: Ten-year results of a sessment of static and helical TomoTherapy in the clinical
randomized trial comparing a conservative treatment to mas- implementation of breast cancer treatments. Radiother Oncol
tectomy in early breast cancer. Radiother Oncol 1989;14: 2009;93:71-79
177-184 15. Schubert LK, Gondi V, Sengbusch E, et al.: Dosimetric
3. Veronesi U, Cascinelli N, Mariani L, et al.: Twenty-year comparison of left-sided whole breast irradiation with
follow-up of a randomized study comparing breast-conserv- 3DCRT, forward-planned IMRT, inverse-planned IMRT, hel-
ing surgery with radical mastectomy for early breast cancer. ical tomotherapy, and topotherapy. Radiother Oncol 2011;
N Engl J Med 2002;347:1227-1232 100:241-246
4. Straus K, Lichter A, Lippamann M, et al.: Results of the 16. =01, du|&, A4 5 8] B4 =4 A] Field-
National Cancer Institute early breast cancer trial. JNCI in-Field Intensity Modulated Radiation Therapy2} Conven-
Monographs 1992;11:27-32 tional Radiation Therapy®] A4S} X|gAElol 3t 3%,
5. Early Breast Cancer Trialists’Collaborative Group: Tamoxi- ek A X 2 7)8H3] 4] 2010;22:41-46
fen for early breast cancer: an overview for the randomized 17. Taylor ME, Perez CA, Halverson KJ, et al.: Factors influ-
trials. Lancet 1998;351:1451-1467 encing cosmetic results after conservation therapy for breast
6. Kutcher GJ, Smith AR, Fowble BL, et al.: Treatment plan- cancer. Int J Radiat Oncol Biol Phys 1995;31:753-764
ning for primary breast cancer: a patterns of care study. Int 18. Kim B, Nadia H, Suzette D, et al.: Long-term cardio-
J Radiat Oncol Biol Phys 1996;36:731-737 vascular mortality after radiotherapy for breast cancer. J] Am
7. Lingos TI, Recht A, Vicini F, et al.: Radiation pneumonitis Coll Cardiol 2011;57:445-452
in breast cancer patients treated with conservative surgery 19. Paszat LF, Mackillop WJ, Groome PA, et al.. Mortality
and radiation therapy. Int J Radiat Oncol Biol Phys 1991; from myocardial infarction after adjuvant radiotherapy for
21:355-360 breast cancer in the surveillance, epidemiology, and end-re-
8. Wallgren A: Late effects of radiotherapy in the treatment of sults cancer registries. J Clin Oncol 1998;16:2625-2631
breast cancer. Acta Oncol 1992;31:237-242 20. Vicini FA, Sharpe M, Kestin L, et al.: Optimizing breast
9. Beckham WA, Pepescu CC, Patenaude VV, et al.: Is multi- cancer treatment efficacy with intensity-modulated radiothe-
beam IMRT better than standard treatment for patients with rapy. Int J Radiat Oncol Biol Phys 2002;54:1336-1344
left-sided breast cancer? Int J Radiat Oncol Biol Phys 21. Beckham WA, Popescu CC, Patenaude VV, et al.: Is multi-
2007;69:918-924 beam IMRT better than standard treatment for patients with
10. Harsolia A, Kestin L, Grills I, et al.: Intensity-modulated ra- left-sided breast cancer? Int J Radiat Oncol Biol Phys 2007,
diotherapy results in significant decrease in clinical toxicities 69:918-924
compared with conventional wedge-based breast radiothe- 22. Lo YC, Yasuda G, Fitzgerald TJ, et al.: Intensity modulation
rapy. Int J Radiat Oncol Biol Phys 2007;68:1375-1380 for breast treatment using static multi-leaf collimators. Int J
11. De la Torre N, Figueroa CT, Martinez K, et al.: A com- Radiat Oncol Biol Phys 2000;46:187-194

65



o SHb AR x| 2 2F3( X 2011;23(1):59-66

Abstract

Evaluation of Tangential Fields Technique Using TOMO
Direct Radiation Therapy after Breast Partial Mastectomy

Mijung Kim, Jooho Kim, Hunkyum Kim, Kangchul Cho, Byeongchul Chun, Jeonghee Cho

Department of Radiation Oncology, Yonsei Cancer Center, Yonsei University Health System, Seoul, Korea

Purpose: Investigation of the clinical use of tangential fields technique using TOMO direct in comparison to
conventional LINAC based radiation therapy after breast partial mastectomy.

Materials and Methods: Treatment plans were created for 3 left-sided breast cancer patients who had radiation
therapy after breast partial mastectomy by using wedged tangential fields technique, field in field technique (FIF),
TOMO Direct, TOMO Direct intensity modulated radiation therapy (IMRT) under the normalized prescription condition
(Dooz: 50.4 Gy/28 fx within CTV). Dose volume histogram (DVH) and isodose curve were used to evaluate the
dose to the clinical target volume (CTV), organ at risk (OAR). We compared and analyzed dosimetric parameters
of CTV and OAR. Dosimetric parameters of CTV are Dgg, Dgs, Dose homogeneity index (DHI: Dio/Dgo) and Vios, Vito.
And dosimetric parameters of OAR are Vio, Voo, Vo, Vao of the heart and V1o, Voo, Va0 of left lung.

Results: Dosimetric results of CTV, the average value of Dgg, Des were 47.7x1.1 Gy, 49.4+0.1 Gy from wedged
tangential fields technique (W) and FIF (F) were 47.1+0.6 Gy, 49.2+0.4 Gy. And it was 49.2+0.4 vs. 48.60.8 Gy,
49.920.4 vs. 49.5%0.3 Gy for the TOMO Direct (D) and TOMO Direct IMRT (). The average value of dose
homogeneity index was W: 1.1£0.02, F: 1.07+0.02, D: 1.03+0.001, I: 1.05+0.02. When we compared the average
value of Vios, V110 using each technique, it was the highest as 34.6+9.3%, 7.5+7.9% for wedged tangential fields
technigue and the value dropped for FIF as 16.5+14.8%, 2.1£3.5%, TOMO direct IMRT as 7.5£8.3%, 0.1+0.1% and
the TOMO direct showed the lowest values for both as 0%. Dosimetric results of OAR was no significant difference
among each technique.

Conclusion: TOMO direct provides improved target dose homogeneity over wedged tangential field technique. It is
no increase the amount of normal tissue volumes receiving low doses, as oppose to IMRT or Helical TOMO IMRT.
Also, it simply performs treatment plan procedure than FIF. TOMO Direct is a clinical useful technique for breast
cancer patients after partial mastectomy.
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