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Summary

Purpose: To tried to find better plan between intensity modulated
radiation therapy plan and the standard plan from the breast cancer
patients who took a modified radical mastectomy. When the planning
target volume include chest wall, supraclavicular nodes, and internal
mammary nodes, a significant volume of the heart and the ipsilateral
lung may received high radiation doses, which may result in late
complications. The value of intensity modulated radiation therapy to
avold the heart and ipsilateral lung dose was studied.

Materials and methods: Chest wall, supraclavicular nodes, and
internal mammary nodes, and normal tissues were contoured for 10
patients previously treated with the radiation therapy after the
modified radical mastectomy for the breast cancer. With eleven-—
beam, intensity modulated radiation therapy plans were developed and
compared with standard plans. Conformity index, homogeneity index
and doses to normal tissues were compared.

Results: Intensity modulated radiation therapy plans were significantly
improved homogeneity (1.11 vs. 2.47), conformity (0.99 vs. 0.54),
volum of the heart receiving more than 30 Gy (V30-heart) (4.6% vs.
16.96%), and volume of lung receiving more than 20 Gy (V20-lung)
(22% vs. 27%) in left breast cancer patients. And intensity modulated
radiation therapy plans were improved homogeneity (1.11 vs.3.35),
conformity (0.99 vs. 0.5), and volume of lung receiving more than 20

Gy (V20-lung) (27% vs. 28%) in right breast cancer patients also.



Conclusions: Intensity modulated radiation therapy plan was better for
the breast cancer patients with the modified radical mastectomy. The
heart and the ipsilateral lung volume receiving high doses were

decreased, except the low dose regions.
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Fig 11. Standard planning fields - photon-electron combination

D Standard planning methods



83 7o % Fig 10, 11 ¥ Zo] HAFXAIZ &+=d, PTVW W@z o] 3o
He Agde gy e HHow XNsAES st Fig 10, 11 oA Wiadzd

i=
o CTHAYd & Azngo=m wAsdon, F2 - FH 1140 o5 HZ3}

&
o] SHEF ol ol kel Hol= W dAFHE 1 em HAEE 7HA I Tk

Fig 10 ¥ zo] Fig 9 A A1&3stE Zternt 4 ye 718 o] g3le] otz Wi

H

WIZAS TP 2AEE B9 @+ A

YA} A4S sl ARAGe] ol gae FrAE FYRAE AAFD Wopl

rlr

Fol 94 A& FURESE F AR QAR A BT 94 F AR ALg)
SIEREDCERTE R

3l Whw o)t}
- IMRT X &5A4%

IMRT A 8418 WH- AR§Ae] Ao g ol g a o] AX5 HAst duds
(Inverse treatment optimization algorithm)< ©]-&3}e] PTVel Hdo AHS F1 &
o, A 2 T AT dle A AES T AsAgYHe

Fig 12 ¢k o] &daelss Fsto] AAsAAS AAA =A™ o5 F
dZg v ol (Multi leaf collimator, MLC)7} dynamic 3}Al & & o)A ).

3) AR R

)
=
X
N
o
o
2
b
2
P
ez

W melA A AHEE AV TES Agetel Fig 13 3 ol

R
o
i
>
£
ol
2L
X
[t
By

_23_



Structures and Objecthves -il E |

™ Use farmal Tissua Objectva Fronty I B 100y
Upper | Vokme [%F | T3 Cose lcoy] Frioidy = |
[¥ ey Vonmajco) [ H oty [T VARG mescadenmn) [T |I |
Upipr Vikima (% |_ﬁ'6 e [ediy] ]—m Priuty {_ﬁ'ﬁ | I.
Uggper I [ =mn ™= 40 |I
Uppes L [ L |
Lowss  Vohme [} [~ B0 Cose jeoy) [ 5000 priuty [ 15 1\
Lower IBLLE gL = |
[ |/ Lumg Vourmlech [TEE Bodz [ TERE Fossdenfmm] [ 900 60 || e
Upper  Wokate [%E [~ 15 Dose eyl [~ B0 Pty [ 10 Ill \
Uppes [ or [T || ia!
[~ 5 Vehrmo oo [ WE  Ponts [ ATHE Resomion v [T 5T \
Uprn Vome [ [ 00 bosa Gy [ AB0D bty [ 10 J ) II lL
Upper L [T = |
[~ &z Vb [cof [ TEDT Pords [ FEEH Resoudon ol [T 300 II
Uppes  Vohame[SE [ 00 Doseloy) [ 48507 Py [ 16 |
Uppets = [Ty = - I'. 9
[ s vasralccp [ A%E  boeie [ AWK Resohdonjmem) [ B0 i \ I..Lb"
Upper  Vowma (R} [ 00 Cose [cdy] [T 27802 Trinty [ 1A '|\ ]
e [ = =T = \ b
B || spinet Cora Volme [cck [ 58 Poiotsi [ 3963 Rewobkation [mm) [ X8 i = b b
Upper vokme [%f [ 00 Dose [cgy| [ TT9A sty [T o e s s

Adid Uppor Objectne I t J Dalate Obyeclive [ Baso dose plan I
H v il Il time (rmin). I 10K

Bmaath | Smooth

MLC Mathad

MLC 120 Bearniel 30| [ . Bdux Aeralions I 10000
RAD(IOM_1  WLC 120 Bearmlal | 1.000 - :
RAG(330)_0  MLC 120 ‘Boamial [ @[ W[ 0 [ [ 10w Orf "'""“, h ‘9"'1325
RAG(320)_1  MLC 120 Beamiut [ @[ W[ © [ [ Tom |
RAG(IA0_0  MLC 120 Bearnie! ki bL] S |I b,
RAQ(IM_1  MLE 120 Bearmlgt El] T 7 [ oW _
RAO(ISSI_0  MLE 120 Bramiet @ T0[ o [ |
RAOI355) 1 MLC 120 ‘Boamal [ @[ @™ 0 [ [ Tom LA\
LPOOIO)Y  WLG 120 Boamiut [ @™ W[ 0 [ [ Tmm- =1
LPOUIG_O  MLE 120 Bearrlel [ ®[ B[ ¢ [ [ Tl e
LT.0 WLE 120 Beariel [ @[ @®m a[ [T
LTt MLG 12D BRamiet [ @[ @™ 0 [ [ o Shop ‘
LADITO 0 ML 120 Boamint — = @ s [ tm F
U?{EI?JJ WLG 120 Boamit [ @[ W[ 0 [ m Ei 0K Cancel Apply |

Fig 12. IMRT optimization

Fig 13. Patient in the therapy room
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Asteth 7 F Q= 4o 8471 5 W, 985 49 847 5 Fol AT Table 3
7 o] Aol A#MEE= 30~60 tHE 60 ti7F 3 H(30%), 50 tf 5 H(50%), 40 o

A7 5 W A A7 5 ol
¥ ¢ (Invasive ductal carcinoma, IDC) ©]a, W¥7]= 11 717} 9 ¥, IV 7|7F 1 W

o9t} ¢tel AVE 26~14 cm 22 H oF 5 cm ALY

Table 3. Patients characteristics

30 o 1 9 (10%)
A EE 40 of 1 9 (10%)
(LA™ 515 Al) 50 5 1 (50%)
60 o 31 (30%)
H74 A 51 (50%)

A5
H7d % 51 (50%)

01-4 tﬂﬂﬁl—?ﬂ =5 =]

>

[e] o
4 Fad

o] =7] (Median 4.75 cm) 26~14 cm
.
8 7] i 9 9 (90%)
v 1 4 (10%)
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WAMdARE 1 9 1 3] 180 cGyE F 5 3] Ao & WA @S 504 GyE

1) Structures contouring

RE 3lxE= 5 mm FE 22 CT-simulatorS ©]&3le] R 8E 39t PTVE
Fed fFUe FEHy 5 USUEEZAES XIgHYg. gHe aFoRes FH

(Sternum)] w2 bgAL A AAsa okl ol HuEE, ARt e A®
veliie) okd AgAelth 9, obdl, FW FWL GEhhFE WireE RoAE A

59 JOE wol fEAY Fd etk

WHPHIAE Fo - FH A o) AHA FH FuAF 5] o]
Aol MARARTIE | eom HAL A3 Yt

A U] WA Apex7tA 1) HEOIE
FHEAE agEth WS, 9%, oldE, 4% HAHsE 7] e 244902 PTV

HpE o 2 ylsjopst 25 (Avoidance struvtures)S A Al gt}

—

PTVel Wfidzd7l 2% £3HAT. o] a5 T 5% AA= AZIHEEEA
A771He] Ao 3 W FAe HAAE EFe WH(photon - electron
combination) (Pierce L] & 2002)%.2 Yz 22 extended wide angle (Mark LB
s 19945 o] &3 FAE o]&ste] FHAXAIE A5E Wokrh oA 2E 379 A=
F& T o3& FdHd  photon 15MVE  AL&3dto]  HAXRALRE
(Supraclavicular lymphnode, SCL)& 1 field& photong 6MVE A-&3te] 2 5 ukgtt}

PR T A e AR/ A (80%/20%) 0 2 ZASkE Mol th A o A= A%
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Fig 14. Modified radical mastectomy Fig 15. Fields

Fig 16. (A) Extended wide angle (B) Photon-Electron Combination

Fig 14 9} #Zo] Al §¥5 AAg A= 4o A7|7F 5 cm ool A ool
(Lymph node metastasis) 7} 47 o]/l 745 WAMAX 2 & w d s},

oluj X3 FAlolE= Fig 15 9 #o] &
gde Aol ZF o= & AHE B T A (Supraclavicular lymphnodes, SCL), 1811

AHkEoko] 9 x]o uhg}l W5 X d(Internal mammry nodes, IMNs)S X &H3lt},
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Fig 16 2 Standard plan®] ZAFoFS  Computed tomography (CT)GAo.2 el Aol

Y3 go] BEAZADNRAAE £ALk U] A} FEA L] 1 YOBE o

4z

Rol AL Aol BAS Folof Wrh ol MR BFANA J1&T PANA R A

A 7%7] uolt,

Table 4. IMRT Optimization

TEE A4 (%) A Z(cGy) $-4 <= ] (Priority)

0 5300 150
2 5280 150

PTV
95 5040 150
100 4788 150
20 2000 100
30 1500 100

A7
60 1000 100
100 4000 100
20 2000 100
5 7 30 1500 100
60 1000 100
Ll 0 1000 80
H = S 0 1000 80

=,
Ay
(e
BN
o%
>~
el

S
N
b

1M 6MV B o7 JAXFAYS dta, 7bed AAdRAS
H3EsHA PTVE LS A3} st} (Popescu 5 2006, Beckham 5 2004)
4334 b Table 2 9+ 2t PTV A 53 Gy, HaA% 47.88 Gy7t @A
ghok. Aol A FS 40 Gy olat®, el 60%7F e A 10Gy °lsk7t HA
dta1, &5 9 AWATFL 40 Gy oldt®, 5 A AAF =3 10 Gy o8tk 60%°]
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0 Gy olat7h S5 goh Ea ud) = &
=

1
W AYAF £ 10 Gy ook HES Bk $A%9E PIV B4 S, 4% )
Aeke] 95%7F A s gt AdF dAd e HAie AFs Fostes s
3) Plan Comparison

2dE A 5482 PTV Y

2

%ol 4

H
<
Ll
ne

rlo

oX.

S YEWF+ homogeneity #k, P

il

vhup 2 A Qe AAAS YEFE conformity #, L@ X g Az Z
o] A A& dose volume histogram (DVH) & EUZ & ¢lo] vlugtth PTV Ul A
2ko]  homogeneity A E& WA 95%9F 106%Atol o] A #S 747 PTVe HI& =

Aot A Ad2AS g3 Zo] mlalgth A 30 Gy £ I o i
20

CBZ Aol V(e 20 Gy B we AME AEsed o #ES B ol

7] WZolth £ o AR de FA4S a7] Sdl A V10, 55 #Hol VHE oy}
V40, V20, V10, V55 7153t} (Rodrigues 5 2004, Graham % 1999)
o = e g 2 W 3] vlasky] $18ko](Mean dose 9 V10)E A e ste]

w
—
Q
=
w0
=
(@)
®
Lo}
Q
o
Q.
Q)
)
D
—
o
=
=
D
w0
o)
Q.
®
w0
Q.
D
=]
@)
D
w0
%)
g
)]
v
&l
juS)
o
s
oo
o
oX
2
o
ox
=
o
a
o

AR B AY S Agate] ARaE 49 2L 5 b oA 30 Gy ol

A EE 53 97h B Age) WE el

4) Plan verification
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IMRT A=Age] 2UA HH AsAgS AFshe 445 AXA @k A5A o]
AA Bt A AGHAS o) F2o] ddo] He=AE Felste HAFoH

AZS 93 dosimetry deviced setupe TS Fig 17. Dosimetry devices setup -
Mapcheck ¥} Zt} FabeAde] &5 93 5 cm solid water phantome il
Mapcheck (dosimetry device)S A3ty 1 9Jo] thA] 3 cm solid water phantom<
o]  source to surface distant (SSD)E 97 cm 2.2 IASUT setup Al FTAOFE

30 cm * 30 cm = 3t

MapCHECK 2

Fig 18. Plan verification —(A) Planned dose, (B) Mapcheck, (C) Calculated dose

Fig 18 oA 9% dAdd ANaEAZS AS5S Hdl 7F-dl Hol= Mapcheckdl] A&
skth, 28lW Radiation treatment planning (RTP) SystemolA €A ® X &5A 3

dosimetry ZHlol G ALE Al HedH olAe] MY QLEZC Hol:=
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Fig 19. Plan verification - (A) Planned dose, (B) Measured dose

calculated dose ©]t}. ©] calculated dose distribution®} 2 A= o] deviced] X BAE S
Agste] HZ38 measured doseE T2 AL o] &3te] nluEA A duldo=m
planned dose®} measured doseZ Fig 19 ¢} #o] Hlul 3}o] 95%0]de] AR EE HO|
A HH X5 Agsioia HJrt s
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Fig 20. Plan verification _ Measured dose vs. Planned dose

1. Plan verifications
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Fig 28 3 2ol AZHzgrAdAsrIHy A8 7H Wk F7t
Mapchecks o] &3ttt X 8A 8y AA SA4H AGEXE IvlEA S F51o] A3
=& Pass rate® B AFA "t} o] Pass rate’t 95%°]%]
A Ht.

2
fl
2
=
i
ofr
ol
O
=
il
N
)

oA o]gH AZ|HMEUAIAAEZIHES HIE 952%, H 997%%= Hit ik

B T =
00010152 EAA Fol7t dge o F A
Table 5. Verification results
No. 1 2 3 4 5 6 7 8 9 | 10

Pass rate |99.7%|97.9%|98.8%|96.3% | 99.1% | 96.8% | 96.1% | 97% |97.3% | 95.2%

Mean 97.15%

p value < 0.001
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Fig 21. Isodose curve-Lt breast cancer patients
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Fig 22. Isodose curve-Rt breast cancer patients
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Fig 23. DVH-Lt breast cancer patients
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Fig 24. DVH-Rt breast cancer patients
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Table 6. Comparison parameter - Rt breast

Parameter Standard plan IMRT paln p value

HI 1.11(1.09~1.14) | 3.35(1.23~13.9) 0.106

PTV

CI 0.99(0.94~1.04) 0.5(0.49~0.53) <0.001

V5 55%(45~78) 99%(99) 0.002

V10 39%(33~59) 85%(70~92) 0.001

Va0 28%(23~35) 27%(17~35) 0.526

Lung, Rt V30 20.5%(19~27) 12%(10~15) 0.004
V40 17%(13~21) 49%(2.5~6) 0.005

Mead dose 15%(16.7~19.8) | 17.9%(16.7~19.8) 0.015

Table 7. Comparison parameter - Lt breast

Parameter Standard plan IMRT paln p value

HI 1.11(1.09~1.15) | 2.47(2.12~3.83) 0.038

o CI 0.99(0.94~1.01) | 0.54(0.45~0.55) <0.001
V5 96%(90~99) 30%(15~55) <0.001

V10 65%(40~85) 20%(12~23) 0.013

Va0 13.4%(5~17) 18.4(8~21) 0.061

Heart

V30 4.6%(2~6) 16.96(6~19) 0.049

V40 0.58%(0.1~2) 14.8(5~16) 0.042

Mead dose 13.96%(8~14.3) 11.7(5.7~14.3) 0.667

V5 50%(46~60) 95%(86~99) <0.001

V10 33%(31~39) 65%(50~75) 0.00

Va0 27%(25~33) 22%(20~25) 0.05

Lung, Lt V30 25%(25~29) 10%(8~12) 0.022
V40 18%(17~19.9) 4.7%(0.1~5) 0.006

Mead dose 13.9%(13.8~16) 15%(14.8~16) 0.166

V10 0% 5%(1~7) 0.015

Mead dose 0.38(0.36~3.6) 5.6%(5~6.4) <0.001

fsophagus Mead dose 2.84%(1.77~12) | 14.3%(13.8~17.9) 0.005
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2. Isodose curve in Standard plan vs. IMRT plan
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Fig 25. Evaluation for the lung (Rt) Fig 26. Evaluation for heart (Rt)

Fig 27. Eevaluation for the lung (Lt) Fig 28. Evaluation for the heart (Lt)
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