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A Dosimetric Comparision of IMRT and VMAT
in Synchronous Bilateral Breast Cancer
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A study was performed comparing dosimetric characteristics of volumetric modulated arc and intensity modulated
radiatio therapy on patients with bilateral breast cancer. For 5 patients, 3 plans were made for each patient;
IMRT beams 8 and 12 of the beam intensity modulated radiation therapy, volumetric modulated arc therapy plan.
The average PTVs volumes and Des for 12-IMRT were 51.04+0.57 Gy (right), 50.80+1.07 Gy (left), 42.94+16.16
Gy (right), 42.56+2.09 Gy (left). HI (Ds~Dgs) and Clgo.os, even 12-IMRT has shown excellent results. In OAR,
3 plans showed excellent results. But the lowest dose of 12—-IMRT. 12-IMRT achieved similar PTV coverage and

sparing of organs at risk than 8-IMRT and VMAT
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1. Xte| MEdnt X[=ZH =4

B QT 934 U B4 e ooz s,
EE 3= AFH 3o (Computed Tomography, CT)&
$o s G4Ans B AeAdle Fuasl

X 8 A1%]¢ AX+= Monaco 3.0 (Elekta, Crawley, UK)=
A-g-819i e} %] 8412 %] -24 (Planning Target Volume, PTV)
9l =499 A7) (Organ at Risk, OAR)+= Fig. 13} 2t} PTV
o HF AL LTHI A% A7 1,1448:5222 em’,

1,069.1£505.6 cm’0]t}h. PTVE] Aubd ek 2 GyE 253] &
g zAsto] F Aol 50 Gy7t HE% el E491Y
A7 2 A (hear) T} U Hl(lung)E 2 FACE 45 #
o] HIF AFL 1,1504293.3 cm’ (LEZF), 896.8+238.0 cm’

Fig. 1. The image shows Target definition on axis slice of the
CT data set in the study. Blue: Light-blue contour, Planning
Target Volume (PTV), Red: Light-red contour, Clinical Target
Volume (CTV).
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Table 1. Analysis of the DVH for PTV (Des, D2, Ds~Dgs (HI), Cleo, Clos).

Dgg (Gy) Dz (Gy) Ds"’Dgs (Gy) CI(}() C195
Rt.PTV

Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
8-IMRT 38.37+1.89 54.91+4.20 14.96+1.93 1.28+0.21 1.43+0.11
12-IMRT 42.94+1.62 54.48+4.11 10.69+1.62 1.07+0.06 1.17+0.07
VMAT 36.35+£2.22 57.68+1.13 17.10+2.44 1.30+0.13 1.57+0.21

Dos (Gy) D: (Gy) Ds~Des (Gy) Cloo Clys
LtPTV

Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
8-IMRT 38.21+4.17 56.93+0.75 15.10+3.76 1.25+0.25 1.56+0.42
12-IMRT 42.56+2.09 56.37+0.71 10.96+1.96 1.10+0.08 1.22+0.15
VMAT 36.86+5.12 58.04+0.70 16.78+4.59 1.34+0.23 1.72+0.41
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PTVY] A%} D8-S A E 12-IMRT7} 51.04+0.57

glsl et Gy (282, 50.80£1.07 Gy (21%), 42.94+16.16 Gy (%),
FoA7 o gt B4 i A% 2% 2-ol 7FIA] 42.5642.09 Gy (1F)E 7HA 8t 73 eFE WQlrh(Table 1).
T A% F5HoE AL AR g ¢z @ PTV Wl A% #244S & F & D5-DI5 FHoA %
t}. 2k olyel 92 #HlE= 5 Gy, 20 Gy, 45 Gyl Agko]  12-IMRTZ} 7H4 A2 kel 10.69£1.62 Gy, VMATo] 7}#
zZA4E = AFd AR vlazsidel AR gE5Foz k9l 17.10+2.44 GyE H.Olth(Fig. 2a). CIE ZA| PTVel
A go] B 3 9ol 10 Gy, 45 Gy7} A== AFoll A 12-IMRT7} 7P £ A5 HoF3 VMATe| 713
el zAskelch 2 7kS Kol 12-IMRTS} 8- IMRTell vl&fl £4 X3+ A3=
ZA Agol st Ao 2E £z ok AA A HolF3 Qlrk(Fig. 2b).
A P Fig. 32 b =ke] 90, 95, 105, 110%S HoF+= kS
UEbH Zlolth AubH o g 12-IMRT7F =2 ks Holi,
a 18.00 - Dy~Dgs (HI) of PTV b . Clg, and Clgg of PTV
16.00 - 1.6 -
14.00 1.4
. 12.00 - 1.2
>
S 10.00 _ 1.0
O (@]
S 8.00 - 0.8 -
=]
6.00 0.6 -
4.00 - 0.4
—e— CI90
2.00 021 -=-CI95
0.00 T T 1 0.0 T T 1
8IMRT 12IMRT VMAT 8IMRT 12IMRT VMAT
Fig. 2. The graph shows the (a) Ds~Dos (HI) (b) Clsy, Clos of total PTV.
a Rt. PTV b Lt. PTV
100.00 - . 100.00 -
90.00 - T 90.001  ®--____
> 80004 I - 80.00 1
& 70004 D R 70004 D
& 60.00 1 3 60004
©  50.001 ® 50.00 -
£ £
S5 40.00 S 40.00 A
S e
o 30007 o guRT \ e e 30007 o gvRT e
20.004 --=- 12IMRT 20.00{ --=- 12IMRT \
10001 T VMAT < 10001 T VMAT :
O-OO T T 1 OOO T T T 1
V90 V95 V107 V110 V90 V95 V107 V110

Fig. 3. The graph shows the Vo, Vos, Vios, V1o for (a) right side and (b) left side % volume of PTV.
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ol A= VMATe] <7k B =AY fASE 3he 2ol o
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HFAEk zko]l 247t 11.80£0.75 Gy (22%), 11.86+0.63 Gy
(81%)e]aL, 20 Gy7} E3=]&= A& o] 0.17+0.03% (LE%),
0.17+0.02% (%) 22 7H3 & k& Helck v VMAT
o] A9 HFA e gho]l 27t 12.92£1.16 Gy (LE%), 12.88+
129 Gy (1%)ol L, 20 Gy7} 3=+ ## ] 0.20£0.03%
(LB, 02510.13% (FZ)e & 7M1 52 k2 Kol
Aol 73§ Akl A= VMATe] 12.8842.10 Gy=
M = e EIANE 10 Gy7l 2AE= Al A=
8-IMRT7} 0.61+0.11%% 7Fd =< Fhs Ho]il VMATO]
0.51£0.15% % 7Hg A2 AH o] L=+ A& dlqich

Table 2. Analysis of the DVH for OAR (Rt.lung, Lt.lung, Heart).

Mean (Gy) D2y, (Gy) Vs 6y (%) Vao cy (%) Vis cy (%)
Rt.lung
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
S8IMRT 12.20+0.32 37.85+2.03 0.78+0.14 0.18+0.03 -
12IMRT 11.80+0.75 37.35+3.19 0.80+0.18 0.17+0.03 -
VMAT 12.92+1.16 38.25+4.30 0.85+0.12 0.20+0.03 0.01+0.01
Mean (Gy) Das (Gy) Vs o (%) Van 6 (%) Vis 6y (%)
Ltlung
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
S8IMRT 12.25+0.22 38.71+3.55 0.75+0.11 0.20+0.01 0.06+0.00
12IMRT 11.86+0.63 37.97+4.01 0.80+0.18 0.17+0.02 0.04+0.00
VMAT 12.88+1.29 39.62+2.75 0.83+0.15 0.25+0.13 0.05+0.00
Mean (Gy) D2 (Gy) Vio gy (%) Vis cy (%)
Heart
Mean+SD Mean+SD Mean+SD Mean+SD
S8IMRT 10.68+5.11 28.67+0.83 0.61+0.11 -
12IMRT 11.81+£1.18 28.49+2.83 0.52+0.10 -
VMAT 12.88+2.10 34.60+3.63 0.51+0.15 -
Table 3. Segments and number of monitor unit (MU) comparison for each plans.
8-IMRT 12-IMRT VMAT
Patient 1 Seg. 198 225 191
MU 1,377.66 1,447.98 1,342.75
Patient 2 Seg. 161 169 198
MU 1,164.26 1,154.18 1,119.59
Patient 3 Seg. 167 204 193
MU 1,132.87 1,367.49 1,366.8
Patient 4 Seg. 147 210 192
MU 1,164.54 1,402.69 1,244.36
Patient 5 Seg. 140 187 141
MU 922.36 1,198.57 1,046.29
Mean seg.+SD 162.6+22.52 199+21.60 183+23.63
Mean MU*SD 1,152.34+161.50 1,314.18+129.95 1,223.96+139.10

Seg.: segment, MU: monitor unit.

- 287 -



Sung—Jin Kim, et al : A Dosimetric Comparision of IMRT and VMAT in Synchronous Bilateral Breast Cancer

3. XA &=

Table 3 X EAH L£zAHY o F AFEs o
Ehdl Ao|ch. Ax HFZS vz S o 12-IMRT7F &
2z 2] 4 199+21.607W, & AeE 1,314.18+129.95 MUZ

7 =2 718 Bl 8 IMRTZ} 162.6+22.5270, 1,152.34+
161.50 MUZ 7} A& ZzAm o) F AsES HY

< sholstalnk

79 Aztol|A= A¥PEH o2 IMRT7} VMATe! H]
St ARE HolFa Qi o] 7|ES] A7z}
738k 014 Nicolini %3)% IMRTS} 2314 VMATS]
A A Zrol|A VMATo]
ku} OARClIA = #¢] A% 3605 3|43}
o“} A 248 VMATS 544 A= ddedlA e

12 AF ol zAEAR, 3AZF dddAe
VMATo| 24 5= =9 2| o] AA vebstel. Ao 7
¥ VMATe| A AH oA AAor £ AE HolF
I 9k B odFehE ke o] At X EAY =27E
A B 234 VMATS ©] 831932 VMATZ IMRTS] H
Ao e EZI} A% 7Zh7ke] PTVE o] A&

Q=2 A2 ellr}. o] Monaco X| AL A 2 Elo]
2 QDs}A ok ®leo] A#o|).

Z8]3l IMRTS} VMATS X & A9 A] 29HAIZ o]
ARG S AXA =k Ag 194 BA L on] AnE
EZ&sle Ao oA FFAA EE(ideal fluence
distribution) & $]3F FA o]}, 25k Al= # & 3} (optimization)
HAoz Wl e azAMe Bt 7hex] 55 AR
Al Hr B AT WEolle TRE A= A AL 74
= A E A 15kA] A & 7é £ 2% DVH4 IMRT
of ulsll VMATe] ¥ 3k
et kAR 22kA] A S A 21 ”311 VMAT«l PTVE

Ek'~‘>l ‘ﬂﬂxlﬂdxi IMRT”7} DVH 4 % -r—ri 7éJJr
= 5 T 99tk IMRTS} VMAT BF X &A%
A, 7&% *dak AR E 7FA AL X 5AE S sHA] = AR 2
A AL Al A &EE dlebulele N EARY B4 2
gt o]k Hpolol| A &= A= ko] 9lg Zlolgt
Azt o] FEtule e X EAEAA 9 ol wEtA e
Zt7t v 2] Hg5 e, Lafond 570] ololl 3k Ho] =
A3t Axg wEeeich

2 e 1o

A<
T
AN
o

il

7t 3kAke] X S AY AnE AuE 3k o Fhatel A
IMRTED} VMAT®| PTV®} OAR® w4 GA s AL $

T3k Artg BelE &9 & = 9ot o] A e &
2}01] Hlel] PTVE] A|Heo| Arhs EAS Hch 3 we
gare] AR ol & Unkst & & gliAIRE A|H ] Aol 7}
7t N BAE FollA] o Ao xpo]E Ho|=A= F7t
Aol ody} H Q3 Aol

IMRT®| 739 "le] Ado] 4x]o] A|ut VMATS| &
A F AAE =914 Wel Fdsle HelE Hola ¢l
frete A A 5F99 B4 Fe4719 =7t X}XH
+ H|Fo| # OARS Hu3slaal sl 7d3ke] & X 5 A%
g 544 PTve Aol gtaste Azkg Wl Zolzka

A7,
£ ATE Bl G234 U B VMATI IMRTS]
ARAD Ak sk, 12 AFANIE de

ruh‘,

e ol Sl A
o) 544 Dik7lollE ol

Al 12-IMRT7} o $<
A o] et 21%7413%'*1#
<] %rkh
ol oA = o] =ARZE X 8 A% A7kl i3k
AT AASA = EFARE, IMRTS] 45 wle) 771 5
7VgeE 2E]a VMATS A5 314 71 S718s5, A
Eg] 7HHo| Foldas L£zAMY o AFEY TUE
olo] A3 o] A& A EAYAZE & é_l_zﬂ ;qg-g s
A 7VE Z7VslA] Eek Table 3014 Q1 & & A% 1274
o] zAM o R o] Fo]Z IMRTY 7Z$- 714 ‘i%% Lz
o] ot AEE Kol glvk AA| ol
T o] A& A gfoksle ol A8l oﬂ
Aol mollAE olelgol A Zlo| AAelrh ubi Clivio
9} Verbakel 5°'72 F7 59} FuHE X Zoll4 VMATo|
A BAZHE 15~80% 9 o vk Haska gk oA
® Al Wt x5 a8E ASY F Ae
GeAo| tiFrle AR, o] ATE T
v FEa 213741@*1*9‘011 3k F7HAl AT A
A ool slale] g&A 0l XgE 9 /|F

=
Rus 1 O
=28 9}% Zlolet 7t vt

o
lo

Y':-:
9,
o
ok,
>

i1 s

1. Fisher B, Anderson S, Redmond CK, et al: Reanalysis
and results after 12 years of follow-up in a randomized clinical
trial comparing total mastectomy with lumpectomy with or with—
out irradiation in the treatment of breast cancer. N Engl J Med
333(22):1456-1461 (1995)

- 288 -



. Fogliataa A, Nicolinia G, Alberb M, et al: IMRT for
breast. A planning study. Radiother Oncol 76(3):300-310 (2005)
. Nicolini G, Clivio A, Fogliata A, et al: Simultaneous in-
tegrated boost radiotherapy for bilateral breast: a treatment
planning and dosimetric comparison for volumetric modulated
arc and fixed field intensity modulated therapy. Rad Oncol 4(1):
27 (2009)

. Intensity Modulated Radiation Therapy Collaborative
Working Group: Intensity modulated radiotherapy: current
status and issues of interest. Int J Radiation Oncology Biol Phys
51(4):880-917 (2001)

. Otto K: Volumetric modulated arc therapy: IMRT in a single
gantry arc. Med Phys 35(1):310-317 (2008)

. Semenenko VA, Reitzet B, et al: Evaluation of a commer-
cial biologically based IMRT treatment planning system. Med
Phys 35(12):5851-5860 (2008)

M7

=
> A
)
Z
Nk [0)

>
e
mjo
oo
[0 Hu

I

El

i

B
@) iy 1

Yol

o
i)

04+0.

8

) =
HU
o
>
rot o

|:||-1

3|'°1 Ct. 1 Z3E DVH
57 Gy (2

Eolct HI2t Clyggs0ll A =
-IMRTOl M 71

PROGRESS in MEDICAL PHYSICS Vol. 24, No. 4, December, 2013

7. Lafond C, Gassa F, Odin C, et al: Comparison between
two treatment planning systems for volumetric modulated arc
therapy optimization for prostate cancer. Eur J Med Phys 30(1):

-8 (2013)

. Martha MM, Di Y, Inga G, Alvaro M: Clinical applications
of volumetric modulated arc therapy. Int J Radiation Oncology
Biol Phys 77(2):608-616 (2010)

. Clivio A, Fogliata A, Franzetti-Pellanda A, et al:

Volumetricmodulated arc radiotherapy for carcinomas of the anal

canal: A treatment planning comparison with fixed field IMRT.

Radiother Oncol 92(1):118-124 (2009)

Verbakel WF, Cuijpers JP, Hoffmans D, et al: Volumetric

intensity-modulated arc therapy vs. conventional IMRT in head-

andneck cancer: a comparative planning and dosimetric study.

Int J Radiat Oncol Biol Phys 74(1):252-259 (2009)

10.

ZEHYUAMMX] Z(IMRT) 2}

YA X Z(VMAT)2| Hm AT

f of Lt}

o

=

stm o| 2y

i

o

I
gl_
2=
|0 O

), 50.80+1.07

12— MRT7|' Ry
2 MEE E

|_
=)
[ o




