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Aims: To dosimetrically evaluate the Volumetric Modulated Arc Therapy (VMAT) technique and compare it with
Three-Dimensional Conformal Radiotherapy (3D-CRT) for postmastectomy breast cancer therapy.

Methods and Material: Ten consecutively treated lefi sided breast cancer patients were selected for this study. VMAT
plans were generated from each of the patients planning CT and compared with 3D-CRT plans.

Statistical analysis used: Two tailed paired t test

Results: The VMAT technique provided statistically significant homogenous and conformal dose distribution with
mean HI of (0.1£0.02) and mean CI of (1.1£0.06) when compared mean HI of (0.3£0.02) and mean CI of (1.7+0.2)
in the 3D-CRT technique. VMAT plans showed reduced V30 of the heart (10+4.54) when compared to 3D-CRT plans
(15.1£8.53). Except V30, VMAT plans resulted in higher doses to heart. The mean doses received by left lung was
(17.50+6.27) and was significantly higher than that of 3D-CRT plans (10.20+3.72). VMAT plans also gave higher

doses to the contralateral lung and the opposite breast.

Conclusions: VMAT plans in post mastectomy breast cancers provide more homogenous and conformal plans as
compared to 3DCRT plans but higher doses to normal tissues.

Keywords: Three-Dimensional Conformal Radiotherapy, Volumetric
Modulated Arc Therapy, Post mastectomy chest wall irradiation.

Key Messages: Though VMAT technique results in more homogenous
and conformal plans, it should be used in selected patients keeping the
normal tissue constraints in mind.

Introduction

Breast cancer is the commonest cancer among females in India and
worldwide. Majority of the patients present with locally advanced
tumors at diagnosis. Postmastectomy radiotherapy to the chest wall
is the standard treatment for all locally advanced breast cancers
[1,2]. The target volume i.e. chest wall is convex, thin, irregular
and close to lungs and heart. Radiotherapy treatment is associated
with morbidity of the heart, lung, subcutaneous tissue, skin and a
risk of secondary malignancies [3-10]. Various studies have shown
IMRT technique to be superior to the conventional 3D-CRT in
target volume dose coverage and sparing of normal tissue [11-13].
However, a disadvantage of IMRT over 3D-CRT is the long treatment
duration owing to the higher number of fields and monitor units
(MUgs) involved. In addition, although IMRT reduces the volume of

the heart and ipsilateral lung that receive high doses, it is associated
with an increase in overall low-dose radiation. Also, the utilization of
IMRT has its share of demerits due to set up and respiratory motion
uncertainties. Hence, despite the available clinical data, the wider
use and specific indications for IMRT in breast cancer have not been
established.

In volumetric modulated arc therapy (VMAT), a technical extension
of conventional fixed-field IMRT, an optimized dose distribution is
possible with a single gantry rotation. VMAT reduces the number
of MUs and treatment delivery time, with similar or better planning
target volume (PTV) coverage and sparing of organs at risk (OARs)
than IMRT. Reports on VMAT for breast cancer are few [14-19].
The present study was aimed to dosimetrically evaluate the VMAT
technique and compare it with 3D-CRT for postmastectomy breast
cancer therapy.

Subjects and Methods

Ten consecutively treated left sided breast cancer patients were
selected for this study. All patients were previously treated with
chest wall radiotherapy using conventional 3D-CRT. Patients were
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set up on a breast board with arms raised above head and head turned
towards opposite side of the treatment side. Planning images were
acquired on a CT simulator with Smm slice thickness. Images were
transferred to the Eclipse Planning System version 11.1 (Varian
Medical Systems, Palo Alto, CA).

Target volume

The clinical target volume (CTV) of chest wall was delineated
according to Radiation therapy oncology group (RTOG) breast
cancer consensus definitions. A margin of 5 mm was added to CTV
to generate PTV to account for set up error and intrafraction motion
due to respiration. PTV was retracted 3mm from the skin surface.
The organs at risk were also defined. The heart contour extended
from the inferior aspect of the pulmonary artery trunk through the
cardiac apex. The ipsilateral and contralateral lungs were contoured.
The contralateral breast was outlined. A dose of 50 Gy in 25
fractions was prescribed to PTV. Beam energy of 6MV was used
for all planning.

Tangential Beam 3D-CRT Planning

Tangential beams, physical wedges (usually 15°) and multileaf
collimators were used for planning. Gantry angles ranged from 300-
310 for medial tangential field and for 120-130 for lateral tangential
field for left chest wall treatment. Fields extended 2cm beyond the
chest wall surface to account for respiratory motion. Plans were
optimized for adequate PTV coverage while minimizing dose to
ipsilateral lung and heart.

VMAT planning

1 cm bolus was added to the surface of chest wall to manage the dose
to the skin due to megavoltage build up region and displacement of
the chest wall due to respiration. The plans were optimized such
that 95% of the PTV received the prescription dose. 95% of the
prescription dose is received by 99% of PTV. Also, less than 20% of
ipsilateral lung should receive 20 Gy, less than 10% of the heart to
receive 30 Gy. 2 partial arcs (gantry rotated from 310 to 150 degrees)
and 15 degree collimator rotation were utilized to generate the
VMAT plans. These angles were chosen to avoid direct irradiation
of the contralateral lung and breast, spinal cord. The DVHs of the
PTV, lungs, heart and contralateral breast were acquired.

Plan evaluation
For dosimetric analysis, the following indices were extracted from
dose-volume histograms (DVHs). For the target, following parameters
were calculated. D98% or D . (the dose received by 98% of the
target volume, D2% or D (the dose received by 2% of the target
volume), mean dose, dose homogeneity index (HI), V110%, V 107%
(percentage of the PTV receiving 110% and 107% of the prescription
dose) and conformity index. D98% and D2% were used to evaluate
the minimal and maximal dose to the target, respectively.
HI and CI were calculated according to definition proposed by the
International Commission on Radiation Units and Measurements
(ICRU) and expressed as follows [21]:

HI = D2% - D98%,

D50%

Where D2%, D98% and D50% are the dose covering 2% , 98% and

50% of the PTV volume.
CI = Volume receiving at least 95% of the prescribed dose

Volume of PTV

Ipsilateral lung V5, V10, V20 and Dmean, contralateral lung V5
and Dmean, heart V5, V10, V30 and Dmean, contralateral breast
V5 and Dmean were calculated and compared.

Statistical Analysis

The results were represented as mean =+ standard deviation (SD).
Statistical analysis was performed using Microsoft XL version 13.
The datasets were compared using two tailed Paired t test. The p
value less than 0.05 was considered statistically significant.

Results

Target coverage

The comparative dose coverage of PTV has been shown in Table 1
and depicted in (Figure 1). The difference in the maximum dose
to PTV (D,,) and minimum dose to PTV (D,,, ) were statistically
significant (p<0.01). The VMAT technique provided statistically
significant homogenous and conformal dose distribution with mean
HI of (0.1+£0.02) and mean CI of (1.1+0.06) when compared mean HI
0f(0.3+£0.02) and mean CI of (1.7£0.2) in the 3D-CRT technique. The
mean dose received by PTV was 50 Gy while that with 3D-CRT was
(45.20+2.98) Gy and the difference was statistically significant (p<
0.05). The hot spots were also significantly lower in VMAT technique.
p values for V107% and V110% were 0.002 and 0.04 respectively
favouring VMAT technique. The mean MU delivered by VMAT
plans was (642.8+54.6) which statistically higher than that delivered
by 3D-CRT plans which was (251.20+£11.29) (<0.001) [Table 1].

Figure 1: Showing axial, coronal and saggital images comparing
3DCRT and VMAT.

Table 1: PTV coverage based on DVH analysis.

PARAMETER 3DCRT VMAT P value
D 2% (Gy) 54.1 £0.67 52.2+0.23 <0.01
D 98% (Gy) 40.4 +0.85 462 +0.74 <0.01
HI 0.3 £0.02 0.1 £0.02 <0.001
CI 1.7+0.22 1.1 £0.06 <0.01
Mean (Gy) 452 +2.98 50 <0.05
V110% 0.8 +0.96 0 0.04
V107% 45+332 0.1 +£0.13 0.002
MU 25121129 | 642.8 +54.61 <0.001

Normal tissue sparing

In terms of the doses to the heart for the two treatment techniques,
VMAT plans showed reduced V30 of the heart (10+4.54) when
compared to 3D-CRT plans (15.1£8.53) which were statistically
significant (p=0.02). VMAT plans gave higher mean, V5 and V10
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doses to the heart. For the lung, the VMAT plans had higher V20
values as compared to 3D-CRT plans (32.40+7.45 vs 19.70+4.62)
and also higher V10, V5 values. The mean doses received by left
lung was (17.50+6.27) and was significantly higher than that of
3D-CRT plans (10.20£3.72) (p=0.01).

VMAT plans gave higher mean (8.20+0.97 Gy vs 0.4+0.15 Gy) and
V5 doses to the right lung, as compared to 3D-CRT (76.90+11.76
vs 0.04+0.1). The mean dose to the contralateral breast was higher
in VMAT plans (3.2+0.43 Gy) when compared to 3D-CRT plans
(1.240.79 Gy) (<0.001). The mean MU delivered by VMAT plans
was (642.8+54.6) which statistically higher than that delivered by
3D-CRT plans which was (251.20+11.29) [Table 2].

Table 2: Comparison parameters of normal tissue with 3DCRT
and VMAT.

PARAMETER | 3DCRT | VMAT | Pvalue

Heart

Mean (Gy) 9.3 +4.25 14.6 +2 0.001

V 30 (%) 15.1 £8.53 10 +4.54 0.02

V10 (%) 18.1£9.23 543 +8.8 <0.01

V5 (%) 23.9+£10.23 98.4 +2.48 <0.001

Left lung

Mean (Gy) 10.2 +3.72 17.5 £6.27 0.01

V20 (%) 19.7 + 4.62 324 +7.45 0.003

V10 (%) 23.7+3.05 64.4 +10.33 <0.01

V5 (%) 30.8 +3.41 98.3 +0.82 <0.001

Right lung

Mean (Gy) 0.4 +0.15 8.2 +0.97 <0.001

V5 (%) 0.04 0.1 76.9 + 11.76 <0.001

Opposite breast

Mean (Gy) 1.2 £0.79 324043 | <0001
Discussion

There have been many studies comparing VMAT technique to
IMRT for treating post breast conservation surgery patients [21,22].
They have concluded that IMRT technique is better than VMAT in
terms of normal tissue sparing, though VMAT is superior in target
coverage. Zhang et al. in their study compared VMAT versus IMRT
in post mastectomy patients and concluded that VMAT was similar
or superior to IMRT in terms of target coverage.[23] In our study we
have dosimetrically compared VMAT and 3D-CRT techniques to
know the true benefit. In terms of planning target volume coverage,
VMAT plans were definitely better than 3D-CRT plans in our study
also as discussed above. VMAT plans were more homogenous and
conformal.

In terms of sparing the normal tissues VMAT plans did not have any
great advantage over 3D-CRT plans. The high incidence rates and
long term survival rate of breast cancer patients makes the toxicity of
radiation treatment an important issue during treatment. In our study
only heart V30 was reduced when compared to the 3D-CRT plans.
But, Heart V5, V10 and mean doses were higher. Several studies have
reported incidences of radiation induced cardiac diseases when heart
receives more than 35-40Gy and reduction of V40 would reduce heart

toxicities [22,23]. Also, ipsilateral lung mean dose, V5, V10 and V20
was higher in VMAT plans. Contralateral lung also received higher
doses in VMAT plans when compared to 3D-CRT plans. Hence, in
terms of sparing the heart or lung, VMAT plans did not show any great
advantage except reducing heart V30.

The delivery of low dose irradiation to healthy tissue, especially
to the contralateral breast has been shown to increase the risk of
secondary breast cancer [8]. VMAT plans delivered higher doses
to the opposite breast also. Our results are comparable to study
by Badakhshi et al. in 2013, who evaluated VMAT technique for
post breast conservation patients. They concluded that VMAT
was inferior to 3D-CRT with regard to dose distribution to organ
at risk, especially at low dose level, and therefore VMAT is not
recommended for treatment of breast cancers [24].

In our study contours, we have not included the supraclavicular
or the internal mammary nodal region and their inclusion in the
treatment volumes, which is often required, will further increase the
lung and heart doses. When internal mammary nodal region has to
be covered, 3D-CRT techniques may also give high lung dose with
compromised target coverage. In such a situation VMAT might have
an upper hand. In cases where the posterior extent of target volume
is extending beyond the mid axillary line, VMAT plans could be
better. VMAT will be helpful for cases where 3D-CRT is not giving
proper dose distribution due to variation in chest wall shape and also
giving high lung or heart doses. Hence, VMAT technique should
be used on selected patients keeping the normal tissue constraints
in mind.

References

1. Ragaz J, Olivitto 1A, Spinelli JJ, Phillips N, Jackson SM, et
al. (2005) Locoregional radiation therapy in patients with
high risk breast cancer receiving adjuvant chemotherapy: 20
year results of the British Columbia randomized trial. J Natl
Cancer Inst 97: 116-126.

2. Recht A, Edge SB, Solin LJ, Robinson DS, Estabrook A, et
al. (2001) Postmastectomy radiotherapy: Clinical practice
guidelines of the American soceity of clinical oncology. J Clin
oncol 19: 1539-1569.

3. Hooning MJ, Botma A, Aleman BM, Baaijens MH, Bartelink
H, et al. Long-term risk of cardiovascular disease in 10-year
survivors of breast cancer. J Natl Cancer Inst 99: 365-375.

4. Harris EE, Correa C, Hwang WT, Liao J, Litt HI, et al. (2006)
Late cardiac mortality and morbidity in early-stage breast
cancer patients after breast-conservation treatment. J Clin
Oncol 24: 4100-4106.

5. Rancati T, Wennberg B, Lind P, Svane G, Gagliardi G (2007)
Early clinical and radiological pulmonary complications
following breast cancer radiation therapy: NTCP fit with four
different models. Radiother Oncol 82: 308-316.

6. Henson KE, McGale P, Taylor C, Darby SC (2013) Radiation-
related mortality from heart disease and lung cancer more
than 20 years after radiotherapy for breast cancer. Br J Cancer
108: 179-182.

7. Miller SR, Mondry T, Reed JS, Findley A, Johnstone PA
(1998) Delayed cellulitis associated with conservative therapy
for breast cancer. J Surg Oncol 67: 242-245.

8. Morgan EA, Kozono DE, Wang Q, Mery CM, Butrynski JE,
et al. (2012) Cutaneous radiation-associated angiosarcoma of
the breast: poor prognosis in a rare secondary malignancy.

Int J Cancer Res Ther, 2017

Volume 2 | Issue 2 | 3 of 4



10.

I1.

12.

13.

14.

15.

16.

Ann Surg Oncol 19: 3801-3808.

Rubino C, Shamsaldin A, Le MG, Labbe M, Guinebretiere
IM, et al. (2005) Radiation dose and risk of soft tissue and
bone sarcoma after breast cancer treatment. Breast Cancer
Res Treat 89: 277-288.

Sachs RK, Brenner DJ (2005) Solid tumor risks after high
doses of ionizing radiation. Proc Natl Acad Sci USA 102:
13040-13045.

Beckham WA, Popescu CC, Patenaude VV, Wai ES, Olivotto
IA (2007) Is multibeam IMRT better than standard treatment
for patients with left-sided breast cancer? Int J Radiat Oncol
Biol Phys 69: 918-924.

Rudat V, Alaradi AA, Mohamed A, Al-yahya K, Altuwaijri
S (2011) Tangential beam IMRT versus tangential beam
3D-CRT of the chest wall in postmastectomy breast cancer
patients: A dosimetric comparison. Radiat Oncol 6: 26.
Schubert LK, Gondi V, Sengbusch E, Westerly D C, Soisson
ET, et al. (2011) Dosimetric comparison of left sided whole
breast irradiation with 3DCRT, forward planned IMRT,
inverse planned IMRT, helical tomotherapy, and topotherapy.
Radio oncol 100: 241-246.

Qiu JJ, Chang Z, Wu QJ, Yoo S, Horton J, Yin FF (2010)
Impact of volumetric modulated arc therapy technique on
treatment with partial breast irradiation. Int J Radiat Oncol
Biol Phys 78: 288-296.

Popescu CC, Olivotto IA, Beckham WA, Ansbacher W,
Zavgorodni S, et al. (2010) Volumetric modulated arc therapy
improves dosimetry and reduces treatment time compared to
conventional intensity-modulated radiotherapy for locoregional
radiotherapy of left-sided breast cancer and internal mammary
nodes. Int J Radiat Oncol Biol Phys 76: 287-295.

Johansen S, Cozzi L, Olsen DR (2009) A planning comparison
of dose patterns in organs at risk and predicted risk for radiation
induced malignancy in the contralateral breast following
radiation therapy of primary breast using conventional, IMRT

17.

18.

19.

20.

21.

22.

23.

24.

and volumetric modulated arc treatment techniques. Acta Oncol
48: 495-503.

Nicolini G, Clivio A, Fogliata A, Vanetti E, Cozzi L (2009)
Simultaneous integrated boost radiotherapy for bilateral
breast: a treatment planning and dosimetric comparison for
volumetric modulated arc and fixed field intensity modulated
therapy. Radiat Oncol 4: 27.

Sakumi A, Shiraishi K, Onoe T, Yamamoto K, Haga A, et al.
(2012) Single-arc volumetric modulated arc therapy planning
for left breast cancer and regional nodes. J Radiat Res 53:
151-153.

Pasler M, Georg D, Bartelt S, Lutterbach J (2013) Node-positive
left-sided breast cancer: does VMAT improve treatment plan
quality with respect to IMRT? Strahlenther Onkol 189: 380-386.
Cosset JM, Henry-Amar M, Pellae Cosset B, Carde P, Girinski
T, et al. (1991) Pericarditis and myocardial infarctions after
Hodgkin,s disease therapy. Int J Radiat Oncol 21: 447-449.
Zhao H, He M, Cheng G, Han D, Wu N, et al. (2015) A
comparative dosimetric study of left sided breast cancers after
breast conservation surgery treated with VMAT and IMRT.
Radiat Oncol 10: 231.

Badakhshi H, Kaul D, Nadobny J, Wille B, Schouli J et al.
(2013) Image-guided volumetric modulated arc therapy for
breast cancer: a feasibility study and plan comparison with three-
dimensional conformal and intensity-modulated radiotherapy. Br
J Radiol 86: 20130515.

Zhang Q, Yu XL, Hu WG, Chen JY, Wang JZ, et al. (2015)
Dosimetric comparison for volumetric modulated arc therapy
and intensity modulated radiotherapy on the left-sided chest
wall and internal mammary nodes irradiation in treating post-
mastectomy breast cancer. Radiol Oncol 49: 91-98.

Ishikura S, Nihei K, Ohtsu A, Boku N, Hironaka S, et al.
(2003) Long term toxicity after definitive chemotherapy for
squamous cell carcinoma of thoracic esophagus. J Clin Oncol
21:2697-2702.

Copyright: ©2017 Arpitha S, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

Int J Cancer Res Ther, 2017

Volume 2 | Issue 2 | 4 of 4



