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Abstract Volumetric modulated arc therapy (VMAT)
is modern rotational intensity modulated therapy used for
treatment of several sites. The study aimed to analyze par-
tial tangential arc VMAT treatment planning and delivery,
including analyzing the cardiac and contralateral breast
doses resulting from this technique. A total of 153 con-
secutively treated breast cancer (conservation as well as
mastectomy) patients were taken for this dosimetric study.
All patients were planned using partial arc VMAT in the
Monaco treatment planning system using two partial arc
beams. All patients were divided into seven different cat-
egories: (1) all the patients in the study, (2) left sided whole
breast and chest wall patients, (3) left Chest wall patients,
(4) left whole breast patients, (5) right sided whole breast
and chest wall patients, (6) right chest wall patients, and (7)
right whole breast patients. We evaluated each treatment
plan for PTV coverage and doses to OARs. SPSS version
16.0 software was used for statistical analysis. There were
91 left sided and 62 right sided breast cancer patients in the
overall analysis. The percentage of PTV volume receiv-
ing 95% of the prescription dose (PTV V95%, mean=+ SD)
varied in the range of 91.2+5.2-94.8+2.1% with mean
dose of 92.4+5.2% for all cases. The (mean+SD) car-
diac dose for all the patients was 289+23 cGy. The
(mean+SD) cardiac doses were higher for left sided
patients (424+33.8 cGy) as compared to right sided
patients (123.9+80 cGy) (p<0.001). Cardiac mean doses
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were higher with arc angles >30° versus 30° (324.5 +247.1
vs. 234.4+188.4 cGy) (p=0.001). Similarly contralateral
breast mean dose was higher with arc angles >30° versus
30° (126115 vs. 88.6+76.1 cGy) (p=0.001). However
cardiac V20, V30 and V40 Gy did not exhibit any statisti-
cal difference between the two groups (p=0.26, 0.057 and
0.054 respectively). This is the first large study of its kind
that assesses the dosimetric outcome of tangential par-
tial arc VMAT treatments in a large group of mastectomy
and breast conservation patients. Our study demonstrates
the efficacy of this technique in dose coverage of PTV as
well as in minimizing dose to OARs. Further, based on our
results, we conclude that the arc length for the bi-tangential
arcs should be 30° since it helps to achieve the most optimal
balance between target coverage and acceptable OAR doses.

Keywords VMAT - Breast - Radiotherapy - Mastectomy -
IMRT
Introduction

Radiotherapy planning of carcinoma breast has evolved
from evaluation of dose distribution in a single plane i.e.,
two-dimensional (2-D) planning to computed tomography
(CT) based 3-dimensional radiotherapy (3-D CRT) planning
[1-4]. Recent years have seen rapid evolution of advanced
planning and delivery techniques like intensity modulated
radiotherapy (IMRT) [5-7]. This progress in radiotherapy
planning of carcinoma breast has enabled better dose uni-
formity for the target region of breast or chest wall as also
the avoidance of excessive dose deposition in the normal
tissues. It is becoming evident that even small doses to the
heart and contralateral breast during radiotherapy course
are important in the long term outcomes of breast cancer
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patients [8]. However the challenge is to further reduce the
adverse effects of adjuvant irradiation in breast cancer and
to innovate techniques for greater efficacy.

Volumetric modulated arc therapy (VMAT) is a com-
plex IMRT technique that involves continuous delivery of
an intensity modulated beam with a rotating gantry [6]. The
VMAT technique or its variants have been widely used for
several sites such as brain, head and neck, abdomen and
thorax. The use of such rotational techniques in breast can-
cer radiotherapy, although reported by several centres, has
been limited by concerns of dose spill in the contralateral
breast and contralateral lung [9]. As such, techniques such
as field-in-field or forward planning IMRT have become
more prevalent in contemporary radiotherapy planning of
carcinoma breast [5, 10, 11].

However, the question of the usefulness of VMAT in
breast radiotherapy planning and delivery has not been set-
tled. At our institution we have been using this technique for
treating post mastectomy radiotherapy (PMRT) and for breast
conservation therapy (BCT) patients. In the present study, we
analyzed our technique of partial tangential arc VMAT treat-
ment planning and delivery, including analyzing the cardiac
and contralateral breast doses resulting from this technique.

Materials and methods

A total of 153 consecutively treated breast cancer [con-
servation as well as mastectomy] patients were taken
for this dosimetric study. Mean age of the patients was
51.2+11.9 years These patients had received treatment at
our center between December 2014 to November 2016.
All these patients had been recommended adjuvant radio-
therapy by our multidisciplinary tumor board, in consist-
ence with standard guidelines for adjuvant radiotherapy for
breast cancer. The patients were positioned supine on the
CT simulator using an inclined all-in-one (AIO) breast set..
Both arms were kept in abducted position holding the rod
near the patient’s head. All patients were planned using par-
tial arc volumetric modulated arc therapy (VMAT) using
Monaco (V5.00.04) (Elekta CMS, Sunnyvale, CA). Treat-
ments were delivered in Elekta Synergy (Elekta, Crawley,
UK) linear accelerator with 6 MV photons.

Simulation and contouring

Under laser guidance, the patient was suitably aligned in
the CT simulator. A set of three laser marking fiducials
(small mm balls made of lead) was placed in anterior and
two lateral positions (approximately in the plane passing
through craniocaudal centre of the chest wall or breast).
Suitable wires/markers were placed over breast/mastec-
tomy scars to aid in contouring. Axial scans of thickness
3 mm were taken from hyoid to 8 cm below the ipsilateral
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(in case of conservation) or contralateral (in case of mas-
tectomy) infra-mammary fold. Each patient was contoured
by an experienced radiation oncologist for delineating the
chest wall planning target volume (PTV) or the breast plan-
ning target volume PTV. The contours were done in the
Monaco Sim (V5.00.04 CMS Elekta, Sunnyvale, CA) con-
touring workstation and were pushed to the Monaco work-
station for treatment planning.

Radiotherapy planning

All patients were planned using partial arc volumetric mod-
ulated arc therapy (VMAT) in the Monaco treatment plan-
ning system (TPS). A typical left breast dose distribution
and beam arrangement is shown in Fig. 1: panel a.

Isocentre was decided on the basis of the geometrical
relationship between three parameters: isocentric depth from
the anterior surface, arc length and arc start angle. We used
two partial arc beams geometrically resembling the breast or
chest wall tangential portals since any other beam arrange-
ment would increase the doses to organs at risk [OARs] with
no or marginal improvement in the PTV dose. We started
our breast VMAT program with variable arc lengths ranging
from 25° to 45° depending on the size of the PTV. With gain
in experience we soon standardized the arc length to 30°
where each partial arc beam consisted of two arcs spanning
30° in the clockwise direction followed by another 30° in the
anti-clockwise direction. In our technique the choice of start
and end gantry angle was dependent on the conventional 3-D
CRT tangential beam arrangement and was chosen in the
following way: First the CT slice with the largest thickness
of the breast or chest wall PTV contour was identified. On
this slice, a half-beam medial tangential field was placed in
such a way its central axis was just deep enough (line AB
in Fig. 2) to adequately cover the PTV. The isocentre for the
VMAT beams was placed at the point I that equally divided
the PTV thickness. Points A and I were joined to mark the
central axis line for the VMAT beam. A line CD perpendicu-
lar to AB was drawn passing through I to meet the horizon-
tal line from A, drawn parallel to the couch top, at D (Fig. 1
panel a). Lines ID, CI and AD were marked as x,, X, and X,
respectively. In Fig. 1 panel a, angle CAD is 6 and the line
IA divided its opposite angle into 6, and 6,. Angle 6 depends
upon tangential line and tissue thickness, thus it is fixed for
a particular patient and 61 and 6, are variables which are
dependent on the location of isocenter location. From equal
and opposite angle property it can be written as:

The distances x;, X, and x5 can be measured with the
measuring tool in the planning system. By geometry

X +x
[6, +6,] = 6 = sin"' —=

From sine rule, we have
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Fig. 1 a Left beast treatment planning, beam setup and isodose dis-
tribution. b Geometrical relationship between the isocentre, arc start
angle and arc length. Start angle was decided on the basis of the clas-

8,
Gantry 270°

sical three dimensional half beam portals. ACB represent the half
beam block portal. D represents the isocentre
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Fig.2 PTV dose coverage in different subgroup of patients. Foot
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X1 X

sinf, = ;2 sin [9 - 02]
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the standard deviation. Where OVERALL indicate all patients in the
study. LWBCW left sided whole breast and chest wall patients. LCW
left chest wall patients. LWB left whole breast patients. RWBCW
right sided whole breast and chest wall patients. RCW right chest wall
patients. RWB Right whole breast patient

x
sin 6, = = (sin 6 cos 6, — cos 0 sin 6, )
X1

Xy . X9
tanfd, = —sinf — — cos G tan 6,
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From 0, we determined the medial tangential arc start
arc angle [angle nearest to the contralateral breast] as
270° + 6, given by

sin @

270° + tan™! —
x—‘ + cos @
2

ey

Lateral tangential start angle was taken as the conjugate
reciprocal of medial tangential angle. Lateral arc length
was the reciprocal of the medial arc except few cases
before standardization of the arc length to 30°. To avoid the
motional miss of the breast tissue from the field boundary,
a 2 cm margin in air beyond the breast tissue was consid-
ered during optimization (called as surface/flash margin).

To identify the site specific statistical characteristics, all
patients were divided into seven different categories: (1) all
the patients in the study (OVERALL), (2) left sided whole
breast and chest wall patients (LWBCW), (3) left chest wall
patients (LCW), (4) left whole breast patients (LWB), (5)
right sided whole breast and chest wall patients (RWBCW),
(6) right chest wall (RCW) patients, and (7) right whole
breast (RWB) patients. We evaluated each treatment plan
for PTV coverage and doses to OARs.

Prescriptions used was 40 Gy in 15 fractions for the
conservative breast. A 12.6 Gy (in five fractions) sequen-
tial cavity boost was added for intact breast patients and
delivered using multiple beam 3DCRT technique. For chest
wall patients a dose of 40 Gy in 15 fractions was used in all
patients.

Results

The patient’s characteristics and basic planning statis-
tics are shown in Table 1. There were 91 left sided and 62
right sided breast cancer patients in the overall analysis. Of
these, 35 patients (22.8%) patients were below age of 40
years, 78 patients (50.9%) were between 40 and 60 years
and 40 patients (26.1%) were above age of 60 years. For 73
patients arc lengths were 30° in both the VMAT fields and
the remaining 31 patients had different arc lengths at least
in one field.

While a typical left sided breast or chest wall radio-
therapy planning required 3—4 iterative optimizations on an
average consuming about 3.5 h of planning time, a typical
right sided chest wall or breast plan took 2—3 optimizations
and a planning time of about 2 h.

The percentage of PTV volume receiving 95% of
the prescription dose (PTV V95%, mean=+SD) varied
in the range 91.2+5.2-94.842.1% with mean dose of
92.4+£5.2% for all cases.

The (mean=+SD) cardiac dose for all the patients was
289+ 23 cGy. The (mean=+ SD) cardiac doses were higher
for left sided patients (424 +33.8 cGy) as compared to right
sided patients (123.9 +80 cGy) (p <0.001). The dosimetric
parameters for PTV and OARs for both left and right sided
patients with subgroups analysis are presented in Table 2.
The other PTV related dosimetric parameters for various
subgroups analysis can be seen in Fig. 2.

Mean liver dose for right and left sided patents
were 4647+260.1 and 34.3+28.1 cGy respectively.

Table 1 Represent the subdivision of 104 patients for different sites, age, medial and lateral arc start angle, medial and lateral arc length, breast

PTV volume, fraction number and fraction size

Name Num- Medial tan- Lateral Medial DA* Lateral DA  Breast PTV Dose (Gy) Fraction no Fraction size
ber of gent angle (°) tangent arc length  arc length  volume (cc) (Gy)
patient angle (°) ©) ®

OVERALL 153 194941224 1750+63.3 33.4+£79 354+11.3 865.9+753.8 457+48 212+42 22

Left 91 3042+15.8 1262+19.2 32.6+63 35.6+11.7 760.3+477.5 46.1+3.8 214+39 22+

breast + chest
wall
(LWBCW)
Left chest wall 41 305.6+15.0 121.8+17.3 309+5.7 350+11.7 512.1+179.5 468+24 219+24 22+0.1
(LCW)

Left whole 50 305.6+15.0 121.8+17.3 309+5.7 350+11.7 952.0+5475 455+4.6 209+48 22403

breast (LWB)

Right 62 61.8+154 2365+419 344+9.6 352+11.1 994.6+986.1 453+58 209+47 22+04

breast + chest
wall
(RWBCW)

Right chest 19 60.0+19.6 24334228 34.0+7.0 325472 516.9+168.5 44.0+88 20.0+58 2.4+0.6

wall (RCW)

Right breast 43 62.6+13.6 233.6+47.7 345+10.7 359+124 1211.7+11249 459+4.0 214+41 22+03

(RWB)

*DA stands for double arc, gantry traversing the arc length twice
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Maximum liver dose for right breast /chest wall patients
were 4417.7+978.2 c¢Gy. Paddik conformity index (PI)
at 95% prescription dose for left breast and chest wall
were 0.88+0.04 and 0.83+0.1 respectively [12]. PI for
right breast and chest wall was 0. 81 £0.06 and 0.87 +0.1
respectively. Cardiac mean doses and 2 cc dose were
higher with arc angles >30° versus 30° (324.5+247.1
vs. 234441884 cGy) (p=0.001) and (1852+1417.5
vs. 2100.2+1643.7 cGy) (p=0.001) respectively. Simi-
larly contralateral breast mean dose was higher with arc
angles >30° versus 30° (126+115 vs. 88.6+76.1 cGy)
(p=0.001). However cardiac V20, V30 and V40 Gy did
not exhibit any statistical dependence between the two
groups (p=0.26, 0.057 and 0.054 respectively). Dosimetric
differences with arc angles have been given in Table 3.

The mean number of monitor units (MUs) for OVER-
ALL was 581.5+215.5 cGy (mean=+ SD). The modulation
factor was calculated as the ratio of required MU per frac-
tion to the dose per fraction. OVERALL modulation factor
(for all patients) was 2.58 +0.68 cGy/MU.

Discussion

Our study was a dosimetric study for all the consecutively
treated breast cancer patients at our radiation oncology cen-
tre. All these patients had been recommended adjuvant radi-
otherapy by our multidisciplinary tumour board, in consist-
ence with standard guidelines for adjuvant radiotherapy for

breast cancer. It is well known that as the number of beams
for a target volume goes up, the conformity may increase.
It is with this rationale multiple fields are used while plan-
ning for 3-D CRT as well as other modern techniques like
IMRT. VMAT is an extreme example of using such multi-
ple number of beams in which the gantry is continuously
treating while intensity modulated beams are being tar-
geted to the PTV region. The pitfall of such techniques as
compared to techniques with limited fields is the increase
in the volume of low dose area to the tissue in vicinity to
the target volume [9]. In the context of breast cancer, the
critical organs at risk include contralateral breast, heart and
lungs. VMAT techniques that use full rotational arc around
the patient are likely to increase radiation received by these
structures, albeit with the lower isodoses. But even this low
doses can be detrimental to heart and the normal breast in
the long term. It is for this reason that in our VMAT tech-
nique we used only small partial tangential arcs, with tight
control over dose deposition to vulnerable OARs. The other
accompanying benefit of VMAT delivery with partial arcs
is the shorter duration of overall treatment time.

Recent evidence has established the importance of con-
trolling loco regional disease with respect to overall sur-
vival of breast cancer patients [13—-16]. Simultaneously,
there is emerging data of some detriment by radiation to
critical OARs such as the heart and contralateral breast
[8]. It is therefore crucial to plan carcinoma breast patients
meticulously by radiotherapy to attain good loco regional
control and spare side effects.

Table 3 Comparison of PTV dose coverage and organ at risk doses between the partial tangential arc based treatment plans for both arcs 30°
and at least one arc not equal to 30°

% PTV volume receiving
95% dose

% PTV volume receiving
100% dose

% PTV volume receiving
105% dose

% PTV volume receiving
107% dose

Both arc angle =30°

At least one arc angle is
not 30°

Heart

Both arc angle =30°

At least one arc angle is
not 30°

Ipsilateral lung

Both arc angle =30°

At least one arc angle is
not 30°

Both arc angle =30°

At least one arc angle is
not 30°

93.2+43
92.1+6.4

Dose received by 2 cc
volume

1852+1417.5
2100.2+1643.7

V5 Gy (%)
3534123
37.6+12.6

Contralateral lung mean
dose (cGy)

46.7+67.3

45.3+26.9

65.8+12.9
67.9+15.8

Mean dose

234.4+188.4
324.5+247.1

V20 Gy (%)
15.3+6.7
16.5+8.0

Esophagus mean dose
(cGy)

173.8+517.5

189.4+425.9

6.3+7.2
9.0+11.0

V20 Gy (%)

+3.1

V30 Gy (%)
9.5+58
11.5+6.8

Contralateral breast mean
dose

88.6+76.1
126.8+115.2

1.0+1.8
2.0+4.6

V30 Gy (%)

Mean dose
819.2+261.0
882.7+308.2

Modulation factor (cGy/
MU)

2.52+0.59
2.74+0.80
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Our study employed a predominantly bi-tangential arc
technique of VMAT delivery. It is important to note [as
a corollary of equation 1 in material and methods] that if
the isocentre is posteriorly placed [deep inside the breast
tissue; towards lung] then the start angle will go toward
anterior direction. If the choice of isocentre is close to
skin surface then arc start angle will move toward lateral
direction (towards G=270° for right breast and towards
G=90° for the left breast cases) and vise-versa. The
movement of the start angle depending on the isocentre
position is consequence of avoidance of contralateral
breast.

Although some centres practice it, it is well known that
full rotational arc therapies are likely to improve conform-
ity of the breast coverage at the cost of increasing ipsilat-
eral lung, contralateral lung, contralateral breast and heart
doses. Our technique was aimed to get the benefits out of
both worlds: the well-proven static tangential pair tech-
nique and as well as the emerging arc therapy technique.
Our mean cardiac doses were <3 Gy in the overall analysis,
which is well below the values reported by authors around
the world in modern series [17]. Further, our mean con-
tralateral breast doses have been below 1.1 Gy, which is
less compared to the range reported in seminal publications
[18].

For a VMAT based breast/chest wall radiotherapy plan-
ning it is most crucial to decide placement of the start
and end angle of the arc (hence the arc length). A wrong
choice of the arc position and angle can lead to a significant
increase in the doses to OARs and increase in optimisa-
tion time. Initially we tried with arc lengths 25°-50° in few
points before we quickly standardized it to 30°. As Table 3
reveals, most of the reported dose volume characteristics
had unfavorable heart, ipsilateral lung and contralateral
breast doses with larger or lesser arc angles. Based on our
study, which is the largest of its kind, we therefore recom-
mend that 30° as the most optimal arc length when plan-
ning with bi-tangential dual arcs technique.

With the tangential VMAT technique, significantly
higher cardiac avoidance, dose coverage and dose homoge-
neity were achieved when compared with the field-in-field
or tangential IMRT techniques (p <0.01). VMAT technique
also decreased the high dose areas (above 20 Gy) of ipsi-
lateral lung. Another study of 20 left sided breast conser-
vation patients compared the dosimetry outcomes using
five different radiotherapy techniques [19]. The patients
were planned using five different radiotherapy techniques,
including: (1) conventional tangential wedge-based fields
(TW); (2) field-in-field (FIF) technique; (3) tangential
inverse planning intensity-modulated radiation therapy
(T-IMRT); (4) multi-field IMRT (M-IMRT); and (5) vol-
umetric modulated arc therapy (VMAT). T-IMRT plan
improved the PTV dose homogeneity index (HI) by 0.02

and 0.03 when compared to TW plan and VMAT plan, and
decreased the V5, V10 and V20 of all PRV-OARs. In all
five plans, the dose volume of coronary artery area showed
a strong correlation to the dose volume of the heart (the
correlation coefficients were 0.993, 0.996, 1.000, 0.995 and
0.986 respectively) [19].

Some studies have reported partial arc VMAT for breast
in supine and prone position [19-22]. Viren et all described
two different VMAT techniques (240° arc and 50°+50°
arc). For shorter arc technique (50°+50° arc) mean and
V30 Gy (%) cardiac dose was 6.3+3.0 Gy and 5.7+6.0
(%). Similarly Yu et al. reported a mean and V30 Gy cardiac
dose of 6.57+3.35 Gy and 5.19+4.57% respectively [21].
Liu et al. reported a mean cardiac dose of 13.7+0.6 Gy
[22]. Mean cardiac dose for overall and left sided cases
reported in our study is 2.9+2.3 and 4.2+2.3 Gy respec-
tively.V30Gy (%) for overall and left sided cases was
1.4+2.7 and 2.5+3.2% respectively. Both cardiac mean
dose and V30 Gy reported in our study were lower than
other available literature series. Ipsilateral lung mean dose
reported by the different authors for short arc VMAT tech-
nique were 13.8+0.85, 9.6+2.1, 9.6+1.4, 52+2.0 Gy
respectively [19-22]. Ipsilateral lung V5 Gy(%) were
76.5+4.29, 36.9+5.4, 45.0+6.9 and 18.4+7.2% respec-
tively. Only for left sided patients Ipsilateral lung mean
dose and V5Gy(%) were 8.3+3.0 Gy and 34.8+12.5%
respectively. Our technique yields a lesser ipsilateral lung
mean and V5 Gy(%) dose from all the available literature
series except Zhao et al. [20]. A recent study of 11 patients
compared VMAT and IMRT plans for intact breast radio-
therapy for left sided breast cancer and evaluated the irradi-
ated dose of planning target volume and OARs, especially
focusing on heart and coronary artery [23]. For the PRV-
OARs, the 1-arc VMAT had significantly higher D, and
V5 Gy for left lung and heart, and showed worse D, for
contralateral lung and breast. In contrast, the 2-arc VMAT
and the 2-F or 4-F IMRT plans showed better results for the
PRV-OARs than the 1-arc VMAT. However, for the heart
and coronary artery, the 1-arc VMAT showed better V20
and V40 compared with the other plans.

In a small study recently published from our centre, Giri
et al. compared Field in Field IMRT, 3DCRT and partial
arc VMAT for 20 Left breast and chest wall patients [21].
They concluded that VMAT is a preferable technique yield-
ing similar PTV coverage with much lower cardiac dose.

To summarise, our work is the first large study of its
kind that assesses the dosimetric outcome of tangential par-
tial arc VMAT treatments in a large group of mastectomy
and breast conservation patients. Our study demonstrates
the efficacy of this technique in dose coverage of PTV as
well as in minimizing dose to OARs. Further, based on our
results, we conclude that the arc length for the bi-tangen-
tial arcs as 30° since it helps to achieve the most optimal
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balance between target coverage and acceptable OAR
doses.
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