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Abstract

Purpose:
We describe the development of a simultaneous integrated boost (SIB) class solution employing a hybrid
Volumetric Modulated Arc Therapy (VMAT) for adjuvant treatment of breast cancer where conformal
avoidance of normal organs from low dose is prioritized.

Methods:
A �eld in �eld tangent pair was used to irradiate the whole breast while the VMAT SIB was used to deliver
a boost to the tumor bed with a margin of 5 mm. Hybrid VMAT SIB was planned in 25 patients using two
short arcs of 30 degrees each offset by 5–10 degrees from the medial and lateral tangent angles
respectively. SIB dose of 8 Gy was prescribed in addition to the whole breast dose of 40 Gy in 15
fractions. Plans were compared against a standard sequential mini-tangent boost plan (SEQ) delivering a
dose of 12 Gy in 4 fractions using the Wilcoxon Signed-Rank test. Mean probability of developing grade 2
or more �brosis was estimated using the NTCP formula provided by Hammer et al.

Results:
VMAT SIB signi�cantly improved conformity as compared to the SEQ plan (0.51 vs 0.35, p < 0.01). Target
volume coverage was similar between the two techniques. The mean dose to the contralateral breast,
contralateral lung, and heart was increased by 0.13 Gy, 0.02 Gy, and 0.03 Gy respectively which was
clinically insigni�cant. The mean probability of developing Grade 2 �brosis at 5 years was similar
between the two techniques (2.5% vs 2.7% p = 0.19). The class solution achieved consistent plans across
a wide range of sites and target volume ranges (35.38–247.10 cm3). The average total MU requirement
was signi�cantly reduced (593 vs 848.6, p < 0.01).

Conclusion:
A class solution for VMAT SIB was developed which satis�ed the planning objectives. This solution will
be used for a prospective randomized trial investigating a one-week hypofractionated schedule of
radiotherapy.

Introduction
A boost to the tumor bed improves the local control after breast conservation therapy (BCS) but increases
the treatment duration [1]. Integrating the boost with whole-breast irradiation (WBI) can reduce this
duration. This simultaneous integrated boost (SIB) when planned using traditional 3DCRT exposes larger
volumes of the breast to a higher dose per fraction [2]. This may increase the risk of consequential
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�brosis which could thereby translate into poorer cosmesis [3–7]. At the same time using IMRT for
planning for WBI increases the low dose exposure to the opposite breast, lung, and heart.

We present a class solution for planning a hybrid volumetric modulated arc therapy (VMAT) to deliver SIB
and compare the dosimetric results to a conventional technique employing a mini-tangent sequential
boost (SEQ).

Methods & Materials

Population 
Planning CT scans of 25 consecutive patients post BCS was used to plan the SIB class solution. We use
a �eld-based planning technique for WBI and supraclavicular irradiation (SCF). For each patient, the
anatomical boundaries for tangential breast irradiation were delineated as described in our previous
report [8]. The tumor bed was delineated around the clips placed at the time of surgery along with the
visualized postoperative abnormalities and 5 mm isotropic expansion was given to obtain the boost
planning target volume (BTV). As a retrospective dosimetric planning study using patients’ previously
obtained planning CT the study was exempt from review by the institute IRB. 

Radiotherapy Planning
A dose of 40 Gy in 15 fractions (2.67 Gy) was prescribed to the WBI (  SCF), while the BTV received 0.53
Gy additionally per fraction (total dose = 48 Gy in 15 fractions). For the SEQ plans,  the same WBI dose
was followed by a boost of 12 Gy in 4 fractions to the tumor bed planned using mini-tangents. The
duration of planned treatment was 3 weeks for SIB and 4 weeks for SEQ plans. All plans were generated
using the Eclipse treatment planning system version 15.1 (Varian Medical System, Palo Alto, USA)

Casebow’s technique of couch and collimator rotation was utilized to ensure a non-divergent match plane
between the tangents and SCF �elds as well as the posterior edge of the two tangents [9]. This technique
provides a generalized solution for calculating the gantry, collimator and couch rotation based on the
length and inclination of the target (Appendix 1). The tangential �elds and the VMAT �elds shared the
same isocenter.

SIB VMAT was planned using two coplanar arcs without couch rotation. The arc start angles were chosen
with a 5 -10 degree medial offset from respective tangents (Appendix 1). Arc lengths of 30 - 35 degrees
were utilized for both arcs. Initial VMAT optimization was done using the following constraints using the
Progressive Resolution Optimizer version 15.1.1. Typically 3 - 4 plan iterations were required to obtain a
good quality plan. 

Plan quality assurance was performed using point dosimetry for absolute dose veri�cation with a 0.053
cc Farmer’s chamber inside a cheese phantom. Relative dose veri�cation for the VMAT SIB plan was done

https://paperpile.com/c/DFnPOY/WNyt
https://paperpile.com/c/DFnPOY/T4zl
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using portal dosimetry. Pass criteria were dose tolerance 3% of the reference dose for absolute dosimetry,
and area gamma of 97% for an average dose difference of 3% to 3 mm. 

Dosimetric Comparisons
The summed doses of the SIB plan were compared against the summed doses of the approved SEQ
plans used for treatment. Paired means of doses to different organs were compared using the Wilcoxon
Signed-Rank test. 

The formulae used for computation of the conformity and homogeneity indices are:

Conformity Index = 

*For SIB Plans: 95% of the prescribed dose (48 Gy) was 4560 cGy

*For Seq Plans: 95% of the prescribed dose (52 Gy) was 4940 cGy

 

Homogeneity Index 

BTV = Boost Target Volume

As the use of SIB increases the dose per fraction and when used with hypofractionated schedules may
increase the probability of breast �brosis due to the so-called triple trouble [10], we estimated the
probability for grade 2 or more radiation-induced �brosis using a predictive equation developed by
Hammer et al. This model requires age, the percentage volume of breast CTV receiving ≥ 55 Gy (EQD2 =
52.3 Gy3) and the maximum dose as variables [5]. The EQD2 52.3 Gy corresponded to the physical dose
of 44.1 Gy for the SIB schedule and 47.5 Gy for the SEQ schedule. The 50% isodose of the tangential plan
(40 Gy total dose) subtracted from the lung was used as the breast CTV. The volume of this CTV
receiving 44.1 Gy (SIB) or 47.5 Gy (SEQ) was estimated. The plan Dmax was converted into EQD2 for a
balanced comparison between plans. The predictive equation as given by Hammer et al is: 

https://paperpile.com/c/DFnPOY/dDdC
https://paperpile.com/c/DFnPOY/J1Pm
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NTCP = (1 + e-s)-1

where,  S = -19.386 + (0.218 x Dmax) + (0.026 x V55*) + (0.025 x Age) 

Results
Of the patients, 13 (52%) had left-sided breast cancer, SCF radiation was used in 17 (68%) patients. The
average age of the patients was 48.8 years (95% CI: 43.9 - 53.0 years). The location of the tumors is
depicted in Figure 1 for these patients. The mean BTV was 107.0 cm3 (range: 35.38 - 247.10 cm3). 

The average total monitor units required for SIB was 593.0 (95% con�dence intervals : 537.7 - 648.3) as
compared to 848.6 (95% CI: 794.6 - 902.5) for SEQ (p < 0.01). SIB improved the conformity while
maintaining the coverage and dose homogeneity. The mean probability of developing Grade 2 or more
�brosis in the breast at 5 years was 2.5% (95% CI: 1.9% - 3.1%) in the SIB plans versus 2.7% (95% CI: 2.3%
- 3.2%) in the SEQ plans (p = 0.19).  Table 1 presents the dosimetric comparison between the two
techniques for different volumes.

Discussion
Several studies have now reported SIB  for breast cancer. A review of the literature identi�ed 10
prospective trials investigating this strategy, of which 6 have reported medium to long-term results (Table
2) [11–16]. Additionally, the results of the IMPORT-High trials presented recently suggest that SIB can be
delivered without excess toxicities when the total dose is reduced appropriately [17]. However, most of the
reports employing VMAT have treated the entire breast and tumor bed together [11,13,15]. 

Our technique of hybrid VMAT SIB emphasizes conformal avoidance of the contralateral breast, lung, and
heart with the use of small arc lengths and use of tangents. This improves conformal avoidance for low
dose, as compared to the treatment of the entire volume with VMAT. At the same time, the dose
conformity is improved. Our SIB treatment planning approach is similar in principle to the one used in the
IMPORT High trial [17]. The small increase in mean dose to the opposite breast is unlikely to translate into
any clinically appreciable increased risk of second breast cancer [18]. 

The use of VMAT for SIB allows faster treatment delivery (arc delivery time range: 0.33 - 0.42 minutes)
which allows it to be combined with voluntary breath-hold techniques without requiring interruption of the
arc. The class solution developed allows the planner to quickly select the starting arc geometries in
combination with the tangential �elds. With practice, treatment planning can now be completed in 6 - 7
hours.

Conclusions
Our hybrid VMAT class solution allows enables the adoption of SIB in a busy clinical setting. In addition
to the similar risk of breast �brosis, the low dose exposure to other thoracic organs is also minimized,

https://paperpile.com/c/DFnPOY/EhnB+rBMU+U6iE+ux7R+ZgUa+CXva
https://paperpile.com/c/DFnPOY/nQSQ
https://paperpile.com/c/DFnPOY/EhnB+U6iE+ZgUa
https://paperpile.com/c/DFnPOY/nQSQ
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whilst improving the conformity in the target volume. The proposed class solution will be utilized in a
randomized controlled trial investigating a shorter course of hypofractionated radiotherapy in breast
cancer (HYPORT Adjuvant)[19].
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Tables
Table 1: Showing the comparison between SIB and SEQ plans for various volumes. Figures
represent the mean and 95% confidence intervals. P values are derived from wilcoxon signed-
rank test and values less than 0.05 considered as statistically significant. D98 = Dose to 98%
volume, D2 = Dose to 2% Volume, V95= Percentage volume receiving 95% prescribed dose,
V0.5 = Percentage volume receiving 0.5 Gy dose, Dmean = Mean dose to volume, V12 =
Percentage Volume receiving 12 Gy. BTV = Boost Target Volume
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Volume Dosimetric
Parameter

SIB Technique SEQ Technique p-
value

BTV D98 (%) 95.5 (94.7 - 96.4) 94.9 (94.0 - 95.9) 0.38

D2 (%) 103.2 (102.5 -
103.9)

102.9 (102.0 -
103.8)

0.85

Conformity Index 0.52 (0.47 - 0.56) 0.31 (0.28 - 0.35) <0.01*

Homogeneity Index 0.08 (0.07-0.08) 0.08 (0.07 - 0.09) 0.44

V95 (%) 97.9 (96.9 - 98.9) 97.7 (97.0 - 98.7) 0.88

Contralateral
Breast

Dmean (Gy) 0.25 (0.17 - 0.32) 0.12 (0.10 - 0.15) <0.01*

V0.5 (%) 14.1 (10.5 - 17.8) 7.7 (5.8 - 9.6) <
0.01*

Contralateral
Lung

Dmean (Gy) 0.16 (0.13 - 0.19) 0.14 (0.12 - 0.17) <
0.01*

V0.5 (%) 4.9 (3.4 - 6.4) 3.4 (2.0 - 4.8) <
0.01*

Heart Dmean (Gy) 0.90 (0.73 - 1.07) 0.87 (0.69 - 1.04) 0.01*

V0.5 (%) 56.5 (48.8 - 64.1) 53.5 (43.6 - 63.4) 0.03*

Ipsilateral Lung V12 (%) 15.8 (13.1 - 18.4) 15.6 (12.9 - 18.4) 0.12

Dmean (Gy) 6.64 (5.80 - 7.49) 6.66 (5.79 - 7.54) 0.81

 

Table 2: Showing the treatment techniques and outcomes of studies investigating
simultaneous integrated boost. Studies which have reported medium to long-term outcomes
are only included. 
Author (Year) N Technique FU Local

Control
Good
Cosmesis

Franco (2014)
[11]

82 Tomotherapy (Whole Breast +
Boost)

12 100% 91%

Cooper (2016)
[12]

400 Prone Tangential + IMRT Boost 45 99% 80%

De Rose (2016)
[13]

144 VMAT (Whole Breast + Tumor
Bed)

37 100% NA

Shin (2016)[14] 45 Prone 3 Field IMRT 36 100% 85%

Mondal (2017)
[15]

10 VMAT (Whole Breast + Tumor
Bed)

24 100% 100%

Cante (2017)[16] 178 Tangential + Direct Photon Boost 117 97.3% 87.80%

https://paperpile.com/c/DFnPOY/EhnB
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Figures

Figure 1

Showing the locations of the tumor beds in the 25 patients included in the study.
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