
Abstract. Background/Aim: To compare simultaneous-
integrated boost (SIB) versus sequential-boost (SB) delivered
in the context of whole-breast irradiation (WBI) via volumetric-
modulated arc therapy (VMAT) and helical-tomotherapy (HT).
Materials and Methods: Planning target-volume (PTV)
dosimetric parameters and organs at risk (OAR) were analyzed
for SB plan (50 Gy plus 16 Gy boost) and SIB plan (50.4 Gy
WBI and 64.4 Gy tumor bed boost) in VMAT and HT
techniques. Results: Conformity and homogeneity for target-
volume doses were better in HT plans compared to VMAT
plans. There were no significant differences in ipsilateral lung
doses between VMAT and HT plans for SB/SIB techniques,
except for a significantly higher lung V5 value with VMAT-SB,
and lung V13 value with HT-SIB technique. HT provided a
statistically significant decrease in contralateral lung mean V5.
Conclusion: The SIB technique showed better target-volume
dose distribution in both HT and VMAT plans, and better
sparing heart in HT compared to the SB technique. 

Breast cancer (BC) is the most common cancer and is a
major cause of cancer-related death in women (1). Currently,
adjuvant radiotherapy (RT), especially whole-breast
irradiation (WBI) after breast-conserving surgery (BCS), is
accepted as standard-of-care for early BC patients as this
multimodal treatment increases local control and improves
overall survival in early BC (2, 3). Additional tumor-bed
boost after WBI has also been shown to reduce local

recurrence (4); however, a long-term follow-up study found
that inhomogeneous radiation in tumor-bed boosts, and use
of photon beam boosts led to poorer cosmetic outcomes in
patients (5). Therefore, in the past few decades, a lot of
attention has focused on the development of new techniques
to achieve a homogeneous dose distribution, better local
control, and improve cosmetic outcomes for WBI after BCS. 
Breast RT techniques range from conventional tangential

field RT, field-in-field conformal RT (CRT), intensity
modulated RT (IMRT), volumetric arc therapy (VMAT) to
helical tomotherapy (6-11). For tumor-bed boost, relatively
simple electron or hybrid techniques (i.e., a combination of
different techniques for WBI and boosts), have been used.
Recent dosimetric studies have demonstrated that multi-field
3D-CRT, IMRT, or VMAT are superior to electron therapy
with respect to the target-volume coverage and sparing
normal tissues (12-15). Moreover, simultaneous-integrated
boost (SIB), which is a technique wherein a boost is delivered
to the tumor bed concurrently with WBI, has been reported
to be technically and dosimetrically feasible (11-13, 15-17).
The rationale underlying the SIB technique is to escalate
radiation doses in the area at highest risk without prolonging
treatment duration. This dose escalation provides improved
patient comfort while shortening the duration of RT, and also
exploits the higher sensitivity of breast tumor cells to larger
single doses. However, more advanced techniques are
required to increase the uniformity of the radiation dose to
improve patients’ cosmetic outcomes and limit the doses to
organs at risk (OAR) to reduce late radiation toxicities.
Recently, it has been demonstrated that SIB, in combination
with inversely planned IMRT, improves tumor-bed dose
homogeneity and decreases normal tissue doses, when
compared to 3D-CRT with sequential boost (12, 15, 18-20).
Although the dosimetric advantages of SIB technique have
been previously evaluated (11, 12), there is no strict standard
for the irradiation technique used for the SIB. 
Very little data are currently available on the dosimetric

analysis of VMAT and HT in the context of WBI and SIB
(11, 12). Furthermore, no study to date has compared the SIB
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technique in the context of VMAT and HT technologies.
Therefore, we performed dosimetric comparisons of VMAT
and HT for WBI with either an SB or a SIB in early-stage
BC patients who had undergone BCS.

Patients and Methods

Patients. Thirty patients who received RT following BCS for early
BC were enrolled for this study. Patients had stage I or II (TIN0M0,
T2N0M0) disease according to the 2009 7th edition of the American
Joint Committee on Cancer (AJCC)/Union for International Cancer
Control (UICC) staging system. In this study 15 left-sided and 15
right-sided tumors were evaluated. We included a diverse patient
population having big or small breast volume, large or small tumor
size, and deeply or superficially located tumors. 

Delineation of target-volumes and organs at risk. All patients had
undergone a 2.5-mm slice thickness, free-breathing computed
tomography (CT) scan in the supine position on 10˚–15˚ angle
breast-tilting board with both the arms elevated for treatment
planning purposes. 
The delineation of the target-volume and normal tissue was finally

approved by two experienced radiation oncologists. Clinical target-
volume (CTV) for whole breast was delineated according to European
Society for Radiotherapy and Oncology guidelines (21). The CTV
included all breast parenchyma seen on planning CT. The planning
target-volume for the entire breast (PTVbreast) was created by 5-mm
expansion of CTV in all directions around the tumor bed except for
the skin. The anterior border of PTVbreast was trimmed from the skin
by 2 mm. The lumpectomy cavity or tumor bed was delineated
according to the metal clips placed during BCS or the post-operative
residual seroma. Additionally, pre-operative mammography and/or
MRI images were used for better defining the PTVboost which
included the primary tumor site with a 7-mm margin in all directions
within the breast tissue. The pectoralis muscles were excluded from
the CTVboost unless clinically warranted by tumor pathology. The
PTVboost was created with 5 mm expansion of PTVboost in all
directions. The PTVbreast was generated by subtracting PTVboost from
whole-breast volume.
In addition to the ipsilateral lung, the contralateral breast and

lung, and heart were delineated on the CT image of each slice. Heart
was delineated from pulmonary trunk to its most distant extent near
the diaphragm, excluding pericardial fat tissue.

Treatment plans. For each patient four different plans, –VMAT-SB,
VMAT-SIB, HT-SB, and HT-SIB– were generated using same CT
images and the volumes delineated. For the SB technique, dose
prescribed for the whole breast was 50 Gy delivered in 25 fractions,
followed by a sequential boost to a total dose of 16 Gy and 2 Gy
per fraction in eight fractions. For SIB technique, WBI with a total
dose of 50.4 Gy, 1.8 Gy per fraction, with an integrated boost of 2.3
Gy per fraction (for a total dose of 64.4 Gy in 28 fractions) was
delivered to the tumor bed. Both plans aimed to cover 95% of the
target-volumes (PTVbreast and PTVboost) with 95% of the prescribed
dose. Furthermore, efforts were made to reduce the treatment
volume receiving >107% of prescribed dose to <1%. 
VMAT plans were calculated with the Monaco treatment

planning system version 5.0 (CMS; Elekta, Crawley, UK) using the
Monte Carlo algorithm. All treatment plans were delivered with 6

MV energy Axesse linear accelerator (Elekta AB, Stockholm,
Sweden) with 5-mm multileaf collimator (MLC) thickness. SB plans
comprised two different plans that were optimized separately, one
for whole breast receiving 50 Gy, and other for tumor-bed boost
receiving 16 Gy. In VMAT, double ipsilateral partial arcs with a
maximum individual length of 180˚ starting from the mid-sternum,
were implemented. An additional arc was generated for the tumor
bed in the SB technique. The SIB technique consisted of single
optimization, with the breast receiving the prescribed 50.4 Gy dose,
and the tumor bed receiving 64.4 Gy with two different daily doses
of 1.8 Gy for PTVbreast and 2.3 Gy for PTVboost. For SIB plan, the
isocenter was placed on the center of PTVboost, and two arcs were
generated for whole breast and boost volumes. 
HT plans were generated using a Hi-Art Tomotherapy system

(TomoTherapy Inc., Madison, USA), which is a helical fan-beam
IMRT system equipped with inverse planning software and a 6-MV
photon beam. The HT plans were made for TomoEdge Dynamic
Jaws system of the TomoHDA series. A collimator aperture of 2.5
cm, pitch of 0.287, and modulation factor of 2.5 were used. Dose
calculations were performed using the fine-dose calculation grid (3
mm in the craniocaudal direction over a 256×256 matrix in the axial
plane from the original CT scan). An inverse planning optimization
was used to ensure that both PTVbreast and PTVboost receive 95% of
the prescribed doses. During planning, contralateral breast, hemi-
body, and the posterior part of the ipsilateral side of the body were
blocked. 
For OARs, the dose constraints were prescribed, but an effort

was made to deliver as low a dose as possible. The dose constraints
prescribed for OARs were: (a) <10% of the heart volume may
receive >30 Gy, (b) <20% of the ipsilateral lung may receive >20
Gy, and (c) the mean dose to the contralateral breast and lung
should be limited to <5 Gy.

Plan evaluation. For all patients, cumulative dose-volume
histograms and dosimetric parameters were calculated and
compared for the PTVbreast, PTVboost, and OARs, for both SB
and SIB plans. The D2 and D98, the minimal doses to 2% and
98% of the target-volumes, respectively, were used as surrogates
for maximum and minimum doses. The volume of target-
volumes receiving 95% (V95) and 107% (V107) of prescribed
dose was calculated. Target homogeneity and conformal index
values (HI and CI, respectively) were compared. The HI was
calculated as HI=[(D2–D98)/D50], where a greater HI value
indicates poorer uniformity of the dose distribution. The CI was
calculated as (VTref/VT) × (VTref/Vref), where VTref: target-
volume covered by isodose; VT: target-volume; Vref: total
volume covered by 95% of isodose. The value of CI ranges from
0-1, with a value closer to 1 indicating better conformity of the
dose to the PTV.
Doses to OARs, including ipsilateral lung and heart, were

analyzed. The heart doses were analyzed for entire group, and also
evaluated separately for left- and right-sided tumor beds.
Additionally, the doses of contralateral breast and lung were
assessed. The parameters that were compared included Dmean and
V5, V13, V20, and V30 for ipsilateral lung, Dmean, V10, V20, and
V30 for heart, Dmean and V5 for contralateral breast and lung. 

Statistical analysis. Statistical analyses were performed using SPSS
20.0 software (SPSS, Chicago, USA). Wilcoxon’s matched-pairs test
was applied to determine the significance of differences between
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volumes and doses in the VMAT and HT approaches for both SB
and SIB plans. Results are presented as mean±standard deviation
unless otherwise specified. All p-values reported are two-sided, and
p<0.05 was considered statistically significant.

Results
Target-volume doses. The mean PTVbreast and PTVboost were
986 cm3 (range=328-1268 cm3) and 68 cm3 (range=17-125
cm3), respectively. Figures 1 and 2 show representative axial
sections depicting the PTVbreast and PTVbreast dose
distributions for VMAT and HT approaches of SB and SIB
plans within a representative patient, respectively. The
dosimetric parameters for target-volumes are summarized in
Table I. All plans met the criteria for PTV coverage. 

VMAT versus HT plans. The maximum doses (D2) for
PTVbreast and PTVboost were significantly higher in VMAT-
SB plan compared to HT-SB plan. The minimum dose
PTVbreast (D98) was higher in HT-SB plan compared to
VMAT-SB plan; however, the minimum dose for tumor bed
was higher in VMAT-SB plan compared to HT-SB plan.
Although no PTVbreast and PTVboost received more than
107% of the prescribed dose in the HT plan, mean V107 for
PTVbreast and PTVboost were 2.31% and 1.34%, respectively,
with the VMAT-SB plan. The CIs for PTVbreast and PTVboost
were significantly higher, and HIs were significantly lower
in HT-SB compared to VMAT-SB plans.
The D2 values for PTVbreast and PTVboost were significantly

higher in VMAT-SIB compared to HT-SIB. Although the V95
was higher in HT-SIB plans compared to VMAT-SIB plans, it
was still within planned limits. No PTVbreast and PTVboost
received more than 107% of the prescribed dose in both plans.
The dose homogeneity and conformity of whole breast and
tumor bed were significantly better with the HT-SIB approach
than with the VMAT-SIB approach.

SIB versus SB technique. With the HT-SIB technology, the
D2, D98, and V95 values for whole breast were significantly
lower compared to the HT-SB technique. The dose
homogeneity and conformity for tumor volumes were similar
for SB/SIB plans except for the HI of PTVbreast, which was
higher with SB technique compared to the SIB technique
(0.36 vs. 0.32; p<0.001). 
The D2, D98, and V107 values for PTVbreast and PTVboost

with VMAT technology were significantly higher with the
SB technique compared to the SIB technique. Although the
PTVbreast V95 was higher in SB technique, the V95 of
PTVboost was found to be higher in SIB technique with
VMAT plan. For whole breast, conformity was better with
the SIB technique whereas homogeneity was better with the
SB technique. There were no significant differences in CI
and HI for tumor bed between SIB and SB techniques in
VMAT plans.

OAR doses. The average dosimetric data of OARs for SB
and SIB techniques using VMAT and HT plans are presented
in Table II. There were no significant differences in
ipsilateral lung doses between VMAT and HT approaches
with SB and SIB techniques, except for significantly higher
(a) lung V5 value in VMAT-SB, and (b) lung V13 value in
HT-SIB. Also, there were no significant differences in
ipsilateral lung and heart doses between SB and SIB
techniques for both VMAT and HT technologies. The mean
heart doses for all patients with right-sided tumors were
significantly lower compared to left-sided tumors both in
VMAT (2.69±0.94 Gy vs. 3.94±1.44 Gy; p<0.001) and HT
plan (2.25±0.87 Gy vs. 4.28±1.13 Gy; p<0.001) (Figure 3).
Similarly, mean heart doses were significantly lower in right-
sided breast and left-sided breast in SB and SIB techniques
with VMAT and HT plans (Table III). For right-sided tumor,
the heart doses were significantly higher in SIB technique
compared to SB technique with VMAT plan (2.80±0.88 Gy
vs. 2.57±1.01 Gy; p=0.01). However, with HT plan, SIB
plan was more advantageous in heart doses compared to SB
plan (2.13±0.69 Gy vs. 2.37±1.03 Gy; p=0.002). For left-
sided tumor, although no significant difference in heart doses
was found between SB and SIB plans with VMAT, the mean
heart doses were significantly higher in SB plan compared
to those in SIB plan (4.79±0.73 Gy vs. 3.78±1.24; p<0.001)
with HT technique. 
HT provided statistically significant decreases in

contralateral lung mean V5 (44% relative decrease with SB
technique and 60% relative decrease with SIB technique).
Additionally, a 68% relative decrease in contralateral breast
mean V5 was observed with the SB technique. A 42%
relative decrease was observed with the HT-SIB technique
in mean contralateral breast doses compared to the HT-
VMAT plan. Contralateral lung V5 was significantly lower
with HT-SIB compared to the VMAT-SIB plan, and
contralateral mean lung dose was lower with HT-SIB
compared to VMAT-SB technique. Contralateral mean breast
dose and V5 were significantly lower with the VMAT-SIB
technique compared to the VMAT-SB technique.

Discussion

In the present study, we compared the target-volume
coverage and dose to OARs when HT and VMAT
technologies were employed in conjunction with SB and SIB
techniques after BCS in early-stage BC patients. Our results
showed that HT had better target-volume coverage compared
to VMAT. Although there were no significant differences in
dose ipsilateral lung between the two technologies, HT
provided lower V5 values to contralateral breast and lung.
Furthermore, SIB technique offered better target-volume
dose distribution with both HT and VMAT approaches,
compared to the SB technique. The mean heart doses were
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Figure 1. Dose distribution demonstrating 95% prescribed dose of whole-breast irradiation (green area) and tumor-bed boost (magenta area) of
sequential boost (A) and simultaneous-integrated boost techniques generated with VMAT plan. 

Figure 2. Dose distribution demonstrating 95% prescribed dose of whole-breast irradiation (green area) and tumor-bed boost (magenta area) of
sequential boost (A) and simultaneous-integrated boost techniques generated with HT plan. 



significantly lower for both left- and right-sided tumors using
SIB technique compared to SB technique with HT plans.
Additionally, the VMAT-SIB technique was advantageous in
contralateral breast and lung doses over VMAT-SB
technique. 
With image-based RT, the PTVboost can be delineated on

planning CT, and the dosimetric analysis of any tumor-bed

boost plan can be easily performed. The tumor-bed boost can
be delivered either sequentially after WBI or with SIB
technique. Previous dosimetric studies demonstrated
feasibility of SIB with 3D-CRT, IMRT, and VMAT (7, 11,
12, 15-17). Furthermore, the dosimetric advantages of SIB
over SB have been previously demonstrated (14, 15, 22).
Compared to the most widely used sequential electron boost,
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Table I. Target-volume doses according to treatment plans and irradiation techniques.

Parameters                    HT                      VMAT               p-Value                   HT                     VMAT             p-Value                   SB vs. SIB plan

                                                                 SB plan                                                                      SIB plan                                         HT                   VMAT

                                                                                                                                                                                                       p-Value              p-Value

PTVbreast
  D2 (Gy)               53.21±0.92            56.46±2.24             <0.001              51.80±0.71           54.24±0.77         <0.001              <0.001                <0.001
  D98 (Gy)             49.96±2.34            49.46±2.35               0.02                48.66±1.70           49.20±1.24           0.001                 0.003                <0.001
  V95 (%)              98.91±0.56            99.86±0.59             <0.001              96.83±0.71           97.80±0.64           0.01                 <0.001                <0.001
  V107 (%)              0                            2.31±1.80             <0.001                0                           0                          NA                   NA                   <0.001
  CI                           0.67±0.08              0.63±0.07             <0.001                0.67±0.09             0.65±0.08           0.15                   0.90                  <0.001
 HI                           0.33±0.02              0.36±0.03               0.001                0.30±0.02             0.32±0.04           0.006              <0.001                  0.001
PTVboost                                                                                                                                                                                                                         
  D2 (Gy)               67.96±0.68            70.11±1.39             <0.001              66.56±0.71           67.45±1.06           0.002              <0.001                <0.001
  D98 (Gy)             65.42±0.62            65.85±0.84               0.03                63.82±0.37           62.33±1.69         <0.001                 0.002                <0.001
  V95 (%)              98.05±0.53            96.52±0.70             <0.001              99.59±0.40           98.18±1.47           0.002              <0.001                <0.001
  V107 (%)              0                            1.34±0.88             <0.001                0                           0                          NA                   NA                   <0.001
  CI                           0.74±0.08              0.72±0.08               0.001                0.74±0.07             0.71±0.07         <0.001                 0.86                    0.84
  HI                           0.39±0.02              0.41±0.03             <0.001                0.38±0.02             0.41±0.02         <0.001                 0.74                    0.24

Table II. Organs at risk doses according to treatment plans and irradiation technique.

Parameters                        HT                      VMAT                p-Value              HT                     VMAT             p-Value                   SB vs. SIB plan

                                                                     SB plan                                                                 SIB plan                                         HT                   VMAT

                                                                                                                                                                                                       p-Value              p-Value

Ipsilateral lung
  V5                           43.73±7.25             53.67±7.93             0.02             41.23±5.76           43.29±3.96           0.28                   0.09                    0.13
  V13                         17.39±3.68             18.36±3.23             0.42             16.57±2.28           14.81±3.08           0.03                   0.32                    0.84
  V20                         10.99±2.73             11.42±2.53             0.53             10.66±1.98             9.42±2.57           0.08                   0.14                    0.15
  V30                           6.45±2.19               6.56±2.21             0.83               5.82±1.72             5.21±2.10           0.26                   0.19                    0.07
  Dmean                       8.66±1.43               9.16±1.08             0.27               8.11±0.73             7.83±0.92           0.23                   0.05                    0.44
Heart                                                                                                                                                                                                                               
  V10                         14.56±7.27             17.22±8.46             0.42             14.26±8.59           13.63±10.23         0.79                   0.95                    0.50
  V20                           2.30±0.42               2.89±1.79             0.39               2.47±1.44             2.06±1.91           0.50                   0.09                    0.71
  V30                           1.35±0.15               1.56±0.71             0.08               1.14±0.55             1.11±1.06           0.94                   0.22                    0.50
  Mean                         3.58±1.51               3.24±1.39             0.21               2.96±1.29             3.38±1.35           0.02                   0.002                  0.64
Contralateral lung                                                                                                                                                                                                          
  V5                             1.98±0.73               3.52±1.40             0.03               1.61±1.06             4.04±3.22           0.009                 0.003                  0.04
  Dmean                       2.47±0.58               2.29±0.46             0.29               2.40±0.79             2.10±0.70           0.11                   0.14                    0.03
Contralateral breast                                                                                                                                                                                                         
  V5                             1.48±1.19               4.61±3.55             0.03               1.33±0.46             1.82±0.77           0.64                   0.18                    0.02
  Dmean                       2.35±1.15               2.75±1.40             0.31               1.83±1.57             3.14±1.44           0.02                   0.88                    0.01



SIB technique with IMRT seems to have the advantages of
better skin sparing and boost volume conformity especially
for deeper boost volumes (23, 24). In the present study, our
dose distribution analysis showed more conformity and less
dose spilling to the ipsilateral breast tissue outside the boost
volume with the SIB technique compared to SB technique.
This can be technically explained by the boost volume being
surrounded by the PTVbreast for the SIB technique. With the
SB technique, the surrounding breast tissue has to be spared
during boost irradiation in order to reduce cumulative breast
doses. However, with the SIB technique, whole breast and
tumor bed are simultaneously irradiated with different
prescribed doses. Additionally, for the SB technique, field
apertures must be several millimeters larger than the
PTVboost volume to account for the penumbra, which causes
higher doses to surrounding breast tissue. However, for the
SIB technique no extra margin around the PTVboost is
required to obtain target coverage, so the dose conformity is
higher. In the current study, similar to previous studies, we
found that SIB technique provides better in target-volume
dose distribution compared to SB with both HT and VMAT
plans. Furthermore, HT has shown superiority with absence
of V107 values in SB plan, and significantly lower HI
compared to VMAT in SB and SIB plans, which potentially
reduces the risk of breast fibrosis.
There is no standard technique for SIB in WBI after BCS,

because of conflicting results due to different RT techniques,

treatment planning systems, and dose constraints for OARs
used in these studies. Maier et al. (25) have evaluated IMRT,
VMAT, and tangential arc VMAC using Monaco treatment
planning for right-sided BC patients using SIB technique. The
authors found that best target coverage and homogeneity was
observed with VMAT, and lowest doses to the contralateral
lung and breast were observed with tangential arc VMAT. Hijal
et al. (11) have analyzed the dosimetric data of HT and 3D-
CRT with SIB technique in early-stage BC patients. The
authors found that both HT and 3D-CRT provided adequate
dose coverage and low heart doses; however, HT reduced
higher doses within breast and decreased ipsilateral lung doses.
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Figure 3. Box-plot graphics demonstrating the heart doses using sequential boost and simultaneous-integrated boost techniques with (A) VMAT
plan and (B) HT plan for right- and left-sided breast irradiation.

Table III. The heart doses according to left- and right-sided breast
irradiation techniques.

                                                        Heart dose (mean±SD) (Gy)

Technique                      Right breast            Left breast               p-Value

SB technique                           
   VMAT                          2.57±1.01               3.91±1.43                 0.006
   HT                                2.37±1.03               4.79±0.73               <0.001
SIB technique                         
   VMAT                          2.80±0.88               3.96±1.51                 0.02
   HT                                2.13±0.69               3.78±1.24               <0.001



Michalski et al. (12) have compared HT, IMRT, and 3D-CRT
for left-sided breast tumors with SIB technique, and found that
HT offered superior target-volume doses and lower doses to
ipsilateral lung and heart, compared to 3D-CRT and IMRT. In
dosimetric studies with more conformal techniques, VMAT
(16, 25) and HT (11, 12) provide better target-volume coverage
and lower lung and heart doses. In the current study comparing
VMAT and HT technologies with the SIB technique, we found
that HT had better target-volume coverage and provided lower
doses to contralateral breast and lung compared to VMAT. 
With the improved efficacy of BC therapies, the likelihood

of long-term survival of patients has increased substantially.
Due to the technical characteristics of IMRT, VMAT, and HT
plans, radiation scattering to the surrounding normal organs
is slightly higher than with conventional techniques (26).
Therefore, radiation toxicities during long-term follow-up are
the subject of increasing attention. Henson et al. (6) have
found that the BC patients experienced 1.2 times the number
of cardiac deaths compared to the general population.
Although one study that conducted long-term follow-up in
35,000 patients undergoing RT found that the incidence of
cardiovascular disease increased remarkably after RT (18),
there were no increase in cardiovascular mortality in patients
who underwent RT after 1980, which may be due to
development/utilization of more conformal RT techniques
(27). VMAT may lead to more radiation being scattered to
organs due to its technical characteristics, and dosimetric
studies have demonstrated that tangential field IMRT
decreases ipsilateral V5 and V10 compared to multi-field
IMRT and VMAT (26, 28). Although ipsilateral lung volumes
receiving low-dose radiation were higher with the VMAT
technology (suggesting that VMAT may be associated with a
higher possibility of radiation-induced lung cancer), the
results of long-term follow-up are still lacking. Caudrelier et
al. (29) have evaluated 30 patients for long-term cardiac and
pulmonary effects from mammaria interna radiotherapy using
the IMRT technique. The authors concluded that V25Gy
should be included in the evaluation of dose distributions
besides mean heart dose with regard to long-term cardiac
effects with IMRT. In the presented study, the V30Gy value
was below the recommended limit of 5%. Furthermore, we
found that SIB technique with HT is advantageous in heart
doses for both left- and right-sided tumors. Additionally, the
dose levels of lung and heart in these dosimetric studies were
still within limits of the ‘Quantitative Analysis of Normal
Tissue Effects in Clinic’ (QUANTEC) guidelines (30, 31).
According to QUANTEC guidelines, heart V25 <10% was
associated with less than 1% probability of cardiac mortality
15 years after RT (30), and the limits for lung V20 and mean
lung dose were set as <30–35% and <20–23 Gy, respectively
(31). However further studies evaluating the long-term
cardiac and pulmonary effects of VMAT and HT technologies
deployed with the SIB technique are warranted. 

Another important feature of VMAT and HT is the
substantial contralateral breast and lung doses that raises
concerns about secondary malignancies especially for early-
stage BC patients. Although the V5 values of breast and lung
were very low with both techniques, HT is advantageous over
VMAT in sparing contralateral lung and breast, and VMAT is
unsafe in terms of secondary BC, especially in young women.
This study possesses some limitations. First, our study

demonstrates the dosimetric advantages of SIB technique
with HT plan, however, we did not analyze radiation-
associated late toxicities and long-term cosmetic outcomes
of this technique. Second, we could not compare the
treatment time and monitor units between VMAT and HT,
since both systems are technically different. Lastly, we did
not assess the inaccuracies in the setup for these complicated
technologies. However, in order to improve accuracy in these
complex techniques, a strike immobilization and image
guidance with daily cone beam CT or breath-hold techniques
are required. Notwithstanding these limitations, our
dosimetric study demonstrated the applicability of SIB
technique with HT plan. 

Conclusion

In conclusion, our study suggests that HT may be more
suitable for the SIB technique for WBI after BCS than
VMAT as it offers appropriate target coverage and acceptable
doses to OARs, especially the contralateral lung and breast.
Furthermore, the SIB technique provided a better target-
volume dose distribution in both HT and VMAT plans,
compared to the SB technique. The most important finding
is that SIB technique with HT plan is better in sparing heart
for both right- and left-sided tumors. Additional clinical
studies with larger sample sizes are needed to assess the
long-term feasibility and efficacy of SIB using HT. 
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