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ABSTRACT

Background: The aim of the study was to perform dosimetric comparisons of helical (H) and TomoDirect (TD) plans for
whole-breast irradiation (WBI) with simultaneous integrated boost (SIB) in early-stage breast cancer patients undergoing
breast conserving surgery.

Materials and methods: Fifty patients, 25 with left-side and 25 with right-side tumors, were determined for a treatment
planning system for a total dose of 50.4Gy in 1.8Gy per fraction to WBI, with a SIB of 2.3Gy per fraction delivered to the tumor
bed. The planning target volume (PTV) doses and the conformity (Cl) and homogeneity indices (HI) for PTV,c.: and PTV,00q, @S
well as organ-at-risk (OAR) doses and treatment times, were compared between the H and TD plans.

Results: All plans met the PTV coverage criteria for the H plan, except for mean V107 of PTV,,,.. for TD plan. The H plan yielded
better homogeneity and conformity of dose distribution compared to the TD plan. The ipsilateral mean lung doses were not
significantly different between the two plans. The TD plans is advantageous for mean doses to the heart, contralateral breast
and lung, spinal cord, and esophagus than the H plans. In both the H and TD plans, the right-sided breast patients had low-
er heart dose parameters than the left-sided breast patients. The TD plan is superior to the H plan in sparing the contralateral
breast and lung by decreasing low-dose volumes.

Conclusions: While the OAR dose advantages of TD are appealing, shorter treatment times or improved dose homogeneity
and conformity for target volume may be advantageous for H plan.

Key words: breast cancer; radiotherapy; helical tomotherapy; tomodirect; dosimetry
Rep Pract Oncol Radiother 2023;28(4):541-550

Introduction

Breast cancer (BC) is the most frequently di-
agnosed cancer and the leading cause of cancer
death among the female population [1]. Adjuvant
radiotherapy (RT) after breast conserving surgery

(BCS) is accepted as standard-of-care [2]. Further-
more, boost dose to tumor bed increase the local
control rates [3]. However, due to the convexity of
the breast and the higher doses delivered to the tu-
mor bed, homogeneous dose distribution is techni-
cally difficult to achieve. Because dose homogene-
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ity influences acute and chronic toxicities, the goal
of developing new irradiation techniques is to
achieve homogeneous dose distribution, increase
local control, and improve cosmetic outcomes for
whole-breast irradiation (WBI) after BCS [4].

Modern RT techniques, including field-in-field
irradiation, intensity modulated RT (IMRT), vol-
umetric arc therapy (VMAT), and helical tomo-
therapy (HT), improve target volume dose dis-
tribution and reduce dose exposure to organs at
risk (OARs) [5-10]. Additionally, modern irradi-
ation techniques enable the boost to be delivered
concurrently with WBI, a technique known as
a simultaneous-integrated boost (SIB). The ben-
efit of the SIB technique is its ability to increase
the dose in the area of highest risk without extend-
ing the treatment duration. Previous studies have
demonstrated the dosimetric feasibility of the SIB
technique in BC patients [11, 12]. Furthermore, we
recently demonstrated that the SIB technique im-
proved target volume dose distribution in both he-
lical tomotherapy and VMAT plans, as well as OAR
doses in HT [5].

Two modes of breast irradiation with HT have
increased in popularity: helical mode (H) and To-
moDirect (TD). Although previous studies have
demonstrated the clinical outcomes of WBI with
SIB using helical tomotherapy in the H [13]
and TD modes [14-16], the dosimetric compari-
son of these two techniques is not readily available.
Therefore, we performed dosimetric comparisons
of HT using the H and TD modes with the SIB tech-
nique for WBI in early-stage BC patients who had
undergone BCS.

Materials and methods

Fifty patients, 25 with left-side tumors and 25
with right-side tumors, who were previously treat-
ed with RT following BCS for early BC were en-
rolled in this study.

Target volumes

All patients had undergone a 2.5-mm slice
thickness, free-breathing computed tomogra-
phy (CT) scan in the supine position on a 10°-
15° angle breast-tilting board with both arms
elevated for treatment planning purposes, as
previously described [17]. All target volumes
and OARs were delineated according to the Ra-

diation Oncology Group (RTOG) recommenda-
tions and the European Society for Radiothera-
py and Oncology (ESTRO) guidelines [18, 19].
The clinical target volume (CTV) included whole
breast tissue. The tumor bed was delineated ac-
cording to preoperative images, operative notes,
and scar tissue, and encompassed metal clips
placed during BCS or the post-operative residual
seroma. The planning target volume for the entire
breast (PTV,...) was created by a 5-mm expansion
of CTV in all directions around the tumor bed, ex-
cluding a 2-mm strip of skin. The lung and heart
were also excluded from the PTV. The PTV,,,, was
created by a 5-mm expansion in all directions of
the delineated tumor bed.

The delineated OARs included the ipsilateral
lung, the contralateral breast and lung, heart, spi-
nal cord, and liver. The heart was delineated from
the pulmonary trunk to its most distant extent near
the diaphragm, excluding pericardial fat tissue.

Treatment planning

For each patient, two different SIB plans were
generated using the same CT images and volumes
delineated using a Hi-Art Tomotherapy system
(TomoTherapy Inc., Madison, USA), a helical
fan-beam IMRT system equipped with inverse
planning software and a 6-MV photon beam. A to-
tal dose of 50.4 Gy in 1.8 Gy per fraction was pre-
scribed to the WBI, with an integrated boost of
2.3 Gy per fraction (for a total dose of 64.4 Gy in 28
fractions) delivered to the tumor bed.

In H mode, the target volume is irradiated using
thousands of narrow beamlets that are individual-
ly optimized for the target via continuous gantry
rotations around the patient. The TD, on the oth-
er hand, is a non-rotational treatment based on
coplanar static beams, with the couch moving at
a constant speed through a fixed binary multileaf
collimator (MLC) that modulates the beam. After
the patient has been treated at one gantry angle,
the gantry is rotated to a different angle, and the pa-
tient is again passed through the bore for the deliv-
ery of subsequent fields [20].

The H plans were made for the TomoEdge
Dynamic Jaws system of the TomoHDA series.
A collimator aperture of 2.5 cm, pitch of 0.25,
and modulation factor of 5.0 were used. Dose cal-
culations were performed using the fine-dose cal-
culation grid (3 mm in the craniocaudal direction
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over a 256 x 256 matrix in the axial plane from
the original CT scan). The contralateral breast,
hemibody, and posterior portion of the ipsilat-
eral side of the body were blocked during plan-
ning in order to restrict beamlets passing through
the virtual contour on CT image in dose optimi-
zation, reducing the dose to OARs. For the TD
plan, the jaw width was 5 cm, the pitch was
0.25, and the modulation factor was 5.0. Breast
and tumor bed irradiation was performed using
six IMRT beams. Another beam in the anterior
oblique direction was used to improve the homo-
geneity of the PTV,,,, dose.

Dose constraints

The plan was optimized to ensure that 95%
of PTV,,.. and PTV,,., received at least 95% of
the prescribed dose. The volume receiving more
than 107% of the prescribed dose should be less
than 1%. The dose constraints prescribed for OARs
were: (a) < 10% and < 30% of the heart volume may
receive > 25 Gy and > 5 Gy, respectively; (b) < 5%
and < 20% of the ipsilateral lung may receive > 50 Gy
and > 15 Gy, respectively, and the mean dose should
be less than 12 Gy; and (c) the mean doses and < 5%
of the contralateral breast and lung should be lim-
ited to < 3 Gy and < 5 Gy, respectively. The max-
imum spinal cord dose must be less than 30 Gy.
Same dose constraints were used for left and right
sided targets.

The volume of target volumes receiving 95%
(V95) and 107% (V107) of the prescribed dose was
calculated. Target homogeneity (HI) and conformi-
ty indices (CI) were compared. The HI was calculat-
edas HI = [(D2-D98)/D50], where the D2 and D98
(minimal doses to 2% and 98% of the target volumes,
respectively) were used as surrogates for maximum
and minimum doses. A greater HI value indicates
poorer uniformity of the dose distribution. The CI
was calculated as: (VT,/VT) x (VT./V,), where
VT, represents the target volume covered by isod-
ose, VT represents the target volume, and V. rep-
resents the total volume covered by 95% of isodose.
The value of CI ranged from 0-1, with a value clos-
er to 1 indicating better conformity of the dose to
the PTV.

Statistical analysis
Statistical analysis was performed using IBM
SPSS Statistics 22 (IBM Corp., Armonk, NY,

USA). Descriptive analysis was performed by
calculating the means and standard deviations,
ranges, and medians. Dn and Vn were calculat-
ed for the PTV and OARs. Vn represents the per-
centage of organ volume receiving > nGy and Dn
represents the percentage of organ receiving n%
of the prescribed dose. The target volume doses,
CI, and HI for PTV,,., and PTV,,, were com-
pared between the H and TD plans. Additionally,
the OAR doses and treatment times were com-
pared between the two plans. A further com-
parison was made between patients with large
and small breasts, as well as those with large
and small tumors. The breast and tumor vol-
ume groups were defined based on the median
PTVyy and PTV,,. The results are presented
as mean + standard deviation, unless otherwise
specified. A one-way analysis of variance (ANO-
VA) test and Wilcoxon’s matched-pairs test were
executed to determine the significance of differ-
ences between doses in the H and TD plans. All
p values reported are two-sided, and p < 0.05 was
considered statistically significant.

Results

Target volume doses

The mean breast and tumor bed volumes were
1064.8 + 443.1 cm® and 24.7 + 21.4 cm?, re-
spectively. The mean PTV,,,, and PTV,,, were
1356.1 £497.0 cm®and 65.5 + 34.4 cm?, respectively.
Figure 1 shows axial sections depicting the PTV,,..q
and PTV,,.. dose distributions for the H and TD
plans of representative patients, respectively. The do-
simetric parameters for PTV,,,, and PTV,,, are
summarized in Table 1. All plans met the criteria
for PTV,,., coverage for the H plan, but the mean
V107 of PTV,,.. for the TD plan was higher than
1%. Only two TD plans met the acceptable PT-
Vireast V107% of less than 1%. In the H plans, the HI
was significantly lower and the CI was significant-
ly higher, which indicates better homogeneity
and conformity of dose distribution for PTV,,
compared to TD plans.

All plans met the criteria for PTV,,, coverage in
both plans. The D2, D98, and mean doses of PTV-
boost Were significantly lower in the H plan than in
the TD plan. Similarly, when compared to the TD
plan, the H plan achieved better dose conformity
and homogeneity for PTV,,.
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Figure 1. Dose distribution demonstrating 50% and 90% of prescribed dose for whole-breast in (A) helical and (B)
TomoDirect plans. The 50% isodose volume (blue area), 90% isodose volume (green area) and tumor-bed boost (orange area)

Table 1. Target volume doses according to helical technique (H) and TomoDirect (TD) plans

Parameters H plan TD plan P
PTV}reast

D2 [Gy] 52.70 = 0.66 56.35+ 1.60 <0.001
D98 [Gy] 48.76 + 0.68 48.78 +0.89 0.83
Dmean [Gy] 50.89 +0.48 52.34+0.61 <0.001
V95 (%) 99.12 + .81 98.98 +0.74 0.23
V107 (%) 0.58 £.74 10.39 + 6.44 <0.001
HI 0.08 +0.02 0.15 +0.04 <0.001
Cl 0.55 +0.09 0.47 £0.16 <0.001
PTVpoost

D2 [Gy] 65.92+0.76 67.19+0.75 <0.001
D98 [Gy] 63.70 £ 0.42 64.42 +0.26 <0.001
Dmean [Gy] 64.86 + 0.52 66.01 +0.49 <0.001
V95 (%) 100 £ 0.01 100 £ 0.02 0.57
V107 (%) 0 0.07 +0.19 0.009
HI 0.03 £0.01 0.04 £ 0.01 0.004
(@ 0.56 +0.09 0.47 +0.16 <0.001

H — helical; TD — tomodirect; PTV — planning target volume; Gy — Gray; D — dose; V — volume; HI — homogeneity index; Cl — conformity index

Organs at risk doses

The average dosimetric data on OAR for the H
and TD techniques are presented in Table 2. All
plans complied with OAR dose constraints. There
was no significant difference in the mean lung
doses for the ipsilateral lung between the two
plans. Additionally, the heart (Fig. 2A), spinal cord
and esophagus doses were significantly reduced in
the TD plans compared to H plans.

The mean heart doses for patients with right-side
tumors were significantly lower compared to

left-side tumors in both the H (4.58 £ 0.73 Gy vs.
1.67+0.93Gy;p<0.001)and TD plans (5.83+£0.83 Gy
vs. 4.53 £ 1.33 Gy; p < 0.001). Similarly, all param-
eters of heart doses were significantly better in
right-side breasts compared to left-side breasts in
both the Hand TD plans, except for V30Gy in the H
plan, which was higher in the left-side breast than in
the right-side breast (Fig. 2B-C).

The contralateral breast and lung mean dos-
es and V5Gy values were significantly higher in
the H plan than in the TD plan. As demonstrated in
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Table 2. Organs at risk doses according to helical technique (H) and TomoDirect (TD) plans

ETET N EE H plan TD plan p
Ipsilateral lung

Vsgy (%) 41.66 +4.82 36.33+7.10 <0.001
Vaocy (%) 13.37 +1.56 13.88+£2.73 0.06
Vioay (%) 8.13 £0.96 10.13 £ 1.97 <0.001
Dinean [GY] 9.21+0.77 8.98 +1.40 0.13
Heart

Vsey (%) 3293 +8.46 15.44 £ 1291 <0.001
Viocy (%) 8.02 £5.04 5.65+6.34 <0.001
Vaosy (%) 1.53+1.79 1.89+£2.23 0.01
Vo6, (%) 0.55+0.77 1.16 £ 1.47 <0.001
Dinean [GY] 5.20 £ 1.00 3.09+1.84 <0.001
Contralateral lung

Ve, (%) 269+1.19 0.25 +0.56 <0.001
Drean (GY) 2.06+0.29 0.59+0.36 <0.001
Contralateral breast

Vsgy (%) 4.08 = 1.04 1.28 £1.57 <0.001
Drnean (GY) 2.18+£0.43 0.77 +£0.35 <0.001
Spinal cord

Drax [GY] 3.90+2.78 0.91 +0.99 <0.001
Esophagus

Dinax [GY] 4.74 +£3.21 1.54+1.51 <0.001
Dinean [GY] 2.30+1.26 0.86 +0.58 <0.001
Liver

Vaocy (%) 144 +1.63 1.67+£2.18 0.26
Dinean [GY] 2.82+£1.50 1.81£1.58 <0.001
Time [min] 6.5+0.9 87+1.0 <0.001

H — helical; TD — tomodirect; Gy — Gray; D — dose; V — volume

Figure 3, the low-dose volumes in the contralateral
and breast were lower in the TD plan compared to
the H plan.

The median treatment time in the H and TD
plans was 6.5 min (range: 4.9-8.8 min) and 8.8 min
(range: 6.8-11.0 min) (p < 0.001), respectively.
Furthermore, the median planning time for H plan
was 83 min (range: 67-101 min), and it was 43 min
(range: 30-60 min) for TD plan, with statistically
significant difference (p < 0.001).

Comparison according to breast
and tumor volumes
Target volume doses did not differ significant-
ly between patients with large breasts (> 1350 cc)
and small breasts (< 1350 cc). However, CI of PT-
Vi Was significantly higher in large breast pa-

tients in both the H plan (0.81 + 0.04 vs. 0.78 + 0.05;
p=0.04) and the TD plan (0.74 + 0.05 vs.0.70 + 0.05;
p = 0.004) than in small breast patients. OAR dosi-
metric parameters did not differ significantly based
on breast volume. Patients with large breasts had
significantly longer treatment times in the H plan
(7.1 £ 0.7 min vs. 6.0 £ 0.8 min; p < 0.001) and TD
plan (9.2 + 1.0 min vs. 8.3 = 0.8 min; p = 0.002)
than patients with small breasts.

The D2 of PTV,,.,, calculated in the TD plan
was significantly higher in patients with large
tumors (> 65 cc) than in patients with small tu-
mors (< 65 cc) (52.5 + 0.5 Gy vs. 51.9 £ 0.6 Gy;
p =0.007). PTV,,., and PTV,,,, mean doses were
also significantly higher in the TD plan for pa-
tients with large tumors compared to those with
small tumors. Furthermore, in both the H and TD
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Figure 2. The mean dosimetric indices for heart in (A) left-side,
and (B) right-side breast cancer patients according to

the helical plan (blue line) and the TomoDirect plan

(red line)

plans, the CIs for patients with larger tumors
were significantly higher than those for patients
with smaller tumors (0.59 + 0.05 vs. 0.52 + 0.10;
p = 0.006). However, treatment times based on
tumor volume did not differ significantly between
the H and TD plans.

Regardless of breast volume or tumor size,
target volume doses were significantly higher
in the H plan compared to the TD plan. In all
breast and tumor volume groups, lung V5 was
significantly higher in the H plan than in the TD
plan, whereas lung V30 was significantly lower in
the TD plan than in the H plan, except for patients
with smaller tumors, where no significant differ-
ence in lung V30 value was observed. Similarly,
regardless of breast and tumor volumes, heart low
dose volume (V5) and mean heart doses were sig-
nificantly higher in the H plan than the TD plan,
and heart high dose volume (V30) was signifi-
cantly lower in the H plan than the TD plan. In all
breast and tumor volume groups, the TD plan is
superior to the H plan in terms of sparing contra-
lateral breast and lung.

Discussion

Our findings indicate that the H plan outper-
formed the TD plan in terms of target volume
coverage, regardless of breast size and tumor vol-
ume. Except for the V30Gy value, which was lower
in the H plan than in the TD plan, the ipsilateral
lung dose volume parameters were significantly
better in the TD plan. Despite the fact that both
plans met all OAR dose constraints, the doses for
the heart, spinal cord, and esophagus in the TD
plan were significantly lower than in the H plan.
Furthermore, the TD plan performed well in heart
doses for both the right and left breasts. In terms
of low-dose volumes of the contralateral breast
and lung, the TD plan outperformed the H plan,
which favors the prevention of secondary malig-
nancy risk. Be that as it may, the total treatment
time was significantly longer for the TD technique
than for the H technique. Nonetheless, TD plan re-
quired less time for planning than H plan did.

The tumor-bed boost can be delivered either
sequentially after WBI or with the SIB technique.
Granting that previous studies have demonstrated
the dosimetric advantages of SIB over the applica-
tion of the sequential boost technique after BCS,
there is no standard technique for SIB in WBI after
BCS. The different RT techniques, treatment plan-
ning systems, and dose constraints for OARs used
in these studies caused conflicting results [5, 11,
21-24]. Maier et al. [23] demonstrated that best tar-
get 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. [24] found that both HT and 3DCRT pro-
vided adequate target volume doses with lower heart
doses, and HT decreased ipsilateral lung doses. Mi-
chalski et al. [11] found that HT offered superior tar-
get-volume doses and lower doses to ipsilateral lung
and heart, compared to 3D-CRT and IMRT. Recent-
ly, in a dosimetric study comparing HT and VMAT
for WBI with SIB following BCS, we found that HT
plan had superior target-volume coverage and deliv-
ered lower doses to the contralateral breast and lung
than VMAT plan [5]. Furthermore, HT has shown
superiority with absence of higher doses in standard
boost plan, and significantly lower HI compared to
VMAT in SB and SIB plans, which potentially re-
duces the risk of breast fibrosis.
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Figure 3. Dose distribution demonstrating the volume receiving 5 Gy (blue area) in the helical plan in (A) right-side and (C)
left-side breast cancer, and 5 Gy dose volume (blue area) in the TomoDirect plan for (B) right-side and (D) left-side breast
cancer

Few clinical studies have yet to evaluate the fea-
sibility of the SIB technique in patients treated with
HT [13, 15, 25, 26], and with other modern RT
techniques [27-29].In a randomized trial com-
paring conventional RT and hypofractionated RT
using HT with the SIB technique, van Parijs et al.
displayed the feasibility and safety of the HT with
SIB technique compared to conventional RT [26].
Despite the fact that dosimetric and clinical studies
indicated that HT with the SIB technique is feasible,
there is no direct comparison of two HT treatment
techniques — the H and TD plans. We demonstrat-
ed that the H technique outperformed TD in terms
of target volume dose distribution and dose ho-
mogeneity, resulting in less toxicity and improved
cosmesis. Furthermore, no significant difference
in target volume doses was found between pa-
tients with small and large breast volumes, as well
as patients with small and large tumors. However,
regardless of breast or tumor volume, the H plan
outperformed the TD plan in terms of target vol-
ume doses.

Dose limitations and low dose volumes, as es-
tablished by clinical ‘Quantitative Analyses of
Normal Tissue Effects (QUANTEC), must be
considered when evaluating radiation exposure
to OARs [30]. According to the literature, the TD
technique was found to be superior in terms of pre-
serving surrounding organs and, in particular, reg-
ulating the low dose spread to contralateral breast
and lung, which may potentially reduce the risk of
secondary malignancy [6, 7, 31]. Low-dose spread,
represented by lung V5Gy, has been acknowledged
as an important factor in predicting lung toxicity
since the development of IMRT, alongside tradi-
tional dosimetric factors, such as V20Gy and mean
lung doses [32, 33].In BC patients receiving post-
operative RT, including chest wall and lymphat-
ics, Takano et al. found that ipsilateral lung V5Gy
was significantly lower in the TD plan compared
to the H plan (22.49 + 2.69% vs. 94.59 + 4.26%;
p = 0.001) [7]. Similarly, Dicuonzo et al. demon-
strated that in BC patients receiving hypofraction-
ated post-mastectomy RT, V4Gy was significantly

https://journals.viamedica.pl/rpor 547



Reports of Practical Oncology and Radiotherapy 2023, vol. 28, no. 4

lower in the TD plan compared to the H plan (37.4%
5. 96.9%; p < 0.001) [31]. Nevertheless, in the cur-
rent study, we found that the ipsilateral lung V5Gy
value calculated for the H plan (41.66 + 4.82%) was
lower than those reported in previous studies [7,
31], which might be attributable to the absence of
nodal irradiation in this study. In the current study,
TD significantly decreased V5Gy relative to the H
plan, exhibited a marginally significant increase in
V20Gy, with no significant difference in mean lung
doses, and showed a significant increase in lung
V30Gy in entire group, as well as in patients with
small and large breast volumes and small and big
tumors, for which QUANTEC made no recom-
mendations.

Limiting the cardiac radiation dose is anoth-
er crucial factor, and improvements in treatment
planning and RT administration have significant-
ly decreased the incidence of cardiac toxicity [34,
35]. Darby et al. reported a mean cardiac dose of
4.9 Gy overall, and a 1 Gy increase was associat-
ed with a 7.4% relative increase in cardiac events,
with no apparent threshold below which there is
no risk [2, 34]. Another study investigated the as-
sociation between the relative volumes of irradiat-
ed heart or pericardium and late cardiac toxicity,
and V25 Gy < 10% was associated with 1% mor-
tality over 15 years following RT [36].In the cur-
rent study, TD significantly reduced the mean heart
dose and V30Gy when compared to the H plan.
The heart dose levels for both plans stayed with-
in the QUANTEC guidelines in our study, and for
both plans, the V30 Gy of the heart was less than
the recommended limit of 5%. Although recent
publications have addressed the evaluation of dos-
es to the coronary artery and the left ventricle,
which is an important topic, the dose constraints
for the coronary artery and the left ventricle were
not assigned during this planning and optimiza-
tion process, and more research is needed to de-
termine whether H or TD is better for the heart
[37, 38]. Further studies evaluating the long-term
cardiac and pulmonary effects of VMAT and HT
technologies deployed with the SIB technique are
warranted.

Another important aspect of modern irradia-
tion techniques, particularly in helical treatment, is
the high contralateral breast and lung doses, which
raise concerns about secondary malignancies, espe-
cially in patients with early-stage BC. According to

Santos et al., the lungs and contralateral breast have
a high life-related risk of developing a second pri-
mary cancer [39]. Breast tissue had a much higher
estimated relative risk of secondary primary cancer
than other organs [40, 41], and Stovall et al. found
that receiving a maximum dose of more than 1 Gy
to breast tissue increased the risk of secondary
breast cancer in the contralateral breast in wom-
en younger than 40 years old [42]. These findings
suggest that low-dose spread should be avoided
as much as possible. Although both techniques had
very low V5 Gy values and mean doses of breast
and lung in this study, TD outperformed H in terms
of sparing the contralateral lung and breast. There-
fore, referrals to TD should be made for younger
patients, those with a family history, and those with
clear or suspicious BRCA 1/2 mutations.

This study has some limitations. First, our
study evaluates the dosimetric parameters of
the SIB technique with H and TD plans; we did
not analyze the radiation-associated late toxicities
and long-term cosmetic outcomes of these tech-
niques. Second, we did not assess the inaccuracies
in the setup of these complicated technologies. To
improve accuracy in these complex techniques,
strict immobilization and image guidance with dai-
ly cone beam CT or breath-hold techniques are re-
quired. We only evaluated the dose distribution of
Hand TD plans for patients with early-stage cancer
undergoing BCS. Dosimetric evaluation of more
complex plans, such as those involving irradiation
of the lymphatic field or chest wall, may be the sub-
ject of additional research.

Conclusions

In light of our dosimetric findings, as well as
the reviewed literature, it is evident that there is no
perfect plan for early BC patients receiving post-
operative RT after BCS. Individually, the H plan
appeals because of its target coverage, treatment
duration, and smaller high dose volumes (30 Gy)
to the ipsilateral lung and heart, which is critical
for preventing long-term cardiac and pulmonary
effects of radiation. Nonetheless, the TD plan out-
performed the H plan in terms of sparing the con-
tralateral lung and breast and delivering a lower
dose to the heart and ipsilateral lung, which favors
secondary malignancy prevention, especially in
younger patients with a family history.
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