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Abstract

Purpose: To dosimetrically compare high-dose-rate interstitial brachytherapy (HDR-BT) with volumetric-modulat-
ed arc therapy (VMAT) for tumor bed boost, following breast conservative treatment.

Material and methods: 50 patients with early-stage breast cancer who underwent breast conservation surgery, fol-
lowed by either HDR-BT (1 = 25) of 15 Gy in 6 fractions over a period of 3 days, or VMAT dose of 16 Gy in 8 fractions
(n = 25) for tumor bed boost, were retrospectively reviewed. All patients received whole breast irradiation of 46 Gy
in 23 fractions. Dosimetric parameters for organs at risk (OARs), including ipsilateral and contralateral lungs, heart,
contralateral breast, skin, and ribs, were evaluated with the help of dose-volume histograms (DVH).

Results: Heart sparing was similar in both modalities (left-sided breast irradiation, HDR-BT D, 20.5% vs. VMAT
30.2%, p-value = 0.243; right-sided breast irradiation, D,.. 6.5% vs. 4.4%, p-value = 0.165). Left-sided cases received
higher dose to heart compared to right-sided patients. Interstitial brachytherapy resulted in significantly less dose
to contralateral breast (D,.. 4.3% vs. 9.6%, p-value < 0.0001), ipsilateral lung (D, 27.6% vs. 73.2%, p-value < 0.0001),
contralateral lung (D, 4.2% vs. 14.5%, p-value < 0.0001), ribs (D, 24.1% vs. 41.2%, p-value < 0.0001), and skin (D,

77.3% vs. 95%, p-value < 0.0001).

Conclusions: HDR-BT-based tumor bed boost irradiation results in significantly lower doses to most organs at risk

with similar heart sparing compared to VMAT.
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Purpose

Global Cancer Data, GLOBOCAN 2018, has estimated
that breast cancer is the most common cancer, represent-
ing approximately 14% of total cancer cases in India. It
is the leading cause of cancer mortality, accounting for
11.1% of the total cancer-related deaths [1]. Breast con-
servative therapy (BCT), the standard of care for early
breast cancer, involves lumpectomy with an adequate
margin and axillary clearance, followed by adjuvant ra-
diotherapy. It has been proven in multiple randomized
control trials that there is no difference in survival out-
comes between breast conservative treatment and total
mastectomy [2, 3]. Adjuvant radiotherapy, following
breast conservative surgery, involves irradiation of the
whole breast as well as regional lymphatics in high-risk
cases [4]. The recurrence in the vicinity of tumor bed was

50-60% of all local recurrences, which necessitated tumor
bed boost irradiation [5, 6]. Whole breast irradiation to
a dose of 45-50 Gy and a tumor bed boost of 10-20 Gy are
recommended for adjuvant treatment following breast
conservative surgery in patients with high-risk features
(age < 50 years, grade 3 tumors, extensive intraductal
component) [7]. The benefit of boost irradiation has been
clearly shown in the European Organization for Research
and Treatment of Cancer (EORTC) trial, which demon-
strated a significant improvement in local control, espe-
cially among younger patients who received a tumor bed
boost irradiation [8]. Various techniques used for deliver-
ing tumor bed boost include conformal teletherapy with
fixed electron or photon beams, intensity-modulated ra-
diation therapy (IMRT), volumetric-modulated arc thera-
py (VMAT), and interstitial brachytherapy.
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High-dose-rate brachytherapy (HDR-BT), despite
being invasive, is a well-studied modality for partial
breast irradiation as well as for tumor bed boost after
breast conservative surgery in breast cancers [9-18]. Vol-
umetric-modulated arc therapy is a novel non-invasive
radiation treatment technique that is based on volumet-
ric-modulated rotational delivery, as compared to classic
IMRT, which uses fixed gantry beams. By varying the
speed of gantry rotation, multi-leaf collimator shape and
continuously changing fluence (dose-rate), the VMAT
delivers highly conformal IMRT plans in a short time,
with less monitors units and possibly less dose to organs
at risk [19]. The choice of boost technique is very import-
ant in breast cancer radiotherapy. Although dosimetric
comparisons between brachytherapy and 3-dimensional
conformal radiotherapy (3D-CRT) and IMRT were avail-
able [20-22], there is a lack of data on comparison of in-
cidental doses to organs at risk (OARs) with tumor bed
boost irradiation by VMAT and brachytherapy. Hence,
the purpose of the study was to dosimetrically compare
organs at risk between interstitial brachytherapy and
VMAT-based tumor bed boost, following breast conser-
vative surgery.

Material and methods

Treatment planning data of 50 patients with breast
cancer who underwent breast conservation surgery, fol-
lowed by either HDR interstitial brachytherapy (n = 25)
or VMAT (n = 25) for tumor bed boost at regional cancer
center, Jawaharlal Institute of Postgraduate Medical Ed-
ucation and Research Institute (JIPMER), were included
in this retrospective study. All patients received whole
breast irradiation of 46 Gy in 23 fractions. Tumor bed
boost was considered in all patients < 50 years of age
or those with high-risk features, such as grade 3 tumors
and/ or extensive intraductal component. No specific cri-
teria were considered for choosing the technique for tu-
mor bed boost. The organs at risk evaluated included the
ipsilateral and contralateral lungs, heart, ipsilateral and
contralateral breasts, skin, and ribs. All these organs at
risk were contoured using available contouring atlases
[23, 24]. Treatment planning for both groups were per-
formed to meet the criteria provided by the Radiation
Therapy Oncology Group (RTOG) 0413 protocol for tar-
get coverage and OARs sparing [25].

Fig. 1. Dose color wash in rigid implant

Interstitial brachytherapy

The patients in the brachytherapy group received
perioperative interstitial HDR-BT of 15 Gy in 6 fractions
over a period of 3 days as a boost, and whole breast irra-
diation was delivered after a gap of 2-3 weeks. Stainless
steel or flexible catheters were implanted on operating
table after lumpectomy and axillary dissection. Catheters
were implanted after inspection of the tumor bed with
guidance of template, so as to maintain the inter-cath-
eter distance of 1 cm and preserve the geometry of the
implant. The number of planes and number of cathe-
ters were decided intra-operatively, after examining the
tumor bed and assessing the remaining breast volume.
These patients were simulated after 24-48 hours in com-
puted tomography (CT) simulator, and a 3 mm slice CT
images were obtained from lower neck to upper abdo-
men; the images were then transferred to Oncentra treat-
ment planning system (Elekta Instrument, AB Stockholm,
Sweden). Target delineation was performed according to
the GEC-ESTRO Breast Cancer Working Group recom-
mendations [26]. The clinical target volume (CTV) vol-
ume included lumpectomy cavity plus at least 1-2 cm
margin, depending on the size of the resection margin
and cropped from the underlying pectoralis muscle and
overlying skin by 5 mm. Skin was contoured as 5 mm
thickness from the body surface. As there is no margin
given for uncertainties in brachytherapy, planning target
volume (PTV) became the CTV. The catheters were recon-
structed and dose optimization was performed by adjust-
ing dwell times in individual dwell positions in order to
achieve the target volume coverage. AAPM TG43 formal-
ism was used to generate dose distributions. Source posi-
tion nearest to skin and ribs were placed at a distance of
10 mm to decrease high-dose regions within the ribs and
skin. The dosimetric parameters evaluated included target
coverage (Vgy, Dyg), high-dose volumes (V55, V), dose
homogeneity index (DHI), where DHI = (1 - V;5/ V),
and maximum skin isodose. It was aimed to maintain
Voo > 90% of the PTV volume and Dy, > 90% of the pre-
scribed dose as well as to maintain the skin D; .. < 80-90%.
Figure 1 shows dose color wash in a patient with two-
plane rigid implant.

P2 thF4 - Traamar approwed - Trairerial- CT_1

Fig. 2. VMAT dose distribution - dose covered with 95%
of the prescribed dose
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Volumetric-modulated arc therapy

In the VMAT group, boost irradiation was applied after
completion of whole breast irradiation. Usually, no inter-
val was given between whole breast irradiation and boost
irradiation. The seroma was contoured in CT planning ob-
tained for whole breast radiation therapy (RT), with clips
also contoured as a separate structure. Subsequently, CTV
boost was created by adding the seroma and clips and by
adding a margin of 1 cm, so that the clips were completely
included in the CTV with a margin for microscopic disease.
The CT planning was then registered with the pre-opera-
tive CT, and the location of previous tumor and tumor bed
in the CT planning were confirmed. A margin of 5 mm was
given for PTV boost from CTV boost but it was cropped
to lie 5 mm below the skin. PTV boost_eval was defined
by cropping PTV boost 5 mm inside the skin surface. PTV

Table 1. Patient, tumor, and treatment characte-
ristics

boost_eval was used for generating dose-volume histo-
grams (DVHs) and comparative analyses. It was aimed to
keep Vgy > 90% of the PTV boost_eval and Dy, > 90% of the
prescribed dose. VMAT plans were created using Eclipse
(version 10, Varian Medical Systems, USA) treatment plan-
ning system (TPS) using 6 MV photon arcs. The plans were
made with one or two partial arcs, avoiding direct entrance
through the contra-lateral breast by applying angulation to
treatment couch. The dose schedule for VMAT was 16 Gy
in 8 fractions. Figure 2 demonstrates dose distribution in
a patient treated with VMAT-based tumor bed boost.

Statistical analysis

Patient and tumor characteristics were expressed as
frequencies and percentages. SPSS software was utilized
to perform the statistical analysis. Shapiro-Wilk’s test
(p < 0.05) and visual inspection of histograms, Q-Q plots,
and box plots revealed that the dosimetric data were
not normally distributed for both the groups. Therefore,
the data were expressed as a median with interquartile

Variable VMAT Brachytherapy range. A non-parametric test (Mann-Whitney U) was ap-
No. % No. % plied for the analysis of parameters between the groups.
No. of patients 25 25 A p-value of < 0.05 was considered significant.
Median age (years) 45 48
Side Results
Left 15 60 16 64 Characteristics
Right 10 40 2 36 The patient and tumor characteristics are summarized
Site of the tumor in Table 1. The general characteristics of patients in each
Upper outer 14 56 10 40 group were comparable. This study included T1, T2, and
Upper inner 5 20 1 44 T3 tumors, which were down—§tagec‘l by neoadjuvant che-
] - > . ] 4 motherapy. Out of the 25 patients in the brachytherapy
ower nner group, 22 were rigid implants with a template and three
Lower outer 4 16 3 12 were flexible implants. The median number of planes
T size was 2, sixteen cases were two-plane implant, six cases
T1 4 16 0 0 were three-plane implant, and three cases were single-
. " 43 2 88 plane, as indicated in Table 2.
IE 2 e E 2 Target volumes
N status
The results of brachytherapy and VMAT target vol-
NO 14 56 17 68 . .
ume parameters are presented in Table 3 as median
N1 1 44 8 32 and interquartile ranges (25" quartile and 75 quar-
Stage tile). In the brachytherapy group, the median PTV vol-
1 4 16 0 0 ume was 92.4 cc (range, 63.7-119.2 cc); Dgq and Vg, were
5 17 63 24 % 92.1% (range, 78.2-104.5%) of the prescribed dose and
3 . 6 | 2 91.3% (range, 82-97%) of the PTV volume, respectively;
Receptor status Table 2. Brachytherapy
ER positive 13 52 14 56 Variable No. of cases
PR positive 7 28 8 32 No. of planes
Her 2 neu positive 10 40 11 44 1 3
Chemotherapy 2 16
FAC 12 48 15 60 3 6
FEC + docetaxel 11 44 9 36 Type of implant
Docetaxel + carboplatin 1 4 0 0 Rigid implant %)
No chemotherapy 1 4 1 4 Flexible implant 3
VMAT — volumetric-modulated arc therapy, FAC — 5-Fluorouracil, Adriamycin, No. of catheters, median (range) 17 (8-24)

Cyclophosphamide, FEC — 5-Fluorouracil, Epirubicin, Cyclophosphamide
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Table 3. Target volume parameters
Brachytherapy PTV parameters

VMAT PTV parameters

Dosimetric parameter Median IQR Dosimetric parameter Median IQR
PTV volume 92.4 cc 63.7-119.2 PTV volume 133.0 cc 75.1-158.0
Dyo 92.1% 78.2-104.5 Dye, 106.1% 104.5-108.9
Voo 91.3% 82.0-97.0 Doges 97.3% 90.4-100.8
V100 84% 74.0-93.0 Dooos 99.9% 97.7-110.7
Viso 44 cc 18.5-70.0 Doso, 99.3% 95.2-103.5
Vs00 2l cc 10.7-31.0 Dmax 108.4% 106.0-112.3
Vo0 7.4 cc 4.2-12.2 Drmin 89.6% 70.0-94.0
DNR 0.45 0.32-0.61 Dimean 103.1% 101.0-105.7
DHI 0.55 0.39-0.68 D median 103.3% 102.0-105.9
Voo 99.9% 99.8-100.0
Coverage index 0.84 0.74-0.93 Vioo 89.9 79.6-99.8
cl 0.94 0.81-1.1
HI 0.09 0.09-0.14

VMAT — volumetric-modulated arc therapy, PTV — planning target volume, DNR — dose non-uniformity ratio, DHI — dose homogeneity index, Cl — conformity index,

HI —homogeneity index

Vigo was 84% (range, 74-93%). High-dose volumes,
V50 and V, were 44 cc (range, 18.5-70 cc) and 21 cc (range,
10.7-31 cc), respectively. The median DHI (1 - V50/ V)
was 0.55 (range, 0.39-0.68). In the VMAT group, the me-
dian PTV volume was 133 cc (range, 75.1-158 cc); Dy, was
99.9% (range, 97.7-110.7%) of the prescribed dose and
D, was 108.4% (range, 106-112.3%); Voo and V4, were
99.9% (range, 99.8-100%) and 89.9% (range, 79.6-99.8%)
of the PTV volume, respectively. The median conformi-
ty (CI = treated volume/PTV) and homogeneity indices
(HI = Dyy, - Dogo,/Dspe,) were 0.94 (range, 0.81-1.1) and
0.09 (range, 0.09-0.14), respectively.

Dosimetric results of organs at risk

Dosimetric parameters were obtained in percentages
for simple interpretation. The dosimetric parameters in
the brachytherapy and VMAT groups are listed in Table 4.

Ipsilateral lung

For ipsilateral lung, all the dosimetric parameters
(Dmax Doicer Docr Dimeanr @and Vo) were significantly
higher for the VMAT group, except for Vs.,. The Dy
and D,.. were almost 2-2.5 times higher in the VMAT
group compared to the brachytherapy cohort.

Contralateral lung

For contralateral lung, all the dosimetric parameters
were significantly lower for the brachytherapy group
compared to the VMAT group. The mean lung dose in the
brachytherapy group was 1.5% compared to 3.1% in the
VMAT group (p-value < 0.0001). V5, and Vo, were close
to zero in the brachytherapy group, while it was signifi-
cantly higher in the VMAT cohort (25% and 5.5%, respec-

tively, p-value < 0.0001). These parameters demonstrated
better sparing of contralateral lung with brachytherapy.

Contralateral breast

Parameters collected included Dy 1., Daco Dineans Prmaxe
and V5. The Dy 1, Dy, and D, were significantly high-
er in the VMAT group (p-value < 0.0001). Also, the mean
dose was higher in the VMAT group (1.5% vs. 1.7%), al-
though not statistically significant. The volume receiving
5% of the prescribed dose V5, was significantly low in the
brachytherapy group (0.0% vs. 8.4%, p-value < 0.0001).

Ribs

The high-dose received by ribs (D,,.,, Dgico Dico
and D, ) were significantly higher in the VMAT group
(p-value < 0.0001), probably because of the fact that PTV
extending into the ribs was not cropped in the VMAT
group, while CTV in the brachytherapy cohort was
cropped from the ribs. The mean dose received by ipsilat-
eral ribs was higher in the VMAT group (9.4% vs. 8.1%),
which was not statistically significant.

Skin

The skin was contoured as 5 mm thickness uniform-
ly for all patients over the ipsilateral breast. Though, the
maximum point dose was higher, D, was significantly
less with brachytherapy compared to VMAT technique
(p-value < 0.0001). There was no significant difference in
the mean dose between the two groups.

Heart

The patients with left-sided breast cancer received
higher doses to the heart when compared to right-sid-
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Table 4. Dosimetric parameters of organs at risk: volumetric-modulated arc therapy (VMAT) vs. brachytherapy

Organ at risk Parameter Brachytherapy VMAT p-value
Median (%) IQR (%) Median (%) IQR (%)
Ipsilateral lung Do.1ec 325 23.2-45.7 86.1 73.7-93.0 < 0.0001
Dyec 27.6 20.6-38.6 73.2 56.7-85.1 < 0.0001
Dinean 5.9 47-75 10.5 7.8-12.8 0.001
Dinax 34.1 24.4-50.9 90.3 82.4-95.6 < 0.0001
Vso, 37.3 30.4-56.8 48.0 34.5-52.5 0.641
Vigo 135 83-22.2 314 22.9-40.7 < 0.0001
Contralateral lung Do.ce 5.0 2.4-7.9 16.9 12.5-26.7 < 0.0001
Dyec 4.2 2.2-6.7 14.5 11.3-23.4 < 0.0001
Dinean 15 1223 3.1 21-5.0 < 0.0001
Do 5.3 2.6-8.4 17.9 13.3-31.0 < 0.0001
Vo, 0.0 0.0-0.8 25.0 16.4-34.5 < 0.0001
Vige 0.0 0.0 5.5 1.0-17 < 0.0001
Contralateral breast Dotce 4.7 2.8-8.2 11.7 9.6-17.7 < 0.0001
Dy 4.4 2.6-7.2 10.2 8.1-14.8 < 0.0001
Dyec 4.3 2.5-6.7 9.6 7.5-13.7 < 0.0001
Dinean 15 1.0-2.1 17 1.0-3.0 0.285
Dmax 4.9 3.0-9.0 12.8 10.2-19.4 < 0.0001
Vo, 0.0 0.0-2.5 8.4 4.6-23.9 < 0.0001
Ribs Do.1ec 385 27.1-56.7 96.8 84.9-103.3 < 0.0001
Dicc 28.5 23.2-42.1 74.5 59.2-915 < 0.0001
Do 241 19.4-38.3 41.2 25.9-61.9 < 0.0001
Dinean 8.1 6.0-9.5 9.4 7.0-12.4 0.091
Dinax 43.9 30.1-61.7 103.3 97.4-106.1 < 0.0001
Skin Do.cc 96.8 88.3-105.2 100.0 99.6-101.7 0.133
Dosec 935 85.8-102.8 993 98.3-100.6 0.017
Dicc 82.7 78.2-86.3 97.1 95.7-98.5 < 0.0001
Dy 773 73.2-82.1 95.0 93-96.7 < 0.0001
Dinean 218 18.9-27.0 20.1 15.7-23.2 0.052
Dinax 124.0 102.0-165.0 104.3 102.6-105.1 0.004
Heart doses for left-sided cases Do.cc 241 17.2-32.0 36.0 18.7-63.9 0.236
Dyec 20.5 15.1-27.9 30.2 15.2-51.9 0.243
Drean 5.9 53-9.5 5.5 2.9-75 0172
Dinax 25.5 18.2-33.0 39.2 19.7-68.0 0.199
Vso, 51.0 40.8-84.7 26.3 21.6-63.4 0.024
Vi 11.4 7.1-35.1 18.2 5.0-21.1 0.937
Vao 05 0.0-4.9 37 0.0-7.3 0.196
Heart doses for right-sided cases Do.cc 7.1 6.0-14.7 6.1 2.9-12.2 0.369
Dyec 6.5 5.4-12.6 4.4 2.3-10.3 0.165
Dimean 2.8 24-48 0.85 0.6-1.8 0.003
Dinax 7.4 6.3-15.8 7.0 3.3-13.2 0.513
Vo, 53 1.8-35.0 0.45 0.0-8.5 0.14
Vi 0.0 0.0-43 0.0 0.0-0.6 0.909
Voo 0.0 0.0 0.0 0.0 1.0
Ipsilateral non-target breast Drnean 31.2 26.2-40.7 20.0 16.3-27.5 < 0.0001
Vs, 41.7 33.0-52.7 324 25.0-42.6 0.008
Vs 19.5 14.0-26.8 14.0 11.6-21.7 0.125
Vs 7.0 53-10.9 6.3 5.0-8.8 0.56
Voo 31 23-4.4 24 2139 0.204
V000 25 13-2.8 0.1 0.04-0.18 < 0.0001
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ed cases. The dosimetric parameters, such as Dy ., Dsco,
Daw Vigy, and Vyyy, were not significantly different
between the two groups. There was also no significant
difference in the mean dose received by the heart for
left-sided (5.9% vs. 5.5%) cases. However, a significant
difference was observed in the mean dose for right-sided
cases (2.8% vs. 0.8%, p-value = 0.003).

Ipsilateral non-target breast

The ipsilateral breast tissue minus PTV was con-
toured. The mean dose was higher in the brachythera-
py group (31.2% vs. 20%, p-value < 0.0001), which was
statistically significant. V,yy, was also higher in the
brachytherapy group, and was statistically significant
(2.5% vs. 0.1%, p-value < 0.0001). V50, (7% vs. 6.3%) and
Vs09, (19.5% vs. 14%) were not statistically significant.
V50, was significantly higher in the brachytherapy group
(41.7% vs. 32.4%, p-value = 0.008).

Discussion

Tumor bed boost irradiation is clinically relevant and
significant in breast radiotherapy after conservative sur-
gery, especially in younger patients (age < 50 years) and
those with an extensive intraductal component and grade
3 disease [8]. The two main types of radiation therapy,
which could be applied to irradiate the tumor bed include
external beam radiotherapy and brachytherapy. External
beam radiotherapy may be delivered using fixed electron
or photon beams, intensity-modulated radiation therapy,
and volumetric-modulated arc therapy, while brachyther-
apy may be performed as interstitial procedure or as bal-
loon brachytherapy. The present dosimetric study, to our
knowledge, is the first study comparing dosimetric dif-
ferences between interstitial brachytherapy and VMAT
for tumor bed boost radiation in early-stage breast can-
cer. Even though Charaghvandi et al. [27] had dosimet-
rically compared interstitial brachytherapy and VMAT,
their study was performed to evaluate the feasibility of
single-fraction ablative radiotherapy in early-stage breast
cancer, with brachytherapy plans generated virtually and
with optimal placement of catheters. Our study findings
revealed that interstitial brachytherapy results in signifi-
cantly less dose to the contralateral breast, ipsilateral lung,
contralateral lung, ribs, and skin, with similar heart-spar-
ing in both the modalities, conforming outcomes of other
studies. The reduction in most OARs doses could be ex-
plained by the fact that with interstitial brachytherapy,
there is a rapid dose fall-off, whereas in VMAT, the doses
were relatively higher, especially to the contralateral or-
gans at risk due to scatter dose. In some cases, the medial
entry point of VMAT beam was approaching the medial
part of contralateral breast. The doses received by most of
the OARs in the present study with brachytherapy were
within the recommended dose-volume limits of ESTRO
ACROP [28], as shown in Table 5.

Weed et al. [20] performed a dosimetric comparison
for accelerated partial breast irradiation delivered using
3D-CRT, interstitial brachytherapy, and MammoSite
brachytherapy, and found that V,, and V, for ipsilateral

lung was lower for brachytherapy techniques compared
with 3D-CRT; heart-sparing was the same with all tech-
niques. In the present study, though VMAT was used, V
was still significantly less with interstitial brachytherapy.
Additionally, no significant differences between the two
modalities with regard to most dosimetric parameters of
the heart for both left-sided and right-sided cases were
observed.

Terheyden et al. [21] retrospectively evaluated 136 ear-
ly-stage breast cancer patients, in whom doses to OARs
after tumor bed boost irradiation were delivered with
either high-dose-rate brachytherapy or 3D conformal ra-
diation therapy. Patients treated with brachytherapy re-
ceived a dose of 10 Gy in single-fraction, while those man-
aged with external beam radiotherapy received a dose of
10 Gy in 5 fractions. The results demonstrated significant
sparing of organs at risk with interstitial brachytherapy
compared to 3D-CRT, with no significant difference for
maximum dose to the heart for left-sided cases, which is
analogous to the findings of the current study. The max-
imum dose to the heart with HDR-BT for left-sided cases
and right-sided patients were 29.8% and 6%, respectively,
which is similar to the doses reported in the present study
(25.5% and 7.4%). With 3D-CRT, the maximum doses for
left-sided and right-sided irradiation were 29.9% and
16.7%, respectively. However, in the present study where
VMAT was used, D,,,, dose was lower for right-sided ir-
radiation (7%). Even though the D max dose was higher
for left-sided irradiation (39.2%), the D,.. dose was 30.2%.
The maximum skin doses were higher, which may be re-
lated to the differences in skin delineation methods and
location of tumors within the breast.

Lettmaier et al. [29] conducted a dosimetric study
on left-sided breast cancer cases for radiation exposure
to heart, lung, and skin between multicatheter intersti-
tial brachytherapy-based accelerated partial breast irra-
diation and whole breast external beam radiotherapy.
The EBRT technique used was 3D-CRT. When we com-

Table 5. Comparison of dose-volume of organs
at risk for brachytherapy with ESTRO ACROP
recommendations

Organ at risk Parameter = Recommended Present
study
Ipsilateral lung Dmean < 8% 5.9%
Do.cc < 60% 32.5%
Heart for left- Drmean < 8% 5.9%
sided cases Do1ec <50% 241%
Rib Do 1ec < 90% 38.5%
Dicc < 80% 28.5%
Skin Dyec < 90% 82.7%
Doosce < 100% 93.5%
Ipsilateral Voo <10% 3.1%
non-target breast Veo < 40% 19.5%
Contralateral Dicc No threshold 4.4%
breast
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pared OARs dosimetric parameters to those in the pres-
ent study, we found that the heart, Dy, ., and D,.. were
similar in both studies (D ;..: 24.1% vs. 24.1%; heart D,
21.4% vs. 20.5%), and the ipsilateral lung D ;.. and D,
were relatively less (Dg ;..: 39.2% vs. 32.5%; Dy..: 33.4% vs.
27.6%). The skin Dy ;.. and D,.. were higher (D .. 70.3%
vs. 96.8%; D,..: 55.1% vs. 77.3%). Although, the depth of
tumor bed was not analyzed in the present study, the
higher skin doses and lower lung dosimetric parameters
might be attributed to the location of tumor cavity.

Major et al. [22] performed a dosimetric comparison
for accelerated partial breast irradiation between multi-
catheter interstitial brachytherapy and intensity-modu-
lated radiotherapy. They reported mean doses to lung as
51% vs. 7.1%. Wu et al. [30] described a mean dose of
8% with intensity-modulated radiotherapy for accelerat-
ed partial breast irradiation. In our study, we found the
mean lung doses as 5.9% vs. 10.5% confirming the dosi-
metric benefit of interstitial brachytherapy. The Dy ;.. and
D, in our study were 38.5% and 24.1% for interstitial
brachytherapy, and 96.8% and 41.5% for VMAT, respec-
tively. In the study by Major et al., the corresponding val-
ues for interstitial brachytherapy were 44.3% and 36.5%,
and 62.7% and 50.2% with IMRT. The dosimetric param-
eters for the ribs (D .. = 38.5% and D, = 28.5%) in the
present study were also in favor of interstitial brachyther-
apy, which is much lesser than that reported by Major
et al. (58% and 46 %) [22].

Therefore, there is significantly less dose to contra-
lateral breast, ipsilateral lung, contralateral lung, ribs,
and skin with interstitial brachytherapy, which could be
advantageous in terms of toxicity comparing to VMAT,
especially in elderly patients, given the possibility of im-
plantation during surgery and thereby reducing over-
all duration of treatment [31, 32]. Although, the present
study is the first one to compare the dosimetric differ-
ences between interstitial brachytherapy and VMAT for
tumor bed boost, it has several limitations. Firstly, it is
retrospective in nature, which leads to inherent risk of
bias. No specific inclusion and exclusion criteria were
considered for choosing a particular modality of tumor
bed boost for patients after whole breast radiotherapy.
Electrons, a convenient modality for delivering tumor
bed boost, were not included in this dosimetric analysis.
Other factors, such as depth of the tumor bed, were not
taken into account while selecting the boost technique.
Further, this study presents only the dosimetric results,
with no correlation to clinical end points, including
acute and late toxicities, local control, and cosmetic out-
comes.

Conclusions

High-dose-rate interstitial brachytherapy, when used
as a modality for tumor bed boost irradiation with breast
conservation therapy, results in significant reduction
of dose to most organs at risk in comparison to VMAT.
Prospective randomized controlled trial incorporating
conformal fixed or intensity-modulated photon beams,
electron beams, and interstitial brachytherapy, with cor-
relation to clinical and patient-reported outcomes, are

essential to identify the best treatment modality for deliv-
ering tumor bed boost.
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