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Abstract

Purpose A feasibility study to evaluate the Chabner XRT® Radiation Bra (CIVCO Radiotherapy & Qfix, Coralville, IA,
USA) as a customised immobilisation device for patients with pendulous breasts undergoing radiotherapy was conducted.
Methods A total of 34 patients with large pendulous breasts were fitted with the Chabner XRT® Radiation Bra during
RT. A mixed-method questionnaire was administered to both radiation therapists (RTTs) and patients. RTTs evaluated
the effectiveness of the bra in setup. Patients appraised its comfort level and ease of wearing. Setup reproducibility was
evaluated based on a departmental imaging protocol. Acute skin side effects were documented with photos and assessed
using the Radiation Therapy Oncology Group (RTOG) classification.

Results Of the patients, 27 (79.4%) completed the questionnaire. 23 patients felt comfortable wearing the bra while 20
felt less exposed during treatment. Reproducibility was acceptable, with a median (range) setup error (isocentre) of 0.0cm
(-0.6 to 0.7cm; left/right), —0.1cm (-0.5 to 1.2cm; posterior) and 0.2cm (—0.5 to 0.9cm; inferior) achieved based on
matched field borders on skin. However, repeated setups and imaging were required for 3 patients due to large breast size
(cups D-G; size 4-5). Minimal skin toxicity (grade 0—1) was observed. No grade =2 was reported. 10 RTTs completed
the survey. Male RTTs (n=4) were not confident in assisting patients with bra fitting. 8 RTTs agreed that although it was
difficult to reproduce the breast tissue for treatment, it helped patients to maintain the treatment position.

Conclusion Our study demonstrated the feasibility of using a customised bra which provided optimal setup reproducibility
while maintaining minimal skin toxicity and patient comfort, especially the value-added modesty felt among Asian women
during their breast cancer radiotherapy.
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Introduction surgery followed by adjuvant radiation therapy (RT) has

good local control rates of up to 95% and comparable mor-

Breast cancer is the most common female malignancy in
Singapore, accounting for 29.4% of all female cancer. It is
also the top cause of death by cancer in the female popula-
tion in Singapore [1]. The standard of care in breast cancer
management for women who underwent breast-conserving
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tality rates to mastectomy [2—4]. Radiotherapy also plays
a significant role in reducing local recurrences for node-
positive disease [2, 4]. Acute skin toxicity is common in
breast RT. It ranges from mild erythema to dry or wet skin
desquamation, with the peak reaction often occurring one
to two weeks posttreatment [5]. The observed normal tissue
toxicity rates and breast cosmetic outcome not only depend
on treatment techniques but also on patient-related factors,
especially breast size and shape [6, 7]. It is a widely ac-
cepted fact that patient-related factors such as higher body
mass index (BMI) and larger breast size increase the risk of
grade =2 dermatitis (Radiation Therapy Oncology Group
[RTOG] skin toxicity scoring) regardless of the fraction-
ation regimen [5, 7]. Therefore, patients with pendulous
breasts are prone to increased skin reaction due to exces-
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sive skin folds, especially in the inframammary region due
to loss of skin sparing [8, 9].

Another concern for this group of patients is the poor re-
producibility of daily treatment setup [10, 11]. Daily setup
reproducibility has always been a challenge because of the
inherent mobility of large breasts. When these patients lay
supine during treatment, their breasts either gravitate to the
side or superiorly [12]. As a result of this mobility, a large
volume of lung tissue was often included in the treatment
volume while trying to ensure adequate posterior coverage
of the breast [13]. Consequently, women with large pendu-
lous breasts are subjected to more radiation-induced toxi-
city compared to women with smaller breasts. It is there-
fore necessary to immobilise the breast effectively for daily
treatment setup reproducibility to reduce severity of these
reactions.

Presently, at our institution, a prone treatment position
is used for women with large pendulous breasts to reduce
the inframammary skin folds. The prone position provides
a simple alternative to supine breast RT for patients with
pendulous breasts, with better dose homogeneity and lower
doses to organs at risk (OARs), whereby the supine position
would have resulted in inacceptable dose inhomogeneity
[14-16]. However, this technique is not suitable for tumours
located medially due to close proximity to the contralateral
breast; likewise, it is not suitable for treating cases with
nodal involvement [17].

In terms of patient accessibility and comfort, patients
with limited physical mobility and/or capability may have
difficulty in mounting the prone device. Lying in a prone
treatment position over a prolonged period can also be un-
comfortable [18].

More recently, the use of a bra during breast irradiation
has demonstrated improved setup stabilisation and positive
dosimetric results associated with a reduced heart volume
in the treatment volume [19]. Furthermore, Keller et al. has
shown that use of bra is a good alternative to prone position-
ing and associated reduced chest wall separation and heart
volume within the treatment field [19]. In this study, we
evaluated the use of the Chabner® Radiation Bra (CIVCO
Radiotherapy & Qfix, Coralville, IA, USA) as a customised
breast immobilisation device to provide optimal support for
breast cancer patients with pendulous breasts undergoing
RT.

Materials and methods

This was a prospective study on the use of an immobilisa-
tion bra for daily setup of patients with pendulous breasts
undergoing breast radiotherapy between September 2019
and August 2020. Patients were followed up at our institu-
tion according to the routine surveillance protocol. Ethical
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approval was obtained (CIRB ref. 2019/2419). This study
has been approved by the appropriate ethics committee and
has therefore been performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki
and its later amendments.

The population included female patients with pendulous
breasts who underwent lumpectomy followed by adjuvant
RT. All patients were treated with three-dimensional confor-
mal radiotherapy (3DCRT). Two dose regimens were used
depending on the histology and grading of the tumour: the
standard treatment dose protocol of a total of 40Gy over
15 fractions [20] or the fast-forward protocol prescription
of 26 Gy delivered in 5 fractions [21]. Patients were treated
with or without a tumour bed boost of 10.5 Gy in 3 fractions
or 10Gy in 5 fractions [22].

During CT simulation, radiation therapists (RTTs) and
radiation oncologists (ROs) determined which patients were
eligible for the use of an immobilisation bra for RT. The
criteria were based on the size (cup C and above) and shape
of the breasts as well as the amount of lung involved in
treatment volume (> 3.5 cm) if immobilisation was not used.
The risk of adverse skin erythema due to skin folds was also
a major consideration.

Immobilisation bra

The Chabner XRT® Radiation Bra is made of lightweight
radiolucent material that supports the patient’s breast in the
desired treatment position. Treatment landmarks are visible
through the thermoplastic polyurethane (TPU) material of
the bra, which are pertinent for daily setup reproducibility.
This bra has also been tested at 6 MeV and 6 MV to demon-
strate that the radiation beam can pass through treatment
areas of the bra without attenuation. The Velcro attachment
can be indexed and, hence, the fitting of the bra on the pa-

Fig.1 Velcro attachment that can be indexed to customise the fit of the
bra
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tients can be customised at CT simulation and reproduced
for daily treatment setup (Fig. 1).

Treatment positioning and setup accuracy

All patients were treated lying supine on a MT350 breast
board (CIVCO) with both arms up and their knees rest-
ing on an indexed grey angular cushion on the treatment
couch. Setup reproducibility was evaluated based on the
departmental imaging protocol, whereby imaging was per-
formed for all new cases on the first two days of RT. 2D/2D
image registration of the orthogonal MV isocentre images
was performed on the first day of treatment, which was as-
certained by the treatment borders. Treatment images were
compared with the planning reference images by the RTTs
to calculate the setup error in millimetres in the three planes:
left/right, anteroposterior and superoinferior, or Rt(+)/Lt(-),
Ant(+)/Post(-) and Sup(-)/Inf(+), respectively. All beam’s-
eye-views (BEV) were imaged on the first day followed
by the medial glancing and/or supraclavicular fields which
were imaged on the second day and once a week thereafter
for the standard dose prescription, and daily imaging for
patients on fast-forward protocol prescription.

Dosimetric comparison

To provide a dosimetric comparison between breast patients
with similar breast volumes treated with or without the use
of the immobilization bra, 5 left-sided and 5 right-sided
breast plans were sampled from this study and compared
with a previously treated cohort of patients (supine with-
out bra). Data were matched based on similar anatomical
parameters such as breast separations measured from the
anterior surface to the posterior field edge along the central
axis and the beam path from the medial to lateral field edge.
Plan parameters such as volume of lung receiving 20 Gy and
mean heart dose were compared between the two groups of
patients.

Skin toxicity

Patients’ skin was assessed using the RTOG toxicity score
system during weekly review with radiation oncologists.
Patients’ skin was photographed to document the weekly
changes in skin reactions. Patients were also seen routinely
postradiotherapy at 2 weeks, 1 month, and 3 months.

Mixed method questionnaire

Two different questionnaires were administered (Supple-
mentary Materials), one for staff and one for patients. RTTs
who were directly involved in the CT simulation procedure
and in administering daily treatment for the patients were

asked to complete a questionnaire. This questionnaire re-
quired the RTTs to assess the issues related to the use of
Chabner XRT® Radiation Bra as an immobilisation device
for breast treatment through a series of questions focusing
on its effectiveness and ease of use with a combination of
yes/no and Likert scale questions. The RTTs were asked to
grade individual responses using the Likert qualitative data
into quantitative format, hence allowing numerical and sta-
tistical comparisons.

At the end of treatment, patients were asked to evalu-
ate their comfort level when wearing the Chabner XRT®
Radiation Bra by grading using the Likert scale of 1-4,
with 1 representing “not at all” to 4 being “very much”.
The patients were also asked for their feedback on the ease
of wearing the Chabner XRT® Radiation Bra. More often
than not, patients going through radiation therapy treatment
were required to expose their upper body. Taking their mod-
esty into consideration, this study also assesses whether
their modesty would be less compromised when wearing
the Chabner XRT® Radiation Bra for radiation therapy.

Table 1 Patient demographics

Characteristic n %
Total patients 34 100
Age (years)

Mean (range) 59.5 (41-80)
Ethnicity

Chinese 17 50
Malay 6 18
Indian 10 29
Eurasian 1 3
Laterality

Left breast 17 50
Right breast 15 44
Bilateral breasts 2 6
Staging (pathological)

Stage 0-1 23 68
Stage 2 10 29
Malignant phyllodes 1 3
Surgery

Breast-conserving 30 88
Simple mastectomy and axillary clearance 4 12
with reconstruction

Prescription

40Gry in 15 fractions (START) 5 15
40Gy in 15 fractions with boost 10 29
26 Gy in 5 fractions (fast forward) 7 21
26 Gy in 5 fractions with boost 11 32
60 Gy in 30 fractions 1 3
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Statistical analysis

The data collected were coded in a Microsoft Excel sheet
(Microsoft, Redmond, WA, USA) and the translational
errors were presented as mean= standard deviation (SD).
A one-sample #-test was performed (significance level
p<0.05, 95% CI), to determine whether the mean setup
error in the recruited subjects was equal to 0. The analysis
was performed using PASW for windows, version 26.0
(IBM Corp., Armonk, NY, USA).

Results

A total of 34 patients (patients’ demographics are sum-
marised in Table 1) with large pendulous breasts were fitted
with the Chabner XRT® Radiation Bra between September

2019 and August 2021 (Fig. 2). 15 patients received the
standard treatment dose protocol of a total of 40Gy over
15 fractions, with 10 of them receiving a boost dose of
10Gy in 3 or 5 fractions; 1 of the patients received 16 Gy
as a boost dose owing to positive margins. 18 patients re-
ceived the fast-forward protocol prescription of 26 Gy de-
livered in 5 fractions, with 11 patients receiving a boost
dose of 10.5Gy in 3 fractions and 1 patient receiving 12 Gy
in 4 fractions due to positive margins. One patient was pre-
scribed 60 Gy in 30 fractions for her malignant phyllodes.

Setup reproducibility

Reproducibility of the treatment position was acceptable
based on the matched field borders on skin for daily RT.
The observed mean (SD) of setup errors in the three planes
were within 2mm (Table 2). Repeated setups and imaging

Fig.2 Comparison of supine
position of breast tissues with
and without bra

Pendulous breast setup without
immobilization device

Use of bra as the
immobilization device
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Table2 Mean (SD) of setup One-sample statistics

errors observed in the three

planes N Mean Std. deviation Std. error mean
LT_RT 34 0.0412 0.35600 0.06105
ANT_POST 34 -0.1059 0.27296 0.04681
SUP_INF 34 0.1176 0.44208 0.07582

Lt left, Rt right, Ant anterior, Post posterior, Sup superior, Inf inferior, N number

Table 3 Setup errors of patients

—sampl
(n=34) fitted with the Chabner®  one-sample test

Radiation Bra (CIVCO Radio- Test value=0

therapy & Qfix, Coralville, 1A, t Df  Sig. (2- Mean 95% CI of the difference

USA) tailed) difference Lower Upper
LT_RT 0.674 33 0505 0.04118 —0.0830 0.1654
ANT_POST  -2.262 33 0.030 —0.10588 —0.2011 -0.0106
SUP_INF 1.552 33 0.130 0.11765 -0.0366 0.2719

Lt left, Rt right, Ant anterior, Post posterior, Sup superior, Inf inferior, Sig. significance (p-value), CI confi-

dence interval

were required for 3 patients due to large breasts size (cups
D-G; size 4-5). In accordance with the departmental breast
imaging protocol, there was good agreement (<0.5cm) be-
tween the treatment portal image BEVs and planning gen-
erated BEVs.

Ant/Post setup errors are statistically significantly drifted
by 0.1mm (95% CI -0.01 to —0.2) towards the posterior
direction from the isocentre plane, t(33)=-2.262, p=0.03
(Table 3). There was no statistically significant difference
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observed in the Lt/Rt and Sup/Inf planes from isocentre
plane.

Dosimetric comparison

All the left-sided breast cases treated with the Chabner
XRT® Radiation Bra reported a lower mean heart dose
(1.24 Gy vs. 2.9Gy) compared to those without. Similarly,
they had lower V20Gy of the left lung compared to those
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Fig.3 Comparison of left-sided heart and lung sparing for patients treated without vs. with bra. Lt left, Ang anterior, Post posterior, w/o without,

w with
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Fig.4 Comparison of right-sided lung sparing for patients treated
without vs. with bra. Rt right, w/o without

without (3.15% vs. 5.57%; Fig. 3). For the right-sided cases,
4 out of 5 patients treated with the Chabner XRT® Radia-
tion Bra had lower V20Gy of the right lung compared to
those without (4.03% vs, 5.3%; Fig. 4).

Skin toxicity

Minimal skin toxicity (grade 0—1) was observed for all pa-
tients at the end of the treatment. During the weekly review
with the radiation oncologists, grade 0 skin toxicity was
documented for 6 patients while 24 patients experienced
grade 1 skin reactions; 4 patients had grade 2 skin tox-
icity, and none had grade 3 skin toxicity throughout the
course of treatment. The RTTs at the treatment unit took
photographs of the patients’ skin to document the changes
in skin reactions. These photographs focused mainly on the
skin changes at the inframammary skin fold and axillary
regions (Fig. 5).

Mixed method questionnaires

Out of the 34 patients, 27 patients completed and returned
the self-administered survey (response rate 79.4%); 3 pa-
tients were not given the questionnaire, while 3 other pa-

Fig.5 Minimal skin reaction

at inframammary and axillary
regions

@ Springer

tients did not complete the questionnaire; 1 patient took
the questionnaire home but did not return the form. Among
those who responded, the majority of the patients (n=23)
felt comfortable wearing the immobilisation bra throughout
their course of RT and 20 patients reported that wearing the
bra made them felt less exposed during RT; 2 patients com-
plained of slight pain when wearing the bra for RT and
1 patient found the bra uncomfortable and too tight.

The questionnaire was completed by 10 RTTs who were
involved in the treatment of these patients . All male RTTs
(n=4) were not confident in assisting patients with the fit-
ting of the bra. 8 RTTs agreed that although it was slightly
more difficult to reproduce the breast tissue for daily treat-
ment, it had helped patients to maintain the treatment posi-
tion throughout the procedure.

Discussion

One of the challenges in positioning large and/or pendulous
breasts in the supine treatment position is the excessive skin
folds, particularly at the inframammary area, resulting in
dose inhomogeneity in the target and increasing acute and
late skin toxicities [8, 9]. Another concern is the poor setup
reproducibility for this group of patients for their daily RT,
as the breast tissue may displace differently [10-12]. In ad-
dition, the lateral displacement of the breast tissue resulted
in excess lung tissue in the treatment volume in order to en-
sure adequate coverage of the posterior portion of the breast
[13]. For left-sided breast treatment, this displacement also
resulted in an increasing incidental dose delivered to the
heart [9, 15].

Several studies have reported on the different techniques
and immobilisation gadgets to achieve satisfactory breast
immobilisation for patients with pendulous breasts under-
going RT. These included the use of breast ring, thermo-
plastic shell, commercial bra and a prone breast board [8,
12, 18, 19]. For years, our centre had been using the prone
treatment setup position for this pool of patients. The prone

.
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position allows the breast tissue to fall naturally due to
gravity, resulting in a fairly good shape for improved dose
homogeneity in the target volume [16]. Studies have also
shown that the prone position allows a bigger distance be-
tween the chest wall and the target area, resulting in a lower
dose to the lung and heart with less acute toxicity and bet-
ter cosmesis [23, 24]. However, the prone position comes
with its own challenges and limitations, which include re-
duced setup precision and discomfort [18, 25]. Patients of-
ten complain of pain at the sternum region near the edge of
the board support for the contralateral (nontreated) breast.
Moreover, this prone position may not be well tolerated by
patients with physical disabilities or medical commodities.
Patients with lymph node dissection have reported diffi-
culties in keeping both their arms up for RT in the prone
position. Supraclavicular and regional lymph node irradi-
ation can be difficult to execute in the prone position, as
the components of the prone breast board that support the
patients’ arms and head are in the anterior beam pathway
[17, 26].

This paper presents an alternative technique to treat pa-
tients with pendulous breasts in a comfortable reproducible
position and yet achieve the acceptable dosimetry outcomes
as in prone position. As opposed to the prone position,
a supine treatment position that can accommodate high
tangents and regional node irradiation may be an advan-
tage. Earlier studies compared the use of a thermoplas-
tic shell and commercially available bra to immobilise the
breast in a reproducible position for RT [19, 27]. Recently,
Mulla et al. compared setup reproducibility and skin toxic-
ity between the use of a thermoplastic shell and commercial
bra for pendulous breast RT [27]. In their study, although
the setup errors in the longitudinal and lateral planes per-
formed better, the setup errors in the vertical plane dis-
played a poorer performance compared to the bra. The au-
thors attributed this to the rigidity of the shell that caused the
breast to flop downwards after setting the shell [27]. In an-
other study, the authors also recommended daily setup cor-
rections to ensure treatment accuracy for breast treatment
using shell [28]. In our study, the Chabner XRT® Radiation
Bra can be custom fitted to each patient to provide a better
fit to the breast shape. Compared to the stiff thermoplastic
shell, the Chabner XRT® Radiation Bra is softer and com-
fortable to wear throughout the treatment procedure and yet
able to immobilise the breast as effectively as the shell for
daily setup. The reproducibility of this immobilisation bra
was demonstrated by the small (comparable) median setup
errors for the lateral, longitudinal, and vertical planes, with
error values less than 0.5 cm (the minimal margins to avoid
performing daily setup corrections). This custom-fitted bra
can support the pendulous breast and decrease the amount
of loose soft tissue lateral to the breast, thereby improving
setup reproducibility. On the other hand, there were 3 pa-

tients whose setup errors were larger than 0.5-0.8cm in all
three planes; hence, daily imaging was required to ensure
setup accuracy. This could be due to the large breast sizes
(cups D-G; size 4-5) or the incorrect selection of the bra;
hence, the breast tissue was not as effectively immobilised
for daily treatment setup. In contrast to the opaque thermo-
plastic shell, the translucency of the bra enables the RTTs to
visualise the patient’s skin marks, bony landmarks and the
surgical scar through the TPU windows on the bra. This
allowed the RTTs to accurately position the breast tissue
within the immobilisation gadget for daily treatment.

In 2013, Keller and her team studied the use of com-
mercially available bras to augment the breast shape and
position in large-breasted women. With the use of a bra,
they successfully demonstrated a significant reduction in
heart and lung volume in the treatment volume for left-
sided tumours [19]. This is concordant with the findings
from this study, where a lower mean heart dose was ob-
served in all the patients treated with the bra compared to
those treated without. These favourable results were also
observed for the left and right lungs in terms of an overall
lower percentage of lungs receiving 20 Gy compared to pa-
tients treated without the bra. However, it is also pertinent
to acknowledge that the plan comparison was limited to
a retrospective analysis with a different cohort of patients
treated without the Chabner XRT® Radiation Bra.

In our study, we observed that the Chabner XRT® Ra-
diation Bra aids in minimising lateral displacement of the
breast tissue while lifting the breast to reduce the skin fold
at the inframammary area. Our patients fared better in terms
of acute skin toxicity than those in Keller et al.’s research,
which used a commercially available bra or bustier. While
their investigation found a higher prevalence of grade 2 to
3 skin toxicity with a more than fivefold risk, all 34 patients
in our study had only grade 0-1 skin toxicity. One reason
cited in their study was that there were more large-breasted
patients selected for the bra cohort and larger breast size
itself had always been associated with increased dose in-
homogeneity and acute skin toxicity. Furthermore, Keller
and team believed that there may be a possibility that the
bra did not eliminate all skin folds at the inframammary or
axillary regions [19]. Another rationale for not using a ther-
moplastic shell in our study is that it has a bolus effect,
which increases surface dosage and thus skin toxicity [29].
Interestingly, in Mulla’s study, the patients suffered fewer
grade 2 to 4 skin reactions compared to the patients who
were treated using a commercial bra [27]. The patients im-
mobilised with a shell were prescribed the hypofractionated
protocol (4240 cGy in 16 fractions or 4005 cGy in 15 frac-
tions), whereby the patients using a commercial bra were
treated with the standard protocol of 5000 cGy in 25 frac-
tions. It is an established fact that patients who are treated
with hypofractionated regimens experienced less acute skin
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toxicity [30]. This could explain why the patients in Mulla’s
trial who were immobilised in shells had less skin toxicity
than the bra cohort. There was relatively minimum skin
toxicity reported in our study too, because the patients were
given either a hypofractionated or a fast-forward regimen.
The skin toxicity results were consistent with the results
from the FAST-Forward trial [31].

The questionnaire employed in this study was self-ad-
ministered. Since it was not compulsory for patients to
complete and/or return the survey, this resulted in incom-
plete or missing survey forms. Despite the missing data,
the findings reported here were deemed reliable and sig-
nificant because the response rate remained high at 80%.
Patient comfort and modesty were also evaluated in this
study, which were not assessed in several earlier studies
looking into patient immobilisation devices [19, 27]. In the
Asian culture, patients often feel embarrassed to undress
for their RT, especially in the presence of male RTTs. In
this study, the bra was reported to protect the modesty of
the patients, thus making them feel more at ease during RT.
Results from the staff questionnaires showed that male staff
were more uncomfortable and less competent with regards
to treating patients with the Chabner XRT® Radiation Bra.
An educational video, together with the use of a customised
female mannequin, was produced to allow both female and
male staff more hands-on practice to increase their com-
petence level before assisting the patients. The mannequin
allows the staff, especially the male staff, to learn the cor-
rect way of helping female patients with the Chabner XRT®
Radiation Bra without any awkwardness. This boosts the
staff’s confidence in treating patients with Chabner XRT®
Radiation Bra.

In this study, late skin toxicity was not reported due
to the short follow-up. Furthermore, no acute skin toxicity
comparisons were conducted between women with pendu-
lous breasts wearing the Chabner XRT® Radiation Bra and
those who did not use any immobilisation device. This may
limit the generalisability of the findings, particularly when
comparing the risk of acute skin toxicity.

Conclusion

The Chabner XRT® Radiation Bra was sufficient to im-
mobilise the pendulous breast for reproducible setup for
daily RT and provided an alternative and comfortable tech-
nique to prone positioning in the treatment of pendulous
breast patients to improve dose homogeneity for breast RT.
An improvement in homogeneity and reduced acute toxic-
ity could improve long-term cosmetic outcomes. Our study
demonstrated the feasibility of using a customised breast
immobilisation device, which provided optimal setup re-
producibility while maintaining minimal skin toxicity and
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patient comfort and especially the value-added modesty felt
among Asian women during their breast cancer radiother-
apy. This study also showed the positive correlation of the
incidence and severity of skin toxicity with the total treat-
ment dose received.
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doi.org/10.1007/s00066-023-02131-4) contains supplementary mate-
rial, which is available to authorised users.
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