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Summary of recommendations.

Topic Recommendations

Positioning

For most breast cancer treatments supine is the standard
position. For patients with larger breasts or patients that
require a higher degree of lung sparing, prone can be
considered if the equipment and expertise are available.
Both arms up are considered more stable; one arm up may be
considered for patients that cannot tolerate both arms up.

e When using supine positioning, both flat and elevated board
positions are acceptable provided collision risks are managed
and the patient is appropriately stabilised.

There is insufficient evidence to support the adoption of any
specific immobilisation device of the breast. The pro and
cons of specific immobilisation devices must be weighed
carefully and evaluated by the local department prior to
clinical implementation.

In the absence of surface guided imaging, the use of skin
marking is required.

The available options for skin marking should be discussed
taking into account long-term patient experience and patient
preference.

Daily 2D-2D or 3D online position verification should be
used where feasible.

2D online/offline position verification is appropriate with
consideration of limitations.

Image matching should consider bony anatomy as well as
soft tissue displacement/deformation.

SGRT should not replace standard image-guidance without
local validation and particular caution to partial-breast/
integrated-boost treatments.

Immobilisation

Setup

Position

verification
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Introduction

Breast cancer is the second most common malignancy worldwide,
representing 11.9% of all diagnoses [1]. A more favourable survival
from breast cancer is typically observed in developed regions along with
a higher incidence [1]. The meta-analysis of the Early Breast Cancer
Trialists’ Collaborative Group (EBCTCG) showed that breast cancer re-
currences were decreased by 50% and breast cancer death after 15 years
by about 15% when using radiotherapy after breast conserving surgery
in patients with breast cancer [2]. More frequently, hypofractionation
schemes are used. Several randomised studies reported comparable local
control rates and breast cosmesis for the 3-week hypofractionation
schedule (40 Gy in 15 fractions) compared to 5-weeks of conventionally
fractionated treatment (50 Gy in 25 fractions) [3-5]. According to
Whelan et al., the hypofractionation schedule is more convenient for
patients and less costly, which may result in an increase in the number of
women receiving whole breast irradiation after breast conserving sur-
gery [5].

With improved survival outcomes, the need to further minimise side
effects is of paramount importance. While radiation treatment plans are
carefully designed to spare normal tissue, accuracy of treatment delivery
is fundamental to ensure that this sparing is achieved for each individual
fraction. This accuracy of treatment delivery in turn relies upon the
stability and reproducibility of patient positioning in combination with
robust setup verification and motion management.
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In many countries the five fractions schedule was introduced more
rapidly due to COVID-19, based on the results of the FAST and the FAST-
Forward trials [6-11]. The speed of adoption has not given us time to
reflect on this, but these hypofractionation schemes demand an
increased awareness of daily variations in treatment accuracy and pre-
cision due to the higher dose per fraction. In the literature, a wide va-
riety of studies concerning improvement in breast cancer positioning
and position verification can be found. However, an overview exploring
how best to meet these requirements of accuracy is lacking. This
guideline was developed to analyse and discuss the positioning, immo-
bilisation, setup and position verification strategies used for local and
loco-regional photon breast cancer irradiation after lumpectomy or
mastectomy. It aims to offer practical recommendations to improve the
accuracy of breast cancer radiation treatment, and to inform opportu-
nities for future research priorities. This guideline is presented in sec-
tions where the authors have distilled the literature to provide
recommendations. Furthermore, the authors have included additional
considerations in areas for which there is only a limited level of
evidence.

Materials and methods

For the literature review the databases of PubMed, Cochrane and
Google Scholar were used. The search terms were defined, and the
search was performed in January 2019, see Supplementary Table 1 for
all search terms. This resulted in 431 studies found in PubMed and
Cochrane, and 326 studies on Google Scholar. After removing dupli-
cates, one author selected relevant references based on their titles, the
selection was verified by a second author. Pairs of authors were assigned
to the following topics: “positioning”, “immobilisation”, “setup” and
“position verification” for further review. Each pair selected the refer-
ences for full text review based on the abstracts. If authors could not
reach consensus on inclusion from initial abstract review, then the full
paper was reviewed for a more comprehensive assessment. If consensus
could still not be reached between the pairs of authors, then additional
input from the wider author group was sought. Studies in English,
German and Dutch were included. Each pair read the selected manu-
scripts, assessed them using risk of bias tools for randomised or non-
randomised studies [12,13] and completed evidence tables for their
respective topic (Supplementary Tables 2-5). Following group review of
the evidence tables, the guideline was written, and recommendations
were proposed where appropriately supported by evidence. Aspects of
practice considered highly relevant for practitioners but unable to be
recommended due to the limitations of research were included as
‘considerations’. Literature published after January 2019 that was
considered of importance for this guideline was additionally included.
The literature review was complemented with the experiences and the
specific knowledge of the globally distributed authors of this guideline.
For a comprehensive overview of the contributions of the authors to this
guideline we refer to the contribution table.

Two specific points are of importance. Firstly, the literature search
term “Breathing” was initially included. It was subsequently decided
that literature regarding the effect of respiratory motion on the radiation
treatment plan was excluded since this is outside the scope of this
guideline describing the end-to-end procedure of positioning the pa-
tient. Secondly, numeric values for setup error are reported where
available. Studies that calculated relative increases or reductions in
calculated Planning Target Volume (PTV) margins (considering in-
stitution’s specific equipment, workflow and patient population) were
acknowledged as such, however advice on specific PTV margins was
beyond the scope of this guideline and not discussed. Finally, during the
compilation of this guideline new immobilisation devices are in devel-
opment and early studies have been performed to test these. These early
pilot/feasibility studies have not been included in this guideline.
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Results, recommendations and considerations
Positioning

Supine vs prone: Whole breast irradiation

From the literature search (Supplementary Table 2), it was evident
that in 90% of the studies patients are positioned supine. Two rando-
mised control trials (RCT) were carried out comparing prone with supine
treatment. Mulliez et al. executed a RCT to evaluate the acute skin
toxicity (dermatitis, pruritus, and pain). The latter was evaluated before
treatment, weekly during irradiation and 1-2 weeks after completion of
the treatment by a radiation nurse and a radiation oncologist. Prone
treatment in patients with larger breasts appears to reduce desquama-
tion, dermatitis, edema and pain significantly compared to supine
treatment [14]. In the second RCT Kirby et al. included 26 patients in a
cross-over trial; all were imaged in supine and prone position. The in-
vestigators found greater setup errors in the prone position, resulting in
a larger Clinical Target Volume (CTV) — PTV margin (for chest-wall and
clip-based translational errors in 3-dimensions: systematic errors:
1.3-1.9 mm (supine); 3.1-4.3 mm (prone); random errors: 2.6-3.2 mm
(supine); 3.8-5.4 mm (prone)). Further optimizing the prone positioning
and increasing experience of the staff might be of influence to reduce
these larger positioning deviations [15]. A breast-volume threshold for
prone radiotherapy was not defined, although both RCTs included pa-
tients with breast cup size >C. Several authors tried to define predictors
for defining the most optimal position, supine or prone treatment. Un-
fortunately, a widely applicable predictor that predefines the optimal
individual treatment position cannot be derived from these studies,
since no overlapping predictor has been found[16-20]. Furthermore,
the literature search included a large variety of cohort studies with
various study objectives, these were assessed with a focus on comparing
supine and prone treatment positions. From this it can be concluded that
when the heart dose is the most important factor, supine Deep Inspira-
tion Breath-hold (DIBH) treatment appears to be the best option. How-
ever, when lung dose is of importance as well, the prone treatment can
be an option as the breast tissue falls anteriorly and away from the lung
[17,18,21,22]. The RCT of Bartlett et al., comparing supine voluntary
breath-hold (VBH) in left-sided breast cancer with prone treatment,
showed that supine VBH provided superior cardiac sparing and repro-
ducibility than a free-breathing prone position in larger-breasted women
(CTV volume >1029 c¢m®) [23]. Even in free-breathing, Kahan et al.
reported that 1 in 5 women had higher dose to cardiac structures when
positioned prone compared to supine [19]. In two systematic reviews
more specific information concerning the heart and lung dose was
described extensively [24,25].

Other studies focused on different variables when performing prone
breast cancer treatment. Mitchell et al. states that there is a need for a
larger CTV-PTV margin when treating patients in the prone position
imaged with an Electronic Portal Imaging Device in cine mode. The
image analysis was therefore limited to in plane movement missing
lateral or rotational errors [26]. Buijsen et al. showed that for patients
with larger breasts the dose homogeneity can be improved in prone
position, although a lower PTV coverage was reported [27]. A meta-
analysis published in 2021 compared prone and supine treatment in
free breathing, in patients with breast cancer after breast-conserving
surgery without metastasis, suggesting that prone resulted in better
heart sparing. Due to the low numbers of studies, the prone versus su-
pine treatment in breath-hold was not compared [28].

Concerning the outcome of the prone treatment from the RCT per-
formed by Vakaet et al., it appeared that cosmesis (non-blinded analysis
using the BCCT.core classification [29]) was good or excellent in 92%
and 75% of patients who used prone and supine positioning, respec-
tively. The physician-assessed toxicity at 5 years was not different except
for pigmentation changes measured on the LENT-SOMA scale, the 5-year
overall survival was equal in both groups [30]. A better cosmesis was
obtained because of a significantly better homogeneity of the isodoses in
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the breast in the prone position compared to supine [14]. A good
cosmesis was confirmed by other studies as well. Etin-Osa et al. reported
that with a median follow-up time of five years, hypo-fractionated breast
radiotherapy (RT) with a simultaneous integrated boost in the prone
position resulted in excellent cosmesis (patient reported) and normal
tissue sparing. Longer follow-up is needed to confirm the efficacy and
safety of this approach [31]. Based on the physician-assessed Harvard
scale of cosmetic outcome [32] Bergom et al. found that 86% of the
patients with breast volumes >1200 em® reported good to excellent
cosmesis [33]. Finally, according to Yu et al. and Kahan et al. [19,21] the
prone position puts higher demands on staff and patient compliance.
Huppert et al. described that pain from the neck and spine muscles was a
common complaint. They stated that caution should be taken in women
with history of neck injury or disk problems [34].

Supine vs prone: Loco-regional treatment

For loco-regional treatment, 11 articles were reviewed. Csenki et al.
performed the largest study, they compared prone and supine position in
free breathing in 100 patients and showed that in most cases the
intended doses to axillary levels I-III and the internal mammary (IM)
lymph nodes were inadequate, regardless of the treatment position. In
this treatment planning study the nodal doses were significantly lower in
the prone than in the supine position [35]. Alonso-Basanta et al.
confirmed the latter, they compared prone or supine positioning in 20
patients for nodal treatment. On average, the mean dose to the nodal
region levels I-III was 50% less in the prone as compared with the supine
position [36]. However, in 2012 they reported that IMRT improved the
target coverage for both positions [37]. Sethi et al. also advised that a
larger cut-out in the prone breast board is needed to allow access to both
breast and nodal volumes [37].

Deseyne et al. and Speleers et al. from Ghent University Hospital
performed two treatment planning studies in small cohorts (5 and 6
patients respectively) and reported good target coverage (breast and
nodal volumes) and less dose in the organs at risk when prone position
was compared to supine treatment in free breathing [38,39]. Deseyne
et al. found significantly reduced doses for ipsilateral lung, thyroid,
contralateral breast, contralateral lung and oesophagus in prone treat-
ment [38]. Speleers et al. described that mean doses to organs at risk
(OAR) were generally lower for prone crawl than for supine positions
and for proton than for photon plans. Dose in the left anterior
descending coronary artery, lungs, ipsilateral lung and thyroid was
lower for prone photon and proton treatment [39]. Recently they
described the dosimetric effect of DIBH in prone nodal treatment in 31
patients. They found that also for loco-regional treatment, the combi-
nation of prone positioning and DIBH will allow for achieving sub-
stantially lower heart (an average reduction of 2 Gy when applying
DIBH) and lung doses (left mean lung dose was decreased by 13% when
using DIBH in photon therapy and 21% in proton therapy) than supine
or prone in shallow breathing and supine DIBH, in both photon and
proton treatments [40,41]. From an earlier study, it appeared that the
patients experienced discomfort in the prone position caused by bilat-
eral arm elevation. Therefore, the Belgian team developed a dedicated
breast board in which the patients lie in a prone crawl position. The
ipsilateral arm alongside the body was reported to be more comfortable,
especially after axillary node dissection [42].

Shin et al. described the prone position of radiation treatment after
mastectomy [43]. The outcome was promising. Prone hypofractionated
breast, chest wall, and nodal radiation therapy was safe and well-
tolerated in this study. 4% of the patients were rescanned in supine
position to better spare the heart. None of the patients experienced grade
2 acute skin toxicity; concerning late toxicity 1 grade 3 breast retraction
and no grade 2 was found. Although the initial pattern of local and
regional control is encouraging, longer follow-up is warranted for effi-
cacy and late toxicity assessment [43].
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Lateral decubitus position

Another position variation is the lateral decubitus position. The
group of institute Curie in Paris described their experience in large
groups of around 1500 patients, in the period 1996-2014. They found a
large dose reduction in the heart, ipsilateral lung and contralateral
breast [44-46]. Moreover, they noted that the lateral decubitus position
was well-tolerated and showed excellent dosimetric and clinical results.
The cosmetic outcome was good or excellent in 81-85% of the patients
[46,47]. Davidson et al. assessed the setup accuracy of electron boosts
delivered in the lateral decubitus position. The authors reported larger
positioning deviations than expected in the supine position, including
seven of 33 patients that demonstrated average table shifts of 2 cm or
more [48]. Bronsart et al. addressed this as well. They stated that the
increased complexity was a disadvantage of this positioning method,
and advised for an experienced team, including a dedicated patient
board [46].

Recommendations

Based on the literature and the current equipment we recommend
the supine position as the standard for most treatments, see the
recommendations when prone positioning is advised below. This is
also in line with the commentary of Haffty: “Supine is the widely
accepted norm, and simplest approach” [49].

Supine is advantageous when combined with Surface Guided
Radiotherapy (SGRT) since the breast is visible for the systems.

It must be noted that prone and supine comparison studies are mostly
performed more than 10 years ago, therefore research could be of
added value considering technical improvements in radiotherapy
treatment.

Prone holds value for improving dose homogeneity, which might
result in better cosmesis, and reducing lung and skin-fold dose but
can be challenging to implement and a dedicated team is needed.

e For patients with larger breasts or patients that require a higher
degree of lung sparing, prone may be considered if the equipment
and expertise are available, and the patient can tolerate the position.
Unfortunately, a widely applicable predictor that predefines the
optimal individual treatment position cannot be derived from these
studies, since no overlapping predictor has been found.

For more experienced departments treatment in prone position for
loco-regional radiation treatment and partial breast irradiation is
achievable; outcomes reported are promising, however research is
needed to confirm the findings up until now.

Concerning the variation in nodal dose coverage in the prone posi-
tion compared to the supine position that are reported in the litera-
ture it is recommended to perform comparison studies with modern
radiation therapy techniques in the future. The suitability of specific
prone positioning devices for treatments with nodal involvement
must be carefully evaluated by individual departments based on their
local planning technique.

Considerations

The lateral decubitus position has been shown to be an option in a
centre with considerable expertise in adopting this position. Repro-
ducibility may be an issue and it is not certain that nodal irradiation
could be delivered in this position. This treatment position is more
complex and demands a dedicated team. Further research is needed
including data regarding how well this position is maintained across
different breast volumes.

Several studies describe the outcome of Accelerated Partial Breast
Irradiation (APBI) in prone position; however, no comparison studies
(supine versus prone) have been performed for APBI.

In addition to stability and comfort, patient experience should also
be considered from the perspective of patient preference when
evaluating patient position. While there is a lack of evidence in this
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area, departments are encouraged to engage with patients when
evaluating new patient positioning workflows.

Supine positioning one arm up vs both arms up

Goldsworthy et al. randomised 50 patients between bilateral arm and
unilateral arm abduction. They concluded that with bilateral arm
abduction a reduction in the systematic error and inter-patient vari-
ability could be achieved. Bilateral arm abduction was a more stable and
reproducible position (significantly lower translational displacement:
3.1 mm versus 5.3 mm; and population systematic errors 1.9 mm versus
2.7 mm) [50]. In addition, Graham et al. simulated thirty patients in a
randomised trial in both an armrest and a vacuum bag. The patients
were also randomised between treatment in one of the two devices.
Overall, patient comfort significantly favoured the use of the armrest,
although both were acceptable. Treatment times and stability of the
setups were not significantly different [51].

Xiang et al. positioned patients on a supine breast bracket, using an
immobilisation mould, with both arms abducted and hands either
holding a single-pole or double-pole position (both hands holding
separate poles). The single-pole position was perceived by patients as
being more comfortable and reduced heart doses, when compared to the
double-pole position [52]. However, the results might be different in a
cohort of patients not using moulds. Saito et al. scanned patients with
breast cancer in two arm positions: ipsilateral arm at 90°to the body
axis; and both arms above the head. When the arm position changed to
two arms above the head, level I lymph nodes moved anteriorly and
medially and level II and III axillary nodes moved posteriorly and
medially, resulting in under and overdosage of the target volumes. To
note the dose distribution to each lymph node level was determined
using historically designed fields in each arm position. A limitation was
that the findings were based on anatomic landmarks instead of delin-
eated lymph node levels [53]. Finally, Kapanen et al. retrospectively
studied two arm positions using: the house-made rod-hold (RH) or the
standard wrist-hold (WH). With the RH, the irradiated volumes of the
humeral head were approximately 2 times larger than with the WH.
Daily image guidance was recommended because of large random po-
sition errors obtained for the arm position with both devices [54].

Recommendations

e Both arms up are considered more stable from one randomised study,
in this study significantly lower translational displacements were
found.

Other cohort studies conclude that the single arm position and
armrest are experienced as more comfortable by patients. Therefore,
one arm up may be considered for patients that cannot tolerate both
arms up.

Goldsworthy et al. described the contralateral arm position as
“abducted to the side of the patient or across her waist” [50].

Considerations

e According to the experiences of the authors, with both arms up the
patient is lying more symmetrically, which could be helpful in
positioning the patient.

Of importance is that the position of the arm can influence the

localisation of nodal volumes. Daily image guidance may be neces-

sary to verify the arm position.

e To note, centres might avoid a both arms up technique due to po-
tential collision with the CT bore or the linac gantry. It might be of
value to investigate whether the position of the patient can be
adapted, e.g., treat the patient in an inclined or flat position.

e It is important to note that none of the abovementioned studies
include the patient’s Body Mass Index (BMI), therefore it is unclear
whether findings are applicable to patients of larger body habitus
and BMI.
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e Regarding the ability of the patient to adequately mobilise the
shoulders, several RCTs report that physiotherapy improves shoulder
function after surgery [55-59]. The coordination of radiotherapy
and physiotherapy after the operation can be challenging in some
departments, as it is resource intensive, and physiotherapy may not
be readily available.

Flat vs elevated

As described in paragraph 1.1.1 and 1.1.2 patients are most often
positioned in supine position lying flat or on an inclined positioning
device at a fixed angle. In a cohort study, 10 patients with left-sided
breast cancer were CT scanned in the flat position and the elevated
position. The patients were treated with whole breast irradiation,
making use of two tangential fields. It was found that the PTV moves
cranially with the patient lying in the flat position. The dose outside the
PTV in the nodal area was 30 Gy in the elevated position vs 23 Gy in the
flat position (p < 0.01) [60]. However, flat positioning allows greater
gantry clearance for a range of imaging and treatment modalities. An
elevated position has been used historically for improving conformity of
conventional planning techniques, which is generally no longer a
consideration. When using an inclined position Jain et al. showed that a
foot support is of importance to avoid the patient shifting inferiorly
during the treatment process [61].

Recommendations

Based on clinical experiences both flat and elevated positions are
acceptable provided collision risks are managed, and the patient is
appropriately stabilised and comfortable.

It could be of benefit to some patients with larger body habitus to be
slightly inclined/elevated to decrease cranial target movement and
decrease the irradiation of additional healthy tissue.

Considerations

e While lacking formal evidence, anecdotally the authors strongly
advise the use of positioning aids, e.g., supine breast boards, which
can be indexed to both the treatment couch and skin reference marks
for efficient and accurate patient positioning.

e As far as the authors are aware, there is a lack of studies directly
comparing OAR dose, reproducibility, or comfort between flat or
elevated positions.

Breast immobilisation

In addition to general patient positioning considerations discussed in
the section prior, more specialised immobilisation devices can be
employed with the aim of stabilising the breast in a position more ad-
vantageous for treatment planning. A total of 16 articles were reviewed
in the topic of breast RT immobilisation device and the 7 articles
included had low or moderate risk of bias, Supplementary Table 3.

The most common methods of breast immobilisation within the
reviewed papers related to the use of an external thermoplastic mould or
treatment bra in the supine position. Arenas et al. examined the impact
of a plastic treatment bra on plan dosimetry in 12 patients with early-
stage breast cancer with large (D cup) or pendulous breasts. Plans
generated for each patient with and without the treatment bra demon-
strated a significant reduction in PTV and irradiated (V95) volumes with
bra use. Mean heart and lung dose were significantly reduced by 66.7%
(1.4 vs 4.9 Gy) and 65.6% (3 vs 8 Gy) with bra use, respectively. Of note,
this study was performed under free-breathing therefore the benefit of a
treatment bra to heart-sparing together with DIBH cannot be confirmed.
Conversely, phantom measurements within the study indicated that skin
dose increased with bra use by a factor of approximately 1.5 [62].

Shi et al. reported similar findings from a retrospective cohort study
comparing patients immobilised with an upper body thermoplastic
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mould to a control group standardly positioned on an elevated wing
board. Significant reductions in heart and lung dose were found with the
use of this immobilisation mould, at no compromise to PTV coverage.
Though skin dose was not assessed, the descriptive analysis reported
erythema in 9% more patients treated with a thermoplastic mould than
in the group treated without a mould. Of the patients treated with a
thermoplastic mould, 80% of the proportion reported pain and skin
tenderness at 3-months post-radiotherapy, 9% had grade 3 symptoms
[63]. A phantom study by Kelly et al. investigating skin dose from
varying thicknesses of breast thermoplastic moulds and reported dose
increases of up to 62% [64].

Breast setup reproducibility with immobilisation was explored in a
sample of 16 patients, eight of whom had a thermoplastic mould created
from the neck to the whole breast. However, no improvement in position
accuracy was found based on daily Megavolt CT (MVCT) matching [65].

Kawamura et al. evaluated the setup reproducibility of 35 patients
with pre-operative breast cancer in the prone position with and without
a modified fabric bra. Repeated MRI scans were used to track both
external breast contour and tumour location. Increased stability in
tumour location was found with bra use, though differences were on
average <1 mm [66].

In addition to treatment bras and thermoplastic moulds, several
studies described the use of more specialised devices for other radiation
treatment technologies. A pre-clinical feasibility study by Arimura et al.
reported the development of a hybrid breast immobilisation system for
proton therapy. Combining whole body immobilisation with a 3D-
printed breast cup has been shown to achieve a high level of breast
stability, including mitigation of respiratory motion in preliminary re-
sults [67]. In a similarly specialised context, Snider et al. carried out a
planning study of 15 patients testing a breast-specific stereotactic
treatment machine, the GammaPod. Patients were positioned in the
prone position on a custom treatment couch with a vacuum-assisted
breast cup, which the authors report as validated for delivering a
treatment with a PTV margin of 3 mm [68]. Both technologies are of
interest for continued research but are not yet applicable in general
clinical contexts.

Recommendations

e There is currently insufficient evidence to support the widespread
adoption of any specific type of immobilisation device of the breast.
Treatment bras or thermoplastic moulds may be beneficial for
selected patients with large/pendulous breasts in stabilising breast
tissue in a position that enables more effective organs at risk sparing.
Studies using moulds in prone treatment or comparing the use of
moulds in supine with prone treatment have not been performed yet
in patients with large breasts.

The impact of any immobilisation device on skin dose and subse-
quent risk of increased toxicity must be carefully evaluated by the
local department prior to clinical implementation, and closely
monitored thereafter.

Considerations

Breast immobilisation methods can be complex to reproduce during
treatment if they are not implemented with extensive training and
clear documentation, i.e., documentation for application and
troubleshooting.

While some methods of immobilisation can give patients more dig-
nity by covering their breasts, immobilisation devices that require
the treatment staff to manipulate or position the patient’s breast
within the immobilisation device itself can diminish the patient’s
experience and make the procedure less dignified and may cause
additional discomfort if the patient has developed radiation
dermatitis.

When applying a breast immobilisation device together with SGRT,
in-house testing should be undertaken to identify how positioning of
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the device and its impact on the patient surface is managed within
the SGRT workflow.

Setup

A total of sixteen articles were reviewed in relation to setup for breast
cancer radiotherapy (Supplementary Table 4). Only studies that
included a comparator within the context of the setup process were
included, resulting in four articles related to treatments delivered in the
supine position. Setup here is defined as the process of reproducing the
patient’s planned position prior to each treatment fraction. This is
distinguished from initial patient positioning established at CT simula-
tion (discussed in the previous section), and the verification of patient
setup during treatment (discussed in the following section). During CT,
simulation reference marks are standardly placed on the patient’s skin
surface which may be tattoos or non-permanent skin marks. This was
studied in an RCT (176 vs 166 patients) to investigate the treatment
accuracy of both types of skin marks [69]. Based on weekly portal im-
aging, no significant difference in random and systematic errors could be
identified between the two groups. Additional to considerations
regarding setup accuracy, the SuPPORT 4All study reported that per-
manent tattoos may impact patients’ well-being [70]. Petillion et al.
[71] found that the skin mobility makes the lateral skin marks less
reliable for anteroposterior patient setup. Setting a calculated vertical
couch position was seen to reduce random setup error in the ante-
roposterior direction from 4.6 mm to 2.2 mm. Furthermore, Gonzalez
et al. recently showed that SGRT resulted in a significant increase in the
accuracy of surgical clip localisation within the breast compared to skin
marker-based setup [72]. SGRT is further discussed in the position
verification section of this guideline, and its comparability to other IGRT
modalities further supports its potential to replace the role of skin marks.

Recommendations

Given the limited published data available, there is similarly limited
evidence to guide practice recommendations. In general, skin marks are
needed to setup the patient before performing a position verification
procedure. In the absence of relevant evidence, the guideline authors
[70] advise the following configuration of skin marks, Fig. 1:

- Caudal: one skin mark at patient sagittal mid-line;

- Lateral: two points at each side of the patient halfway the chest since
these are stable points.

U

y {

Fig. 1. Configuration of the skin marks for patient setup.
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Considerations

e Setting a calculated couch vertical position rather than shifting from
lateral skin mark height (for offline position verification) could be
helpful to improve setup accuracy.

e Temporary skin marks may be an alternative to permanent tattoos
with a lesser impact on patient well-being [70].

e SGRT may improve setup accuracy and enable the omission of skin
marks entirely, though this must be validated in the context of a
department’s local workflow.

Position verification

Position verification encompasses the imaging modality utilised, the
frequency with which the modality is applied, and the matching struc-
tures that are prioritised when evaluating setup errors and applying
corrections. For the purposes of this guideline, data relating to intra-
fractional position verification, and the impact of respiratory motion
were excluded.

Fifty-two studies were identified as relating to position verification,
Supplementary Table 5. Table 1 shows the distribution of studies by
imaging modality utilised. Importantly, 39 studies (75%) included only
a single imaging modality. Such studies were considered to be at high
risk of bias and of limited value when considering the value of one im-
aging modality over another as variations in patient positioning and
image matching practice cannot be readily accounted for. Of the 13
studies comparing two or more imaging modalities, seven [73-79]
related to the validation of surface-guided RT (SGRT), with the
remaining six [61,80-84] involving some combination of 2D, 2D-2D and
3D modalities. A similarly limited number of studies directly evaluated
different imaging frequencies or matching processes.

2D imaging has been a long-established approach to breast position
verification, based primarily on MV portal imaging of treatment field(s)
and evaluation of the chest wall and anterior breast contour. A wide
range of 2D imaging frequencies were reported across the selected
studies from weekly to daily. In the absence of daily imaging, random
setup error cannot be accounted for, though systematic errors can be
somewhat mitigated using action-level protocols [122,123]. Impor-
tantly, systematic errors require comparatively larger PTV margin ex-
pansions to reduce the risk of geometric miss of the tumour volume over
the course of treatment [124]. Among the 19 2D imaging studies, 12
included no comparator modality, and reported systematic and random
errors ranged from 1.5 to 23.4 mm and 1.5-7.6 mm, respectively
[26,85-96]. While these values are primarily indicative of setup repro-
ducibility between studies, they also highlight the need to validate setup
errors locally to ensure that the accuracy achieved by departmental
workflows is adequate for the PTV margins applied.

2D imaging is limited in that ‘out of plane’ (i.e., perpendicular to the
image acquired) setup errors cannot be assessed. Jain et al. [61] eval-
uated the setup errors of 10 patients using post-treatment Cone Beam CT
(CBCT) following initial 2D imaging. All patients were found to have

Table 1
The distribution of studies by imaging modality.

Number of studies References

©%)*

Imaging modality

2D (e.g., kV, MV) 19 (37%) [26,61,75,76,81,82,84-96]
2D-2D (e.g., kV-kV, MV- 18 (35%) [77,79-81,83,84,86,97-107]

kv)
3D (e.g., CBCT, MVCT) 17 (33%) [61,73,74,78,80,82-84,108-116]
SGRT 8 (15%) [73-79,117]
Other (e.g., ultrasound, 4 (8%) [118-121]

MRI)
Total 52 (100%)

* The combined modality numbers exceed the total number of studies assessed
due to 13 studies including multiple imaging modalities.
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systematic errors exceeding 5 mm in at least one direction, though this
was most frequently observed in the lateral plane. Plans were recalcu-
lated based on these errors and demonstrated reduced target volume
coverage and homogeneity. Similarly, Topolnjak et al. [82] compared
CBCT and portal images for 20 patients and found 2D imaging to un-
derestimate both systematic and random errors.

2D-2D imaging enables localisation of the patient in all three planes
through the acquisition of two images typically acquired at orthogonal
angles. Petillion et al. [107] compared two methods of orthogonal im-
aging at cardinal (i.e., 0°, 90°, 180°, 270°) and non-cardinal angles
(derived from the tangential treatment field). The non-cardinal tech-
nique was found to have significantly reduced residual error based on
intrafactional 2D imaging and would enable whole-breast PTV margins
to be reduced by 3-4 mm. 2D-2D residual errors have been similarly
assessed but based on image match prioritisation by Laaksooma et al.
[100]. Using cardinal imaging angles, matching to a combination of the
sternum, ribs and vertebrae was found to be optimal, while the vertebrae
alone were the least accurate. A PTV margin reduction of 1.2 mm in the
posterior tangential plane was calculated to be feasible from the
reduction in residual error. Studies involving CBCT following initial 2D-
2D match have shown residual errors of 3-5 mm [83] and the need for
additional PTV margins of approximately 2 mm [80].

3D imaging, most commonly in the form of CBCT, offers the benefit
of soft tissue visualisation throughout all three planes of the patient. As
reported above, studies have indicated the value of 3D imaging in
identifying residual error from 2D and 2D-2D imaging modalities,
further enabling more accurate validation of PTV margins. Such data is
however complicated by the range of structures that can be used to
determine the ‘ideal’ matched position of 3D images. Studies involving
partial-breast irradiation often focus on the localisation of surgical clips
[80] or the surgical bed [83], which may not be representative of the
wider target volume treated in whole-breast, or locoregional, irradia-
tion. Penninkhof et al. [84] evaluated the variation in surgical clip po-
sition throughout treatment in a cohort of 30 patients treated on the
whole-breast with simultaneously integrated boosts using MV, orthog-
onal kV and CBCT imaging. Clip position was seen to be relatively stable
for most patients, with a mean agreement of 1-2 mm with the chest wall
and external breast contour. A trend towards increased clip displace-
ment was seen over the course of treatment, with three of 30 patients
requiring repeat CT and replanning. Significant changes in the seroma
can also be detected by 3D imaging earlier in treatment as evidenced by
Troung et al. [111], who reported a 13.7% mean reduction in seroma
volume between planning CT and first treatment CBCT. Assessment of
whole-breast target volumes using CBCT has also shown more than 15%
variation in volume over the course of treatment [61]. The information
gained by 3D imaging must also be considered alongside its limitations.
Increased dose to larger volumes of normal tissue, time of acquisition
and limited scan field of view and length are important factors. Addi-
tionally, CBCT modalities often bring increased collision risk with the
patient, couch, or positioning equipment.

SGRT has gained interest over recent years due to its avoidance of
ionising radiation and ability to track intrafractional movement. It is a
modality well-suited to supine breast position verification as it relies on
the external body contour as a surrogate for the treatment volume. Of
the seven studies involving SGRT, three involved a comparison with 3D
imaging [73,74,78], two with 2D-2D imaging [77,79], and a further two
with 2D imaging [75,76]. SGRT has been reported to have a mean
agreement within 2 mm in all directions of CBCT imaging matched to
soft tissue [73,74] or bony anatomy [78]. When evaluated against 2D-
2D imaging matched to surgical clips, Gierga et al. [77] reported me-
dian residual errors of 3 mm and 6 mm for gated and free-breathing
SGRT, respectively. Chang et al. [79] similarly found mean residual
setup errors of approximately 2 mm in all directions when comparing
surface alignment with clip matching for partial breast irradiation. Of
note, SGRT was shown to correlate better with clip location than
matching to bony anatomy. SGRT comparisons with 2D imaging
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described good agreement, though neither study reported residual error
values [75,76], and the limitations of 2D imaging accuracy must be
taken into consideration. An added benefit of SGRT is its ability to be
used in real-time to guide patient setup, and its speed of acquisition and
automated assessment compared to other imaging modalities. Ma et al.
[78] reported a mean duration of setup, registration and correction of 1
min using SGRT compared to 6 min with CBCT.

Recommendations

From the limited number of studies available, and the small sample
sizes observed, only limited guidance on clinical practice can be offered.
Larger clinical studies comparing methods of position verification using
clearly defined positioning and matching workflows are required in this
area. The position verification recommendations from the authors are as
follows:

e Where available, 2D-2D or 3D imaging daily is recommended for
online position verification.

If 2D-2D or 3D position verification is not available, the limitations of
2D position verification (online or offline) in visualising out-of-plane
setup errors should be considered and appropriate target volume
margins employed.

Image-matching should evaluate bony anatomy directly underlying
the treated volume as well as breast tissue or external breast contour.
SGRT should not be used as a sole means of position verification
without centres first conducting a local study to validate consistent
agreement with the pre-existing IGRT modality. Particular caution is
advised in the use of SGRT alone for partial-breast or integrated
boost treatments, as changes in the surgical bed (or surgical clips as a
surrogate) may go undetected.

Considerations

3D imaging is advantageous for the assessment of soft tissue
displacement and change over the course of treatment; however,
collision risk must be carefully assessed based on equipment, patient
position and isocentre location.

The dose contribution from 3D imaging should also be considered,
however this is likely to be limited for patients receiving hypo-
fractionated treatment regimes.

Discussion and future work

In this guideline, we described the specific requirements and possi-
bilities in the photon radiation therapy workflow for patients with breast
cancer. However, we have not covered some specific items. We did not
describe the various techniques for performing Deep Inspiration Breath-
hold. This has been thoroughly described in the ESTRO-ACROP guide-
line: recommendations on implementation of breath-hold techniques in
radiotherapy [125]. Furthermore, we did not describe the workflow and
necessities of immobilisation and positioning in proton therapy, upright
radiotherapy and MR-Linac [126]. These emerging technologies require
their own specific considerations, which are beyond the scope of a
general guideline.

Apart from the workflow of patient positioning and position verifi-
cation in patients with breast cancer one should realise that the choice of
a specific treatment technique has certain effects as well. For example,
studies have reported conflicting findings regarding IMRT plans as
having greater or lesser sensitivity to changes in patient position and
contour compared to 3DCRT plans [61,127]. As well as being beyond
the scope of the current guideline, the variation and complexity in
modern treatment planning approaches requires that departments must
have their own internal workflows for evaluating the impact of posi-
tioning errors and anatomical changes on delivered dose.

The image guidance approach adopted should consider the following
important factors; a modelling study by Batumalai et al. [128] estimated
an increased lifetime attributable risk of developing secondary
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contralateral breast cancer of between 0.4% and 1.5% from daily MV
image guidance. Alvadaro et al. obtained the organ doses from the
standard low-dose mode CBCT and proposed methods to reduce this
dose [129]. Recently Borm et al. found that daily versus weekly CBCT
did not affect the target coverage and dose in the organs at risk in VMAT
breast cancer radiation treatment [130]. This highlights the important
interplay between patient positioning and position verification,
whereby positioning workflows with a high level of reproducibility
reduce the perceived benefit of higher frequency IGRT. It is however
important to note that, particularly in the context of increasingly
conformal and complex planning modalities, validation of patient po-
sition on a daily basis becomes increasingly important to ensure the
accurate delivery of the planned dose.

In this guideline we included several studies concerning the use of
SGRT. However, we did not include the workflow of SGRT in breast
positioning. Validation of SGRT as a sole method of setup and position
verification for distinct treatment indications (e.g., whole breast, loco-
regional breast cancer, partial-breast) needs to be investigated more
thoroughly. In the ESTRO-ACROP SGRT guideline it was recommended
that SGRT should be verified by an established x-ray modality of IGRT at
least weekly [131].

Alongside the recommendations and considerations offered within
this guideline, it is important to acknowledge the influence of clinical
hardware and software on position verification practice. Staff must be
appropriately trained in workflows adapted to the locally available
technology to ensure IGRT is performed accurately and consistently.
While rarely investigated within the literature reviewed, systematic and
random interobserver errors of 2 mm or larger has been reported across
IGRT modalities [100,110]. Hardware limitations can also be a key
determinant of position verification workflow due to factors such as
collision risk between the gantry and patient or couch top. This is
particularly relevant for CBCT workflows, which is anecdotally a
frequent challenge reported by departments. Developing this guideline,
we noted that there is a future opportunity for a technical guideline on
CBCT implementation for breast position verification.

For researchers studying the field of positioning and setup accuracy
we would recommend considering the following design characteristics
at the outset in order that the study findings can be used to inform and
improve future radiotherapy practice.

In general, low sample sizes made the ability to draw definitive,
generalisable conclusions in this guideline impossible. Where
possible, researchers should estimate the study sample size using an
appropriate power calculation either based on a pilot study or
literature where a similar technique has been studied.

e Where possible new setup approaches should be tested against the
current gold standard using a randomised comparison. Single (non-
randomised) cohort design studies do not allow a suitable assessment
of accuracy and it becomes difficult to assess whether levels of ac-
curacy achieved are an improvement on existing methods, or
whether the magnitude of the benefit obtained with the new setup
method is clinically significant.

Possible confounding variables should be measured, reported and
included in multi-variate analysis to enable accurate assessment of
setup variations. Confounding variables would include patient BMI,
breast volume, whether an immobilisation device was used, or use of
a breath-hold technique. Performing these analyses demands larger
patient cohorts which may only be met by promoting collaborative
multi-centre studies.

Within the literature no specific variables have been given to
determine which treatment position will be best for each individual
patient. Prone could be better for patients with larger breasts.
However, the variable “large-breasted” was not described at all or
was defined differently in the performed studies. For example, Zhao
et al. [20] and Bergom et al. [33] described ml breast volume;
Mulliez et al. [14], Buijsen et al. [27] and Kirby et al. [15] used cup
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size as a unit. For comparing studies, it would be beneficial to use one
entity. Ooi et al. found that BMI may be causally linked to larger
breast size, but not the reverse, it seems that BMI is a less reliable unit
[132]. Therefore, we suggest that breast volume in ml (1 ml =1
cubic centimetre) would be the best unit. Cup size is an inappropriate
unit to use as cup size can differ per country or bra manufacturer and
each bra cup size covers a large range of breast volumes. For
example, women with a breast volume of 1000-1099 ml could be
fitted to four different Australian bra sizes [133]. Furthermore,
Ringberg et al. found that a C-cup size could measure breast volumes
with a range of 350 ml to 1800 ml [134].

Thorough documentation of all positioning variables and position
verification workflow (e.g., modality, matching prioritisation) is of
importance to ensure any findings can be replicated and applied to
practice. This is also required for findings to be combined in reviews
or meta-analyses.
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