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Breast cancer is the most common malignancy, and the majority of the patients are diagnosed at an early disease
stage. Breast conservation is the preferred locoregional approach, and oncoplastic breast conservation surgery is
becoming more popular. This narrative review aims to discuss the challenges and uncertainties in target volume
definition for postoperative radiation after these procedures, to improve radiation therapy decisions and
encourage multidisciplinary.

1. Introduction

Postoperative radiation therapy (RT) is an integral part of breast
conserving therapy (BCT). Overall, it is estimated that up to 80% of stage
I-III breast cancer patients will undergo RT as part of their primary
breast cancer therapy [1]. Surgical techniques for primary treatment of
breast cancer have advanced over the past decades to improve main-
taining aesthetic outcome and symmetry with the contralateral breast.
Oncoplastic breast surgery was initially applied to correct deformities
after breast conserving surgery (BCS) and RT [2]. Clough and colleagues
were leaders in developing this approach, initially to correct deformities
and later also as primary approach for BCS [2-4]. These procedures,
known as oncoplastic breast conserving surgery (OBCS), may include
volume displacement within the breast, oncoplastic breast reduction
(therapeutic mammoplasty), or volume replacements procedures [5,6].
Therefore, if planned correctly, it will achieve the ultimate goal of breast
cancer surgery, combining radical oncological resection, preserving the
breast, and achieving symmetry, if needed with contralateral aesthetic
surgery to optimise symmetry.

Parallel to that, RT for breast cancer has evolved mainly thanks to

better definition and visualization of the target volumes by using CT-
based planning rather than bony landmarks [7,8] and by the under-
standing that dosimetry, RT planning, and quality assurance matter a lot
for reducing RT-related toxicity, including the impact on breast aesthetic
outcomes [9-11].

Overall, the oncological safety and patient reported outcomes of
OBCS were recently summarized in a comprehensive Cochrane sys-
tematic review [12], indicating that these procedures seem to be safe,
but it is supported by low-level evidence.

Key points that should be further mentioned out of the summary of
the Cochrane systematic review [12] is that overall, OBCS seem to have
similar local control as BCS, with lower re-excisions rate after OBCS.
Re-excision rate should not be considered as a surrogate to clear mar-
gins, as it might subjected to considerable bias, considering that the
technical challenges to perform a re-excision after OPBS might be higher
compared to BCS. Indeed, uncertainties in the orientation of the
close-positive margins after OBCS due to tissue manipulation may
discourage performing re-excisions. Compared to BCS, OBCS is found to
be associated with more recall for biopsies [12], partly related to for-
mation of oil cysts, calcifications and fat necrosis following OBCS and
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RT. In a large population study, the rate of re-excision following OBCS
was significantly lower than in BCS (14,1% vs. 15,6%, odds ratio (OR) =
0.80, 95% CI 0.72-0.88), but the mastectomy conversion rate was
similar after OBCS (3.2%) and BCS (3.7%) (p = 0.11) [13]. Mastectomy
conversion rates were lower after volume displacement and reduction
procedures (OR 0.69, 0.58-0.84) [13], maybe due to more generous
excision volumes and margins with these types of procedures.

Compared to mastectomy alone, OBCS may have increased local
recurrence-free survival, but again the evidence is very uncertain (HR
0.55, 95% CI 0.34 to 0.91; 2 studies, 4713 participants; very low-
certainty evidence) [12]. Nonetheless, data is lacking about post-
mastectomy RT and its contribution in the mastectomy group, whereas
OBCS is usually accompanied by RT. For OBCS compared to mastectomy
with reconstruction procedures, there were no clear differences in local
recurrence-free survival (HR 1.37, 95% CI 0.72 to 2.62; 1 study, 3785
participants; very low certainty evidence). Disappointingly, OBCS and
breast reconstruction are procedures that aim to improve patients’
satisfaction with body image satisfaction, yet, the Cochrane review in-
dicates, that these outcomes were poorly evaluated in the studies [12].

OBCS is typically applied in case of unfavourable tumour/breast
volume ratio when mastectomy and/or primary systemic therapy are
not indicated for oncological considerations (e.g., inflammatory breast
cancer which mandates modified radical mastectomy), including
multifocal and multicentric tumours if the procedure will allow resec-
tion with free margins [14]. Other considerations of the OBCS approach
are challenging locations of the tumour within the breast (e.g., the lower
pole) or in case of patient preference, especially as OBCS allows for
contralateral volume reduction, augmentation or mastopexy to assure
symmetry with the aim of meeting patient expectation [14]. Hence,
potential advantages of OBCS are achieving sufficient margins, avoiding
mastectomy, and avoiding the potential complications of post-
mastectomy RT, especially in case of reconstruction, thereby improving
overall patient satisfaction [2,4,15-17].

Therefore, our review focuses on OBCS and aims to discuss the
challenges and uncertainties in target volume definition after these
procedures, to improve RT decisions and encourage multidisciplinary.

1.1. The most important volume for breast RT

The target volume for whole breast radiation includes all breast
tissue, consisting mainly of the glandular tissue as the volume that may
encompass potential residual tumour cells. The high-risk volume that
may possess most residual tumour cells is the volume in proximity to the
tumour bed and index quadrant. Following and in agreement with the
work of Holland [18], proving sub-clinical multifocality of T1-2 tumours
via microscopic analysis of mastectomy specimens, it was demonstrated
in several studies that most of the local recurrences (50-82%) occur at
the vicinity of the primary tumour [19-22]. Therefore, properly iden-
tifying the primary tumour bed is essential for any breast RT planning, as
identification of the tumour bed and correct delineation of the tumour
bed and its surroundings will allow to assure adequate dose coverage of
this volume [7,8]. This is important for avoiding sub-dosing due to
geographical misses or due to compromises done in the RT plan to
reduce the heart or lung dose [23] in case of whole breast RT alone; for
partial breast RT planning [24,25]; or as the volume to receive an
additional RT boost dose [9,26,27].

A Delphi consensus recommendation for partial breast RT were
recently published by ACROP-ESTRO [28], while the indication for a
tumour bed boost vary very much among centres. Tumour bed boost
improves local control compared to no tumour bed boost [hazard ratio
(HR) 0.64, 95% confidence interval (CI) 0.55 to 0.75] in all patients
without improving breast cancer survival and at the expense of
increased RT-related toxicity [9,26,27]. The absolute benefit of the
boost is related to the risk of local recurrence, and a greater gain was
suggested in those that have higher risk factors such as younger age
(<40 years), higher tumour stage, tumour grade 3, molecular subtype
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(triple negative), presence of extensive lymphovascular invasion, pres-
ence of extensive ductal carcinoma in situ (DCIS), close or positive
margins, microinvasion, and lymph node involvement [29,31-35,30,
22]. The timeline of local relapse is related to resection margins and
tumour features [36].

Nowadays, breast RT is done with CT-based planning, and for
modern RT planning it mandates target volume delineation for planning
and appreciation of the RT plan. The aim of target volume delineation is
not to include the outdated field-encompassed volumes that were
encompassed by the 2D-bony landmarks fields [7,8], but rather to define
the true target volumes, based on anatomy, histology and in depth un-
derstanding of breast cancer biology and therapy including the surgical
procedure [7,37,38]. Large RT volumes, high radiation dose, and
inhomogeneous dose delivery were shown to increase breast RT-related
toxicity [9-11,39].

1.2. Identifying the tumour bed

Early methods for identification of the tumour bed or for boost
planning after conventional BCS surgeries (quadrantectomy, lumpec-
tomy), included patients’ own recollection of tumour position, preop-
erative imaging and/or clinical photographs with tumour marked on
skin, tattoos over tumour, and surgical notes [35]. Marking the scar (as it
was generally above the tumour) and measuring the depth of the tumour
beneath the surface of the skin was used in the early days of providing a
tumour bed boost. The radiation technique included mainly brachy-
therapy or a direct electron field directed at the marking (scar, tattoo,
etc) with the electron energy decided based on the depth of the lesion on
imaging or, more commonly used, of the depth of the surgical clips as
measured on the conventional simulator.

After target volume delineation for breast cancer RT was applied
with the introduction of CT-based planning, different groups reported
the uncertainties in defining the tumour bed after BCS, including the
uncertainties in the presence of seroma or surgical clips [40-46]. The
review by Beddok and colleagues [46] summarized the different studies
reporting intra- and inter-observer variability of tumour bed delinea-
tion. The authors noted that preoperative imaging, clips, seroma, and
absences of visible coarse breast calcification were factors reducing the
tumour bed variability [46]. However, while it might reduce variability,
seroma may extend beyond the tumour bed, with migration of the sur-
gical clips, thus not guaranteeing the true location of the tumour bed
[43]. Due to the nature of OBCS, the tumour bed may be shifted and
redistributed within the neo-breast and introduce significant un-
certainties or inability to identify the tumour bed [47].

1.3. Oncoplastic BCS extent of procedure

The definitions of oncoplastic breast surgery vary in the literature
with regards to the specimen volume excised or tissue manipulation.
Therefore, the American Society of Breast Surgeons (ASBrS) defines
OBCS as breast conserving surgery with ipsilateral defect repair using
volume displacement and volume replacement techniques with contra-
lateral symmetry surgery as appropriate [14]. The ASBrS classification
system defines the OBCS into two types of procedures: volume
displacement and volume replacement. Volume displacement entails
redistributing of the breast tissue to close the post-resection cavity. This
was divided into two levels based on percentage of breast volume
excised (level 1 < 20%, and level 2 between 20 and 50%). Volume
replacement procedures that use tissue from outside the footprint of the
breast (autologous tissue or implant) to correct the volume deficit are
included in the definition of oncoplastic BCS. This may or may not result
in additional breast augmentation/volume reduction from the original
volume and may accompany contralateral augmentation/mastopexy
[38].

A population-based study of 18,188 patients undergoing BCT, of
which OBCS was performed in 5003, showed that the most popular
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oncoplastic procedure was volume displacement (83.4%), volume
reduction was performed in 13.6% and volume replacement in 3.1% of
the cases. In patients over 50, rates of secondary interventions, defined
as either a re-excision or a tumour bed boost, were similar after BCS and
OBCS (16.4% vs. 15.9%; p = 0.430). However, for those patients, a boost
was used less often in BCS patients than in patients undergoing OPBS
(14.7% vs. 21.2%, p < 0.001), but without information on association
with oncoplastic technique [13].

Fig. 1 summarizes the a few of the different types of OBCS. Keeping
in mind that each procedure is decided according to tumour location and
its distance from the nipple areola complex, the amounts of volume
resection, according to size of the lesion, number of lesions, in relation to
the breast size and ptosis.

1.4. Target volume after OBCS

OBCS procedures introduce significant uncertainty in the tumour
bed location, even if clips are used in a predefined manner [47,48].
Preoperative images may misguide the radiation oncologist in identi-
fying the tumour bed, due to distortion or reposition of the breast
anatomy. The mammographic position of the tumour may not directly
correlate with the surgical changes seen on planning CT, or the position
of the scar (Fig. 1). The tumour bed position can be shifted differently in

A Tennis racket Batwing Round block
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the same OBCS procedure depending on the volume resected, presence
of seroma or bleeding. Clips applied at the level of the tumour bed, on
each side of the cavity and at the level of the chest wall prior to tissue
manipulation may not accurately represent the tumour bed, and indi-
vidual surgical clips may displace or migrate in a range of 3.5 cm outside
the primary tumour bed [47]. The degree of clip displacement was
suggested to occur to a greater degree in inferior pedicle reduction
mammoplasty and superior medial pedicle vertical reduction mammo-
plasty [47]. In axial CT slices for tumour bed delineation after OBCS, a
single tumour may thus result in detached high risk volumes (Fig. 2)
[47].

Key recommendations for assisting in accurate delineation of the
tumour bed after BCS include marking the walls of the surgical cavity at
the level of the tumour bed with at least 5 surgical clips prior to tissue re-
arrangements [42]. Delineation should consider the clips based on their
location in relation to the tumour bed (using preoperative imaging,
operative note and pathology report as references). The target volume
should take into account tumour size, as the breast tissue around it is “at
risk” to harbour residual foci, as well as excision margins according to its
orientation in all directions, if available. The clinical target volume is
considered including 1.5 cm of breast tissue surrounding the primary
tumour for a boost, and 2 cm for partial breast RT [Fig. 3]. Whereas the
tumour bed localization might be difficult to identify after classical

Vertical reduction

Wise pattern

Wise pattern

Fig. 1. Selected illustrations of oncoplastic procedures, the different types are selected according to size and location of lesion and tumour to breast ratio, degree of
ptosis, size of the nipple-areola and other considerations. The columns are showing the same type of procedure, the rows illustrate the different phases of surgery. (A)
preoperative planning according to tumour location, (B) the lumpectomy and exposure of tissues and de-de-epithelization, (C) the final outcomes, nipple areola
transposition, and scar. Lateral Mammoplasty (Tennis racket) method, often used for tumours located in the upper outer and lower outer quadrants but it can be
used for other quadrants as well, with the cost of aesthetics as the tennis racket may induce scar retraction and unintended displacement of the nipple-areola complex.
Batwing mastopexy (inverted V or omega plasty), the lumpectomy cavity defect is closed by pulling up the inferior breast tissue and suturing the layers together. It
is often used for lesions in the upper central breast near the nipple. The procedure allows to hide part of the scar at the border of the areola. The round block
technique in patients with small to moderate-sized breasts without/limited degree of ptosis. The tissue between the two incisions is de-epithelialized. The scars are
perimamillary and well hidden, and in the case of a large areola, a smaller neo-areola may be created. A symmetrisation procedure should be considerd. Wise pattern
(inverted T), two figure first is inferior based pedicle and superior based pedicle. Superomedial might be used as well. Technique in patients with moderate to large
sized breasts with ptosis, lumpectomy cavity defect moderate to large. Vertical pattern technique in patients with moderate sized breasts and ptosis. The lump-
ectomy defect and ptosis are limited compared to wise pattern. The breast tissue is pushed medially and laterally against a vertical line, the medial and lateral incision
line is determined as the area to be resected. After the tumour resection, the dermal pedicle de-epithelialized, is elevated and the parenchymal tissue inside the
incision line is removed.



O. Kaidar-Person et al.

A
axial view

breast

s
N

contour IS /—7\
\ \

The Breast 72 (2023) 103584

sagittal view

A
'\.
I )
[ -~
|
-
- \

CT wire

Fig. 2. Identification of the true tumour bed (TB) on a phantom breast after oncoplastic breast surgery. A) axial CT-slice; B) sagittal view showing how the TB can be

not connected.

Modified from Aldosary, G., Caudrelier, JM., Arnaout, A. et al. Can we rely on surgical clips placed during oncoplastic breast surgery to accurately delineate the
tumor bed for targeted breast radiotherapy? Breast Cancer Res Treat 186, 343-352 (2021). https://doi.org/10.1007/510549-020-06086-3.

O Excision specimen

’ Excision margins

CMOMO

Ideal pre-surgical clinical target volume consisting of a rim of 1.5 cm (boost) or 2 cm for

(PBI), minus the tumour-free margins.

Ideal post-surgical clinical target volume consisting of a rim of 1.5 cm (boost) or 2 cm
for (PBI), minus the tumour-free margins.

Fig. 3. Ideal target volume, accounting for excision margins.

lumpectomy, it is most often even more difficult after OBCS, where the
surgical changes are more extensive and/or clips might be misleading
[43,48,49]. Regrettably, localization of the tumour bed in the setting of
OBCS is not well defined in studies [50], and currently it is impossible to
make firm recommendations according to each type of OBCS. Only a

cautionary remark to the radiation oncology community that OBCS
produces uncertainties, and overconfidence in surgical clips may result
in erroneous location of the high-risk volume, and uncertainty should
not be compensated by enlarging the volume of the boost or increasing
the dose. The figures below show two cases for whom a boost was

Fig. 4. A) Axial view of FDG-PET CT done at time of diagnosis, showing FDG uptake at the left breast. B) Axial view of postoperative radiation planning CT showing a
volume replacement procedure of the left breast. A tumour bed boost was indicated because of patients young age (35 years) and grade 3, highly proliferative
invasive tumour (high Ki-67). B) Sagittal view of radiation planning CT shows that if a boost was planned to include the volume encompassing the implant, most of
the breast would have received the high dose. Therefore, a boost was omitted in this case.
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omitted due to inability to properly identify a not-excessively large
tumour bed (Fig. 4a,b,c Fig. 5).

Therefore, it is our recommendation that patients who undergo
OBCS are not good candidates for partial breast RT, unless a limited
volume displacement procedure was performed and the tumour bed can
be identified accurately with appropriate margins. In these patients, the
IMPORT-LOW planning with two doses of 40.05 Gy in 15 fractions for
the high-risk region and 36 Gy for the remaining breast volume can be
considered to compensate uncertainties, even though this was not part
of the trial objectives, as it may reduce toxicity compared to whole
breast RT to the full dose [24].

In high-risk breast cancer patients, in whom the indication for a
boost is known prior to surgery, the surgical approach should be pre-
planned bearing in mind of this indication and the uncertainty in
planning the boost. Therefore, the value of discussing the cases within a
multidisciplinary team is highly important to plan the approach. Breast
surgery expertise is important, and the surgical procedure should
attempt for generous margins, clip the surgical cavity walls prior to
surgical tissue manipulation (even though there are pitfalls for this
approach), and record in a note the possible location and shifting of the
tumour bed according to the surgical manipulation. Obtaining a radical
resection with tumour free margins has high priority in all surgical
procedures but is of specific value in OBCS. A radical resection with
sufficient margins which might be more feasible in OBCS (e.g., 2 cm
margin) will even preclude the need for a boost in a high-risk breast
cancer as the clinical target volume is resected in this case. Therefore, it
is essential to have appropriate expertise in planning these surgeries to
allow for suitable oncological and aesthetic outcomes. Uncertainties in
orientation of the margins in a non-radical resection, with positive or
close margins, that precludes re-excision, needs to consider as well the
uncertainties in tumour bed definition in these cases. Surgical changes
seen on planning CT, and clips may represent the surgical cavity but not
the primary tumour bed or the high-risk volume. Re-excision is often
challenging due to uncertainties, but uncertainties apply also for iden-
tification of the tumour bed for a RT boost. Therefore, to avoid a mas-
tectomy due to positive margins, or large boost volumes, pre-surgery
planning mandates expertise and should be done carefully within a
multidisciplinary group.

It is important that the surgeons are familiar with the concept of
tumour bed delineation and the different views of the planning CT, and
work together with the radiation oncologists to understand the surgical
procedure and the principle of the tumour bed volume [48]. For this
purpose, the annual Aarhus Workshop in Breast Surgery (Denmark) in
2023 dedicated a multidisciplinary session to tackle the uncertainties of
OBCS and tumour bed delineation.

Indications for a boost should be defined for truly high-risk patients,

Fig. 5. Axial view of radiation planning CT showing a left breast volume
displacement procedure with mammoplasty and right breast mammoplasty. A
tumour bed boost was indicated because of patients young age (39 years), grade
3, highly proliferative invasive tumour (high Ki-67) and close margin of 0.8
mm. Tumour bed boost was omitted due to inability to identify the tumour bed:
dense glandular tissue, no visualisation of the tumour bed on CT and the nature
of the surgical procedure.
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particularly as with screening programs and new systemic therapies, the
local recurrence rates are significantly lower compared to early reports
[51]. Current recommendation for tumour bed boost as recommended
by the Danish Breast Cancer Group (DBCG) include age younger than 50
(regardless of margin status from invasive carcinoma), and in women
>50 with distance from DCIS/pleomorphic LCIS and/or invasive carci-
noma of less than 2 mm to the surgical margin. The ESTRO breast cancer
focus group has set a goal to achieve a consensus on the indication for a
boost, based on currently available evidence from recent trials.

Even though data is lacking about its effect, OBCS aims to improve
patient satisfaction around aesthetics without compromising oncolog-
ical outcomes in tumours for which conventional BCS will result in
deformity (more than 10% of breast or unfavourable location) [4,15,17,
52]. Therefore, it seems reasonable to attempt OBCS, and avoid mas-
tectomy, which often leads to reconstruction and RT-related complica-
tions in many patients [16]. Nevertheless, these surgeries mandate
careful preoperative planning, reviewing the imaging for extent of dis-
ease, calcifications, the need to resect part of the skin, and possible other
technical interventions to assure a radical resection. Preoperative eval-
uation should consider the benefit of primary systemic therapy, both
chemotherapy-based or endocrine therapy combined with CDK4/6i, to
reduce the tumour size and allow for standard lumpectomy if feasible or
to facilitate resection with clear margins. The location of the tumour,
number of lesions, extent of calcification and patient’s body habitus, size
and configuration of the breasts are paramount for choosing the correct
procedure.

1.5. Future planning & recommendations

Preoperative boost [NCT04871516], intraoperative boost [53], or a
ring shape boost (around the flap used for volume replacement) [48]
were also proposed as a possible approach in OBCS, but should be
evaluated in prospective trials with proper reporting of tumour bed
definition, radiation dose and volume and radiation planning [48,54].
The use of breast MRI and MRI-based planning requires further explo-
ration if it aids to truly identify the tumour bed (rather than the surgical
cavity) in the presence of OBCS [55,56]. Similarly, the use of new
products for tumour bed marking such as 3-dimensional bioabsorbable
tissue marker should be further explored in a prospective trial in the
context of OBCS [57] including migration of the marker compared to
surgical clips — always keeping in mind the huge pitfall that the surgical
cavity rarely, if ever, accurately represents the primary tumour bed. In
addition, a new artificial intelligence based tool is currently being
developed and evaluated in the CINDERELLA trial [NCT05196269] [58]
to inform patients on the aesthetic outcomes of the different breast
cancer surgeries in aim to improve patient satisfaction with the out-
comes of locoregional therapy.

It is our recommendation, that retrospective or prospective studies
reporting the outcomes of OBCS need to indicate details about the RT
applied and specify if a tumour bed boost was given, including the
method of tumour bed marking and boost planning to evaluate efficacy
and to provide evidence to support guidelines.

As these procedures aim to provide a better aesthetic outcome after
breast cancer surgery, it is our responsibility to assure their safety. The
procedure should be planned to ensure radical resection with clear
margins, and sufficient margins in high-risk cases, to reduce the need for
a boost merely because close-positive margins or the need for subse-
quent mastectomy, because of uncertainties that could be avoided. In
cases that tumour bed boost is strongly indicated, the radiation oncol-
ogist and the surgeon must work together to accurately define the target
volumes.
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