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a b s t r a c t
Delineation of target and ‘organ at risk’ volumes is a critical part of modern radiation therapy planning,
the next essential step after deciding the indication, patient discussion and image acquisition. Adoption
of volume-based treatment planning for non-metastatic breast cancer has increased greatly along with
the use of improved planning techniques, essential for modern therapy. However, identifying the volumes on a planning CT is no easy task. The current paper is written by ESTRO’s breast course faculty, providing tricks and tips for target volume definition and delineation for optimal postoperative breast cancer
irradiation.
Ó 2021 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 162 (2021) 185–194

Contouring workshops have formed part of the topic-oriented
courses of the European SocieTy for Radiotherapy & Oncology
(ESTRO) since 2009. In 2013, ESTRO formed a partnership with
RadOnc eLearning Center, Inc (https://www.educase.com) to create
a multifunctional platform for contouring and delineation, known
as Fellowship in Anatomic deLineation and CONtouring (FALCON).
This platform has served thousands of professionals and has
included live hands-on delineation and online/virtual delineation
workshops to encourage interaction of participants with the teachers and members of the FALCON contouring team. FALCON offers a
variety of courses and workshops, which are constantly updated
and include an online database of delineation exercises, expert
delineations, and guidelines [1].
Volume-based treatment planning is now incorporated in most
fields of radiation oncology. In recent years, treatment planning for
breast cancer has gone through major developments allowing for
image-based planning, fusion of diagnostic imaging with acquired
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planning-based images, movement tracking, and volume-based
irradiation delivery and guidance.
In the 2-dimensional (2D) -era, the size and shape of treatment
fields were determined using bony landmarks, and ‘organ at risk’
(OAR) protection was obtained mostly by physical shielding or
by shrinking of the field/s after a specified dose, guided only by
film or portal images with limited soft-tissue visibility for radiation
delivery. In sharp contrast to this, three-dimensional conformal
radiation therapy (3DCRT) incorporates the use of technologies to
generate 3D images to allow accurate planning and treatment
delivery such as image guided radiation (IGRT).
3DCRT allows a much-improved appreciation of patient anatomy, routes of tumour spread and proximity of target volume/s
to other organs and tissues. The use of 3DCRT supported the transition from large tangential fields determined according to bony
landmarks and clinical palpation to field-in-field (FiF) and intensity
modulated irradiation (IMRT), all aiming to reduce OAR exposure,
homogenize target volume doses, shape irradiated volumes closer
to the planning target volume (PTV), and avoid compromising PTV
coverage.

Target volume definition and delineation in breast cancer radiation therapy

sion compared to the tumour bed, clip placement) and a detailed
pathology report are essential for planning post-operative irradiation. Discussion in a multidisciplinary team is recommended to
allow for better clarification of the extent of disease and previous
treatment. The radiation oncologist should be involved at diagnosis
and prior to surgery. Any relevant history of comorbidities (e.g.,
cardiovascular, respiratory disorders, concomitant drugs, smoking)
and a physical examination that reflects the potential challenges in
post-operative irradiation is invaluable. This includes an appreciation of size and shape of the breasts/chest wall, skin folds, limitation in arm mobility and musculoskeletal abnormalities that may
limit the ability of accurate daily positioning. Patients’ understanding and comorbidities may affect their likely compliance and the
potential reproducibility of for example respiratory control techniques. Ideally, the treating breast radiation oncologist should be
available, if needed, at the time of CT-scan for treatment planning,
especially for challenging cases. A detailed note and pre/post treatment diagnostic imaging (e.g., prior to surgery/primary systemic
therapy) should be available at the time of volume delineation
for proper definition of targets, especially if volume delineation is
not done by the clinician who saw the patient at their initial visit
for radiation planning.
A clear written departmental protocol for planning CT (e.g.,
treatment position, deep inspiration breath hold) is advised. Deviations for protocol should be limited to selected cases, such as
patients with difficulties laying still in treatment position, or, in
selected cases, that patient’s anatomy is a major obstacle for safe
irradiation, and coverage of the clinical target volume (CTV) should
be weighed against the potential harms from OAR exposure
(Fig. 1).
At the time of CT- scanning, it is recommended that the patient
lays with both arms raised symmetrically. This will allow to look at
the unaffected site (contralateral chest) for assistance in delineation. Although delineation guidelines are based on vascular landmarks, we do not recommend the routine use of intravenous
contrast for delineation. Parts of the vessels are usually easily seen
on the planning- CT without the use of contrast. Intravenous contrast, or even a PET-CT (Fig. 2), may be considered, especially in
cases where a nodal boost is relevant, or to detect additional nodes
in case of extensive nodal involvement. If diagnostic imaging is
fused with the planning CT, it should be reviewed carefully for different position, misregistration and possible flaws of using deformable registration for certain areas. Of note, the CT images shown in
the current paper are without contrast.

Historically, bony landmarks were considered to be reasonable
surrogate anatomical boundaries in breast irradiation and have
therefore been used for decades to define 2D-fields aimed to
cover regional nodal volumes assuming that the vessels and lymphatic system will be enclosed within these borders. In 2015 and
2016, ESTRO published consensus guidelines for target volume
delineation in early breast cancer based on the vascular and lymphatic drainage of the breast as identified on planning CT [2,3].
These guidelines were based on the work performed by the
ESTRO’s breast workshop teachers and extended to an international consensus group. However, identifying target volumes
and OAR during CT planning is not straightforward [2,3] and
ESTRO breast workshops using the FALCON platform aim to promote this important medical task. The courses involve careful
study of patient anatomy and an iterative comparison and discussion of participants’ and teachers’ delineations to improve accuracy and reduce inter-observer variability and inconsistency [1].
Importantly, by having a multidisciplinary team at the course,
including a radiation therapist (RTT), a medical physicist and surgeons with expertise in breast radiation planning, the adverse
dosimetric consequences of inaccurate target volume and OAR
delineation can be illustrated. Additionally, the trade-offs
involved in using different radiation techniques (such as FiF compared to IMRT) are discussed.
Since the publication of ESTRO guidelines [2,3], we noticed significant improvement in the delineations done by the course participants. A recent survey by the EUropean Breast cancer
REsearch Association of Surgical Trialists (EUBREAST) distributed
to radiation oncologists reported that 93% of the radiation oncologists use delineation guidelines for elective nodal irradiation
(60.6% use the ESTRO guidelines and 32.4% use the RTOG guidelines), 7% are using field-based volumes without nodal volumes
(personal communication, Dr. Maria Luisa Gasparri, the full results
of the EUBREAST survey are planned to be published).
In this manuscript, we address lessons learned from the ESTRO
breast courses and the FALCON breast workshops and include
tricks and tips for target volume definition and delineation in
breast cancer as well as evidence to support the recommended
ESTRO volumes.

Defining the target volumes prior to delineation
There is a need to understand the anatomy and lymphatic drainage pathways, patterns of tumour spread, pre-operative imaging,
extent of surgery, and potential harms and benefits to minimize
and balance the risk of recurrence against the risk of treatmentrelated morbidity. Currently, the use of sentinel lymph node biopsy
(SLNB) for clinically and radiologically node negative disease is
common practice, while patients with positive clinical nodes are
often referred for primary systemic therapy (PST) where the extent
of both breast and axillary surgery is often determined according
to the response to PST. Axillary lymph node dissection is performed less frequently following publication of the ACOSOG
Z0011 (Alliance) [4,5] and AMAROS (EORTC 10981–22023) [6] trials and subsequent studies including those on targeted axillary
management.
Disease stage, tumour location, extent of lymph node involvement, pre-treatment imaging, pathology including molecular characteristics, muscle invasion, distance to skin or thoracic wall,
extent of lymphovascular invasion, surgical margins, extent of surgery and response to therapy all have implications for defining the
target volumes for regional nodal irradiation [7,8].
Careful review of available diagnostic imaging (not only the
report but the images themselves), accurate description of the surgery (degree of oncoplastic reshaping, relative position of skin inci-

Fig. 1. A patient with severe scoliosis, cardiac anomaly who was planned for left
breast irradiation due to breast cancer. The CT scan shows unfavourable cardiac
location regardless of breath hold technique. Wide Arrow indicates the location of
the lumpectomy scar. Thin arrow shows the clip at the site of previous cardiothoracic surgery, clip is unrelated to breast cancer lumpectomy cavity.
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sites of local and locoregional recurrences in 2784 patients who
underwent quadrantectomy and postoperative radiation. At a
median of 72 months follow up, a total 33 out of 40 in-breast
recurrences were regarded as true local recurrences because of
the proximity to the primary tumour bed (5-year cumulative incidence of 1.1%). These data were supported by several studies that
showed that 71% of in-breast recurrences were near or at the
lumpectomy site [11–13]. Therefore, even if a tumour bed boost
is not planned, delineation of the tumour bed can assure that the
CTVp_breast will include the primary tumour bed inside the
CTVp_breast. If the tumour bed is located at the edge of the
CTVp_breast, (eg very cranially or medially), the CTVp_breast
should include the CTV_tumour bed, being the tumour bed with
a 1.5 cm margin (minus the tumour-free margins) to allow for full
coverage of the area that is at high risk of recurrence. Apart from
this, delineation of surgical clips positioned at the time of lumpectomy are useful for IGRT [14].
For defining the tumour bed volumes, we recommend using the
GEC-ESTRO recommendations [15].

Fig. 2. Fusion of diagnostic PET-CT with radiation planning CT for nodal volume
delineation to assist in identifying the site of level 1 lymph node involvement.

Defining the volumes on the planning CT
As most radiation planning is done via a planning CT, the recommended Hounsfield Unit interval for contouring is the softtissue and breast tissue window. At the time of contouring and
defining the volumes, we recommend adherence to a standard
nomenclature and preferably fix the choice of colours (many planning systems allow for creation of templates) for individual volumes. This should be followed by all team members, and
eventually will facilitate pattern recognition when approving
delineation. Using nomenclature and colours similar to the ESTRO
guidelines and the international harmonisation nomenclature is
advised. [2,3,9].

Delineation of the thoracic wall clinical target volume
(CTVp_thoracic wall).
Whereas the contralateral breast, if intact, can serve as a landmark for delineation if the breasts were symmetrical and the
patient laying symmetrically in the treatment position (Fig. 4), as
mastectomy routinely involves removal of part of the overlying
skin and pulling adjacent skin and subcutaneous tissue in to close
the defect, the size of the CTVp_thoracic wall (also termed
CTVp_chest wall) can be reduced compared to the intact breast
in case of most indications of chest wall RT, where only the subcutaneous lymphatic plexus, potential residual glandular breast tissue and high risk areas adjacent to the primary tumour are the
targets. However, to ensure inclusion of the deep lymphatic plexus
in the CTV_thoracic wall, care should be taken not to excessively
decrease the CTV [2,3].
Moreover, the mastectomy scar may extend laterally beyond
the breast tissue, for example in women with a large axillary skin
fold to allow this to be reduced. This means that the CTV may not
need to include the entire scar. Indeed, for radiation treatment
planning the part of the scar outside the breast region is not part
of the target volume except in very medial or lateral tumour locations. In cases that the skin/scar is at high risk for breast cancer
recurrence, in cases such as extensive dermal involvement and
inflammatory cancer the entire mastectomy scar should be covered. The use of bolus for all postmastectomy irradiation has been
challenged [16], but should be considered in cases that the high

Delineation of the breast clinical target volume (CTVp_breast)
To assure correct delineation of the CTVp_breast, always start
delineation at a level where you clearly see the limits of the breast
and then move cranially/caudally (see the 2015, 2016 ESTRO
guidelines) [2,3]. In some cases, especially in patients with small
breasts, no inframammary fold can be noted on planning CT, and
correct placement of the markers during the CT can assist in identifying the border with the fine structures of glandular breast tissue on CT. Incorrect marking in these cases might result in
unnecessary large volumes and exposure of OARs as shown in
Fig. 2 of abdominal OARs (Fig. 3). Marking of skin scars related to
the breast surgery can be helpful, as long as it does not cause artefacts that might result in poor images.
It is recommended to delineate the tumour bed, according to
the pre-treatment/diagnostic imaging, even if a boost is not
planned. A publication from Veronesi’s group [10] analysed the

Fig. 3. Patient without an inframammary fold on CT (A) Planning CT sagittal view showing the markers of breast edge and scar (B) Axial view on planning CT.
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Fig. 4. (A) Asymmetry of the breasts noticed on planning CT (B) Humerus head might imply of asymmetry in patient’s position.

to the thyroid gland, internal carotid, and other head & neck OARs
[25]. Furthermore, as reported by Chang et al, all level 4 failures
were located <6 mm cranial to the subclavian artery [11,26],
ESTRO’s guideline does recommend extending the cranial border
according to nodal tumour load in patients with nodal disease at
level 2–3 to cover potential areas that are at high risk for nodal
recurrence.
Lymphatic obstruction caused by scarring (e.g., previous breast/
chest surgery), irradiation or high tumour load can result in
tumour spread into pathways beyond the locoregional treated area
such as superior neck and arm or contralateral side. In the case of
metastatic involvement of lymph nodes, the pattern of spread in
the axilla usually follows a progressive pattern and retrograde
involvement is likely to relate to a high tumour load. In these cases,
the delineation should be adapted according to disease spread with
appropriate margins to cover the extent of disease.

risk region for recurrence includes the skin or within the ‘‘dose
build up region”.
Following skin sparing/nipple sparing mastectomy, the target
volume includes any residual breast tissue and the subcutaneous
layer of the native skin breast which is preserved as part of the skin
sparing mastectomy procedure. [17,18]
Delineation of nodal volumes
The logic behind the ESTRO lymph node volumes is that lymphatic drainage to levels 1–3 drain subsequently to level 4, following a regular, progressive pattern [19–21]. In general, skip
metastases, defined as the involvement of nodes at level 2, or 3,
or both, but not at level 1, are uncommon, occurring at a rate of
3%–10% dependent on the histopathological evaluation of the
nodes [19–22].
However, the internal mammary vessels connect with the subclavian/brachiocephalic vessels, causing internal mammary nodes
(IMN) involvement to drain directly into level 3–4 without affecting level 1–2. Table 1 summarizes sentinel node drainage in clinical node negative breast cancer according to tumour location and
depth within the breast, all can influence drainage to IMNs.
Level 4 was historically called the supraclavicular region; however, contouring according to ESTRO guidelines [2,3], this volume
does not need to include supraclavicular nodes, as in most patients
it remains at the level of the clavicular head without any clear cranial extension. As it is 5 mm cranial to the subclavian vein, the volume extends no more than 2 CT slices (usually 6 mm) above this,
largely remaining behind the clavicle [3]. Involvement of level 4
without involvement of levels 2 and 3 or high IMNs is thought to
be rare based on Estourgie’s mapping study in node negative
patients. Direct drainage to level 4 was reported to be 0–3%
depending on tumour location and whether the lesion was palpable or not [23,24]. Additionally, none had level 4 only drainage
(without other levels). Therefore, the cranial border of level 4 in
ESTRO guidelines is caudal to that recommended by the RTOG
for elective nodal irradiation. This will allow for a reduction in dose

ESTRO vs RTOG vs RADCOMP and delineation in locoregionally
advanced breast cancer
The ESTRO consensus guidelines were designed for elective
nodal irradiation in early breast cancer [2,3]. The guidelines are
based on the finding that in early breast cancer the involved nodal
regions are mainly situated within 5-mm around the blood
vessels, usually the veins [2,3,27]. Conversely, RTOG defined
target volumes are based on a consensus of experts (https://
www.nrgoncology.org/Portals/0/Scientific%20Program/CIRO/Atlases/
BreastCancerAtlas_corr.pdf?ver=2018-04-18-144201-270) and
mainly based on the volumes enclosed by the 2D-based radiation
fields (based on bony landmarks).
A comparison between the two different approaches has been
performed by a few groups and this has included mapping of location of recurrences. For some components of nodal target volumes,
ESTRO volumes tend to be larger than RTOG volumes as a result of
the ESTRO recommendation of adding a 5 mm margin lateral and
medial (cropping the volume onto the lung surface) to the internal
mammary vessels, and adding a volume to interpectoral nodal

Table 1
Sentinel node drainage using gamma-ray detection probe and patent blue dye in clinical node negative breast cancer according to tumour location and palpable in-breast lesion
[24]
Lesion location within the breast

UOQ
UIQ
LOQ
LIQ

Palpable & nonpalpable
lesions

Palpable lesions

Nonpalpable lesions

Axilla

IMN

Axilla

IMN

Axilla

IMN

95.8%
93.1%
97.7%
88%

10.4%
32.4%
29.5%
52%

97.7%
94.1%
97.1%
91.7%

6.9%
31.4%
26.1%
50%

89.2.%
88.9%
100%
78.6%

23%
37%
42.1%
57.1%

UOQ-upper outer quadrant; UIQ- upper inner quadrant; LOQ- Lower outer quadrant; LIQ- Lower inner quadrant; IMN- Internal mammary node chain. Please do note that
drainage of the lymphatic fluid depends not only on the tumour location per quadrant, but also the position between skin and chest wall, tumour stage and the injection site
(peritumoral or periareolar). Drainage does not always translate into tumoural involvement.
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nal node recurrences in these regions [8]. These studies provide
important spatial understanding for the location of nodal recurrence, volumes that should be taken into consideration while
delineating and planning. However, important information about
identifying the population that is at risk for recurrence in these volumes is lacking. The number needed to treat and potential toxicity
from more extensive radiation volumes could be substantial and
over-irradiation should be avoided [34]. Where data is lacking with
respect to primary disease risk factors, molecular subtype, systemic therapies and extent of surgery, it is difficult to determine
the best balance between the chances benefit and the risk of
toxicity.
In a patient population of >95% pT1-2 and ~85% pN0-2 stage, the
EORTC 22922-10925 trial reported that the rate of regional recurrence was 3% in the IMN-RT group compared to 5% in the control
group at a median follow up of 15.7 years. Axillary recurrences
(levels 1–3) occurred in 1.7% of patients in the IMN-RT group compared to 2.4% in the control group and the risk of level 4 recurrence
was 1.6% in the IMN-RT compared to 2.5% in the control group [35].
Importantly, this low rate of regional recurrence was observed in
an era of pre-current systemic therapies, including taxanes, antiHER2 therapy and more effective endocrine strategies. Therefore,
it is our recommendation to consider case by case, and restrict
including larger volumes as suggested by the RADCOMP atlas to
locoregionally advanced (pT3-pT4 and/or pN2-N3) disease, as
these patients are at risk for aberrant lymphatic drainage. Furthermore, the RADCOMP atlas was created for a trial evaluating proton
beam irradiation, that allow for less exposure of normal tissue outside the target volumes.
Table 2 summarizes the anatomical boundaries of breast and
chest wall according to ESTRO and RTOG atlases and Table 3 summarized the anatomical boundaries of regional node volumes
according to ESTRO and RTOG atlases. For comparison to the RADCOMP volumes, we refer the reader to the publication by the
TransAtlantic Radiation Oncology Network (TRONE) [28].

CTVn between the pectoralis major and minor [28–31]. Conversely,
ESTRO volumes tend to be smaller at CTVn_level 1 toward the arm
and back muscles and the CTVn_level 4 where the cranial border is
reduced from the cricoid cartilage to 5 mm cranial to the subclavian vein. Studies focusing on regional relapse patterns demonstrated that, in pT1-2 pN0-1 breast cancer patients, only 4% of
regional recurrences were situated outside ESTRO and inside RTOG
defined lymph nodes CTVs and up to 28% out of field recurrences
occurred in patients with pT3-pT4 or pN2-N3 disease [11]. Additionally, even though ESTRO CTVn_level 1 is significantly smaller
than RTOG level 1 volume, 87% of the recurrences were within
ESTRO volumes compared to 91% of the recurrences within those
defined by RTOG [8]. It is unclear if these only occurred with locally
advanced disease. However, the location of recurrences within
RTOG and outside ESTRO CTVn_level 1 was not demonstrated [8].
The differences in level 2 recurrences were more significant
between the atlases, favouring the ESTRO CTVn_level 2 with 78%
of the recurrences within its volumes compared to only 68% within
the RTOG volumes [8]. Other studies have also compared recurrence patterns in relation to the ESTRO versus RTOG volumes
[8,11,26,32] but these studies can be misleading: some studies
compared the volumes of primary presentation of disease, some
did not indicate the primary stage of disease or treatment (extent
of surgery, systemic therapy, radiation volumes) and included
relapse-only cases and others used deformable registration to
reproduce the site of recurrence which may lead to a false evaluation [8,11,26,32].
One of the most important issues that is indicated in the ESTRO
guidelines and is taught in the Breast courses and FALCON workshops is that the borders of the nodal CTVs are for elective nodal
irradiation only and these should be individually adapted for
locally advanced tumours (pT3-pT4 or pN2-N3) with a margin of
10–20 mm around confirmed areas of pathological nodes. Therefore, if delineated correctly, it will include the volumes that were
shown to be outside the ESTRO volumes for early breast cancer
while not overtreating patients who are not at such high risk for
locoregional recurrence. The ESTRO guideline is currently being
clinically validated as part of the DBCG Skagen 1 (NCT02384733)
and Hypo-G01 (NCT 03127995) trials, where loco-regional RT is
provided to more than 4000 high-risk breast cancer patients.
A recent atlas [33] created for a multicentre trial
[NCT02603341] comparing proton versus photon-based planning
named The Radiotherapy Comparative Effectiveness (RADCOMP)
added an additional volume to those proposed by RTOG and ESTRO
which includes the posterior neck lymphatics. This is considered
an optional volume that may be drawn contiguously with the supraclavicular volume of the RTOG. The investigators indicated that
this volume was added according to patterns of locoregional recurrence [https://www.nrgoncology.org/About-Us/Center-for-Innovation-in-Radiation-Oncology/Breast/RADCOMP-Breast-Atlas]. The
publication by Beaton et al.[8], compared patterns of 226 PET-CT
nodal recurrences according to the RTOG, ESTRO and RADCOMP
volumes. Regional nodal recurrences were centred 70% inside, 4%
marginal and 27% outside RTOG defined nodal volumes. Addition
of the RADCOMP Posterior Neck volume increased complete coverage to 48% additional regional recurrences compared to both
ESTRO and RTOG volumes. Regional node recurrences were centred
73% inside, 2% marginal and 25% outside ESTRO defined CTVn.
Most importantly, the sites of nodal recurrences were 28% within
CTVn_level 1, 16% within level 2, 15% within level 4 15% and 15%
within IMNs. Only 9% were within the posterior neck volume.
There was no significant association between geographic miss for
the baseline variables such as grade and lymphovascular invasion.
The authors of this study indicated that even though the analysis
did not reach statistical significance, patients with stage III breast
cancer were more likely than stage I and II patients to have regio-

Organs at risk
Organs at risk delineation became an integral part of radiation
planning with the implementation of planning CT and volumetric
delineation for both target volumes and OARs. Correct delineation
of OARs is essential for improving treatment outcome and reducing
toxicity. This enables a quantitative analysis of normal tissue
effects and defining the ability to deliver treatment within constraints objectives. Recently, the RT Quality Assurance (RTQA) Global Harmonization Group (GHG), defined the consensus guidelines
for OAR delineation for RT clinical trials, along with AAPM TG263
and the American Society for Radiation Oncology (ASTRO) [36].
For visualization and OAR recognition on planning CT it is recommended to use specified window width (WW) and window level
(WL) for better identification of soft tissue (in many planning systems these are predefined such as ‘‘lung window”, ‘‘breast window”). There are several available atlases for OARs delineation,
including for cardiac contouring [37].
It should be noted that normal organs exposure and dose distribution within the OARs can be significantly different if IMRT or
VMAT (Volumetric-modulated arc therapy or vIMRT) are used
compared to FiF -based planning [38,39]. For example, planning
bilateral breast irradiation with Helical tomotherapy resulted in
lung and liver toxicity [39]. Therefore, care should be given to
delineate all potentially OARs that might be exposed to radiation
(including the contralateral uninvolved breast) and the doses to
these OARs should be evaluated, otherwise treatment might result
in increased or unexpected toxicity [39].
189
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Table 2
Anatomical boundaries of breast and chest wall according to ESTRO and RTOG atlases.

Breast
Cranial

Caudal
Ventral
Dorsal

Medial
Lateral

ESTRO

RTOG

Authors’ comments

<Sterno-clavicular joint

Sterno-clavicular joint (2nd rib) + clinical
reference

Lowest slide of visible breast contour
5 mm below the skin
Pectoral muscles/thoracic wall (not including)
*Areas that are not covered by pectoralis in particular
in obese patients with a thick subcutaneous tissue
layer – since this rather represents subcutaneous fat
extending from the abdominal wall which is not part
of the CTV
<Ipsilateral edge of the sternum/<vessels: rami
mammarii (thoracic internal vessels)
Lateral side of the visible breast contour/<lateral
thoracic vs./<mid-axillary line

Loss of breast on CT
Skin
Anterior border of pectoral muscles/
thoracic wall. In case of locally advanced
cancer include pectoralis muscles and ribs

ESTRO defines the upper border as the clinically
visible/palpable one, adding that it should never
exceed the sternoclavicular joint. Thereby, in general
the cranial border is quite lower according to ESTRO
guidelines.
This is about identical
Not identical
This is identical. ESTRO 2016 guidelines is for elective
early-stage RT and recommends to individualise in
case of locally and/or regionally advanced disease

Sternum

This is, especially at older age, a major difference

Midaxillary line (exclude latissimus dorsi)

This is a clear difference

Offersen BV, et al., 2016;118(1):205-208
Chest wall
Cranial <Sterno-clavicular joint

https://www.nrgoncology.org

Caudal

Lowest side of visible breast contour

Loss of contralateral breast on CT

Ventral

5 mm below the skin (Unless T4b,c,d- than the skin is
targeted)
Pectoral muscles/thoracic wall (not including)
<Ipsilateral edge of the sternum/<vessels: rami
mammarii (thoracic internal vessels)
Lateral side of the visible breast contour/<lateral
thoracic vs./<mid-axillary line

Skin

ESTRO defines the upper border as the clinically
visible/palpable one, adding that it should never
exceed the sternoclavicular joint. Thereby, in general
the cranial border is quite lower according to ESTRO
guidelines
This is an important difference, especially if the
patient is positioned asymmetrically (only 1 arm up),
with the RTOG border being much more caudally
located
Not identical

Include pectoralis muscles and ribs
Sternum

This is a major difference
This is, especially at older age, a major difference

Mid-axillary line (exclude latissimus dorsi)

This is a clear difference

Dorsal
Medial
Lateral

Sterno-clavicular joint (~2nd rib) + clinical
reference

of the treatment plans in the Danish Breast Cancer Group (DBCG)
HYPO trial [42]. For different radiation dose protocols, example,
centres using the FAST FORWARD regimen [44], we recommend
reading the section for radiation planning within the trial protocol.
In the era of 3D-based planning and dose volume histogram, the
dose objectives for all target volumes and organs at risk should be
clearly defined prior to planning. Borm et al [45] estimated the
lymph node volume dose distribution from radiation therapy
according to treatment planning protocols in the MA.20 [46],
EORTC 22922-10925 [47], AMAROS [6] and the Z0011 [4,48] trials
– all of which enrolled patients in the pre-target volumes-based
era. When these volumes were compared to regional node volumes
according to ESTRO guidelines, nodal volumes were not always
effectively covered. None of the trial treatment planning protocols
provided adequate dose coverage to the lymphatic drainage system. High tangential irradiation (used in the Z0011) resulted in a
similar dose distribution in level 1–2 compared to the AMAROS
field design [45]. The lymphatic volumes included in these trials
were based on old planning techniques of bony landmarks and
old prescription recommendations (eg., dose of level 3–4 was prescribed at 3 cm depth). Moreover, it was shown that there was not
full dose coverage to elective volumes according to the ESTRO

Dose coverage
Delineation and dose coverage for breast cancer target volumes
can be challenging. These challenges can be related to patient’s
body habitus. In patients with a high BMI, surgery, delineation,
and dose coverage for regional nodes may be challenging, and it
is probably one of the main reasons for higher rates of locoregional
failure and worse distant recurrence-free interval and overall survival in these patients [40,41]. In case of CTVp (breast or chest
wall), treatment objective is that the doses in the range 95%105% of the prescription dose and Dmax  110% [42]. The volume
that receives a dose between 105% and 107% of the prescription
dose should be limited to 2% of the CTV volume (V105%–V107%
 2%) [43]. These recommendations are important to reduce the
risk of toxicity, as dose inhomogeneity was found to be associated
with acute complications and poor aesthetic outcome in case of
breast irradiation. It is recommended that no part of the CTVp
except for build-up regions (within 5 mm from the skin) should
be covered with doses <95% of the prescription dose
(V95%  95%). Further consideration for dose coverage/planning
in the setting of moderate hypofractionation for breast cancer
treatment were recently published from the quality assessment
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Table 3
Anatomical boundaries of regional node volumes according to ESTRO and RTOG atlases.
ESTRO

RTOG

Authors’Comments

Medial: 5-mm cranial to the axillary vein
lateral: max up to 1 cm below the edge of the humeral head, 5 mm
around the axillary vein
To the level of rib 4–5, taking into account the visible effects of the
SLNB

Axillary vessels lateral edge of pectoral minor
muscle

Minor difference

Pectoralis major muscle insert into rib

Ventral

Pectoralis major and minor muscles

Dorsal

Cranially up to the thoracodorsal vessels and more caudally up to
an imaginary line between the anterior edge of the latissimus dorsi
muscle and the intercostal muscles
Level II, the interpectoral level, and the thoracic wall
Cranially up to an imaginary line between the major pectoral and
latissimus dorsi muscles

Plane defined anteriorly by surface of
pectoralis major muscle and latissimus dorsi
muscle
Anterior surface of subscapularis muscle

Minor difference but more variation
of insertion of the pectoral muscle
insertion
Minor difference

Level 1
Cranial

Caudal

Medial
Lateral
Level 2
Cranial
Caudal
Ventral
Dorsal
Medial
Lateral
Level 3
Cranial
Caudal
Anterior
Posterior
Medial
Lateral
Level 4
Cranial
Caudal
Ventral
Dorsal
Medial
Lateral

Lateral border of pectoralis minor muscle
Medial border of latissimus dorsi muscle

More dorsally for RTOG, thereby
including drainage coming from the
back/shoulder region.
Minor difference
Minor difference

Includes the cranial extent of the axillary artery (i.e., 5 mm cranial
to axillary vein)
The caudal border of the minor pectoral muscle if appropriate: top
of surgical ALND
Minor pectoral muscle
Up to 5 mm dorsal to axillary vein or to costae and intercostal
muscles
Medial edge of minor pectoral muscle
Lateral edge of minor pectoral muscle

Axillary vessels cross medial edge of pectoralis
minor muscle
Axillary vessels cross lateral edge of pectoralis
minor muscle
Anterior surface of pectoralis minor muscle
Ribs and intercostal muscles

Minor difference

Medial border of pectoralis minor muscle
Lateral border of pectoralis minor muscle

Identical
Identical

Includes the cranial extent of the subclavian artery (i.e., 5 mm
cranial to subclavian vein)
5 mm caudal to the subclavian vein if appropriate: top of surgical
axillary surgery
Major pectoral muscle
Up to 5 mm dorsal to axillary vein or to costae and intercostal
muscle
Junction of subclavian and internal jugular veins, level 4
Medial side of the minor pectoral muscle

Pectoralis minor muscle insertion on coracoid

ESTRO is far less cranial

Axillary vessels cross medial edge of pectoralis
minor muscle
Posterior surface of pectoralis major
Ribs and intercostal muscles

Minor difference

Thoracic inlet
Medial border of pectoralis minor muscle

Minor difference
Identical

Includes the cranial extent of the subclavian artery (i.e., 5 mm
cranial to subclavian vein)
Includes the subclavian vein with 5-mm margin, thus connecting
to the cranial border of CTVn IMN
sternocleidomastoid muscle, dorsal edge of the clavicle
Pleura
Includes the jugular vein without margin; excludes the thyroid
gland and common carotid artery
Includes the anterior scalene muscles and connects to the medial
border of the level 3
Coronal view taken from the ESTRO delineation guidelines
(Offersen BV, et al., 2016;118(1):205–208.)

Caudal to the cricoid cartilage

ESTRO is far less cranial

Junction of brachiocephalic axillary
veins/caudal edge clavicle head
sternocleidomastoid muscle
Anterior aspect of the scalene muscle
Excludes thyroid and trachea

Minor difference

Cranial: lateral edge of sternocleidomastoid
muscle, caudal: junction first rib-clavicle
Coronal view taken from the RTOG atals at
https://www.nrgoncology.org

Minor difference

Superior aspect of the medial first rib
Cranial aspect of the fourth rib
Ribs and intercostal spaces
Pleura

Major difference in cranial part
Identical
Identical
Identical

Internal mammary nodes
Cranial
Caudal limit of the level 4
Caudal
Cranial side of the fourth rib
Ventral
Ventral limit of the vascular area
Dorsal
Pleura
Medial
5 mm from the internal mammary artery
Lateral
5 mm from the internal mammary vein (artery in cranial part
down to and including first intercostal space)
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Minor difference
Identical
Identical

Identical
Identical

Minor difference
Minor difference
ESTRO far less medial
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logical outcomes. If appropriate axillary surgery was performed,
the elective nodal volumes were limited to the undissected parts
of the axilla. Radiation therapy of the dissected part was only
allowed in circumstances where there was a high risk of residual
disease (as stated by surgeon or pathologist). Lymphoedema rates
did not differ between treatment arms. In contrast, in the MA.20
trial [46], radiation to the operated part of the axilla was advised
for patients who had fewer than 10 axillary nodes removed or
more than 3 positive axillary nodes. In these cases, the field was
extended laterally to include the level 1 and 2 axillary lymph
nodes, and it was recommended that a nondivergent posterior field
should match the anterior field or that a smaller patch field be used
to cover the axilla. The lymphoedema rates were almost doubled
after adding radiation to surgery [46]. Importantly, reported rates
of lymphoedema vary depending on the scoring system, but these
are clearly higher if lymph node dissection is combined with comprehensive regional node irradiation [49] (Table 4).
Although the EORTC 22922-10925 trial limited the elective
nodal volumes to the undissected parts of the axilla regardless of
the tumour nodal burden or features such as extracapsular invasion or fat deposits, the regional recurrence rates were low at 3.2
% at 15 years and so were the lymphoedema rates. Other guidelines
do address features that are considered as high risk for recurrence
and recommend irradiation of the operated axilla. These include
ratio of lymph node involvement (number of involved lymph
nodes/total number of dissected lymph nodes). The guidelines in
the Netherlands recommend irradiation of the dissected axilla if
pathology report shows involved margins, suspicion of residual
disease, and very rarely if extensive lymphovascular invasion or
tumour in fat is present. The DBCG recommends RT to axilla level
1 if six or more macrometastases are present irrespective of number of removed nodes. However, using the ESTRO guideline, the
CTVn_L1 is small compared to earlier guidelines, and even when
not aiming to include level 1 in the target, this volume may receive
full dose of RT in >10% of the cases treated with loco-regional RT
with no indication for level 1 irradiation [50].
Importantly, the extent of axillary surgery has changed. Axillary
dissection is less commonly performed; therefore, levels 1–2 are
not treated surgically in patients with low burden nodal disease.
Based on the AMAROS trial, radiation volumes should include these
levels in case of nodal involvement based on SLNB only [6]. If axillary dissection is performed, we recommend reviewing the pathological report and carefully examining the preoperative and
postoperative (mostly planning CT) images to understand which
levels were involved and which levels were operated upon. Often
dissection includes level 1 and only the lateral part of level 2, thus
planning according to the old-2D fields for ‘‘apex and supra” fields
could miss part of the unoperated axilla which can result in recurrences (Fig. 5).
It should be noted that radiation techniques are constantly
evolving (e.g., deep inspiration breath hold, vIMRT, proton therapy), and special considerations should be taken to determine

atlas. Thus, the use of more extensive target volumes for level 4
such as those recommended by the RTOG is likely not necessary
for patients requiring elective nodal irradiation as these trials
already had very low rates of regional recurrence, despite the
shortcomings mentioned above. It is also important to recognise
that many nodal recurrences are not identified or recorded because
of a lack of nodal evaluation after a diagnosis of metastatic disease
and because the threshold for reliably detecting nodal recurrences
via imaging (MRI or PET-CT) requires the presence of deposits of
about 25  106 tumour cells (i.e., ~3 mm lesion).
Although some of these trials in the pre-CT-based treatment
planning era had radiation quality assurance, current 3DCRT based
planning systems allow for clear identification of the anatomical
target volumes and visualisation of the dose distribution, setting
treatment objectives that permit appropriate coverage. The EORTC
trial, enrolled patients from 1996 till 2004 and only a few institutions used CT-based treatment planning, most often based on just a
few CT-slices using a CT-extension mounted on a conventional
simulator.
Extensive nodal irradiation may result in increased doses to
OARs, mostly the heart and the lungs, but also the thyroid gland
and the shoulder joint, which might result in higher toxicity [6].
This is noted in the AMAROS trial, in which the dose to the axilla
lateral to the coracoid process was prescribed to full patient thickness, limited to 3 cm depth at level 3–4 [6,45]. The inclusion of the
humeral head in the radiation fields resulted in an unexpected
nonsignificant trend towards more early shoulder movement
impairment in the experimental (RT) arm. As the AMAROS population consisted of early breast cancer patients, delineating according
to ESTRO guidelines creating a 1 cm planning OAR volume (PRV)
around the humeral head, will likely reduce the risk for arm/shoulder morbidity [2,3]. As both the ESTRO and RTOG atlases were
shown to provide equivalent coverage to areas at high risk for
recurrence [45], we recommend using the ESTRO guidelines for
early breast cancer with adaptation of the volume in cases of
locoregionally advanced disease as this is likely to offer a superior
balance between disease control and toxicity compared to using
more extensive fields for all patients [31].

Final note on irradiated levels and volumes
Delineation is not the only challenge, but also the decision
which nodal volumes to include in the CTVn [7]. The un-operated
lymph nodes are the most common site of recurrence [11,26].
Chang and colleagues [11,26] reported that lymph node level 4
was the most common site of regional recurrence (33.8% of all
lesions). Other regions of axillary lymph nodes failure were mostly
in level 1 (28.3%), level 2 (14.3%), and level 3 (8.9%) [11,26].
This was the leading concept in the EORTC 22922-10925 trial
[35,47] with the aim to reduce the toxicity associated with dissection combined with nodal irradiation without compromising onco-

Table 4
The rates of lymphedema according to type of axillary intervention and radiation.
Trial

Median follow up
(years)

ALND
(%)

SLNB + RT
(%)

ALND + RT
(%)

Z0011[4,5,48]
AMAROS[6]

1*
5

19
28

6
13.6

EORTC 22922/10925
[35,47]
MA-20 [46]

10.9

9.8

-

11.1

9.5

4.5

-

8.4

–
–

Authors’ comments
High tangential irradiation included level 1 and part of level 2
RT to levels 1–4, extensive fields larger than recommended by ESTRO, including the
lymphatics draining the arm
Elective nodal volumes to the undissected parts, level 3–4 and IMNs
*Incomplete ALND, RT was to all LN levels
Elective nodal volumes to the undissected parts, level 3–4 and IMNs
*Three or more involved LNs, or incomplete ALND, RT was to all LN levels

ALND- axillary lymph dissection; SLNB- sentinel lymph node dissection; RT- radiation therapy; IMN – internal mammary nodes chain; LN – Lymph nodes. *The toxicity was
reported at 1 year follow up, the median long term follow up was 9.3 years.
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Fig. 5. (A, B) beam arrangement and colour wash showing doses >65% of prescribed dose at initial time of radiation. The radiation was aimed to treat only the unoperated
axilla and supraclavicular nodes, however, part of rotter nodes and level 2 that were not dissected were not included in the therapeutic isodose line. Arrow shows the clips at
the level of the operated axilla, and medial to it are level 2 and rotter nodes that were not dissected and not within the therapeutic isodose line. (C) A PET-Scan 10 years later,
isolated lymph node recurrence at edge of level 2 that was untreated with radiation.

In the meantime, we recommend the collection of data, especially when using new radiation techniques such as IMRT or proton
beam therapy that will allow reduction of the incidental dose to
axillary levels that are not targeted. In the future this will allow
for a better understanding of the volumes that need to be targeted,
further improve the efficacy, and minimize the toxicity of adjuvant
breast irradiation.

the pro and cons of each technique such as OARs exposure and target volume coverage. Delineation of volumes of interests (OARs,
target volumes) are essential for evaluation of radiation plans,
and comparison between different techniques. This will allow for
proper estimation of the plan and dealing with unexpected
changes from the usual tangential based dose distribution. Example, if level 1–2 and rotter nodes are not delineated (and are part
of the target volume), techniques such as deep inspiration breath
hold, or even planning according to breast delineation-only as
opposed to bony-landmarks, might lead to reduce dose to these
nodal areas [51]. Furthermore, the use of new radiation techniques
might define a need for a different image guidance protocols and
adapting the planning treatment volume (PTV) to assure correct
delivery to the target.
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It is time to base radiation therapy on the volumes at high risk
for tumour recurrence. Aggressive tumour subtypes and high
tumour burden, extensive lymphovascular invasion or extracapsular extension, are strong predictors of locoregional recurrence, providing valuable information for defining the nodal target volumes
to cover areas of potential subclinical spread. The current paper
does not define the indications for nodal irradiation and nodal
levels according to disease stage, risk factors, and response to therapy. We should aim for better risk stratification to allow tailoring
of local–regional management strategies according to the risks of
local–regional recurrence, ideally by nodal subsite. Keeping also
in mind that the diagnosed rates of regional recurrences are now
very low at 5% at 15 years in cases where regional radiation is
not performed and without effective current systemic therapies.
In most cases, ESTRO volumes for elective nodal irradiation will
be sufficient to include the volumes at risk without increasing toxicity whereas at extremes, with a high tumour burden, there is relatively little controversy, that volumes should be individually
adapted to cover all areas at risk.
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