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Introduction

The inclusion of regional nodes with whole breast/chest wall radiation has gained increased interest in recent years with the publication of several important randomized trials. The Canadian MA.20 and EORTC 22922/10925 trials have documented improved outcomes in selected high risk patients (node positive or node negative with pathological high risk features) who received regional nodal irradiation (RNI) targeting the internal mammary chain (IMC), axillary, and supraclavicular (SCL) nodal regions [START_REF] Whelan | Regional Nodal Irradiation in Early-Stage Breast Cancer[END_REF] [START_REF] Poortmans | Internal Mammary and Medial Supraclavicular Irradiation in Breast Cancer[END_REF]. Furthermore, de-escalation approaches have been investigated to omit routine axillary lymph node dissection (ALND) after sentinel lymph node biopsy (SLNB). The ACOSOG-Z011 trial demonstrated that ALND offers no additional benefit in regional control, disease-free control and overall survival in selected women with stage T1 or T2 primary tumors with one or two positive lymph nodes after SLNB [START_REF] Giuliano | Effect of Axillary Dissection vs No Axillary Dissection on 10-Year Overall Survival Among Women With Invasive Breast Cancer and Sentinel Node Metastasis: The ACOSOG Z0011 (Alliance) Randomized Clinical Trial[END_REF]. In this trial low regional failure rate was reported despite the 27% incidence of additional nodal disease among ALND patients. This led to the speculation that incidental irradiation of the low axilla with tangential fields (TgF) required by the protocol may have contributed to this excellent outcome. A retrospective review of available radiation plans from this trial showed that a subset of patient received directed RNI (15%) while the majority (81%) received TgF [START_REF] Jagsi | Radiation field design in the ACOSOG Z0011 (Alliance) Trial[END_REF]. However, TgF cannot ensure low axillary nodal optimal coverage because of individual patient anatomy, positioning, collimation and multileaf collimator use and therefore contouring of regional nodes is necessary if the low axilla is intended to be included in radiation treatment [START_REF] Belkacemi | Breast radiotherapy (RT) using tangential fields (TgF): a prospective evaluation of the dose distribution in the sentinel lymph node (SLN) area as determined intraoperatively by clip placement[END_REF] [START_REF] Belkacemi | The standard tangential fields used for breast irradiation do not allow optimal coverage and dose distribution in axillary levels I-II and the sentinel node area[END_REF].

The AMAROS trial reported that axillary irradiation provides similar axillary recurrence and survival outcomes and lower rates of lymphedema compared to ALND [START_REF] Donker | Radiotherapy or surgery of the axilla after a positive sentinel node in breast cancer (EORTC 10981-22023 AMAROS): a randomised, multicentre, open-label, phase 3 non-inferiority trial[END_REF]. However, this trial was based on 2D techniques and CT based planning was optional. Thus, with growing indications for inclusion of the regional nodes including the full axilla, there is a need for better optimization of nodal target volumes.

From a practical point of view, radiation techniques have become more sophisticated with the use of CT-based three-dimensional conformal radiotherapy (3D CRT) planning that improves dose homogeneity to the target volume and helps to spare normal organs at risk (OAR) as compared to conventional two-dimensional (2D) techniques [START_REF] Madu | Definition of the supraclavicular and infraclavicular nodes: implications for three-dimensional CT-based conformal radiation therapy[END_REF]. To reduce inconsistencies in delineation, consensus atlases have been proposed by the RTOG (Radiation Therapy Oncology Group) in 2009 and the European Society of Radiation Therapy (ESTRO) in 2015 [START_REF]Breast Cancer Atlas[END_REF] [START_REF] Offersen | ESTRO consensus guideline on target volume delineation for elective radiation therapy of early stage breast cancer[END_REF]. More recently, the RADCOMP (Radiotherapy Comparative Effectiveness) atlas has been proposed in the RTOG 3509/3510 protocol which is a Phase III Randomized Trial of Proton vs Photon Therapy for Patients with Non-Metastatic Breast Cancer Receiving Comprehensive Nodal Radiation [START_REF]Core Lab > Contouring Atlases > RADCOMP Breast Atlas n[END_REF].

The current contouring approach for regional lymph nodes is similar for both early stage tumors and locally advanced tumors. Surgical series showed that for early stage tumors, sparing of some areas (external to lateral thoracic vein and above the 2 nd inter-costo-brachial nerve) may allow to reduce morbidity for early stage tumors while standard procedure is still required for more advanced tumors [START_REF] Clough | New anatomical classification of the axilla with implications for sentinel node biopsy[END_REF] [13] [14] [START_REF] Khafagy | Distribution of axillary lymph node metastases in different levels and groups in breast cancer, a pathological study[END_REF].

In this review, we will discuss and compare the RTOG and ESTRO nodal target volumes guidelines and their respective relevance in the context of contemporary data on patterns of local-regional relapses to improve clinical implementation of these target volume delineation guidelines.

Material and Methods

Literature search

To conduct this review, a literature search was performed using MEDLINE database from January 2000 to March 2020. All full text articles related to the search terms "RTOG breast atlas", "ESTRO breast atlas", "regional nodal irradiation breast cancer", "mapping supraclavicular nodes breast cancer", "mapping of internal mammary nodes breast cancer" and "axillary positive sentinel nodes radiotherapy" were selected. Only publications in English or French were considered for this study.

Studies selection

The keywords used "RTOG breast atlas", "ESTRO breast atlas", "regional nodal irradiation & breast cancer", "mapping supraclavicular nodes & breast cancer", "mapping of internal mammary nodes & breast cancer" and "axillary positive sentinel nodes radiotherapy". The screening strategy and identified articles are presented in the Table 1 (appendix). 18 were selected for the main analysis.

Results

RTOG versus ESTRO guidelines: anatomical differences between RTOG and ESTRO atlases

Historically, Berg developed a classification for the location of axillary lymph nodes based on their relationship to the pectoralis minor muscle in radical mastectomy specimens that has been commonly used by surgeons, pathologists, radiologists and radiation oncologists [START_REF] Berg | The significance of axillary node levels in the study of breast carcinoma[END_REF]. In Berg's classification, level I is lateral to the pectoralis minor muscle, level II beneath it and level III medial to it. The RTOG, RADCOMP and ESTRO breast atlases are largely based on Berg's definition. Indeed, all these guidelines divided level I, II, and III by the medial and lateral border of the pectoralis minor muscle. The anatomical differences between RTOG, RADCOMP and ESTRO atlases are depicted in Table 2 and in Figures 1 and2. The main differences for the nodal clinical target volume (CTV) are: the cranial boundary for the supraclavicular CTV is higher for RTOG/RADCOMP atlases compared to the ESTRO definition (cricoid cartilage versus subclavian artery), the posterior neck has been proposed as an optional volume in the supraclavicular CTV in the RADCOMP atlas and the ESTRO and RADCOMP atlases consider additional margins around internal mammary vessels while RTOG CTV is limited to only internal mammary vessels.

RTOG versus ESTRO guidelines: from conceptual differences to mapping studies validation

Context

Accurate delineation of the clinical target volumes is a prerequisite and critical for 3D CRT planning because all subsequent decisions for treatment planning and delivery are based on these delineated volumes. To reduce inter-observer variability and increase consistency, RTOG and ESTRO have issued guidelines for delineation of target volumes and OAR.

These recommendations intended to reproduce anatomical boundaries of areas historically included in 2D field based RNI. RTOG used bony and muscular landmarks while ESTRO used vessels to separate nodal stations.

It should be also emphasized that the ESTRO guidelines were mainly designed for early stage breast cancer whereas the RTOG atlas is also applicable to locally advanced disease [START_REF] Offersen | ESTRO consensus guideline on target volume delineation for elective radiation therapy of early stage breast cancer[END_REF].

Thus, the ESTRO guidelines generally use smaller CTVs compared with the RTOG. For example, the cranial limit for the supraclavicular nodes (level IV) was set at the caudal aspect of the cricoid cartilage in the RTOG guideline versus the cranial extent of the subclavian artery in the ESTRO guideline.

ESTRO guidelines

The concept of vessel-based delineation was first introduced in the PROCAB (PROject on CAncer of the Breast) which was a Belgian national project (involving surgeons, radiologists, radiation oncologists and pathologists) to improve the quality of breast radiation therapy including CTV definition of regional lymph nodes [START_REF] Verhoeven | Vessel based delineation guidelines for the elective lymph node regions in breast cancer radiation therapy -PROCAB guidelines[END_REF]. They observed that bony landmarks used for field boundaries, unlike the vessels, often have no anatomical relation with the lymphatics. They suggested that lymph node regions be delineated with a 5mm-margin around vessels, a "philosophical" delineation approach which was subsequently adopted by the ESTRO consensus panel.

In an effort to externally validate the ESTRO atlas, several mapping studies have emerged reporting the patterns and sites of breast cancer relapse. One Danish cohort study explored in detail the anatomical location of all regional recurrences. Among 73 patients diagnosed with 101 regional recurrences, 25 regional recurrences occurred in 21 patients after RNI. The RT borders used respected the humeral head and included the medial 2/3 of the clavicle with the cranial limit at the level of the cricoid cartilage. Only one of the 21 patients failed outside the field [START_REF] Offersen | ESTRO consensus guideline on target volume delineation for elective radiation therapy of early stage breast cancer[END_REF]. Chang et al. conducted a single institutional study validating the ESTRO consensus guideline relative to the RTOG guidelines [START_REF] Chang | Three-dimensional analysis of patterns of locoregional recurrence after treatment in breast cancer patients: Validation of the ESTRO consensus guideline on target volume[END_REF]. A total of 235 locoregional recurrences were identified in 129 patients. This study found that the ESTRO-defined CTVs successfully contoured the extent of locoregional recurrences within the RTOG-defined CTVs in 96.4% of all early stage pT1-2 and pN0-1 breast cancer cases conservatively. Likewise, the regional recurrences in level III-IV outside ESTRO CTVs and within RTOG CTVs were acceptably low (3.6%) among patients with early-stage disease. More recently, another multiinstitutional Korean study attempted to validate the ESTRO atlas. The location of locoregional recurrences in 234 patients with 337 sites of recurrence were mapped according to the ESTRO atlas. The ESTRO CTVs encompassed 97.6% of all locoregional recurrences. Conversely, 8.8% of supraclavicular failures occurred cranially to the subclavian artery (all located within 6 mm cranially to the subclavian artery) and 20% of supraclavicular failures occurred postero-laterally to the anterior scalene muscle [START_REF] Chang | Three-dimensional analysis of patterns of locoregional recurrence after treatment in breast cancer patients: Validation of the ESTRO consensus guideline on target volume[END_REF]. Thus, this atlas was associated with an unacceptably high risk of 28% geographic misses in patients with locally advanced (T3-T4 or N2-N3) disease. However, the ESTRO guidelines acknowledged that in cases of locally advanced tumors, it may be relevant to modify the cranial border to account for the lymphatic spread and proposed considering margin expansions of 10-20mm around the pathologically involved nodes. A recent dosimetric study from Germany that used ESTRO atlas to analyze regional nodes coverage using treatment plans based on the study protocols of the MA.20, EORTC, AMAROS and Z0011 trial. None of the treatment plan designs provided full dose coverage to regional nodes. The use of extensive target volumes is probably not necessary for all patients to reproduce the clinical benefit shown in the randomized trials.

Therefore, the use of smaller nodal CTV as suggested by the ESTRO-consensus can be justified in low risk patients [START_REF] Borm | Irradiation of regional lymph node areas in breast cancer -Dose evaluation according to the Z0011, AMAROS, EORTC 10981-22023 and MA-20 field design[END_REF].

patients.

RTOG Guidelines

In 2008, the RTOG investigated variability of target and normal structure delineation by having nine experienced North American breast radiation oncologists contour normal and target volumes in the breast conservation and post-mastectomy setting, with findings of significant heterogeneity in practice. The variation in the delineation of nodal CTVs was found to be significantly greater than other structures [START_REF] Li | Variability of target and normal structure delineation for breast cancer radiotherapy: an RTOG Multi-Institutional and Multiobserver Study[END_REF]. This observation led the RTOG to implement a consensus guideline in order to reduce inter-observer variability.

Compared to the ESTRO guidelines, the RTOG atlas is more "generous" in volume delineation, especially with the supraclavicular nodal station. In a single institutional Korean study, regional recurrences outside the ESTRO atlas inside the RTOG atlas were observed in 14% of cases [START_REF] Chang | Three-dimensional analysis of patterns of locoregional recurrence after treatment in breast cancer patients: Validation of the ESTRO consensus guideline on target volume[END_REF]. In fact, in early-stage BC when RNI was delivered, no additional regional recurrence was observed with the RTOG guideline compared to the ESTRO guideline. For locally advanced disease, 28.8% of nodes would have been additionally covered with the RTOG atlas compared to the ESTRO atlas. In that study, regional recurrences outside the ESTRO and within the RTOG atlas were observed in 7% of cases [START_REF] Chang | Three-dimensional analysis of patterns of locoregional recurrence after treatment in breast cancer patients: Validation of the ESTRO consensus guideline on target volume[END_REF] .

In the largest mapping study by Borm et al., PET-CT was used to identify regional nodal metastases in breast cancer (580 positive nodes). The RTOG atlas was associated with lower rates of geographic miss compared to ESTRO guidelines: 14.3% versus 21.2% [START_REF] Borm | FDG/PET-CT-Based Lymph Node Atlas in Breast Cancer Patients[END_REF]. In a mapping series from the Institut Curie in postmastectomy patients, of 15 regional recurrences, 2 (13%) occurred outside the ESTRO-defined volume but within the RTOG-defined volumes [START_REF] Loganadane | Patterns of loco regional failure in women with breast cancer treated by Postmastectomy Conformal Electron Beam Radiation Therapy (PMERT): Large scale single center experience[END_REF]. Thus, the RTOG guideline appears to be more applicable for locally advanced disease and in the post-mastectomy settings. However, there is emerging data suggesting that CTVs need to be enlarged in some areas for high risk patients. Surgical series with patients locally advanced disease demonstrated involvement of brachial, thoracoacromial, humeral, scapular and Rotter's nodes which raises the suggestion that more generous nodal volume coverage be considered for patients with more advanced disease [START_REF] Khafagy | Distribution of axillary lymph node metastases in different levels and groups in breast cancer, a pathological study[END_REF].

Discussion

Target volume coverage and optimization using RTOG versus ESTRO atlases

The CTVs proposed by the RTOG or ESTRO allows covering the subclinical disease in a large majority of patients. However, evaluation of local-regional relapse patterns using these two guidelines suggest that for patients with locally advanced disease, or patients with highrisk features such as T3/T4 tumors, extracapsular extension (ECE), lymphovascular invasion(LVI), multiple positive nodes, and triple negative disease, the RTOG atlas may more adequately cover the areas at risk. Nevertheless, there are areas of nodal relapse that are not covered by one or both guidelines should be considered for inclusion. Specifically, in the supraclavicular region, the posterolateral region referred to as the posterior triangle, bound by the trapezius posteriorly, the plane of the clavicle laterally and the para-spinal musculature caudally, represents one area with potential high risk for recurrence in patients with locally advanced disease (figure 2D). Brown et al. reported a rate of 11.8% (16/161) in patients with grossly enlarged lymph nodes in the supraclavicular fossa [START_REF] Brown | Delineation of Supraclavicular Target Volumes in Breast Cancer Radiation Therapy[END_REF]. Jing et al. similarly confirmed a high risk of involvement of the posterolateral region of the supraclavicular fossa [START_REF] Jing | Mapping Patterns of Ipsilateral Supraclavicular Nodal Metastases in Breast Cancer: Rethinking the Clinical Target Volume for High-risk Patients[END_REF]. In a Korean single institution series, this location was reported in 26% of recurrent lesions and 35.7% of patients with locoregional recurrences. Moreover, a larger number of nodes involved (1 vs 2 vs ⩾3) was associated with a higher risk of posterolateral involvement (6.7% vs 12.5% vs 55.6%, p=0.003). Interestingly, young age (<45 years) and triple negative status were associated with increased risk of regional recurrence outside ESTRO-defined volumes in this Korean publication [START_REF] Chang | Three-dimensional analysis of patterns of locoregional recurrence after treatment in breast cancer patients: Validation of the ESTRO consensus guideline on target volume[END_REF]. Another recent study from the Memorial Sloan Kettering Cancer Center reported that the majority of out-of-field recurrences occurred in the posterolateral region; these recurrences were outside RTOG atlas in 67% of the cases and outside ESTRO atlas in 89% of the cases. The high-risk patients who received regional RT to the supraclavicular fossa relapsed at a similar rate in the medial supraclavicular nodes, but a higher rate of relapse in lateral supraclavicular nodes (p=0.009), compared with low-risk patients who did not receive RNI [START_REF] Deselm | A 3-Dimensional Mapping Analysis of Regional Nodal Recurrences in Breast Cancer[END_REF]. These authors also advocated for enlarged CTV to include the lateral supraclavicular nodes for patients with grade III tumors and lymphovascular invasion.

Another area at risk for geographic miss is the superior region of the supraclavicular nodes above the cricoid cartilage (cranial to the RTOG CTV). In the Korean single institution study, 4.8% of patients with regional recurrences had disease located at this region [START_REF] Chang | Three-dimensional analysis of patterns of locoregional recurrence after treatment in breast cancer patients: Validation of the ESTRO consensus guideline on target volume[END_REF]. An interesting finding from the other multi-institutional Korean study was the observation that regional recurrences in level I, II and III decreased with pN stage, likely reflecting the higher probability of RNI use in patients with more advanced nodal stage. Conversely, regional recurrences in supraclavicular region increased with pN stage, which may suggest insufficient coverage using existing atlases [START_REF] Chang | Three-dimensional analysis of patterns of locoregional recurrence after treatment in breast cancer patients: Validation of the ESTRO consensus guideline on target volume[END_REF] [27] [START_REF] Loganadane | Patterns of loco regional failure in women with breast cancer treated by Postmastectomy Conformal Electron Beam Radiation Therapy (PMERT): Large scale single center experience[END_REF].

The IMN CTV in the RTOG guidelines encompasses solely the internal mammary vessels whereas the ESTRO guidelines add a 5 mm expansion around the vessels. This is supported by data from Jethwa et al. which found that an incremental expansion around the IMN vessel significantly improved coverage of the IMN lymph nodes. Specifically, expansions of 0mm, 3mm, 4mm, 5 mm, 6 mm and 11 mm around the internal mammary vessels resulted in 53%, 80%, 90%, 93%, 95% and 100% coverage of gross lymph nodes, respectively [START_REF] Jethwa | Delineation of Internal Mammary Nodal Target Volumes in Breast Cancer Radiation Therapy[END_REF]. Moreover, the cranial aspect of the IMN CTV according to ESTRO is much higher than the RTOG definition and is in continuity with the inferior part of the supraclavicular CTV in the ESTRO atlas. The mapping study by Jethwa et al. identified IMN metastases in the first 3 intercostal spaces, 4th and 5th intercostal spaces and above the first intercostal space (near the confluence of the internal mammary vein with brachiocephalic vein, jugular and subclavian veins) in 78%, 14% and 8% respectively. While no patient presented with isolated nodal metastases below the 3rd intercostal space, 3 patients experienced isolated metastases above the 1st intercostal near the venous confluence. Jing et al. found that the jugulo-clavian confluence was the most common location for lymph node metastases of the supraclavicular fossa (66%) [START_REF] Jing | Mapping Patterns of Ipsilateral Supraclavicular Nodal Metastases in Breast Cancer: Rethinking the Clinical Target Volume for High-risk Patients[END_REF], a finding similar to other reports [START_REF] Chang | Three-dimensional analysis of patterns of locoregional recurrence after treatment in breast cancer patients: Validation of the ESTRO consensus guideline on target volume[END_REF], [START_REF] Brown | Delineation of Supraclavicular Target Volumes in Breast Cancer Radiation Therapy[END_REF].

In an MRI lymphoscintigraphic study, MacDonald et al. demonstrated that lymph nodes outside target volumes may be located anteriorly to a line between the pectoralis major and latissimus dorsi muscles [START_REF] Macdonald | Nanoparticle-enhanced MRI to evaluate radiation delivery to the regional lymphatics for patients with breast cancer[END_REF]. Finally, in a series of 30 patients with initial gross nodal involvement for whom initial diagnostic CT and CT simulation were fused, Gentile et al.

suggested that the CTV proposed in the RTOG guidelines may be insufficient for coverage of axillary disease in some subset of patients, including patients who received neoadjuvant chemotherapy, incomplete axillary dissection or treatment with IMRT technique [START_REF] Gentile | Contouring Guidelines for the Axillary Lymph Nodes for the Delivery of Radiation Therapy in Breast Cancer: Evaluation of the RTOG Breast Cancer Atlas[END_REF].

The RADCOMP atlas was proposed in 2016 as part of an ongoing RTOG 3509/3510 trial comparing proton and photon therapy for breast cancer. Importantly, the posterolateral aspect of the supraclavicular region was included within level II/III. Other modifications were more generous cranial extension of the IMN with continuity between supraclavicular nodes and IMN CTV in the ESTRO guidelines, and the use of a 5 mm expansion around internal mammary vessels similar to the ESTRO atlas (Figure 2E).

Although the concept of contour driven CTV definitions presents the opportunity to optimize coverage of target structures, it must be balanced against the concern for potential toxicities such as brachial plexopathy, lymphedema, shoulder stiffness, cardiac, lung injury and esophagitis. For lymphedema, multiparametric etiology has been reported including the number of nodes harvested in the ALND, combined therapy (surgery followed by RT) and the total dose and fractionation. In a recent published series of 265 women who received regional nodal irradiation, dose to the axillary-lateral thoracic vessel juncture was most associated with lymphedema risk [START_REF] Gross | Radiation Therapy Field Design and Lymphedema Risk After Regional Nodal Irradiation for Breast Cancer[END_REF] [START_REF] Gross | Determining the Organ at Risk for Lymphedema After Regional Nodal Irradiation in Breast Cancer[END_REF].

RTOG and ESTRO atlases applications and limitations in the era of contemporary RNI trials

Given the difference in terms of patient selection in the contemporary trials, the extent of nodal volume could be discussed according to the risk of nodal recurrence and lack of coverage of potential residual disease in the non-SLN basins. Regarding the histological assessment of grossly negative axillary nodes, a single central cross-sectioning which has been applied in the pre-sentinel era is associated with a higher risk of miss of low tumor burden compared with the 2 mm step sectioning method recommended currently by the College of American Pathology [START_REF] Cserni | Axillary staging of breast cancer and the sentinel node[END_REF] [34].

We know from Z011 and AMAROS studies that nearly a third of SLN positive patients harbor additional disease in the lower axilla, complete coverage of this nodal basin is therefore crucial [3] [7]. Axillary Reverse Mapping studies reported a potential spread of the supero-lateral portion of the axilla (lateral to the lateral thoracic vein and superior to the second intercostal brachial nerve) in > 6% in SLN positive patients [START_REF] Clough | New anatomical classification of the axilla with implications for sentinel node biopsy[END_REF][13] [START_REF] Ikeda | Evaluation of the metastatic status of lymph nodes identified using axillary reverse mapping in breast cancer patients[END_REF]. For patients with positive SLNB, we would favor ESTRO atlas over the RTOG because it provides theoretically an improved coverage of the supero-lateral part of the level I (5mm above the axillary vessels) and the superior part of the level II. The smaller supraclavicular CTV in the ESTRO guideline is adapted given the low risk of spread in this region and is potentially associated with greater sparing of organs at risk. A recent large series of 1607 patients from Korea who received supraclavicular nodal irradiation according to the RTOG (n=1390) or the ESTRO guidelines (n=215) demonstrated a significant reduction of the mean dose to the thyroid with the ESTRO CTV compared to the RTOG (2.86 Gy vs 9.34Gy , p<0.001) which translated into a lower rate of subclinical and symptomatic hypothyroidism when using the ESTRO guidelines (p<0.001) [START_REF] Choi | The Effect of Regional Node Irradiation on the Thyroid Gland in the Breast Cancer Patients: The Clinical Significance of Optimization of Radiation Target Volume[END_REF].

One of the main limitations of mapping studies is potential inaccuracy related to different positioning between the treatment planning CT and the diagnostic CT documenting the recurrence. For example, Saito et al. described large variations in the location of lymph nodes depending on the arm position [START_REF] Saito | Is the Berg axillary lymph node categorization useful in the 3D environment?[END_REF]. Similarly, Dijkema et al. showed that arm position significantly impacts the nodal station volumes [START_REF] Dijkema | Loco-regional conformal radiotherapy of the breast: delineation of the regional lymph node clinical target volumes in treatment position[END_REF]. However, it is likely difficult to justify performing a CT in treatment position for all patients unless radiation is planned. Another fundamental limitation is the retrospective design of these studies which are subject to selection and reporting biases. Regional recurrences may be under-reported in patients with local or distant recurrences. Moreover, patients with recurrent or metastatic tumors have different breast cancer biology and prognoses compared to those with micrometastases as pointed out in the German mapping study [START_REF] Borm | FDG/PET-CT-Based Lymph Node Atlas in Breast Cancer Patients[END_REF]. These atlases are designed for adjuvant treatment and are theoretically not applicable for patients with gross supraclavicular nodes (cN3). The multimodality approach consisting of neoadjuvant chemotherapy followed by surgery and RNI, can achieve excellent locoregional control and importantly not all of them will develop distant metastases [START_REF] Park | Outcomes of positron emission tomography-staged clinical N3 breast cancer treated with neoadjuvant chemotherapy, surgery, and radiotherapy[END_REF] [40] [START_REF] Huang | Comparison of risk of local-regional recurrence after mastectomy or breast conservation therapy for patients treated with neoadjuvant chemotherapy and radiation stratified according to a prognostic index score[END_REF]. RT has a critical role to ensure locoregional control and especially for the treatment of supraclavicular nodes that are typically not removed by surgery. Mapping studies from Brown and Jing suggest that supraclavicular CTV should probably be more generous compared to what is proposed in these atlases in case of multiple enlarged supraclavicular nodes [START_REF] Brown | Delineation of Supraclavicular Target Volumes in Breast Cancer Radiation Therapy[END_REF] [START_REF] Jing | Mapping Patterns of Ipsilateral Supraclavicular Nodal Metastases in Breast Cancer: Rethinking the Clinical Target Volume for High-risk Patients[END_REF]. The inclusion of the posterolateral zone of the supraclavicular fossa may be also proposed as per the RADCOMP atlas. In case of high located supraclavicular nodes, the CTV could be extended cranially above the standard landmark of cricoid cartilage. Similarly, it would be reasonable to extend the CTV coverage caudally to include 4 th and 5 th intercostal spaces in case of IMN involvement in the first 3 intercostal spaces.

Another topic that is not addressed by these atlases is the impact of fractionation on CTV definition. Encouraging results from prospective studies may allow to propose these shorter courses for some subset of patients [START_REF] Khan | Hypofractionated Postmastectomy Radiation Therapy Is Safe and Effective: First Results From a Prospective Phase II Trial[END_REF] [START_REF] Wang | Hypofractionated versus conventional fractionated postmastectomy radiotherapy for patients with high-risk breast cancer: a randomised, non-inferiority, open-label, phase 3 trial[END_REF].

Another determining factor for regional nodal coverage is the technique used (3D conformal vs IMRT/VMAT/Proton beam therapy). A recent study reported a risk of underdosage of regional nodes (high axillary, supraclavicular, IMN) related to a steep dose falloff beyond target volumes using VMAT or Proton beam therapy compared to 3D conformal technique whatever the contouring atlas used (RTOG vs ESTRO vs RADCOMP) [START_REF] Kowalski | Optimal Target Delineation and Treatment Techniques in the Era of Conformal Photon and Proton Breast and Regional Nodal Irradiation[END_REF].

Conclusion

In early stage BC (pT1-T2, pN0-1) including those with limited number of positive SLNB (such as cases eligible for the AMAROS trial) treated with breast conserving surgery, the ESTRO guidelines is preferred because of the improved coverage of the upper part of the axilla and greater sparing of organs at risk such as thyroid gland.

For patients with more advanced stage T3-T4 or N2-N3 disease, those who undergo radical mastectomy for locally advanced disease, those who receive neoadjuvant chemotherapy, or those who have gross supraclavicular involvement, the RTOG atlas remains the guideline of choice (Figure 3). However, in patients with high risk disease, IMN CTV should be delineated according to ESTRO or RADCOMP guidelines since better coverage can be ensured by these guidelines as compared to the RTOG guidelines for IMN. Even though data is limited, patients with triple negative status, poor nodal response to neoadjuvant chemotherapy, younger age and patients with a risk of underdosage (in case of IMRT or proton therapy use) can be categorized as high risk.

For patients with very high-risk features (multiple gross lymph nodes), the CTV should follow the RTOG or the RADCOMP guidelines. In case of multiple supraclavicular gross lymph nodes, the CTV may encompass the posterolateral zone (RADCOMP) and be extended above the cricoid cartilage if nodes are high located. If IMN is clinically involved in the first intercostal spaces, the CTV can be extended caudally.

For patients with nodal involvement undergoing neoadjuvant chemotherapy, image fusion with the baseline diagnostic CT or PET CT, if available, can be helpful to ensure adequate coverage of involved lymph nodes Implementation of these guidelines in the daily practice should contribute to reduce interphysician delineation variability and facilitate the conduct of prospective trials. At the same time, the delineation should be adapted to each individual case as it is specified in all these guidelines. 
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 1123 Figure 1. Two dimensional representation of axillary (I, II,III and IV) and internal mammary nodal stations according to RTOG, ESTRO and RADCOMP guidelines RTOG ESTRO RADCOMP

Table 1 . Anatomical boundaries and differences with RTOG, ESTRO and RADCOMP atlases

 1 

	Guidelines	RTOG	ESTRO	RADCOMP	Differences
	Anatomical boundaries		Level I	
	Cranial	Axillary vessels	Medial: 5 mm cranial to the axillary vein,	Axillary vessels cross lateral	* the cranial limit of level I is
		lateral edge of pectoral	Lateral: max up to 1 cm below the edge of	edge	slightly (5mm) higher than
		minor muscle	the humeral head, 5 mm around the axillary	of pectoral minor muscle &	RTOG/RADCOMP atlases
			vein	below the humeral head	
	Caudal	pectoralis major muscle	to the level of rib 4-5,	pectoralis major insertion on the	* the caudal limit in the ESTRO
		insert into rib	taking also into account the visible effects	ribs	and the RADCOMP may be
			of the SLNB	( difficult to see on CT and	more generous since they are
				require some clinical judgement,	supposed to include surgical
				around 4th-5th ribs)	clips (Figure 2. a)
	Anterior	Plane defined anteriorly	Pectoralis major &	Pectoralis major or skin	* the posterior limit of the CTV
		by	minor muscles		(anterior border of the
		surface of Pectoralis			subcapularis and latissimus
		major muscle and			dorsi) in the RTOG/RADCOMP
		Latissimus Dorsi muscle			guidelines is more generous
					compared to the ESTRO atlas
					(Figure 2. b)
	Posterior	anterior surface of	Cranially up to the thoraco-dorsal vessels,	anterior border of subscpularis	SLNB: Sentinel Lymph Node
		subscapularis muscle	and more caudally up to an imaginary line	and latissimus dorsi	Biopsy
			between the anterior edge of the latissimus		
			dorsi muscle and the intercostal muscles		
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