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Introduction

Breast cancer is the most frequent cancer in 
women in France [1]. Management has consider-
ably evolved in recent years with the introduction 
of advanced irradiation techniques and schedules 
such as intensity modulated radiotherapy (IMRT), 
hypofractionated radiotherapy (HF-RT) and partial 
irradiation [2, 3]. On the surgical side, the senti-
nel node (SN) procedure has become increasingly 
important to the detriment of systematic axillary 
lymph node dissection (ALND), and recently, the 
AMAROS trial showed that in patients with stage 

T1-2 breast cancer with one to two lymph node me-
tastases, radiotherapy could substitute for ALND 
[4]. However, if the indication of radiotherapy is 
validated in a multidisciplinary consultation meet-
ing (MTM), the technique and the definition of 
target volumes are frequently at the discretion of 
the radiation oncologist or depend on department 
protocols. A guide to external radiotherapy pro-
cedures, published in 2007 in its first version and 
in 2016 in its second version, aimed to optimize, 
harmonize and homogenize national practices. In 
2021, one hundred and seventy-five centers were 
performing radiotherapy in France, and thirty-four 
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were authorized to perform brachytherapy. There 
are 25 Comprehensive cancer centers and 25 Uni-
versity centers. Currently, each radiotherapy center 
treats at least 600 patients per year. The purpose of 
this national survey sent to French Comprehensive 
cancer centers and university centers was to look 
for and describe potential heterogeneities in cur-
rent practices. 

Materials and methods

All French Comprehensive cancer centers as well 
as university radiotherapy centers were surveyed, 
except 3 because of a refusal to communicate their 
email addresses. The survey was carried out on the 
www.survio.com website, and a link was provided 
to each of the 47 heads of radiotherapy departments 
in France (Supplementary File — Appendix A). 
Anonymous responses were recorded from April 
2020 to July 2020. The survey included 22 questions 
concerning irradiation indications of the supracla-
vicular, internal mammary and axillary lymph node 
areas; irradiation techniques and modalities; pre-
scription doses; and fractionation.

Results and Discussion

Question 1: Seventy-one percent (17/24) of respon-
dents considered themselves to be experts in breast 
cancers.

Questions 2 and 3: Of the 47 centers, 23 responded 
to the survey. The number of cases treated per year in 

each center is shown in Figure 1. Cases were system-
atically presented at radiotherapy technical commit-
tees in ten centers, only for cases considered difficult 
in seven centers and never in six others.

In comparison, in the Nodal Radiotherapy 
(NORA) survey, 82% of the centers validated the 
volumes and modalities of irradiation at technical 
meetings [5]. This decrease in the requirement for 
technical meetings could be partly explained by 
the publication of recent recommendations, such 
as the ESTRO (European Society for Radiotherapy 
and Oncology) recommendations for the delinea-
tion of target volumes and the ASTRO (American 
Society for Radiotherapy and Oncology) guidelines 
that have made breast irradiation a well-supervised 
practice [6, 7].

Questions 4 and 5: Concerning irradiation tech-
niques, all of the questioned centers carry out breast 
and chest wall irradiation in three-dimensional ra-
diotherapy (3DRT). In the case of mammary or chest 
wall irradiation in three-dimensional radiotherapy, 
30% of the centers systematically used a monoisocen-
tric technique. However, the majority of the centers 
reserved this technique for particular cases or never 
used it (Fig. 2).

Monoisocentric 3DRT was first described for 
breast cancer in 1984 [8]. Better dose homogeneity 
in the junction zones, better sparing of organs at 
risk and better reproducibility compared to a tech-
nique with two isocenters have been demonstrated 
[9–11]. Despite these advantages, its use seems low 
in France. Regarding this observation, we hypoth-
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Figure 1. Number of breast cancers treated per year. The X-axis shows the number of patients treated per year, and the Y-axis 
shows the number of centers
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esize that the following reasons may account for its 
low use: i) difficulty in finding an appropriate dose 
calculation reference point [10], ii) tangential field 
length limited to 20 cm due to half‐beam blocking 
[12], iii) lack of randomized trials or iv) technical 
limitations due to the treatment machines in place.

Question 6: After total mastectomy, the majority 
of participants (56.5%) did not have treatment with 
electron beams, and none had systematic irradiation 
of the chest wall with electron beams.

Theoretically, electron-beam chest wall irradia-
tion has an advantage over photon-beam chest 
wall irradiation because of the rapidly decreased 
depth-dose curve. In the case of adjuvant irradia-
tion after total mastectomy, several studies have 
shown the possibility of carrying out irradiation 
with an electron beam of variable energy accord-
ing to the thickness of the thoracic wall to be treat-
ed [13–15]. It has already been shown that this 
technique yields locoregional control, disease-free 
survival, and overall survival rates similar to those 
of standard photon beam radiotherapy [13, 14, 
16]. However, because of variations in patients’ 
chest wall thickness, CT-based planning is neces-
sary for accurate electron beam energy selection to 
ensure optimal target coverage while minimizing 
normal tissue dose [17]; plus, the source–surface 
distance would vary dramatically across the field, 
which would lead to excessive dose heterogene-
ity in the target tissues, a situation that would be 

enhanced in selected patients with greater chest 
wall curvature.

Question 7: Concerning IMRT, 74% of the centers 
used this technique in cases of pectus excavatum and 
61% used bilateral whole breast irradiation (WBI) 
or bilateral wall chest irradiation associated with re-
gional nodal areas. Five centers never treated breast 
cancer with IMRT, and only one center systematically 
treated breast cancer with IMRT (Fig. 3).

While 3DRT remains the standard in adjuvant 
breast cancer, several studies have shown the in-
crease in the use of IMRT (18,19). According to ex-
pert agreement, IMRT would be indicated in cases 
of complex anatomy, bilateral breast irradiation, 
breast prosthesis and situations where no compro-
mise should be made in the predicted target vol-
ume (20). Several dosimetric studies have shown 
a significant difference in the homogeneity of the 
delivered dose and in the sparing of organs at risk 
in favor of IMRT [21–23]. However, these indica-
tions of IMRT are discussed, and the distribution 
of low doses in healthy tissues has been scarcely 
documented [24] but seems to be more important 
than that delivered by 3DRT [21, 25]. This raises the 
question of the risk of potential radiation-induced 
second cancer in patients whose life expectancy 
may be long [26–28].

Questions 8 and 9: None of the centers performed 
brachytherapy boost. Boost by external irradiation 
with photons is performed by 91% of the centers, and 
the use of electrons is less frequent and was used in 
only 61% of the centers. Sequential boost was per-
formed by 96% of the centers.

The lack of use of brachytherapy for boost may 
be due to the lack of access to the technique. Only 
56 centers were practicing brachytherapy in France 
in 2013, a number that has been declining since 
2008. This is probably due to the disappearance of 
iridium-192 wires and inadequate funding. Bartel-
ink et al. showed a significant decrease in the local 
recurrence rate (p < 0.0001) when the boost was ir-
radiated either by electrons or photons with tangen-
tial beams or by brachytherapy with an iridium-192 
implant. However, the authors showed a signifi-
cantly higher rate of severe skin fibrosis at 10 years 
in the group that received a boost (p < 0.0001) [29].

The EORTC trial number NCT02295033 showed 
a significant reduction in the 20-year cumulative 
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Figure 2. Use of the monoisocentric technique in three‑
-dimensional radiotherapy
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incidence of homolateral intramammary recur-
rence from 31% (95% CI: 22–39%) to 15% (95% CI: 
8–21%) when a boost was performed in high-risk 
patients [30].

A retrospective analysis was conducted to as-
sess whether the choice of a boost technique could 
influence the local recurrence rate. The authors 
showed that at 13.1 years of median follow-up, 
there were no significant differences difference in 
the local recurrence rate between electron beam, 
brachytherapy or photon beam [31]. A randomized 
trial showed that at 36 months of follow-up, there 
were no significant differences in the overall global 
cosmetic scores between the implant boost group 
and the photon/electron boost group; telangiectasia 
was more severe, and the breast retraction assess-
ment value was greater in the implant group [32].

Since the development of IMRT, simultaneously 
integrated boost (SIB) is technically easy to per-
form. Renoult et al. demonstrated in a retrospective 
study that the 5-year overall, no recurrence and lo-
cal no recurrence survival rates were 98.2%, 100% 
and 100%, respectively, in patients treated for stage 
T1-T2N0 breast cancer by conservative surgery and 
IMRT at a dose of 50 Gy with a concomitant boost 
of 10 Gy in 10 fractions of 1 Gy [33]. The SIB al-
lows for a reduction in the treatment time [34]. 
There was no evidence of increased long-term tox-
icity with increasing dose per fraction [35, 36]. The 
IMRT-MC2 trial (NCT01322854) is a prospective 

phase III, multicenter, randomized trial comparing 
IMRT with SIB and 3DRT irradiation with sequen-
tial boost. The main objective is the evaluation of 
cosmetic results at 6 weeks and 2 years and the lo-
cal recurrence rate at 2 and 5 years after the end of 
irradiation.

Questions 10 and 11: Except for inclusions in clini-
cal trials, three centers (13%) performed partial 
breast irradiation (PBI) according to indications. 
External beam irradiation was the technique used in 
the majority of cases; two centers used it, while one 
center also used brachytherapy, and another per-
formed intraoperative irradiation.

The survey published by Dundas et al. showed 
similar results, with 11% of the radiotherapy cen-
ters proposing partial radiotherapy [37]. The jus-
tification for postoperative PBI is based on the 
low recurrence rate in the remaining gland after 
external irradiation and the reduction in irradi-
ated volumes with a consequent reduction in side 
effects. Indeed, Bartelink et al. noted 5 to 7% grade 
3 mammary fibrosis after total breast irradiation 
by opposite tangential beams, of which the two 
main risk factors were the breast volume irradiated 
and the total irradiation dose [29]. In addition, it 
should be noted that 80 to 90% of local relapses 
occurred at the lumpectomy site [38]. Two recent 
randomized phase III trials compared postopera-
tive external PBI with WBI [39, 40]. Livi et al. 

Figure 3. Indication for intensity modulation radiotherapy
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showed a noninferiority of PBI with IMRT com-
pared to WBI with a 5-year recurrence rate in the 
homolateral breast of less than or equal to 1.5% 
in both groups [39]. Coles et al. randomized 2018 
patients into three groups (two groups receiving 
external WBI at a dose of 40 Gy in 15 fractions 
and 36 Gy in 15 fractions and one group receiving 
PBI at a dose of 40 Gy in 15 fractions). Patients in 
both groups were treated with IMRT. It was shown 
that PBI was not inferior to WBI, with 5-year local 
recurrence rates equal to 1% in both arms [40]. In-
dications for PBI are currently reserved for selected 
patients with a very low risk of tumor recurrence 
[41]. The randomized trial of the Groupe Européen 
de Curiethérapie and European Society for Radio-
therapy and Oncology (GEC ESTRO) showed that 
interstitial brachytherapy was noninferior to WBI, 
with 5-year local recurrence rates of less than 1.5% 
in both arms [42].

Irradiation can be performed intraoperatively. To 
date, two randomized trials have been published: 
ELIOT and TARGIT-A. The authors of both trials 
showed a significant increase in local recurrences 
in the arms with intraoperative radiotherapy [2, 3]. 
Partial irradiation therefore remains marginal in 
France and is carried out only with well-selected 
patients.

Question 12: In the case of isolated cells after sentinel 
lymph node dissection (SLND) followed by ALND, 
20 centers (77%) did not irradiate the ganglion ar-
eas. One center irradiated only the supraclavicular 
area, and two centers treated the internal mammary 
lymph node (IMN) and supraclavicular area.

The NORA survey reported comparable results. 
For the vast majority of respondents in both sur-
veys, there was no indication to irradiate the node 
areas in this situation. The supraclavicular area, ax-
illary area and IMN area were treated with 4%, 4%, 
and 0%, respectively (5). The French guidelines do 
not recommend systematic irradiation for tumors 
located in the external quadrants and in the case of 
isolated cells. In tumors located in the internal and 
central quadrants, the indication should be modu-
lated “according to the tumor size, patient’s age and 
associated comorbidities as well as consideration of 
the risk/benefit ratio” (43,44). The National Com-
prehensive Cancer Network (NCCN) guidelines do 
not provide specific recommendations in the case 
of isolated cells [45].

Question 13: In the case of microscopic cells after 
SLND followed by ALND, 54% of respondents did 
not irradiate any lymph node areas. Nineteen per-
cent irradiated only the supraclavicular area. Eight 
percent of respondents irradiated the whole regional 
node area (IMN, supraclavicular and axillary areas).

In the NORA survey, 2%, 24% and 7% of the 
centers retained the indication for treatment of the 
IMN and the supraclavicular and axillary areas, 
respectively, in the same situation. We can note that 
irradiation of the IMN and the supraclavicular area 
is more frequent in our survey but less frequent for 
the axillary area in comparison with Belkacémi et 
al. [5]. In tumors located in the internal and cen-
tral quadrants, the indication should be modulated 
“according to the tumor size, patient’s age and as-
sociated comorbidities as well as consideration of 
the risk/benefit ratio” [43, 44]. The National Com-
prehensive Cancer Network (NCCN) guidelines do 
not provide specific recommendations on appropri-
ate conduct in the case of micrometastases [45].

Question 14: In cases of macroscopic disease after 
the SLND procedure followed by ALND, less than 5 
out of 10 affected lymph nodes were found. All of the 
centers irradiated the supraclavicular area. The IMN 
was irradiated by 69% of the surveyed centers, and 
the axillary area was irradiated by 15% of them.

In a similar clinical situation, the indication of 
irradiation of each lymph node area was retained 
more in our investigation than in the previous 
study. In the study by Belkacémi et al., the number 
of affected lymph nodes and the number of lymph 
nodes sampled were not specified [5]. The NCCN 
recommends “irradiation of supraclavicular areas, 
IMN, and any part of the axillary bed that may 
be suspicious” [45]. The French recommendations 
systematically retain the irradiation of the supra-
clavicular and IMN areas in this situation. These 
guidelines recommend that the indication for axil-
lary radiation therapy after ALND be discussed at 
the MTM. They retain the indication in cases of 
massive invasion (with consideration of the nodal 
ratio) [43].

Question 15: In the case of isolated cells in the SLND 
procedure, without ALND, 74% of the centers did 
not irradiate any lymph node area, and 12% treated 
either the supraclavicular, IMN and axillary areas or 
only the supraclavicular area.
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The NORA survey found a comparable 14% of 
centers performing axillary area irradiation, but 
only 1.2% irradiated the IMN and 8% irradiated 
the supraclavicular area [5]. In the meta-analysis 
of Van Deurzen et al., which included 29 publi-
cations, the overall risk of macroscopic lymph 
node invasion in cases of SLND involvement by 
isolated cells was 12.3%. The authors concluded 
that there was an indication for axillary dissec-
tion in the case of positive SLND with isolated 
cells if patients did not receive any adjuvant sys-
temic therapy [46]. Two retrospective studies re-
ported divergent results [47, 48]. De Boer et al. 
showed a lower 5-year progression-free survival 
(PFS) in patients with axillary involvement by 
isolated cells [47], although Hansen et al. found 
no significant difference in 8-year PFS and 
OS for patients with SLND-isolated cells com-
pared to those with SLND-negative cells [48]. 
The prospective NSABPB-32, IBCSG23-01 and 
ACOSOG Z0011 trials included breast cancer pa-
tients with isolated SLND cells. These trials were 
not performed to show a specific difference in 
this subpopulation, but the subgroup analysis did 
not show any benefit in OR or in recurrence-free 
survival (RFS) in the groups that received local 
axillary treatment [49–51].

Question 16: In the case of axillary microscopic in-
volvement after the SLND procedure without ALND, 
50% of the centers did not treat the lymph node 
areas; 15% treated the supraclavicular area; another 
15% treated the supraclavicular, IMN and axillary 
areas; and 4% treated the supraclavicular and axil-
lary areas.

The supraclavicular result compared favorably 
with those of the NORA survey with a value of 
34% for supraclavicular and axillary irradiation. 
For IMN, only 5% of the centers retained the indi-
cation. The prospective IBCSG 23-01 and AATRM 
048/13/2000 trials did not show any significant ben-
efit in OS and RFS for patients with breast cancer 
and micrometastatic SLND who underwent local 
axillary irradiation [49, 52]. The IMN irradiation 
indication is more important in our survey than 
in Belkacémi et al.’s results [5]. The indications for 
irradiation of the IMN are still debated [53–55]. 
Two trials demonstrated a RFS and specific sur-
vival benefit but no OS benefit after lymph node 
irradiation in cases of axillary lymph node inva-
sion or high-risk node-positive breast cancer, but 
in these two trials, identifying the specific role of 
IMN irradiation on the benefit to other lymph node 
areas was not possible [53, 54]. The debate also 
concerned the long-term impact of this irradiation 
and radiation-induced cardiac complications [56]. 
According to Hennequin et al., patients with axil-
lary lymph node invasion with a central tumor with 
poor prognostic factors (triple negative, vascular 
invasion, SBR grade 3, young age) could benefit 
from IMN irradiation [57]. The authors described 
four predictive groups that benefit from IMN ir-
radiation. The groups were based on histological 
findings, imaging and tumor location in the breast 
(Tab. 1) [44]. Recently, Jellesmark et al. analyzed 
a set of patients with and without IMN irradiation. 
The positive impact on OS appeared to be greater 
for patients with metastatic lymph node involve-
ment [55]. If these groups according to Hennequin 
can represent a putative irradiation reference, the 

Table 1. Internal mammary lymph node irradiation benefit prediction groups (adapted from [44])

1
Subgroup benefiting (with a high 
probability) from the irradiation of the 
internal mammary lymph node chain

Proven disease (positive biopsy) or highly suspect [positron emission tomography (PET), 
positive computerized tomography (CT)]

Significant axillary lymph node involvement (≥ 4 affected lymph nodes), especially if the 
tumor is central or internal with aggressive criteria (young woman, grade 3, unexpressed 
hormone receptors, etc.)

2
Subgroup whose benefit from irradiation 
of the internal mammary node chain is 
probable

Internal tumor with moderate axillary involvement (1–3 lymph nodes affected)

3
Subgroup whose benefit of irradiation 
of the internal mammary node chain is 
possible

External tumor with moderate axillary involvement (1–3 lymph nodes affected)

Tumor of the internal quadrants pN0

4
Subgroup probably not benefiting from 
irradiation of the internal mammary 
node chain

External tumor and no histologically affected lymph node
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final decision to irradiate IMN should be made in 
an MTM [57].

Concerning the cardiac risks calculated in the 
study by Hennequin et al. published in 2013, they ap-
peared to be significant mainly in patients who had 
been treated more than 12 to 15 years previously and 
can currently be discussed because of the irradia-
tion techniques now used [58]. Darby et al. showed 
in 2013 that cardiovascular risk began 5 years after 
radiotherapy and continued up to 30 years after ir-
radiation, independent of the patient’s own cardio-
vascular risks. The risk increased by approximately 
7% per Gy above an average dose of approximately 
5 Gy in the whole heart [56]. However, recent studies 
have highlighted the important role of the number of 
beams used [59] and the irradiation techniques used 
[60, 61]. The systematic review of Drost et al. showed 
that breathing control significantly reduced the 
mean dose delivered to the heart. They also showed 
that the mean dose steadily decreased over the years 
(between 2014 and 2017) [61].

Question 17: In the case of pT2 tumors with mac-
roscopic axillary involvement after the SLND pro-
cedure without ALND, none of the centers omitted 
lymph node irradiation. The supraclavicular, IMN 
and axillary areas were irradiated together by 42% 
of the centers; 12% of the centers irradiated the su-
praclavicular and axillary areas; 8% irradiated only 
the supraclavicular area; and 4% irradiated the IMN 
and axillary areas.

The NORA survey showed a lower frequency of 
axillary irradiation for this same indication (57%) 
[5]. Since the publication of the ACOSOG Z0011 
trial in 2017 and AMAROS in 2015, the place 
of ALND and axillary irradiation has been ques-
tioned for patients with stage T1–T2 breast cancer 
[4, 51]. The prospective ACOSOG Z0011 trial in-
cluded 891 patients with T1 or T2 tumors with one 
or two nodes positive for the SLND procedure. All 
patients underwent partial mastectomy followed 
by WBI. With a median follow-up of 6.3 years, 
there was no difference in OS and LRS between 
patients with and without ALND. It should be not-
ed that this study was the subject of several criti-
cisms because the number of included patients 
was much lower than initially planned and the 
irradiation carried out was heterogeneous [51]. 
The prospective AMAROS trial, which included 
1425 women with cancer classified as T1–2 with 
axillary invasion diagnosed after the SLND proce-
dure, showed that it was equivalent to substituting 
complementary ALND with axillary irradiation. 
Indeed, the authors found no significant differ-
ence between the two groups in terms of axillary 
RFS, DFS and OS [4]. Table 3 summarizes the 
indications for lymph node irradiation accord-
ing to French, European and American guidelines 
[44, 45, 62] and the regional lymph node irradia-
tion rates according to axillary involvement in our 
survey and the NORA survey (5) (Supplementary 
File — Tab. S1).

Table 2. Recommendations concerning axillary irradiation after ALND (adapted from [71])

Reference Recommendations

Saint Paul de Vence, 2011 [43]
Massive invasion of ALND with at least seven lymph nodes

In cases of insufficient ALND (less than seven lymph nodes)

Remagus, 2019-2020 [88] 

Ratio of metastatic nodes to nodes > 50% at ALND

In cases of insufficient ALND (< 6 nodes)

To be validated by MTM

NHS MCCN, 2018 [89]
Unspecified node involvement with < 4 nodes on ALND

Metastatic lymph node with < 4 nodes on ALND

ASCO, 2001 [90] Not systematic; insufficient level of evidence to make a recommendation

Saint-Gallen, 2013 [91] Not systematic; no vote on the indications for axillary irradiation after ALND

NCCN, 2020 [45] Indication for unspecified axillary irradiation

Inca, 2008 [92]
After ALND to be discussed in MTM according to the number of lymph nodes examined, affected  
and extranodal extension

RECORAD, 2016 [44] ≥ 10 lymph nodes affected and/or removal of < 10 lymph nodes but half or more affected

ALND — axillary lymph node dissection; ASCO — American Society of Clinical Oncology; INCA — National Institute of Cancer; MTM — multidisciplinary team 
meeting; NHS MCCN — National Health Services Merseyside and Cheshire Cancer Network; NCCN — National Comprehensive Cancer Network
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Question 18: Technically, axillary irradiation was 
carried out by enlarged tangential mammary beams, 
enlarged supraclavicular beams or specific beams in 
4%, 13% and 22% of the centers, respectively. In this 
situation, 48% of the centers treated patients with 
IMRT.

Concerning the axillary area, Berg level I was 
generally included in the opposite tangential beams, 
but levels II and III have limited coverage by tan-
gential beams despite the use of widened tangen-
tial beams [63–68] (CANRAD-D-19-00135R1). 
In 2004, Jephcott et al. showed that the addition 
of an anterior and posterior beam provided bet-
ter coverage of the predicted target volume (PTV) 
but increased the areas of overdose above 120% of 
the prescribed dose [69]. In 2013, Hernandez et al. 
demonstrated a significant difference in coverage 
of axillary levels in favor of irradiation combining 
a modified anterior and posterior beam [70]. The 
axillary area irradiation technique was heteroge-
neous, as our investigation reports.

Question 19: The relevant criteria for axillary ir-
radiation were that at least 50% of the lymph nodes 
were invaded in 74% of the centers. In terms of the 
number of removed lymph nodes in total, less than 
four, seven or ten were relevant criteria for 57%, 
13% and 4% of the centers, respectively. Other crite-
ria were specified: the presence of capsular rupture, 
macroscopic remnants, involvement of 100% of the 
harvested nodes, invasion of fat and PET-CT data.

The indications for axillary irradiation are het-
erogeneous and vary according to the recommen-
dations (Tab. 2). Rivera et al. retained the indication 
of axillary irradiation in cases of axillary lymph 
node involvement and incomplete ALND, massive 
axillary involvement and axillary fat invasion [71]. 
In 2016, Hennequin et al. identified unspecified 
massive axillary involvement and insufficient clear-
ance defined by less than ten lymph nodes removed 
as criteria to irradiate the axillary area [44]. Axil-
lary irradiation, because of the risk of side effects, 
should require validation in a MTM.

Question 20: Except in cases of trial inclusion, 
HF-RT was retained by 96% of the centers for WBI 
with or without boost and by 48%, 13% and 9% of 
the centers in cases of irradiation of the chest wall, 
breast and lymph node areas and chest wall and 
lymph node areas, respectively.

The survey by Van der Laan et al. described the 
use of HF-RT in only 28% of the surveyed cen-
ters. HF-RT was not performed in any of the four 
German centers, while four out of five UK centers 
prescribed 15-fraction treatment of 2.67 Gy. This 
greater use of HF-RT in the UK is probably related 
to the publication of the START-B trial [72, 73]. 
Another explanation could be the lower ease of 
access to radiotherapy facilities, the cost of treat-
ment based on the number of fractions and the long 
distance to reach a radiotherapy center [74–77]. 
The survey by Ratosa et al. confirms the previous 
results. The use of HF-RT is heterogeneous on a Eu-
ropean scale. HF-RT was chosen as the preferred 
schedule for WBI and for WBI and lymph node 
area irradiation by 54.7% and 28.7% of the respond-
ing radiation oncologists, respectively (78). Park et 
al. showed that 36% of the surveyed radiation on-
cologists used HF-RT, and among them, 26% per-
formed both breast and lymph node HF-RT [79]. 
Wang et al. published a randomized trial showing 
that postmastectomy hypofractionated radiother-
apy, including regional node irradiation, is nonin-
ferior and has similar toxicities compared to con-
ventionally fractionated radiotherapy; however, late 
toxicity data are insufficient to recommend HT-RT 
for all patients [80]. The results of the HYPOG01 
(NCT03127995) trial will provide answers to late 
toxicity. The St. Gallen 2019 guidelines indicated 
that HF-RT can be used for most patients as a care 
standard (52% for all patients and 19% following 
breast conservation only) [81]. The Covid-19 pan-
demic was also an argument for the publication of 
recommendations on HF-RT in an effort to mitigate 
risk to patients and optimize resource utilization 
[82, 83]. Coles et al. proposed in their guidelines 
HF-RT for all breast or chest wall and nodal irradia-
tion in a moderately hypofractionated scheme [82]. 
Braunstein et al. published similar recommenda-
tions proposing hypofractionated radiotherapy for 
all breast or chest wall and nodal irradiation [83].

 
Question 21  and 22: In the context of adjuvant 
HF-RT, the total dose and fractionation retained by 
74% of the centers was 40 Gy in 15 fractions. Specifi-
cally, 42.5 Gy in 16 fractions, 5 fractions per week, 
41.6 Gy in 13 fractions, 5 fractions per week and 39 
Gy in 13 fractions, 3 fractions per week were retained 
by 35%, 9% and 9% of the centers, respectively. Three 
centers used one of the three following schedules: 40.5 
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Gy in 15 fractions of 2.7 Gy, 5 fractions per week, 45 
Gy in 15 fractions, 3 fractions per week, and 28.5 Gy 
in 5 fractions, 1 fraction per week.

For the boost during HF-RT, the total dose and 
fractionation were 10 Gy in 4 fractions, 16 Gy in 8 
fractions and 10 Gy in 5 fractions for 48%, 26% and 
22% of the centers, respectively. The schedule with 
a total dose of 12.5 Gy in 5 fractions was retained 
by only one center. One center did not perform any 
hypofractionated boost outside therapeutic trials.

The dose and fractionation in the case of breast 
irradiation and boost are heterogeneous. This 
heterogeneity is also reported in several articles 
[19, 37, 79]. The most commonly used scheme 
is 40 Gy in 15 fractions according to the START-
B trial [73]. For the boost, the most commonly 
used scheme is the Lyon schedule delivering 10 
Gy in 4 fractions [84]. Four phase III trials com-
pared mammary HF-RT to normofractionated 
irradiation (50 Gy in 25 fractions) in terms of lo-
cal control, side effects and cosmetic results. The 
trial by Yarnold et al. randomized 1410 patients 
with stage T1-T3/N0-N1 breast cancer into three 
groups: 50 Gy in 25 fractions, 39 Gy in 13 frac-
tions and 42.9 Gy in 13 fractions. In this study, 
75% of the patients received a tumor bed boost 
of 14 Gy in 7 fractions by a direct electron beam 
[85]. The START A trial randomized 2236 pT1-3a 
pN0-1 patients into three groups: normofraction-
ated (50 Gy/25 fractions) and hypofractionated 
(41.6 Gy/13 fractions and 39 Gy/13 fractions) ir-
radiation. In this trial, 60.6% of patients received 
a boost with an electron beam at a dose of 10 Gy in 
5 fractions (86). The START B trial included 2215 
patients with the same criteria as the START A tri-
al. It compared normofractionated irradiation (50 
Gy/25 fractions) to HF-RT (40 Gy/15 fractions). 
Only 42.6% of patients received a boost, as in the 
START A trial, at a dose of 10 Gy in 5 fractions by 
a direct electron beam (73). The Canadian trial 
included 1234 randomized pT1–2 N0 patients in 
the standard arm (50 Gy/25 fractions) or in the 
experimental arm (42.5 Gy/16 fractions). There 
was no boost in this trial [87]. Consequently, it is 
difficult to conclude whether a hypofractionated 
boost should be used simultaneously or sequen-
tially. However, from a financial point of view, in 
France, payment by the number of sessions and 
not by the treatment protocol as such cannot help 
to achieve the boost concomitantly.

Conclusion

This survey showed that French practices re-
mained heterogeneous despite the publication of 
national and international references, particularly 
concerning irradiation techniques, prescribed doses 
and indications of irradiation of lymph node areas. 
This may be due to the different technology parks 
in the different centers but also to the more or less 
precise application of these guidelines. These results 
imply that there is a need to standardize practices 
with additional clinical studies being conducted, 
including radiation therapy for lymphatic drainage, 
to support existing guidelines. These studies should 
establish a more standardized treatment of lymph 
node regions in clinical practice. Finally, quality 
assurance should impose a broad application of 
consensus recommendations.
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