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tions. Based on the German interdisciplinary S3 guidelines, 
updated in 2012, this publication addresses indications, se-
quence to other therapies, target volumes, dose, and frac-
tionation of radiotherapy.
Results  International and national guidelines are in agree-
ment that locally advanced, at least if regarded primarily 
unresectable and inflammatory breast cancer should receive 
neoadjuvant systemic therapy first, followed by surgery 
and radiotherapy. If surgery is not amenable after systemic 
therapy, radiotherapy is the treatment of choice followed 
by surgery, if possible. Surgery and radiotherapy should 
be administered independent of response to neoadjuvant 

Abstract
Aim  The purpose of this work is to give practical guidelines 
for radiotherapy of locally advanced, inflammatory and 
metastatic breast cancer at first presentation.
Methods  A comprehensive survey of the literature using the 
search phrases “locally advanced breast cancer”, “inflam-
matory breast cancer”, “breast cancer and synchronous me-
tastases”, “de novo stage IV and breast cancer”, and “meta-
static breast cancer” and “at first presentation” restricted 
to “clinical trials”, “randomized trials”, “meta-analysis”, 
“systematic review”, and “guideline” was performed and 
supplemented by using references of the respective publica-
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systemic treatment. In patients with a de novo diagnosis of 
breast cancer with synchronous distant metastases, surgery 
and radiotherapy result in considerably better locoregional 
tumor control. An improvement in survival has not been 
consistently proven, but may exist in subgroups of patients.
Conclusion  Radiotherapy is an important part in the treat-
ment of locally advanced and inflammatory breast cancer 
that should be given to all patients regardless to the intensity 
and effect of neoadjuvant systemic treatment and the extent 
of surgery. Locoregional radiotherapy in patients with pri-
marily distant metastatic disease should be prescribed on an 
individual basis.

Keywords  Locally advanced breast cancer · 
Inflammatory breast cancer · Synchronous distant 
metastases · Radiotherapy · Guidelines

DEGRO-Leitlinien für die Radiotherapie des 
Mammakarzinoms V

Therapie des lokal fortgeschrittenen und inflammatorischen 
Mammakarzinoms sowie lokale Therapie bei Vorliegen 
synchroner Fernmetastasen

Zusammenfassung
Ziel  Ziel der Arbeit ist die Entwicklung von Praxis-Leit-
linien zur Strahlentherapie des lokal fortgeschrittenen ein-
schließlich des inflammatorischen Mammakarzinoms sowie 
zur lokalen Therapie bei synchroner Fernmetastasierung.
Methoden  Es erfolgte eine Literaturübersicht basierend auf 
den Suchbegriffen „locally advanced breast cancer“, „in-
flammatory breast cancer“, „breast cancer and synchronous 
metastases“, „de novo stage IV and breast cancer“ und „me-
tastatic breast cancer“ sowie „at first presentation“. Strati-
fiziert wurde nach „clinical trials“, „randomized trials“, 
„meta-analysis“, „systematic review“ und „guideline“, er-
gänzt von kürzlich veröffentlichten Abstracts. Ergänzend zu 
den Stellungnahmen der deutschen interdisziplinären S3-
Leitlinie der Deutschen Krebsgesellschaft und der AWMF 
zum Mammakarzinom von 2012 bezieht diese Publikation 
Stellung zu den Indikationen, zur zeitlichen Abfolge mit 
anderen Therapien, zum Zielvolumen sowie zur Dosis und 
Fraktionierung der Strahlentherapie.
Ergebnisse  Internationale und nationale Leitlinien stimmen 
darin überein, dass Patientinnen mit einem lokal fortge-
schrittenen, zumindest primär als irresektabel eingestuften, 
sowie Patientinnen mit einem inflammatorischen Mamma-
karzinom zunächst eine neoadjuvante Systemtherapie er-
halten sollen, gefolgt von einer Operation und einer Strah-
lentherapie. Falls nach der Systemtherapie eine Operation 
nicht durchführbar ist, sollte zunächst eine Radiotherapie 
erfolgen und anschließend noch einmal die Möglichkeit ei-

ner Operation bedacht werden. Operation und Bestrahlung 
erfolgen unabhängig vom Ansprechen auf die neoadjuvante 
Systemtherapie. Bei Patientinnen mit primärer Fernmetasta-
sierung führt die lokale Behandlung mittels Operation und/
oder Strahlentherapie zur besseren lokalen Tumorkontrolle. 
Ein Überlebensvorteil besteht wohl nicht, möglicherweise 
aber doch für einige Subgruppen der Patientinnen.
Schlussfolgerung  Eine Strahlentherapie ist wichtiger Be-
standteil der Behandlung lokal fortgeschrittener und in-
flammatorischer Mammakarzinome für alle betroffenen 
Patientinnen, unabhängig von der Intensität und dem Er-
gebnis der neoadjuvanten systemischen Therapie und des 
Ausmaßes einer eventuellen Chirurgie. Bei Patientinnen 
mit primärer Fernmetastasierung muss im Tumorboard die 
Indikation zur lokoregionären Strahlentherapie individuell 
gestellt werden.

Schlüsselwörter  Lokal fortgeschrittenes 
Mammakarzinom · Inflammatorisches Mammakarzinom · 
Synchrone Fernmetastasierung · Strahlentherapie · 
Leitlinien

Tumors larger than 5 cm or tumors infiltrating the chest wall 
or skin (T3/T4), fixated axillary lymph nodes (N2), involved 
infra- or supraclavicular lymph nodes, or involved lymph 
nodes in the internal mammary chain (N3) are regarded as 
locally advanced breast cancer and are generally consid-
ered as not amenable for primary surgery. Inflammatory 
breast cancer (T4d) accounts for approximately 10–15 % of 
locally advanced breast cancer. Historical results with radio-
therapy as sole treatment reported 5-year survival rates in 
locally advanced breast cancer without systemic treatment 
of approximately 30 % and in inflammatory breast cancer of 
5 % [1]. Distant metastases at the time of breast cancer diag-
nosis are detected in about 4 % of all breast cancer patients, 
but are observed in 14 % of T3 and 26 % of T4 patients 
(Munich Cancer Registry 2013).

Nowadays, primary systemic treatment is considered stan-
dard of care for breast cancer patients with locally advanced 
and inflammatory breast cancer, as well as in patients with 
synchronous distant metastases [2, 3]. Response to systemic 
treatment, especially pathologically complete response 
(pCR), has been shown to be associated with improved sur-
vival in all these situations [4]. The development of modern 
neoadjuvant treatment in less advanced breast cancer was 
based on experience in locally advanced and inflammatory 
breast cancer. Randomized clinical trials have focused on 
further development of more effective systemic treatment 
regimen, whereas radiotherapy was an integrated part of 
the treatment in these trials, since its importance for locore-
gional control was not challenged. This has changed to some 
extent, since a substantial portion of the patients are mean-
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overall survival of 13 % and distant metastasis-free survival 
of 15 % indicating some curative potential. Chemotherapy 
and hormonal treatment each produced a significant prolon-
gation of the time to locoregional recurrence, time to distant 
metastases, and overall survival. Combined treatments pro-
vided the largest therapeutic effect. The 10-year overall sur-
vival was improved by 8–15 % by the addition of systemic 
treatments. A number of subsequent trials, designed to opti-
mize systemic chemotherapy by introducing anthracyclines 
and taxanes, led to a stepwise improvement of 5-year sur-
vival in locally advanced cancer to about 70 % and in inflam-
matory cancer to about 40 % [7, 8]. In case of resectability 
after neoadjuvant chemotherapy, mastectomy followed by 
radiotherapy was performed in most patients. Importantly, 
subgroup analyses revealed that patients with a pCR in their 
mastectomy specimen had a substantially better overall sur-
vival than patients with partial response or stable disease 
[4, 9]. This observation was the starting point for the use 
of pCR rates as a surrogate marker for overall survival in 
the further development of neoadjuvant treatment in breast 
cancer [10]. In these trials, incremental numbers of patients 
with moderately advanced breast cancers (e.g., cT2 disease) 
were included. The pCR rates in the recent German neoadju-
vant chemotherapy breast cancer trials [11] were increased 
to an average of 21 %, showing considerable differences by 
the subtype of breast cancer. The pCR rates were on aver-
age lower in T3/T4 tumors and inflammatory cancer ranging 
between 13 and 16 %. In estrogen-receptor-negative cancers 
and undifferentiated cancers (G3), a substantially higher 
likelihood to achieve a pCR was observed as compared to 
estrogen-receptor-positive and well-differentiated cancers 
(odds ratios 3.8 and 5.8). The highest pCR rate of 41 % was 
seen in patients with HER-2-positive tumors receiving 8–12 
cycles of trastuzumab. The pCR rate achieved in inflamma-
tory breast cancer is in the same range as for other locally 
advanced stages. This is probably a consequence of the 
higher likelihood of inflammatory cancer of being poorly 
differentiated, estrogen receptor negative, and HER-2 posi-
tive [11]. Using double HER-2-blocking therapies pCR 
rates in hormone-receptor-negative, undifferentiated tumors 
as high as 63 % [12] have been reported. The results of the 
neoALTTO and ALTTO trials, however, shed some doubts 
whether higher pCR rates necessarily indicate better overall 
survival, since in spite of an observed doubling in the pCR 
by double HER-2 blockade in the neoALTTO trial [13], no 
benefit in overall survival was observed in the ALTTO trial 
testing the same regimen in the adjuvant setting [14]. Indeed 
a meta-analysis including almost 12,000 patients from 12 
trials testing primary systemic therapy came to the same 
conclusion that albeit pCR is associated with a significantly 
improved overall survival, it is not a suitable surrogate 
parameter for overall or progression-free survival on a trial-
level basis [15].

while amenable for surgery after partial or complete clini-
cal remission following neoadjuvant systemic treatment. 
Especially in case of pCR after mastectomy the impact of 
radiotherapy has been questioned.

The aim of this paper is to review the role of radiotherapy 
in locally advanced and inflammatory breast cancer, and for 
patients with synchronous distant metastases and to provide 
practical treatment guidelines relating to and supplementing 
the current German S3 guidelines and the previous practical 
DEGRO guideline [5].

Locally advanced and inflammatory breast cancer

Infobox 1

●● RT-6 statement of the German S3 guideline (radio-
therapy of locally advanced unresectable breast cancer)
For patients with primarily inoperable or inflamma-
tory breast cancer primary systemic therapy followed 
by surgery and postoperative radiotherapy is recom-
mended (LOE 1b); recommendation grade A.

●● If surgical resectability is not achieved after systemic 
treatment, radiotherapy—optionally also combined 
with concurrent systemic treatment—is indicated 
(GCP).

RT-4d statement of the German S3 guideline (radiother-
apy after mastectomy)

●● After neoadjuvant therapy, radiotherapy is indicated in 
accordance to the pretreatment T and N classification 
independent of the degree of response to the neoad-
juvant treatment (LoE 2a); recommendation grade A.

Development of neoadjuvant chemotherapy

Although inflammatory breast cancer has a poorer outcome 
compared to other locally advanced breast cancers in pro-
spective clinical trials and most retrospective evaluations 
treatment for both entities have mostly been identical. No 
more than sparse results of subgroup analyses were avail-
able from some reports. Therefore, differential treatment 
recommendations for locally advanced and inflammatory 
breast cancer cannot generally be given.

In 1997 the EORTC published the results of a phase III 
trial [6] on the treatment of locally advanced and inflamma-
tory breast cancer. A total of 410 patients were randomized 
for either radiotherapy, radiotherapy plus chemotherapy 
(CMF), radiotherapy plus tamoxifen, or radiotherapy plus 
tamoxifen plus CMF. Surgery was not part of the planned 
treatment and was reserved for salvage treatment in case of 
local recurrence. Radiotherapy alone resulted in a 10-year 
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tional guidelines [16–18, 27] recommend breast surgery 
after neoadjuvant systemic treatment regardless of the 
response to the neoadjuvant treatment if complete resection 
appears possible.

Whether mastectomy or breast-conserving surgery is 
preferable after neoadjuvant chemotherapy is another unan-
swered question. In a meta-analysis of randomized trials on 
neoadjuvant chemotherapy compared to adjuvant chemo-
therapy, overall survival and disease-free survival were iden-
tical. However, the rate of breast-conserving therapy was 
significantly higher in neoadjuvantly treated patients [28]. 
This increase in breast conservation rates was associated 
with a significantly higher rate of locoregional recurrence, 
which was, however, predominantly observed in three trials 
in which radiotherapy without surgery was more frequently 
used in the neoadjuvant arms of the trials. Although locally 
advanced primarily unresectable and inflammatory breast 
cancers were not treated in these trials, the result indirectly 
support the assumption that locally advanced and inflam-
matory breast cancers should, whenever possible, receive 
intensive locoregional treatment consisting of complete 
resection and locoregional radiotherapy.

Results of breast-conserving surgery after neoadjuvant 
chemotherapy in locally advanced and inflammatory breast 
cancer have been reported from a number retrospective 
evaluations [29]. Breast-conserving surgery in these cohorts 
was generally restricted to selected patients, whose tumors 
responded well to neoadjuvant treatment, were confined to 
one quadrant of the breast, and had no more signs of inflam-
matory disease. In this selected subgroup of patients after 
5–10 years, in-breast recurrence rates between 2 and 23 % 
have been reported [29], indicating that breast-conserving 
surgery is justifiable in appropriate patients.

The need of radiotherapy for patients with locally 
advanced breast cancer with residual disease after neoad-
juvant treatment is not disputed in view of the convincing 
evidence from the EBCTCG meta-analysis [30] showing a 
significant survival advantage for postmastectomy radio-
therapy in patients with T4 tumors or involved axillary 
lymph nodes. The need for radiotherapy in case of pCR after 
neoadjuvant chemotherapy has been challenged. The best 
available evidence to answer the question whether radio-
therapy is necessary after mastectomy in case of pCR comes 
from two retrospective studies.

Huang et al. [31] assessed the clinical outcome of 676 
breast cancer patients who had received six different neoad-
juvant chemotherapy regimens within clinical trials followed 
by mastectomy and axillary dissection. Of these patients, 
134 received no postmastectomy radiotherapy, whereas 
542 underwent postmastectomy radiotherapy. As expected 
in a nonrandomized comparison, patients receiving radio-
therapy had significantly more advanced T and N stages 
representing a bias in disadvantage of radiotherapy. In spite 

Locoregional treatment after neoadjuvant chemotherapy

Regardless of response to neoadjuvant treatment, the ques-
tion arises to which extent additional local treatment further 
improves outcome. Results of randomized trials directly 
answering the question for the need of surgery and radio-
therapy in this situation are not available. National and 
international guidelines [16–21] recommend radiotherapy 
for patients presenting with persistent unresectability after 
neoadjuvant chemotherapy, since radiotherapy has a cura-
tive potential in this situation [6]. Resectability should be 
assessed 6–12 weeks after completion of radiotherapy. Sur-
gery is advised if a R0 resection seems achievable, although 
the benefit of surgery in this clinical setting has formally not 
been shown.

In stage III breast cancer patients with resectable disease 
after neoadjuvant chemotherapy, the effect of surgery and 
radiotherapy was investigated in three small randomized trials 
[22–24]. Patients were randomized after neoadjuvant chemo-
therapy (two trials with anthracyclines, one trial with CMF) 
to undergo either mastectomy or radiotherapy. Overall sur-
vival, disease-free survival, and locoregional tumor control 
were similar with both treatments. However, the locoregional 
recurrence rate at 2–5 years reached 40–60 % with either 
treatment, indirectly indicating that patients should receive 
both surgery and radiotherapy. In none of these trials results 
according to response to the neoadjuvant treatment were 
reported. Thus, the question remains open whether surgery 
and radiotherapy are required in case of clinical complete 
response (cCR) or pCR after neoadjuvant chemotherapy.

Merajver et al. [4] treated 90 stage III breast cancer 
patients with nine cylces of an anthracycline-based neoad-
juvant chemotherapy. After the last cycle of chemotherapy, 
a biopsy was taken from the initial tumor region. In case of 
pCR, patients received radiotherapy of the chest wall and 
regional lymph nodes without any surgery. Patients with 
residual tumor in the biopsy underwent mastectomy fol-
lowed by the same radiotherapy. The omission of surgery in 
patients with pCR was not associated with a higher locore-
gional recurrence rate, which was approximately 20 % at the 
5-year follow-up.

Ring et al. (n = 136, [25]) and Daveau et al. (n = 165, [26]) 
extracted from their prospective databases the outcome of 
stage III breast cancer patients with cCR after neoadjuvant 
chemotherapy who had received radiotherapy but no sur-
gery and compared this with the outcome of patients with 
pCR after chemotherapy, who had received mastectomy 
and postoperative radiotherapy. The outcomes in terms of 
overall survival, disease-free survival, and distant metas-
tases-free survival were almost identical. A trend towards 
better locoregional tumor control was observed for patients 
receiving surgery in addition to radiotherapy. In the absence 
of evidence from randomized trials, national and interna-



627

1 3

DEGRO practical guidelines for radiotherapy of breast cancer V

Timing of radiotherapy

Radiotherapy in locally advanced or inflammatory breast 
cancer was administered after neoadjuvant chemotherapy 
and mastectomy in most clinical investigations. In case of 
remaining unresectability after completion of chemother-
apy, radiotherapy is given followed by surgical resection, 
if clinically possible. Interestingly, the optimal timing of 
radiotherapy in the management of locally advanced breast 
cancer and IBC has not been systematically investigated. 
In a number of phase II trials, sequential radiotherapy after 
neoadjuvant chemotherapy as well as concurrent chemo-
radiation were analyzed in stage II and III breast cancer 
[38]. Overall survival, disease-free survival, and locore-
gional control in these trials were not substantially differ-
ent from published data for postoperative radiotherapy. The 
pCR rates in these trials vary between 16 % [39] and 45 % 
[40]. On average, trials using concurrent chemoradiation 
reported higher pCR rates than trials on sequential chemo-
radiation. In none of these trials were HER-2 antagonists 
used for HER-2-positive cancer. Unfortunately, subgroup 
analyses differentiating pCR rates by molecular subtypes 
are not available from most of these trials. The available 
data indicate that, similar to the observations for neoadju-
vant chemotherapy, pCR rates after additional radiother-
apy are higher in hormone-receptor-negative disease than 
in hormone-receptor-positive breast cancer. However, the 
reported pCR rates of 18 % (n = 57) in the data of Adams 
et al. [41] and 29 % (n = 241) in the data of Matuschek et al. 
[42] for hormone-receptor-positive breast cancer compare 
favorably to the experience in the German neo-adjuvant 
chemotherapy trials, in which a pCR of 13 % (n = 2150) was 
reported for hormone-receptor-positive disease. Interest-
ingly enough, pCR rates increased with incremental inter-
vals from completion of radiotherapy to surgery in the data 
of Matuschek et al. [42], indicating that cancer cell death 
after radiotherapy takes several months for completion and 
occurs typically postmitotic in breast cancer.

The reported acute and late toxicities in the trials on 
sequential or concurrent chemoradiation in breast cancer 
were mostly grade I and II. In early breast cancer, sequen-
tial and concurrent adjuvant chemoradiation were tested 
in a number of randomized controlled trials in which 
breast-conserving surgery was generally performed. In a 
Cochrane review of these trials [43], concurrent chemora-
diation resulted in significantly more skin reactions (odds 
ratio 1.46, 95 % CL 1.00–2.14), esophagitis (odds ratio 
1.44, 95 % CL 1.03–2.02), and hematotoxicity (odds ratio 
1.43, 95 % CL 1.01–2.03) compared to sequential treatment, 
whereas late toxicity was comparable. No difference was 
seen in overall survival and locoregional recurrence rates. 
Whether these results can be transferred to the neoadjuvant 

of this negative selection, locoregional tumor control and 
cause-specific survival were significantly better in irradiated 
patients with T4 tumors or more than four involved axillary 
lymph nodes associated with a trend towards an improved 
overall survival. Of 46 patients with locally advanced can-
cers, who had a pCR after neoadjuvant chemotherapy, 11 
received radiotherapy. The actuarial locoregional recur-
rence rate at 10 and 14 years was 3 % in irradiated patients 
compared to 33 % without radiotherapy (p = 0.006).

McGuire et al. [32] identified 106 patients with stage II–
III breast cancer (69 % stage III, no inflammatory cancers) 
treated with neoadjuvant chemotherapy (92 % anthracy-
cline-based chemotherapy, 38 % with taxane) mastectomy 
and axillary lymph node dissection, who had a pCR. Of 
these, 34 patients underwent postmastectomy radiotherapy 
and 72 no radiotherapy. Irradiated patients had significantly 
larger tumors than unirradiated patients. Regardless of this 
unfavorable bias, patients receiving postmastectomy radio-
therapy experienced significantly better locoregional tumor 
control (absolute ~ + 20 %), distant metastases-free survival 
(absolute ~ + 37 %), and overall survival (absolute ~ + 40 %) 
5 year after treatment. Both studies, although not random-
ized, led consistently to the recommendation in national 
and international guidelines [16–19, 33] to use radiotherapy 
in patients with a pCR after neoadjuvant chemotherapy. 
Whether a comparable benefit can also be expected for 
patients with HER-2-positive breast cancer receiving anti-
HER-2 therapies is unknown. In absence of reliable evi-
dence regarding this question, radiotherapy is also advised 
in these patients in the guidelines.

Attempts to identify subgroups of patients with locally 
advanced breast cancer based on molecular profiling, like 
in early breast cancer, have not been successful so far [34]. 
Although it has been shown that luminal A and B breast 
cancers have lower propensity for locoregional recurrences 
than HER-2-positive and triple-negative breast cancers [35], 
radiotherapy decreases the locoregional recurrence rate inde-
pendent of the molecular subtype approximately by the factor 
3–4 [36]. However, there is some evidence that the benefit of 
radiotherapy in terms of locoregional control translates into 
a smaller survival benefit in HER-2 positive and triple nega-
tive compared to hormone-receptor-positive breast cancer 
[36, 37]. Currently, differential indications for radiotherapy 
based on molecular profiles are not recommended in national 
or international guidelines outside from clinical trials.

Comments and conclusion of the DEGRO panel

●● The DEGRO panel recommends locoregional radiother-
apy as part of the treatment for all patients with locally 
advanced and inflammatory breast cancer regardless of 
the response to neoadjuvant systemic treatment. This is 
in accordance with the German S3 guideline.
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Target volumes, dose, and fractionation of radiotherapy

The vast majority of patients with locally advanced and 
inflammatory breast cancer in clinical trials received chest 
wall radiotherapy and radiotherapy to the regional lymph 
nodes. In the German neoadjuvant trials [11], radiotherapy 
was administered according to the current German S3 guide-
lines at that time. Although no information on the actually 
administered radiotherapy has been published from any of 
these trials, most likely radiation oncologist treated patients 
in adherence to the guidelines, permitting the conclusion 
that all patients with locally advanced and inflammatory 
breast cancer received radiotherapy of the chest wall and 
the majority radiotherapy of the supra- and infraclavicular 
lymph nodes. Most likely, only a minority of the patients 
has received radiotherapy to the internal mammary lymph 
nodes in these trials. Recently, new data emerged, indicat-
ing that radiotherapy of the internal mammary lymph nodes 
results in a small, but statistically significant survival ben-
efit [48–50]. This benefit was more pronounced in patients 
receiving both chemotherapy and endocrine therapy [49], 
but which was less substantial in N3 disease. Radiotherapy 
of the internal mammary lymph nodes (IMC) was not sig-
nificantly associated with increased cardiotoxicity after a 
median follow-up of 10.9 years. However, trastuzumab or 
other anti-HER2 agents were not given in this trial.

Based on this new data, the DEGRO panel has already 
published recommendation for the treatment of the regional 
lymph nodes in breast cancer [51]. The DEGRO panel rec-
ommends radiotherapy of the chest wall or breast and the 
supra- and infraclavicular lymph nodes in all patients with 
locally advanced and inflammatory breast cancer regard-
less of the response to systemic therapy. Radiotherapy of 
the internal mammary lymph nodes should be considered in 
patients, who do not receive anti-HER2 treatments.

If a surgical resection after neoadjuvant treatment is 
not possible or declined by the patient, most investigators 
defined the macroscopic tumor with some safety margin 
(exact description mostly not published) as clinical target 
volume for an additional boost dose.

In the majority of clinical trials on radiotherapy after 
mastectomy in locally advanced breast cancer, convention-
ally fractionated radiotherapy with 1.8–2.0  Gy in 5 frac-
tions per week to total doses of 45.0–50.4  Gy was used. 
Hypofractionated radiotherapy with 2.3–3.7 Gy per fraction 
in 2–5 fractions per week to total doses of 30–50 Gy were 
applied preferentially in the United Kingdom, Scandina-
via, and Canada [52]. Since from today’s point of view the 
total dose in some of these hypofractionated regimens was 
not adequately reduced in relation to the increase in dose 
per fraction, long-term side effects, especially plexopathia, 
were frequently reported [53].

setting in locally advanced breast cancer is unknown in the 
absence of randomized trials.

Since in locally advanced and inflammatory breast can-
cer mastectomy is considered as the standard surgical proce-
dure, many patients, especially those of younger age, wish 
immediate or sequential breast reconstruction. However, 
the optimal sequencing of breast reconstruction and radio-
therapy is another unanswered question. Three options have 
been investigated:

●● mastectomy followed by radiotherapy followed by 
reconstructive surgery;

●● mastectomy with immediate reconstructive surgery fol-
lowed by radiotherapy;

●● radiotherapy followed by mastectomy with immediate 
reconstructive surgery.

In the absence of randomized trials, all comparisons remain 
inconclusive. From the available data for the different strat-
egies, the oncological outcome is presumably similar [44]. 
There seems to be a tendency that early complications are 
more frequently observed in patients having radiother-
apy first. Late complications occur more often in patients 
undergoing breast reconstruction first [45]. If an immediate 
autologous reconstruction is planned, radiotherapy before 
mastectomy and immediate reconstruction is theoretically 
advantageous, because the autologous tissue used for recon-
struction does not receive radiotherapy at any time and con-
sequently will not develop radiation-induced fibrosis. This 
approach was tested in a prospective multi-institutional 
investigation in Düsseldorf: Gerlach et al. [46] reported the 
early results of a preoperative chemoradiation in 132 breast 
cancer patients (90 % stage II and III) of whom 82 received 
transverse rectus abdominus myocutaneous (TRAM) or 
latissimus dorsi flab reconstruction at a median time of 
8 weeks after completion of radiotherapy. In a nonrandom-
ized comparison with 62 patients receiving neoadjuvant che-
motherapy without radiotherapy before breast surgery, they 
did not find a higher rate of surgical complications. Roth et 
al. [47] confirmed these results in the long-term follow-up 
on the complete cohort of 315 patients and reported a favor-
able long-term oncological outcome compared to a similar 
group of patients treated with postoperative radiotherapy.

Comments and conclusions of the DEGRO panel

●● The optimal timing of radiotherapy is not well inves-
tigated. Most data are available for conducting radio-
therapy after neoadjuvant systemic treatment and 
mastectomy, or in case of persistent unresectability after 
completion of neoadjuvant treatment.

●● If immediate autologous reconstruction is intended, 
radiotherapy and concurrent chemoradiation before sur-
gery are alternative options.
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lymph node metastases maybe considered, if the dose to 
the brachial plexus is kept below a 2  Gy equivalent dose 
(α/β = 3 Gy) of about 54 Gy. Radiotherapy should be deliv-
ered in supine position using a dedicated breast board.

Comments and conclusions of the DEGRO panel

●● The clinical target volume (CTV) at the chest wall 
should include the intercostal spaces in the region of the 
(resected) breast.

●● The CTVs for the radiotherapy of the regional lymph 
nodes should be based on published international con-
sensus guidelines [57]; however, adaptations may be 
necessary in locally advanced and inflammatory disease 
to ensure that any macroscopic disease is included into 
the CTV with adequate safety margins.

●● 3D-CRT or IMRT treatment planning is recommended 
using algorithms providing a reliable dose prediction in 
the lungs, lung chest wall, and lung–heart interface (e.g., 
Monte Carlo or Collapsed cone). If IMRT is used, which 
may be especially advantageous if the internal mammary 
lymph nodes need to be irradiated (Fig. 1a, b, c), low 
dose exposure to large parts of the lungs and contralat-
eral breast should be kept as small as possible.

Locoregional radiotherapy in patients with synchronous 
distant metastases

Radiotherapy to the breast, axillary, infra, and supraclavicu-
lar lymph nodes in metastatic breast cancer is frequently per-
formed to obviate or relieve symptoms, but is not thought to 
have an impact on survival [58]. However, according to the 
results of a number retrospective studies on breast cancer 
[59–66], local treatment of the primary tumor by radiother-
apy or surgery or both may improve overall survival. The 
data on surgical treatment of the primary site were compre-
hensively reviewed by Ruiterkamp et al. [67], whereas the 
present paper focuses on the effect of radiotherapy with/or 
without surgery.

Le Scodan et al. [66] retrospectively analyzed the out-
come of 581 patients with metastatic breast cancer of whom 

Modern hypofractioned regimens that were tested 
predominantly in early breast cancer, like the START  A 
(3.2 Gy per fraction, 2–3 times per week to 41.6 Gy) and the 
START B scheme (2.66 Gy per fraction, 5 times per week 
to 40 Gy) implemented an adequate reduction of the total 
dose [54]. As a consequence these schedules should not be 
associated with a higher probability of severe late effects 
than conventionally fractionated regimens.

Indeed, at a median follow-up of almost 10 years cosmetic 
results with hypofractionation were not impaired, and in 
the few patients receiving supra- and infraclavicular lymph 
node irradiation, only in 1 out of 211 patients (95 % CL 0–
2.6 %) in the START A trial, and in none out of 82 patients 
(95 % CL 0–4.4 %) in the START B trial was plexopathia 
reported [54]. Since plexopathia may occur as late as 25 
years after radiotherapy [55], its final incidence is expected 
to be higher. None of the patients in the randomized trials 
on hypofractionation compared to conventional fractionated 
radiotherapy in early breast cancer received radiotherapy 
of the internal mammary lymph nodes. Radiation-induced 
heart toxicity is particularly associated with radiotherapy of 
the internal mammary lymph nodes [56]. Since one cannot 
exclude that hypofractionated radiotherapy to the internal 
mammary lymph node may increase cardiac toxicity and 
hypofractionated radiotherapy to the supra- and infracla-
vicular lymph nodes increase late incidence of plexopathia, 
the DEGRO panel recommends conventionally fractionated 
radiotherapy with 1.8–2.0 Gy per fraction 5 times per week 
to total doses of 45–50.4 Gy for the therapy of the regional 
lymph nodes in the adjuvant situation. Because chest wall 
radiotherapy is almost always indicated at the same time, the 
same fractionation regimen should be used for radiotherapy 
of the chest wall. If radiotherapy is administered without 
previous surgery the same arguments regarding the dose and 
fractionation apply as regional nodal irradiation is generally 
indicated. An additional sequential boost dose of 10–20 Gy 
to the macroscopic tumor volume is recommended in this 
situation as conventionally fractionated percutaneous radio-
therapy or as brachytherapy. Alternatively, the boost dose 
may be given as simultaneous integrated boost using 2.2–
2.4 Gy per fraction. A boost dose to remaining macroscopic 

Fig. 1  Treatment plan irradiating the right chestwall (including a tissue expander) and the right supraclavicular and mammary interna lymph node 
regions. a axial view. b sagittal view. c coronal view
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of the better locoregional tumor control in the arm with 
locoregional treatment. Subgroup analyses did not indicate 
different results depending on hormone receptor status, 
HER-2 expression status, site of metastases, and number of 
metastatic lesions.

The second randomized trial was conducted by a group 
from Turkey [69]. Patients with metastatic breast cancer at 
the time of diagnosis were randomized to undergo locore-
gional treatment (n = 140) consisting of breast-conserving 
surgery followed by radiotherapy or mastectomy with-
out radiotherapy or to receive no locoregional treatment 
(n = 138). The groups were comparable regarding age, BMI, 
hormone receptor and HER-2 status, tumor type, and size. 
Median follow-up was 21 months. After 54 months over-
all survival was 35 % with locoregional treatment and 31 % 
without locoregional treatment (p = 0.24). In the subgroups 
of hormone-receptor-positive disease, young patients (< 50 
years), and patients with a solitary bone metastasis, overall 
survival was significantly improved. Patients with triple-
negative disease had significantly worse survival in the 
arm with locoregional treatment. The partially conflicting 
results of the randomized trials that have not yet been fully 
published, which in synopsis with the retrospective investi-
gation do not allow for a final conclusion. Overall, the ben-
efit is probably limited; however, subgroups may have an 
advantage.

Different mechanisms have been discussed about how 
locoregional treatment of the primary site could prolong sur-
vival. Uncontrolled locoregional disease can induce edema, 
infection, and thromboses and result in life-threatening 
problems. The persistent primary tumor could be a source 
of continuous seeding of further distant disease. Recent 
experimental data indicate that radiation-induced tumor cell 
necrosis can result in an improved dendritic-cell-mediated 
antitumoral immune response [70].

Comments and conclusions of the DEGRO panel

●● Based on the available data, no general recommenda-
tions can be given for locoregional treatment outside 
of clinical trials. The decision of who is a candidate for 
locoregional radiotherapy should be made in an interdis-
ciplinary board. The optimal dose and fractionation of 
radiotherapy in this situation has not been investigated.

●● In patients with longer life expectancy, the same radio-
therapy regimens as recommended for locally advanced 
and inflammatory breast cancer should be used.
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320 received locoregional treatment after detection of dis-
tant metastases. Locoregional therapy comprised radiother-
apy in 249 patients (78 %), surgery of the primary tumor 
with adjuvant irradiation in 41 patients (13 %), and surgery 
alone in 30 patients (9 %). Median follow-up was 39 months. 
A 3-year overall survival rate of 43.4 % was observed in 
patients receiving locoregional treatment of the primary, but 
only 26.7 % in patients receiving no locoregional therapy 
(p < 00002). The advantage in overall survival in favor of 
locoregional treatment was notably marked in patients with 
visceral metastases, whereas no survival benefit was seen 
in patients with bone metastases. Treatment of the primary 
tumor was an independent prognostic factor in multivariate 
analysis (hazard ratio: 0.70; 95 % CI: 0.58–0.85; p < 0.0002). 
Radiotherapy of the breast or chest wall and the infra- and 
supraclavicular lymph nodes was used in most patients. A 
mean total dose of 48.7 Gy was given within 4–5 weeks to 
the majority of patients. Most patients, who did not receive 
breast surgery (n = 249), obtained an extra boost irradiation 
to the primary tumor site with an average dose of 23 Gy. 
A trend towards longer survival was observed for patients 
receiving both surgery and radiotherapy.

A group of investigators from India reported the prelimi-
nary results of a randomized controlled trial [68]. Patients 
with synchronous metastatic breast cancer were treated with 
anthracycline-based chemotherapy with or without taxane. 
Patients with complete or partial response to chemotherapy 
(n = 350) were randomized to undergo locoregional treat-
ment or not. Patients allocated to locoregional treatment 
received breast conservation surgery or mastectomy plus 
axillary lymph node dissection followed by radiotherapy. 
Patients randomized to the control arm were followed up 
without surgery or radiotherapy. Both groups received stan-
dard endocrine therapy after completion of chemotherapy, 
if indicated. Stratification by endocrine receptor status, site 
of metastases (visceral vs. bone vs. both), and number of 
metastatic lesions (≤ 3 vs. > 3) resulted in a well-balanced 
distribution of these factors in the treatment arms. At a 
median follow-up of 17 months, the median survival time 
was almost identical in both arms (18.8 and 20.5 months, 
HR = 1.07, 95 %CI = 0.82–1.40, p = 0.60). After adjustment 
for known prognostic factors using the Cox model, still no 
survival benefit could be detected for the additional use of 
locoregional treatment. Actuarial locoregional progression 
at 2  years as first event was observed in 11 % of patients 
with locoregional treatment and in 52 % without locore-
gional treatment (p < 0.001), whereas distant progression at 
2 years as first event was observed in 72 % of patients with 
locoregional treatment and in 52 % without locoregional 
treatment (p = 0.01). The latter observation should not be 
misinterpreted in a manner that local therapy results in a 
higher rate of distant metastases, but that the increased rate 
of distant metastases as first event is simply a consequence 
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