
The term postmastectomy radiotherapy 
(PMRT) describes adjuvant radiotherapy 
after mastectomy. Irradiation is typically 
delivered to the chest wall, including the 
regional lymphatics.

Since the last recommendations from 
the Breast Cancer Expert Panel of the Ger-
man Society for Radiation Oncology (DE-
GRO) in 2008, evidence for the effective-
ness of PMRT has grown and updates of 
national and international guidelines, in-
cluding the S3 guidelines of the German 
Cancer Society (DKG) 2012 [85], those 
from the National Comprehensive Can-
cer Network (NCCN) 2013 [63], the Scot-
tish Intercollegiate Guidelines Network 
(SIGN) 2013 [88], the Federaal Kenniscen-
trum voor de Gezondheidszorg (KCE, Bel-
gium) 2013 [5] and the National Institute 
for Health and Care Excellence (NICE) 
[65]) are available; as are new data and me-
ta-analyses, e.g. Early Breast Cancer Trial-
ists’ Collaborative Group (EBCTCG) 2014 
[23]. The authors performed a comprehen-
sive survey of the literature. Data from re-
cently published analyses, trials and guide-

lines yielding new aspects compared to 
2008 were reviewed and discussed. New 
aspects were included in the current, up-
dated recommendations. In the following 
section, the statements from the 2012 na-
tional S3 guidelines [85] are reported, fol-
lowed by updated information and a com-
ment from the DEGRO expert panel.

Updated PMRT evidence

PMRT and survival and recurrence

Statement of the German 
S3 Guidelines 2012 [85]
Statement RT 4a

Postoperative radiotherapy of the chest wall 
decreases the risk of local recurrence after 
mastectomy (level of evidence, LOE 1a)

Statement RT 4b

In patients with a high risk of local recurrence, 
PMRT improves overall survival (LOE 1a)

Evidence that PMRT improves locore-
gional control and overall survival has 

grown continuously [19, 20, 23, 24, 26, 
29, 33, 42, 51, 52, 62, 64–67, 70, 72, 74, 75, 
77, 81, 82, 88, 90, 101, 103, 105]. In almost 
all of these trials, radiotherapy comprised 
chest wall irradiation with irradiation of 
the regional nodes (regional nodal irra-
diation, RNI; [87]). The known survival 
benefit and clear reduction in the risk of 
local recurrence in high-risk patients with 
T3/T4 tumors or positive resection mar-
gins reached a level of evidence (LOE) of 
1a, rather than 2a [85]. Therefore, PMRT 
is highly recommended in these pa-
tients (NCCN 2013 [63], NICE 2013 [65]; 
NZGG  2013 [70] guidelines). In addi-
tion, the intermediate risk of local recur-
rence in T3 N0 tumors with risk factors 
or T1/2 N1 tumors is increasingly becom-
ing the focus of various reviews and new 
trials, which consider PMRT to complete 
treatment in these patients [50, 53, 71]. 
The recent update of the EBCTCG meta-
analysis [23] with extended follow-up un-
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derscores the reduction in risk of local re-
currence at 10 years and the risk for breast 
cancer mortality at 20 years, particularly 
in patients with positive lymph nodes and 
even in the presence of systemic therapy. 
Almost all of these patients received ra-
diotherapy to the supraclavicular/axillary 
region (> 98 %), as well as to the internal 
mammary chain (IMC; pN0 > 80 %, pN+ 
95 % of the patients).

PMRT and risk factors

Statement of the German 
S3 Guidelines 2012 [85]
Statement RT 4c

PMRT of the chest wall is indicated in patients 
with:

55 T3/T4 tumors (LOE 1a, grade of recom-
mendation, (GR A),

55 pT3 pN0 R0 tumors and risk factors such 
as lymphovascular invasion, grade 3, 
close resection margins, premenopausal 
women and age < 50 years (LOE 2b, GR B),

55 R1/R2 resection without possibility of 
achieving clear margins (LOE 1a, GR A),

55 pN+ (> 3; LOE 1a, GR A).

In the current German S3 guidelines, the 
recommendations regarding T3 tumors 
are inconsistent and require further clar-
ification. Firstly, the S3 guidelines state 
that PMRT is indicated in T3 and T4 tu-
mors, with an LOE of 1a. Furthermore, the 
guideline separates T3 N0 tumors and rec-
ommends PMRT in T3 N0 tumors only 
when additional risk factors are present. In 
contrast to the current German S3 guide-
lines, the NCCN 2013 guidelines recom-
mend PMRT for all T3 N0 patients [63].

Therefore, a comprehensive review 
of studies analysing T3 N0 patients with 
and without risk factors was performed. 
. Tables 1 and 2 [77] show risk factors and 
risk categories for local relapse (lympho-
vascular invasion, blood vessel invasion, 
positive lymph node ratio > 20 %, close re-
section margins < 3 mm, G3 tumor grad-
ing, young age/premenopausal status, ex-
tracapsular invasion, negative hormone 
receptor status, invasive lobular cancer, 
tumor size > 2 cm, tumor location or a 
combination of ≥ 2 risk factors) and help 
to identify patients with a high-risk con-
stellation after mastectomy, thus indicat-
ing PMRT. Particularly the presence of 

more than one risk factor seems to have 
a substantial negative impact on local re-
currence rate (LRR; [1, 18, 34, 43, 81, 96, 
99, 100]). Rowell showed the risk for local 
relapse is ≥ 15 % as soon as two or more 
risk factors are present [81]. The NCCN 
guidelines recommend PMRT +/- supra-/
infraclavicular fossa + internal mammary 
nodes in all patients with pN0 and tumor 
sizes > 5 cm or positive margins; howev-
er, there is literature available concluding 
that not all T3 N0 patients should rou-
tinely receive PMRT, due to low recur-
rence rates after a median follow-up time 
of 15 years [96].

Radiation of internal mammary nodes 
was described to improve disease-free 
survival rates in patients with a stage II/
III and/or medial tumor location [16].

A review dealing with infiltrating lob-
ular subtype states that in the case of in-
vasive lobular cancer, PMRT is recom-
mended for stage I–III, due to the spe-
cial biological behavior of this entity [79]. 
Diepenmaat and colleagues reported a 
significantly lower recurrence rate for 
these patients after PMRT, with a hazard 
ratio for local recurrence of 0.3 compared 
to patients with invasive lobular cancer 
without PMRT [21].

The impact of different molecular sub-
types of breast cancer on local recurrence 
or response to radiotherapy is currently 
unclear and therefore no recommenda-
tions are available.

Comments of the DEGRO 
expert panel

55 PMRT (chest wall + regional lymphat-
ics) has no beneficial effect in patients 
with negative lymph nodes and tu-
mor sizes < 5 cm and resection mar-
gins > 1 mm without risk factors 
(NCCN 2013 [63], [23]).
55 The impact of different risk factors 
(see . Table 1) has been better de-
fined in the meantime. Particular-
ly in cases with two or more risk fac-
tors, PMRT should be also considered 
in patients with stage I/II cancers, in-
cluding T3 N0 (NCCN 2013 [63], Ar-
beitsgemeinschaft Gynäkologische 
Onkologie, AGO recommendations 
[2], French expert review board [6], 
[94]).

55 In cases of invasive lobular breast 
cancer, PMRT might reduce the local 
recurrence rate (AGO recommenda-
tions [2], [79]).

PMRT for patients with 1–3 
positive lymph nodes

Statement of the German 
S3 Guidelines 2012 [85]
Statement RT 4c

PMRT of the chest wall is indicated in patients 
with:

55 T3/T4 tumors (LOE 1a, GR A)

55 pT3 pN0 R0 tumors and risk factors like 
lymphovascular invasion, grade 3, close 
resection margins, premenopausal wom-
en and age < 50 years (LOE 2b, GR B)

55 R1/R2-resection without possibility to 
achieve clear margins (LOE 1a, GR A)

55 pN+ (> 3; LOE 1a, GR A)

Remarkably, there has been an ongoing 
debate on whether or not PMRT should be 
given to patients with 1–3 positive axillary 
lymph nodes, although available evidence 
has already indicated a likely benefit [23, 
53, 57, 72, 78, 80]. The recently published 
update of the EBCTCG meta-analysis [23] 
should bring the debate to an end, since it 
unequivocally demonstrates that patients 
with 1–3 involved lymph nodes receive the 
same survival benefit from PMRT as pa-
tients with > 3 involved lymph nodes.

Importantly, the survival advantage 
was also present in patients who received 
systemic treatment and adequate axillary 
surgery, independent of the number of in-
volved axillary lymph nodes. In 1314 pa-
tients with pN+ (1–3 nodes), the risk for 
local recurrence at 10 years was signif-
icantly reduced from 20.3 to 3.8 % and 
breast cancer mortality decreased signifi-
cantly by 7.9 % after 20 years. Of these pa-
tients, 1133 received systemic therapy. In 
comparison, the risk for local recurrence 
in 1772 patients with pN+ (≥4 nodes) at 
10 years was significantly reduced from 
32.1 to 13.0 % and breast cancer mortality 
was also reduced by 9.3 % at 20 years [22].

Further elucidation is awaited from the 
UK Medical Research Council/Europe-
an Organisation for Research and Treat-
ment of Cancer (EORTC) 22052 − 10051 
SUPREMO trial, which recruited patients 
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until 2014 [50]. In addition, there are 
two more retrospective cohort analy-
ses: Tendulkar and colleagues reported 
an LRR of 8.9 % without PMRT vs. 0 % 
with PMRT after a median follow-up of 
5 years in 271 patients with pN1 stage dis-
ease. Grade III and extracapsular exten-
sion (ECE) were independent risk fac-
tors for the risk of local recurrence [96]. 

In 318  patients, Huang and colleagues 
reported a significant reduction of the 
11.0 % LRR without PMRT to a 3.1 % LRR 
with PMRT. In the latter study, median 
follow-up was > 9 years and the 10-year 
overall survival rate was 76.1 % vs. 82.1 % 
(not significant); however, the difference 
in disease-free survival reached statisti-
cal significance (73.8 vs 61.3 %, p = 0.001; 

[37]). High-risk factors were a positive 
nodal ratio of ≥ 25 % and lymphovascu-
lar invasion. A late analysis of the Danish 
Breast Cancer Group (DBCG) postmas-
tectomy studies (LRR significantly im-
proved with PMRT after 18 years follow-
up: 4 % vs. 26 %, p < 0.001) and the British 
Columbia Randomized Trial (overall sur-
vival significantly better with PMRT after 
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DEGRO practical guidelines for radiotherapy of breast cancer IV. 
Radiotherapy following mastectomy for invasive breast cancer

Abstract
Background and purpose.  Since the last 
recommendations from the Breast Cancer Ex-
pert Panel of the German Society for Radi-
ation Oncology (DEGRO) in 2008, evidence 
for the effectiveness of postmastectomy ra-
diotherapy (PMRT) has grown. This growth is 
based on updates of the national S3 and in-
ternational guidelines, as well as on new da-
ta and meta-analyses. New aspects were con-
sidered when updating the DEGRO recom-
mendations.
Methods.  The authors performed a compre-
hensive survey of the literature. Data from re-
cently published (meta-)analyses, random-
ized clinical trials and international cancer so-
cieties’ guidelines yielding new aspects com-
pared to 2008 were reviewed and discussed. 
New aspects were included in the current 

guidelines. Specific issues relating to partic-
ular PMRT constellations, such as the pres-
ence of risk factors (lymphovascular inva-
sion, blood vessel invasion, positive lymph 
node ratio > 20 %, resection margins < 3 mm, 
G3 grading, young age/premenopausal sta-
tus, extracapsular invasion, negative hor-
mone receptor status, invasive lobular cancer, 
size > 2 cm or a combination of ≥ 2 risk fac-
tors) and 1–3 positive lymph nodes are em-
phasized.
Results.  The evidence for improved over-
all survival and local control following PMRT 
for T4 tumors, positive resection margins, 
> 3 positive lymph nodes and in T3 N0 pa-
tients with risk factors such as lymphovascu-
lar invasion, G3 grading, close margins, and 
young age has increased. Recently identi-

fied risk factors such as invasive lobular sub-
type and negative hormone receptor status 
were included. For patients with 1–3 positive 
lymph nodes, the recommendation for PMRT 
has reached the 1a level of evidence.
Conclusion.  PMRT is mandatory in patients 
with T4 tumors and/or positive lymph nodes 
and/or positive resection margins. PMRT 
should be strongly considered in patients 
with T3 N0 tumors and risk factors, particular-
ly when two or more risk factors are present.

Keywords
Postmastectomy radiotherapy (PMRT) · 
Breast cancer · Guideline · Mastectomy · 
Risk factors

DEGRO Leitlinien für die Radiotherapie des Mammakarzinoms IV. 
Radiotherapie nach Mastektomie beim invasiven Mammakarzinom

Zusammenfassung
Hintergrund und Ziel.  Seit der letzten Ak-
tualisierung der 2008 publizierten Leitlinie 
der „Expertengruppe Mammakarzinom“ der 
Deutschen Gesellschaft für Radioonkologie 
(DEGRO) zur Strahlentherapie nach Mastekto-
mie (PMRT) hat sich die Evidenz für die Effek-
tivität der PMRT aufgrund von Überarbeitun-
gen der nationalen S3- und internationaler 
Leitlinien sowie neuer Daten und Metaanaly-
sen verstärkt. Hieraus resultierende neue Er-
kenntnisse wurden bei der Aktualisierung der 
DEGRO-Leitlinien berücksichtigt.
Methode.  Die Autoren führten eine umfas-
sende Literaturrecherche durch. Es wurden 
Daten aktueller (Meta-)Analysen, randomi-
sierter klinischer Studien und Leitlinien inter-
nationaler Krebsgesellschaften auf Neuerun-
gen gegenüber 2008 überprüft und disku-
tiert. Daraus abgeleitete Änderungen wur-
den in die aktuellen Empfehlungen einge-

arbeitet. Es wurden spezielle Fragestellungen 
in Bezug auf eine PMRT bei speziellen Kons-
tellationen wie dem Vorliegen von Risikofak-
toren (lymphovaskuläre Invasion, vaskuläre 
Invasion, positive „lymph node ratio“ > 20 %, 
Resektionsränder < 3 mm, Grading G3, jun-
ges Alter/Prämenopausalstatus, extrakap-
suläre Invasion, negative Hormonrezepto-
ren, invasive lobuläre Tumoren, Tumorgröße 
> 2 cm oder eine Kombination von ≥ 2 Risiko-
faktoren) und von 1–3 positiven Lymphkno-
ten untersucht.
Ergebnisse.  Die Evidenz für verbesserte 
Überlebenswahrscheinlichkeit und lokore-
gionale Kontrolle nach PMRT bei T4-Tumo-
ren, positivem Resektionsstatus, > 3 positiven 
Lymphknoten und zusätzlich bei Patientin-
nen mit T3 N0-Situation und Risikofaktoren 
wie lymphovaskulärer Invasion, G3-Tumoren, 
kleinem Sicherheitssaum und jungem Alter 

hat sich verstärkt. Neue Risikofaktoren wie in-
vasiver lobulärer Subtyp und negativer Hor-
monrezeptorstatus wurden eingeschlossen. 
Für Patientinnen mit 1–3 positiven Lymph-
knoten hat die PMRT ein Evidenzlevel („level 
of evidence“) 1a erreicht.
Schlussfolgerung.  PMRT ist obligat bei Pa-
tientinnen mit einem T4-Tumor und/oder 
positiven Lymphknoten und/oder positiven 
Schnitträndern. Eine PMRT sollte auch bei Pa-
tientinnen mit T3 N0-Tumoren und Risikofak-
toren erfolgen, vor allem wenn 2 oder mehr 
Risikofaktoren vorliegen.

Schlüsselwörter
Postmastektomie Radiotherapie (PMRT) · 
Mammakarzinom · Leitlinie · Mastektomie · 
Risikofaktoren
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20 years follow-up: 47 % vs. 37 %, p = 0.03) 
clearly show the benefit of PMRT and ir-
radiation of the regional lymphatics in 
patients with 1–3 positive axillary lymph 
nodes [71].

Comments of the DEGRO 
expert panel

55 In contrast to the current German 
S3 guidelines, the DEGRO panel re-
gards PMRT as mandatory in patients 
with positive axillary lymph nodes, ir-
respective of the number of involved 
lymph nodes (LOE 1a; [94])

Patient age and the 
implications for PMRT

Due to various reasons, omission of ra-
diotherapy in elderly patients is still com-
mon [86], but this is also a topic of de-
bate in young patients [102]. Smith and 
colleagues described omission of radio-
therapy in elderly women in 50 % of cas-
es, even in high-risk constellations [93]. 
At the same time, it is also known that pa-
tients who are not treated according to ra-
diotherapy guidelines have a worse out-
come, particularly in terms of significant-
ly decreased overall and disease-free sur-
vival [32]. In 2012, the International Soci-
ety of Geriatric Oncology (SIOG) and the 
European Society of Breast Cancer Spe-
cialists (EUSOMA) published their rec-
ommendations for the management of 
elderly patients with breast cancer [8]. 
They recommend PMRT for elderly pa-
tients with more than three positive axil-
lary lymph nodes and/or a pT3/4 tumor. 
Even though the absolute risk reduction 
for elderly patients is somewhat smaller 
than for younger patients, the benefit re-
ceived from PMRT is still substantial.

EUSOMA recommendations are also 
available for young patients [13]. Varga et 
al. showed that young patients < 40 years 
are not treated according to the stan-
dard of care in more than 50 % of cases. 
This resulted in a significantly reduced 
overall survival [102]. Although high-
level evidence is only available follow-
ing breast conserving surgery, it is obvi-
ous that tamoxifen alone cannot substi-
tute for postoperative radiotherapy with-
out a substantial increase in LRR, as ex-
emplified by the results of Hughes et al., 
who observed a four-fold increase in the 
10-year LRR [41].

Comments of the DEGRO 
expert panel

55 Patients should not be precluded 
from PMRT on the basis of formal age 
criteria alone.
55 Where PMRT is indicated, it should 
only be omitted in case of poor clin-
ical condition or comorbidities sub-
stantially reducing life expectancy.

PMRT and breast reconstruction

Reconstruction with autologous flaps or 
implants is possible in combination with 
PMRT [47, 48]. In a systematic review, 
autologous reconstructions represent-
ed 20 vs. 80 % of expander-implant re-
constructions after mastectomy [91].The 
same group describes that 20–30 % of pa-
tients may require some type of revision/
replacement, with long-term follow-up 
based on large series from the Memori-
al Sloan Kettering Cancer Center and the 
Cleveland Clinic [91]. Autologous recon-
struction seems to be better than perma-
nent implant (LOE 1b; [4, 47, 48]). Ex-
pander placement prior to PMRT has a 

superior cosmetic outcome with no dif-
ference in LRR compared to autologous 
reconstruction without expander [47]. 
Immediate reconstruction with expander/
implant and PMRT followed by definitive 
allogeneic breast reconstruction results in 
acceptable morbidity and patient satisfac-
tion [76]. Favorable replacement and re-
moval rates were shown in a large cohort 
from the Memorial Sloan Kettering Can-
cer Center who received PMRT after im-
plantation of a tissue expander and then a 
permanent implant after PMRT [35].

In a prospective analysis, delaying the 
expander-implant exchange for at least 
6 months after the completion of PMRT 
significantly reduced expander-implant 
failure [73]. However, the optimal tim-
ing of PMRT is controversially discussed 
[15, 47, 48]. Regarding the irradiation 
technique, no significant differences were 
found for dose inhomogeneity during the 
treatment planning with an opposed pair 
of beams [97]. To increase the skin dose, 
bolus material might be used. However, 
Chawla et al. showed an impairment of 
cosmesis using bolus material [17].

Comments of the DEGRO 
expert panel

55 Evidence is accumulating that follow-
ing PMRT with modern radiotherapy 
techniques, reconstruction using au-
tologous material or implants or both 
are options.
55 Implanting expanders before defini-
tive reconstruction and finished skin 
expansion prior to starting PMRT 
seems to be feasible and result in 
good patient satisfaction. Physicians 
and patients should be aware of a 
reasonable implant removal rate and 
toxicities such as fibrosis.

PMRT and primary systemic therapy

Statement of the German 
S3 Guidelines 2012 [85]
Statement RT 4d

After primary (neoadjuvant) systemic 
therapy (PST), the indication for adjuvant 
radiotherapy follows pretherapeutic TN 
categories, irrespective of response to the 
primary systemic treatment (LOE 2 A, GR A).
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Table 2  Risk categories for locoregional relapse after mastectomy and axillary clearance

Risk category Low Intermediate High

Risk < 10 % 10–20 % > 20 %

Tumor stage T1–2 T1–2 T3–4

Number of Ax LK+ 0 1–3 > 3

Grade 1–2 3

Vascular invasion (V1, L1) − +

Histology Ductal Lobular

Ax LK+ involved axillary lymph nodes Modified from Poortmans P: Evidence based radiation oncology: Breast 
cancer [77]



PMRT after primary systemic therapy 
(PST) is recommended in patients with a 
risk of relapse ≥ 10 % [7]. PMRT is there-
fore recommended in any pretherapeutic 
stage III disease and in stage I or II with 
residual disease in lymph nodes. PMRT 
is controversially discussed for patients 
with stage I or II and residual disease in 
the breast but not in lymph nodes [7], and 
also for patients with complete patholog-
ical response after PST [7, 36, 38, 59, 92]. 
After a complete response, it is discussed 
that PMRT might be omitted in stage I/
II or even stage III (KROG 12-05 study) 
cancers [7, 36, 92]. These findings have to 
be interpreted with caution, as radiother-
apy was not subject to randomization in 
these studies. Others have shown a bene-
fit of PMRT in patients with complete re-
sponse after PST [38, 59]. Marks et al. re-
cently suggested that the indication for 
PMRT should be based on prechemother-
apy positive axillary nodal metastases and 
not postchemotherapy axillary nodal me-
tastases, since this results in better breast 
cancer mortality rates [56].

In the future, the RAPCHEM 
(NCT01279304) trial at the Netherland 
Cancer Institute Amsterdam/Maastricht 
(inclusion of ypT0–2 ypN0 patients with 
and without PMRT) and The Alliance for 
Clinical Trials in Oncology trial (inclu-
sion of ypT0–3 ypN0 patients with and 
without PMRT) might provide answers to 
these questions. Further trials include the 
NSABP B-51/RTOG trial, where patients 
with initially confirmed axillary metasta-

ses converting to pathologically negative 
nodes after PST will be randomized after 
neoadjuvant chemotherapy for PMRT to 
the chest wall and the regional lymphatics 
[56]. In general, the risk factors for LRR 
are the same as for patients without PST 
[36, 107]. Again, the presence of several 
risk factors leads to a significantly high-
er LRR [39].

Comments of the DEGRO 
expert panel

55 PMRT after PST is recommended in 
patients with an intermediate or high 
risk for locoregional relapse, i.e. the 
indication for PMRT should be based 
on pretreatment staging analogous 
to the adjuvant situation (see above), 
irrespective of response to PST, until 
data from prospective trials are avail-
able.

PMRT and breast cancer in males

Whether breast cancer in males has a dif-
ferent biological behavior is still a mat-
ter of debate [60, 69]. For breast can-
cer in males, it is recommended to fol-
low the guidelines for PMRT for wom-
en (SIOG and EUSOMA; [8]). In the re-
view by Ruddy and colleagues, an im-
provement in LRR but not in overall sur-
vival after PMRT is described [83]. These 
authors recommend always administer-
ing PMRT in high-risk male breast can-
cer patients and optionally in intermedi-

ate risk patients. In a further population-
based study (n = 664), an overall surviv-
al benefit was seen with PMRT in stage II 
(trend) and stage  III (significant) male 
breast cancer. In stage I, patients appeared 
not to benefit from PMRT (LOE3a; [25]).

Comments of the DEGRO 
expert panel

55 The indication for PMRT in male pa-
tients following mastectomy should 
follow the guidelines for women.

PMRT target volume, dose and 
technique

The PMRT target volume generally in-
cludes the chest wall and the regional 
lymphatics. The specific role of IMC ir-
radiation has been discussed previously 
[87]. There is evidence from prospective 
studies [50, 71] and a recent meta-anal-
ysis [23] that inclusion of the IMC lym-
phatics in PMRT should be strongly con-
sidered, particularly in pN+ patients (see 
. Fig. 1). No systematic data on the in-
fluence of trastuzumab on cardiac toxici-
ty in combination with concurrent radio-
therapy to the IMC have been published 
up to date.

The PMRT dose is 50–50.4 Gy, given 
in 1.8–2.0 Gy fractions. Optionally, a scar 
boost can be applied at 2 Gy per fraction 
to a total dose of approximately 60 Gy, 
particularly in the case of close margins. 
All dose schedules are given 5 days per 
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Fig. 1 8 Target volume definition for postmastectomy radiotherapy (PMRT) including the regional lymphatics (supraclavic-
ular/axillary + internal mammary chain, IMC). Regional lymph node projections in a postmastectomy setting: a frontal pro-
jection (0°) b oblique projection (30°), c lateral projection (90°) ALN I axillary lymph nodes level I (pink), ALN II axillary lymph 
nodes level II (blue), ALN III axillary lymph nodes level III (turquoise), IMLN internal mammary lymph nodes (orange), SCLN su-
praclavicular lymph nodes (ocher), PTV postmastectomy planning target volume (transparent red), heart (green), lungs and 
airway (yellow), bony structures (transparent blue)



week [14]. In the UK Standardization 
of Breast Radiotherapy (START) stud-
ies, about 7–14 % of the total patients re-
ceived hypofractionated radiotherapy fol-
lowing mastectomy, but none did in the 
Canadian trial. Hypofractionation to the 
chest wall may therefore be an option for 
selected patients, analogous to the DE-
GRO recommendation for patients after 
breast conserving surgery [87, 89]. No rel-
evant clinical evidence on the role of hy-
pofractionation following PST is current-
ly available.

A recent meta-analysis of three ran-
domized trials showed that additional re-
gional radiotherapy to the internal mam-
mary and medial supraclavicular lymph 
nodes significantly improves disease-free, 
distant metastasis-free and overall sur-
vival in stage I-III breast cancer [12]. Re-
garding the technique, three-dimension-
al treatment planning is usually used for 
photon beams irradiating the chest wall 
and/or regional lymph nodes. Additional-
ly, electrons can be used to cover the me-
dial part of the chest wall and to improve 
doses to organs at risk. To define the field 
borders for radiotherapy of the chest wall 
the RTOG contouring atlas (available at 
http://www.rtog.org/CoreLab/Contour-
ingAtlases/BreastCancerAtlas.aspx) or 
the Danish recommendations [68] can 
be used. New treatment techniques such 
as intensity-modulated radiotherapy 
(IMRT) or proton therapy are currently 
under investigation [54, 55].

Summary of the DEGRO 
expert panel

55 PMRT including the chest wall and re-
gional lymphatics is mandatory fol-
lowing mastectomy in patients with 
T4 tumors or (any) positive lymph 
nodes or R1/R2 resection. Radiother-
apy to the IMC in node-positive pa-
tients should be strongly considered.
55 PMRT should be strongly considered 
in T3 N0 patients with two or more 
risk factors (see . Table 1).
55 PMRT should only be omitted in el-
derly patients in cases of poor clinical 
condition or comorbidities substan-
tially reducing life expectancy.
55 Breast reconstruction using autolo-
gous materials or implants or both 

are options following PMRT with 
modern radiotherapy techniques.
55 The indication for PMRT after PST 
should be based on pretreatment 
staging, analogous to the adjuvant 
situation, irrespective of response to 
PST, until data from prospective trials 
are available.

Corresponding address

F. Wenz
Klinik für Strahlentherapie und Radioonkologie
Universitätsmedizin Mannheim
Theodor-Kutzer-Ufer 1-3, 68167 Mannheim
Frederik.Wenz@medma.uni-heidelberg.de

Compliance with ethical 
guidelines

Conflict of interest.  F. Wenz, E. Sperk, W. Budach, J. 
Dunst, P. Feyer, R. Fietkau, W. Haase, W. Harms, M. D. 
Piroth, M.-L. Sautter-Bihl, F. Sedlmayer, R. Souchon, 
C. Fussl, and R. Sauer state that there are no conflicts 
of interest.

The accompanying manuscript does not include 
studies on humans or animals.

References

  1.	 Abi-Raad R, Boutrus R, Wang R, Niemierko A, 
Macdonald S, Smith B, Taghian AG (2011) Pat-
terns and risk factors of locoregional recurrence 
in T1-T2 node negative breast cancer patients 
treated with mastectomy: implications for post-
mastectomy radiotherapy. Int J Radiat Oncol Biol 
Phys 81:e151–157

  2.	 AGO guidelines: Diagnosis and Treatment of Pa-
tients with Primary and Metastatic Breast Cancer. 
Version 2013; www.ago-online.de

  3.	 Aristei C, Falcinelli L, Bini V, Palumbo I, Farneti A, 
Petitto RP, Gori S, Perrucci E (2012) Expander/im-
plant breast reconstruction before radiotherapy: 
outcomes in a single-institute cohort. Strahlen-
ther Onkol 188:1074–1079

  4.	 Barry M, Kell MR (2011) Radiotherapy and breast 
reconstruction: a meta-analysis. Breast Cancer 
Res Treat 127:15–22

  5.	 Belgian KCE-Guidelines, KCE Reports 143, updat-
ed July 8, 2013 (3rd edn): Wildiers H, Stordeur S, 
Vlayen J, et al. Breast cancer in women: diagnosis, 
treatment and follow-up. Good Clinical Practice 
(GCP). Brussels. Belgian Health Care Knowledge 
Centre (KCE). 2013, 3rd edn. D/2013/10.273/38

  6.	 Belkacemi Y, Fourquet A, Cutuli B, Bourgier C, 
Hery M, Ganem G, Marsiglia H, Namer M, Gli-
gorov J, Azria D (2011) Radiotherapy for inva-
sive breast cancer: guidelines for clinical prac-
tice from the French expert review board of Nice/
Saint-Paul de Vence. Crit Rev Oncol Hematol 
79:91–102

  7.	 Bellon JR, Wong JS, Burstein HJ (2012) Should re-
sponse to preoperative chemotherapy affect ra-
diotherapy recommendations after mastectomy 
for stage II breast cancer? J Clin Oncol 30:3916–
3920

  8.	 Biganzoli L, Wildiers H, Oakman C, Marotti L, Loi-
bl S, Kunkler I, Reed M, Ciatto S, Voogd AC, Brain 
E, Cutuli B, Terret C, Gosney M, Aapro M, Audisio 
R (2012) Management of elderly patients with 
breast cancer: updated recommendations of the 
International Society of Geriatric Oncology (SI-
OG) and European Society of Breast Cancer Spe-
cialists (EUSOMA). Lancet Oncol. 13:e148–160

  9.	 Buchholz TA (2009) Radiation therapy for early-
stage breast cancer after breast-conserving sur-
gery. N Engl J Med 360:63–70

10.	 Buchholz TA, Tucker SL, Masullo L, Kuerer HM, Er-
win J, Salas J, Frye D, Strom EA, McNeese MD, Per-
kins G, Katz A, Singletary SE, Hunt KK, Buzdar AU, 
Hortobagyi GN (2002) Predictors of localregion-
al recurrence after neoadjuvant chemotherapy 
and mastectomy without radiation. J Clin Oncol 
20:17–23

11.	 Buchholz TA, Lehman CD, Harris JR, Pockaj BA, 
Khouri N, Hylton NF, Miller MJ, Whelan T, Pierce 
LJ, Esserman LJ, Newman LA, Smith BL, Bear HD, 
Mamounas EP (2008) Statement of the science 
concerning locoregional treatments after pre-
operative chemotherapy for breast cancer: a Na-
tional Cancer Institute conference. J Clin Oncol 
26:791–797

12.	 Budach W, Kammers K, Boelke E, Matuschek C 
(2013) Adjuvant radiotherapy of regional lymph 
nodes in breast cancer - a meta-analysis of ran-
domized trials. Radiat Oncol 8:267

13.	 Cardoso F, Loibl S, Pagani O, Graziottin A, Panizza 
P, Martincich L, Gentilini O, Peccatori F, Fourquet 
A, Delaloge S, Marotti L, Penault-Llorca F, Kot-
ti-Kitromilidou AM, Rodger A, Harbeck N; Euro-
pean Society of Breast Cancer Specialists. (2012)
The European Society of Breast Cancer Special-
ists recommendations for the management of 
young women with breast cancer. Eur J Cancer 
48:3355–3377

14.	 Carlson RW, Allred DC, Anderson BO, Burstein HJ, 
Carter WB, Edge SB, Erban JK, Farrar WB, Gold-
stein LJ, Gradishar WJ, Hayes DF, Hudis CA, Ja-
hanzeb M, Kiel K, Ljung BM, Marcom PK, May-
er IA, McCormick B, Nabell LM, Pierce LJ, Reed 
EC, Smith ML, Somlo G, Theriault RL, Topham NS, 
Ward JH, Winer EP, Wolff AC; NCCN Breast Cancer 
Clinical Practice Guidelines Panel (2009) Breast 
cancer. Clinical practice guidelines in oncology. J 
Natl Compr Canc Netw 7:122–192

15.	 Chang EI, Liu TS, Festekjian JH, Da Lio AL, Crisera 
CA (2013) Effects of radiation therapy for breast 
cancer based on type of free flap reconstruction. 
Plast Reconstr Surg 131:1e-8e

16.	 Chang JS, Park W, Kim YB, Lee IJ, Keum KC, Lee 
CG, Choi DH, Suh CO, Huh SJ (2013) Long-term 
survival outcomes following internal mamma-
ry node irradiation in stage II-III breast cancer: re-
sults of a large retrospective study with 12-year 
follow-up. Int J Radiat Oncol Biol Phys 86:867–
872

17.	 Chawla AK, Kachnic LA, Taghian AG, Niemierko A, 
Zapton DT, Powell SN (2002) Radiotherapy and 
breast reconstruction: complications and cosme-
sis with TRAM versus tissue expander/implant. 
Int J Radiat Oncol Biol Phys 54:520–526

18.	 Cheng SH, Tsai SY, Yu BL, Horng CF, Chen CM, Ji-
an JJ, Chu NM, Tsou MH, Liu MC, Huang AT, Pros-
nitz LR (2013) Validating a prognostic scoring 
system for postmastectomy locoregional recur-
rence in breast cancer. Int J Radiat Oncol Biol 
Phys 85:953–958

711Strahlentherapie und Onkologie 8 · 2014  | 

http://www.rtog.org/CoreLab/ContouringAtlases/BreastCancerAtlas.aspx
http://www.rtog.org/CoreLab/ContouringAtlases/BreastCancerAtlas.aspx


19.	 Clarke M, Collins R, Darby S, Davies C, Elphin-
stone P, Evans E, Godwin J, Gray R, Hicks C, James 
S, MacKinnon E, McGale P, McHugh T, Peto R, Tay-
lor C, Wang Y, Early Breast Cancer Trialists’ Collab-
orative Group (EBCTCG) (2005) Effects of radio-
therapy and of differences in the extent of sur-
gery for early breast cancer on local recurrence 
and 15-year survival: an overview of the ran-
domised trials. Lancet 366:2087–2106

20.	 Darby S on Behalf of the Early Breast Cancer Tri-
alists` Collaborative Group University of Oxford, 
GB. Overview of the randomised trials of radio-
therapy in early breast cancer. SABCS 2009; Mini-
symposium 3, 1. [MS3 – 1], Slides of the oral pre-
sentation at the 32nd Annual SABCS 2009: www.
sabcs.org/. 2009

21.	 Diepenmaat LA, van der Sangen MJ, van de Poll-
Franse LV, van Beek MW, van Berlo CL, Luiten EJ, 
Nieuwenhuijzen GA, Voogd AC (2009) The im-
pact of postmastectomy radiotherapy on local 
control in patients with invasive lobular breast 
cancer. Radiother Oncol 91:49–53

22.	 Early Breast Cancer Trialists’ Collaborative Group 
(EBCTCG), Darby S, McGale P, Correa C, Taylor C, 
Arriagada R, Clarke M, Cutter D, Davies C, Ewertz 
M, Godwin J, Gray R, Pierce L, Whelan T, Wang Y, 
Peto R (2011) Effect of radiotherapy after breast-
conserving surgery on 10-year recurrence and 
15-year breast cancer death: meta-analysis of in-
dividual patient data for 10,801 women in 17 
randomised trials. Lancet 378:1707–1716

23.	 Early Breast Cancer Trialists’ Collaborative Group 
(2014) Effect of radiotherapy after mastecto-
my and axillary surgery on 10-year recurrence 
and 20-year breast cancer mortality: meta-anal-
ysis of individual patient data for 8135 wom-
en in 22 randomised trials. Lancet. Mar 19. pii: 
S0140–6736(14)60488-8. doi:10.1016/S0140-
6736(14)60488-8

24.	 EBMG. Evidence-Based Medicine Guidelines 
2006. Article ID: evd02580 (025.023). 2006.

25.	 Eggemann H, Ignatov A, Stabenow R, von Minck-
witz G, Röhl FW, Hass P, Costa SD (2013) Male 
breast cancer: 20-year survival data for post-mas-
tectomy radiotherapy. Breast Care (Basel) 8:270–
275

26.	 Fernando SA, Edge SB (2007) Evidence and con-
troversies in the use of post-mastectomy radia-
tion. J Natl Compr Canc Netw 5:331–338

27.	 Floyd SR, Taghian AG (2009) Post-mastectomy ra-
diation in large node-negative breast tumors: 
does size really matter? Radiother Oncol 91:33–
37

28.	 Garg AK, Oh JL, Oswald MJ, Huang E, Strom EA, 
Perkins GH, Woodward WA, Yu TK, Tereffe W, Mer-
ic-Bernstam F, Hahn K, Buchholz TA (2007) Effect 
of postmastectomy radiotherapy in patients  35 
years old with stage II-III breast cancer treated 
with doxorubicin-1 based neoadjuvant chemo-
therapy and mastectomy. Int J Radiat Oncol Biol 
Phys 69:1478–1483

29.	 Gebski V, Lagleva M, Keech A, Simes J, Lang-
lands AO (2006) Survival effects of postmastecto-
my adjuvant radiation therapy using biological-
ly equivalent doses: a clinical perspective. J Natl 
Cancer Inst 98:26–38

30.	 Geng W, Zhang B, Li D, Liang X, Cao X (2013) The 
effects of ECE on the benefits of PMRT for breast 
cancer patients with positive axillary nodes. J Ra-
diat Res 54:712–718

31.	 Goldhirsch A, Ingle JN, Gelber RD, Coates AS, 
Thurlimann B, Senn HJ (2009) Thresholds for 
therapies: highlights of the St Gallen Internation-
al Expert Consensus on the primary therapy of 
early breast cancer 2009. Ann Oncol 20:1319–
1329

32.	 Hancke K, Denkinger MD, König J, Kurzeder C, 
Wöckel A, Herr D, Blettner M, Kreienberg R (2010) 
Standard treatment of female patients with 
breast cancer decreases substantially for wom-
en aged 70 years and older: a German clinical co-
hort study. Ann Oncol 21:748–753

33.	 Harris EE (2008) Cardiac mortality and morbidi-
ty after breast cancer treatment. Cancer Control 
15:120–129

34.	 Hastings J, Iganej S, Huang C, Huang R, Slezak 
J Risk factors for locoregional recurrence after 
mastectomy in stage T1 N0 Breast Cancer. Am J 
Clin Oncol. 2013 Feb 20. (Epub ahead of print)

35.	 Ho A, Cordeiro P, Disa J, Mehrara B, Wright J, Van 
Zee KJ, Hudis C, McLane A, Chou J, Zhang Z, Pow-
ell S, McCormick B (2012) Long-term outcomes 
in breast cancer patients undergoing immediate 
2-stage expander/implant reconstruction and 
postmastectomy radiation. Cancer 118:2552–
2559

36.	 Hoffman KE, Mittendorf EA, Buchholz TA (2012) 
Optimising radiation treatment decisions for pa-
tients who receive neoadjuvant chemotherapy 
and mastectomy. Lancet Oncol 13:e270–276.

37.	 Huang CJ, Hou MF, Chuang HY, Lian SL, Huang 
MY, Chen FM, Fu OY, Lin SF (2012) Comparison of 
clinical outcome of breast cancer patients with 
T1–2 tumor and one to three positive nodes with 
or without postmastectomy radiation therapy. 
Jpn J Clin Oncol 42:711–720

38.	 Huang EH, Tucker SL, Strom EA, McNeese MD, 
Kuerer HM, Buzdar AU, Valero V, Perkins GH, 
Schechter NR, Hunt KK, Sahin AA, Hortobagyi 
GN, Buchholz TA (2004) Postmastectomy radi-
ation improves local-regional control and sur-
vival for selected patients with locally advanced 
breast cancer treated with neoadjuvant chemo-
therapy and mastectomy. J Clin Oncol 22:4691–
4699. Erratum in: (2005) J Clin Oncol 23:248

39.	 Huang EH, Tucker SL, Strom EA, McNeese MD, 
Kuerer HM, Hortobagyi GN, Buzdar AU, Valero V, 
Perkins GH, Schechter NR, Hunt KK, Sahin AA, Bu-
chholz TA (2005) Predictors of locoregional re-
currence in patients with locally advanced breast 
cancer treated with neoadjuvant chemotherapy, 
mastectomy, and radiotherapy. Int J Radiat Oncol 
Biol Phys 62:351–357

40.	 Huang EH, Strom EA, Perkins GH, Oh JL, Chen 
AM, Meric-Bernstam F, Hunt KK, Sahin AA, Horto-
bagyi GN, Buchholz TA (2006) 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. 
Int J Radiat Oncol Biol Phys 66:352–357

41.	 Hughes KS, Schnaper LA, Bellon JR, Cirrincione 
CT, Berry DA, McCormick B, Muss HB, Smith BL, 
Hudis CA, Winer EP, Wood WC (2013) Lumpecto-
my plus tamoxifen with or without irradiation in 
women age 70 years or older with early breast 
cancer: long-term follow-up of CALGB 9343. J 
Clin Oncol 31:2382–2387

42.	 Jagsi R, Pierce L (2009) Postmastectomy radiation 
therapy for patients with locally advanced breast 
cancer. Semin Radiat Oncol 19:236–243

43.	 Jagsi R, Raad RA, Goldberg S, Sullivan T, Michael-
son J, Powell SN, Taghian AG (2005) Locoregion-
al recurrence rates and prognostic factors for fail-
ure in node-negative patients treated with mas-
tectomy: implications for postmastectomy radia-
tion. Int J Radiat Oncol Biol Phys 62:1035–1039

44.	 Kaufmann M, von Minckwitz G, Smith R, Valero 
V, Gianni L, Eiermann W, Howell A, Costa SD, Beu-
zeboc P, Untch M, Blohmer JU, Sinn HP, Sittek R, 
Souchon R, Tulusan AH, Volm T, Senn HJ (2003) 
International expert panel on the use of prima-
ry (preoperative) systemic treatment of operable 
breast cancer: review and recommendations. J 
Clin Oncol 21:2600–2608

45.	 Kaufmann M, Morrow M, von Minckwitz G, Har-
ris JR (2010) Locoregional treatment of primary 
breast cancer: consensus recommendations from 
an International Expert Panel. Cancer 116:1184–
1191

46.	 Kim SI, Cho SH, Lee JS, Moon HG, Noh WC, Youn 
HJ, Ko BK, Park BW (2013) Clinical relevance of 
lymph node ratio in breast cancer patients with 
one to three positive lymph nodes. Br J Cancer 
109:1165–1171

47.	 Kronowitz SJ (2012) Current status of autologous 
tissue-based breast reconstruction in patients re-
ceiving postmastectomy radiation therapy. Plast 
Reconstr Surg 130:282–292

48.	 Kronowitz SJ (2012) Current status of implant-
based breast reconstruction in patients receiving 
postmastectomy radiation therapy. Plast Recon-
str Surg 130:513e-523e

49.	 Kunkler I (2010) Adjuvant chest wall radiothera-
py for breast cancer: black, white and shades of 
grey. Eur J Surg Oncol 36:331–334

50.	 Kunkler IH, Canney P, van Tienhoven G (2008) 
Russell NS; MRC/EORTC (BIG 2–04) SUPREMO Tri-
al Management Group. Elucidating the role of 
chest wall irradiation in ‘intermediate-risk’ breast 
cancer: the MRC/EORTC SUPREMO trial. Clin On-
col (R Coll Radiol) 20:31–34

51.	 Kyndi M, Sorensen FB, Knudsen H, Alsner J, Over-
gaard M, Nielsen HM, Overgaard J (2008) Impact 
of BCL2 and p53 on postmastectomy radiother-
apy response in high-risk breast cancer. A sub-
group analysis of DBCG82 bc. Acta Oncol 47:608–
617

52.	 Kyndi M, Sørensen FB, Knudsen H, Overgaard 
M, Nielsen HM, Overgaard J; Danish Breast Can-
cer Cooperative Group (2008) Estrogen receptor, 
progesterone receptor, HER-2, and response to 
postmastectomy radiotherapy in high-risk breast 
cancer: the Danish Breast Cancer Cooperative 
Group. J Clin Oncol 26:1419–1426

53.	 Li Y, Moran MS, Huo Q, Yang Q, Haffty BG (2013) 
Post-mastectomy radiotherapy for breast can-
cer patients with t1-t2 and 1–3 positive lymph 
nodes: a meta-analysis. PLoS One 8:e81765

54.	 Ma J, Li J, Xie J, Chen J, Zhu C, Cai G, Zhang Z, Guo 
X, Chen J (2013) Post mastectomy linac IMRT irra-
diation of chest wall and regional nodes: dosime-
try data and acute toxicities. Radiat Oncol 8:81

55.	 MacDonald SM, Patel SA, Hickey S, Specht M, Isa-
koff SJ, Gadd M, Smith BL, Yeap BY, Adams J, Del-
aney TF, Kooy H, Lu HM, Taghian AG (2013) Pro-
ton therapy for breast cancer after mastectomy: 
early outcomes of a prospective clinical trial. Int J 
Radiat Oncol Biol Phys 86:484–490

56.	 Marks LB, Prosnitz LR (2014) Reducing local ther-
apy in patients responding to preoperative sys-
temic therapy: are we outsmarting ourselves? J 
Clin Oncol 32:491–493

712 |  Strahlentherapie und Onkologie 8 · 2014

Original article



57.	 Marks LB, Zeng J, Prosnitz LR (2008) One to three 
versus four or more positive nodes and postmas-
tectomy radiotherapy: time to end the debate. J 
Clin Oncol 26:2075–2077

58.	 McCammon R, Finlayson C, Schwer A, Rabino-
vitch R (2008) Impact of postmastectomy radio-
therapy in T3N0 invasive carcinoma of the breast: 
a surveillance, epidemiology, and end results da-
tabase analysis. Cancer 113:683–689

59.	 McGuire SE, Gonzalez-Angulo AM, Huang EH, 
Tucker SL, Kau SW, Yu TK, Strom EA, Oh JL, Wood-
ward WA, Tereffe W, Hunt KK, Kuerer HM, Sahin 
AA, Hortobagyi GN, Buchholz TA (2007) Postmas-
tectomy radiation improves the outcome of pa-
tients with locally advanced breast cancer who 
achieve a pathologic complete response to neo-
adjuvant chemotherapy. Int J Radiat Oncol Biol 
Phys 68:1004–1009

60.	 Müller AC, Gani C, Rehm HM, Eckert F, Bamberg 
M, Hehr T, Weinmann M (2012) Are there biolog-
ic differences between male and female breast 
cancer explaining inferior outcome of men de-
spite equal stage and treatment?! Strahlenther 
Onkol 188(9):782–787

61.	 NCCN (2007) Clinical Practice Guidelines in On-
cology: Breast Cancer—Version V.1.

62.	 NCCN National Comprehensive Cancer Network 
(2011) Breast cancer. V. 2.2011.

63.	 National Comprehensive Cancer Network (2013) 
NCCN Clinical Practice Guidelines in Oncology: 
Breast Cancer, Version 3.2013. AMPPURLStart 
http://www.nccn.org/professionals/physician_
gls/f_guidelines.asp also in: Theriault RL. Carl-
son RW, Allred C, et al. Breast Cancer – Version 
3.2013. JNCCN 2013;11:753–761 http://www.
nccn.org/professionals/physician_gls/f_guide-
lines.asp

64.	 National Health and Medical Research Council 
(NHMRC Australia) 2013 NHMRC. Clinical Practice 
Guidelines for the management of early breast 
cancer. 2013.

65.	 NICE. National Institute for Clinical Excellence 
(2009) (NICE): Early and locally advanced breast 
cancer: diagnosis and treatment.

66.	 Nielsen HM, Overgaard M, Grau C, Jensen AR, 
Overgaard J (2006) Loco-regional recurrence af-
ter mastectomy in high-risk breast cancer–risk 
and prognosis. An analysis of patients from the 
DBCG 82 bc randomization trials. Radiother On-
col 79:147–155

67.	 Nielsen HM, Overgaard M, Grau C, Jensen AR, 
Overgaard J (2006) Study of failure pattern 
among high risk breast cancer patients with or 
without postmastectomy radiotherapy in addi-
tion to adjuvant systemic therapy: long-term re-
sults from the Danish Breast Cancer Cooperative 
Group DBCG 82 b and c randomized studies. J 
Clin Oncol 24:2268–2275

68.	 Nielsen MH, Berg M, Pedersen AN, Andersen K, 
Glavicic V, Jakobsen EH, Jensen I, Josipovic M, Lo-
renzen EL, Nielsen HM, Stenbygaard L, Thom-
sen MS, Vallentin S, Zimmermann S, Offersen BV; 
Danish Breast Cancer Cooperative Group Radio-
therapy Committee (2013) Delineation of target 
volumes and organs at risk in adjuvant radiother-
apy of early breast cancer: national guidelines 
and contouring atlas by the Danish Breast Cancer 
Cooperative Group. Acta Oncol 52:703–710

69.	 Nilsson C, Holmqvist M, Bergkvist L, Hedenfalk 
I, Lambe M, Fjällskog ML (2011) Similarities and 
differences in the characteristics and primary 
treatment of breast cancer in men and women - 
a population based study (Sweden). Acta Oncol 
50:1083–1088

70.	 NZGG (2009) New Zealand Guidelines Group: 
management of early breast cancer. Wellington:

71.	 Offersen BV, Brodersen HJ, Nielsen MM, Over-
gaard J, Overgaard M (2011) Should postmastec-
tomy radiotherapy to the chest wall and region-
al lymph nodes be standard for patients with 1–3 
positive lymph nodes? Breast Care (Basel) 6:347–
351

72.	 Overgaard M, Nielsen HM, Overgaard J (2007) Is 
the benefit of postmastectomy irradiation limit-
ed to patients with four or more positive nodes, 
as recommended in international consensus re-
ports? A subgroup analysis of the DBCG 82 bc 
randomized trials. Radiother Oncol 82:247–253

73.	 Peled AW, Foster RD, Esserman LJ, Park CC, 
Hwang ES, Fowble B (2012) Increasing the time 
to expander-implant exchange after postmas-
tectomy radiation therapy reduces expander-im-
plant failure. Plast Reconstr Surg 130:503–509

74.	 Peto R Highlights from the 2005/6 EBCTCG 
worldwide overview of every women in all the 
trials in early breast cancer. 29th Annual San An-
tonio Breast Cancer Symposium 2006; Abstract 
book # 40.

75.	 Pierce LJ (2005) The use of radiotherapy after 
mastectomy: a review of the literature. J Clin On-
col 23(8):1706–1717

76.	 Piroth MD, Piroth DM, Pinkawa M, Woodruff SG, 
Holy R, Eble MJ (2009) Immediate reconstruc-
tion with an expander/implant following ablatio 
mammae because of breast cancer: side effects 
and cosmetic results after adjuvant chest wall ra-
diotherapy. Strahlenther Onkol 185:669–674

77.	 Poortmans P (2007) Evidence based radiation 
oncology: breast cancer. Radiother Oncol 84:84–
101

78.	 Poortmans P (2014) Postmastectomy radiation in 
breast cancer with one to three involved lymph 
nodes: ending the debate. Lancet. pii: S0140–
6736(14)60192–60196

79.	 Poortmans PM, Bollet M, Van Limbergen E (2013) 
Infiltrating lobular breast cancer: truly a separate 
entity! Consequences for radiation therapy. Ra-
diother Oncol 106:1–4

80.	 Ragaz J, Olivotto IA, Spinelli JJ, Phillips N, Jackson 
SM, Wilson KS, Knowling MA, Coppin CM, Weir 
L, Gelmon K, Le N, Durand R, Coldman AJ, Man-
ji M (2005) Locoregional radiation therapy in pa-
tients with high-risk breast cancer receiving ad-
juvant chemotherapy: 20-year results of the Brit-
ish Columbia randomized trial. J Natl Cancer Inst 
97:116–126

81.	 Rowell NP (2009) Radiotherapy to the chest wall 
following mastectomy for node-negative breast 
cancer: a systematic review. Radiother Oncol 
91:23–32

82.	 Rowell NP (2010) Are mastectomy resection mar-
gins of clinical relevance? A systematic review. 
Breast 19:14–22

83.	 Ruddy KJ, Winer EP (2013) Male breast cancer: 
risk factors, biology, diagnosis, treatment, and 
survivorship. Ann Oncol 24:1434–1443

84.	 Russell NS, Kunkler IH, van Tienhoven G, Canney 
PA, Thomas J, Bartlett J, van de Vijver MJ, Belka-
cemi Y, Yarnold JR, Barrett-Lee PJ (2009) Postmas-
tectomy radiotherapy: will the selective use of 
postmastectomy radiotherapy study end the de-
bate? J Clin Oncol 27:996–997

85.	 S3 (2012) Interdisziplinäre S3-Leitlinie für die Di-
agnostik, Therapie und Nachsorge des Mamma-
karzinoms, Langversion 3.0, Aktualisierung 2012, 
AWMF-Register-Nummer: 032–045OL

86.	 Sautter-Bihl ML, Sedlmayer F, Budach W, Dunst 
J, Feyer P, Fietkau R, Haase W, Harms W, Rödel 
C, Souchon R, Wenz F, Sauer R (2012) When 
are breast cancer patients old enough for the 
quitclaim of local control? Strahlenther Onkol 
188:1069–1073

87.	 Sautter-Bihl ML, Sedlmayer F, Budach W, Dunst 
J, Feyer P, Fietkau R, Fussl C, Haase W, Harms W, 
Piroth MD, Souchon R, Wenz F, Sauer R (2014) DE-
GRO practical guidelines: radiotherapy of breast 
cancer III-radiotherapy of the lymphatic path-
ways. Strahlenther Onkol 190:342–351

88.	 Scottish Intercollegiate Guidelines Network 
(SIGN), updated September 1, 2013: Treatment of 
primary breast cancer (SIGN CPG 134)

89.	 Sedlmayer F, Sautter-Bihl ML, Budach W, Dunst J, 
Fastner G, Feyer P, Fietkau R, Haase W, Harms W, 
Souchon R, Wenz F, Sauer R, Breast Cancer Expert 
Panel of the German Society of Radiation Oncol-
ogy (DEGRO) (2013) DEGRO practical guidelines: 
radiotherapy of breast cancer I: radiotherapy fol-
lowing breast conserving therapy for invasive 
breast cancer. Strahlenther Onkol 189:825–833

90.	 Shafiq J, Delaney G, Barton MB (2007) An evi-
dence-based estimation of local control and sur-
vival benefit of radiotherapy for breast cancer. 
Radiother Oncol 84:11–17

91.	 Shah C, Kundu N, Arthur D, Vicini F (2013) Radi-
ation therapy following postmastectomy recon-
struction: a systematic review. Ann Surg Oncol 
20:1313–1322

92.	 Shim SJ, Park W, Huh SJ, Choi DH, Shin KH, Lee 
NK, Suh CO, Keum KC, Kim YB, Ahn SD, Kim SS, 
Ha SW, Chie EK, Kim K, Shin HS, Kim JH, Lee HS 
(2013) The Role of Postmastectomy Radiation 
Therapy After Neoadjuvant Chemotherapy in 
Clinical Stage II-III Breast Cancer Patients With 
pN0: A Multicenter, Retrospective Study (KROG 
12-05). Int J Radiat Oncol Biol Phys. pii: S0360—
3016(13)03108 – 8.

93.	 Smith BD, Haffty BG, Smith GL, Hurria A, Buch-
holz TA, Gross CP (2008) Use of postmastectomy 
radiotherapy in older women. Int J Radiat Oncol 
Biol Phys 71:98–106

94.	 Souchon R, Sautter-Bihl ML, Sedlmayer F, Wenz F, 
Budach W, Sauer R; Breast Cancer Expert Panel of 
the German Society of Radiation Oncology (DE-
GRO) (2013) Radiation oncologists’ view on the 
zurich consensus. Breast Care (Basel) 8:448–452

95.	 Taghian AG, Jeong JH, Mamounas EP, Parda DS, 
Deutsch M, Costantino JP, Wolmark N (2006) Low 
locoregional recurrence rate among node-neg-
ative breast cancer patients with tumors 5 cm or 
larger treated by mastectomy, with or without 
adjuvant systemic therapy and without radio-
therapy: results from five national surgical adju-
vant breast and bowel project randomized clini-
cal trials. J Clin Oncol 24:3927–3932

96.	 Tendulkar RD, Rehman S, Shukla ME, Reddy CA, 
Moore H, Budd GT, Dietz J, Crowe JP, Macklis R 
(2012) Impact of postmastectomy radiation on 
locoregional recurrence in breast cancer patients 
with 1–3 positive lymph nodes treated with 
modern systemic therapy. Int J Radiat Oncol Biol 
Phys 83:e577–581

97.	 Trombetta DM, Cardoso SC, Facure A, da Sil-
va AX, da Rosa LA (2013) Influence of the pres-
ence of tissue expanders on energy deposition 
for post-mastectomy radiotherapy. PLoS One 
8(2):e55430. doi: 10.1371/journal.pone.0055430. 
Epub 2013 Feb 6.

713Strahlentherapie und Onkologie 8 · 2014  | 

http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp


98.	 Trovo M, Durofil E, Polesel J, Roncadin M, Perin 
T, Mileto M, Piccoli E, Quitadamo D, Massarut S, 
Carbone A, Trovo MG (2012) Locoregional failure 
in early-stage breast cancer patients treated with 
radical mastectomy and adjuvant systemic thera-
py: which patients benefit from postmastectomy 
irradiation? Int J Radiat Oncol Biol Phys 83:e153–
157

99.	 Truong PT, Lesperance M, Culhaci A, Kader HA, 
Speers CH, Olivotto IA (2005) Patient subsets 
with T1–2 node negative breast cancer at high 
locoregional recurrence risk after mastectomy. 
Int J Radiat Oncol Biol Phys 62:175–182

100.	 Truong PT, Olivotto IA, Kader HA, Panades M, 
Speers CH, Berthelet E (2005) Selecting breast 
cancer patients with T1–2 tumors and one to 
three positive axillary nodes at high postmastec-
tomy locoregional recurrence risk for adjuvant ra-
diotherapy. Int J Radiat Oncol Biol Phys 61:1337–
1347

101.	 Van de Steene J, Vinh-Hung V, Cutuli B, Storme 
G (2004) Adjuvant radiotherapy for breast can-
cer: effects of longer follow-up. Radiother Oncol 
72:35–43

102.	 Varga D, Wischnewsky M, Atassi Z, Wolters R, 
Geyer V, Strunz K, Kreienberg R, Woeckel A (2010) 
Does guideline-adherent therapy improve the 
outcome for early-onset breast cancer patients? 
Oncology. 2010;78(3–4):189–95. Erratum. the In-
ternational Society for Cellular 79:305

103.	 Voordeckers M, Vinh-Hung V, Lamote J, Bretz A, 
Storme G (2009) Survival benefit with radiation 
therapy in node-positive breast carcinoma pa-
tients. Strahlenther Onkol 185:656–662

104.	 Wallgren A, Bonetti M, Gelber RD, Goldhirsch A, 
Castiglione-Gertsch M, Holmberg SB, Lindtner J, 
Thürlimann B, Fey M, Werner ID, Forbes JF, Price 
K, Coates AS, Collins J (2003) International Breast 
Cancer Study Group Trials I through VII. Risk fac-
tors for locoregional recurrence among breast 
cancer patients: results from international can-
cer study group trials I through IV. J Clin Oncol 
21:1205–1213

105.	 Whelan T, Darby S, Taylor C, McGale P, Ewertz M 
Overviews of randomized trials of radiothera-
py in early breast cancer. ASCO’s Annual Meeting 
Educational Book 2007;3–6.

106.	 White J, Mamounas E (2014) Locoregional ra-
diotherapy in patients with breast cancer re-
sponding to neoadjuvant chemotherapy: a para-
digm for treatment individualization. J Clin Oncol 
32:494–495

107.	 Wright JL, Takita C, Reis IM, Zhao W, Saigal K, 
Wolfson A, Markoe A, Moller M, Hurley J (2013) 
Predictors of locoregional outcome in patients 
receiving neoadjuvant therapy and postmastec-
tomy radiation. Cancer 119:16–25

714 |  Strahlentherapie und Onkologie 8 · 2014

Original article


	﻿DEGRO practical guidelines for radiotherapy of breast cancer IV
	﻿Abstract
	﻿Zusammenfassung
	Updated PMRT evidence

	PMRT and survival and recurrence

	PMRT and risk factors 

	Comments of the DEGRO expert panel 
	PMRT for patients with 1–3 positive lymph nodes

	Comments of the DEGRO expert panel 
	Patient age and the implications for PMRT 

	Comments of the DEGRO expert panel 
	PMRT and breast reconstruction 

	Comments of the DEGRO expert panel 
	PMRT and primary systemic therapy 

	Comments of the DEGRO expert panel 
	PMRT and breast cancer in males 

	Comments of the DEGRO expert panel 
	PMRT target volume, dose and technique 

	Summary of the DEGRO expert panel 
	﻿References


