
ORIGINAL ARTICLE

https://doi.org/10.1007/s00066-019-01537-3
Strahlenther Onkol

Variability in lymph node irradiation in patients with breast
cancer—results from a multi-center survey in German-speaking
countries

K. J. Borm1 · K. Kessel1 · M. Devecka1 · S. Muench1 · C. Straube1,2 · K. Schiller1 · L. Schüttrumpf1 · H. Dapper1 ·
B. Wöller1 · S. Pigorsch1,2 · S. E. Combs1,2,3

Received: 31 July 2019 / Accepted: 23 October 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose Lymph node irradiation in breast cancer has gained complexity due to recently published studies and technical
innovations which then led to changes in international guidelines. We sought to determine real-time variability in lymph
node irradiation in clinical practice in German-speaking countries.
Methods The Department of Radiation Oncology, Technical University of Munich (TUM), developed an online-based
questionnaire focusing on the indication, target definition, and treatment technique of lymph node irradiation in patients
with breast cancer. The invitation to participate in the survey was sent to members of the German Society of Radiation
Oncology (DEGRO) by e-mail. The results of the survey were exported from the online platform into SPSS for a detailed
analysis.
Results In total, 100 physicians completed the questionnaire between 05/2019 and 06/2019. Despite the existence of
several treatment and contouring guidelines, we observed large variability of lymph node irradiation: The guideline
recommendation for internal mammary irradiation is not consistently implemented in clinical practice and irradiation
of the axilla after positive SLNB (sentinel lymph node biopsy) or ALND (axillary lymph node dissection) is handled
very differently. Furthermore, in most clinics, the ESTRO (European Society for Therapeutic Radiology and Oncology)
contouring consensus is not used, and PTV (planning target volume) definitions and margins vary considerably.
Conclusion Further clinical studies should be performed with a particular focus on radiotherapy for lymphatic drainage
to support and amend the existing guidelines. These studies should establish a more standardized treatment of the lymph
node regions in clinical practice. Quality assurance should enforce broad implementation of consensus recommendations.
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Introduction

Lymph node irradiation is a crucial component in the ad-
juvant treatment of high-risk breast cancer patients. Its aim
is the eradication of microscopic residual disease in the
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lymphatic drainage system after surgery and (neo)adjuvant
systemic therapy. Evidence for lymph node irradiation
(RNI) has emerged from large randomized trials (EORTC
22922/10925, MA.20, AMAROS). According to these
studies, RNI (including the supra-/infraclavicular and the
internal mammary region as well as parts of the axilla)
leads to better regional control rates as well as better dis-
tant metastases-free survival and disease-specific survival
in high-risk patients [1–3]. However, internal mammary
irradiation (IMI) is associated with higher radiation doses
to the heart, which potentially cause clinically relevant late
toxicity [4]. Thus, before the publication of the EORTC
22922/10925 and MA.20 results, IMI was generally not
recommended. This has changed over the past 5 years
based on the excellent results of the two randomized
studies and a prospective population cohort study from
Denmark showing a survival benefit for IMI in addition to
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supra-/infraclavicular irradiation (SII) [1, 2, 5]. So far, it
is unclear whether the recommendations to include the in-
ternal mammary region in RNI are implemented in clinical
practice.

Another crucial point that has been altered in recent years
in the guidelines is the treatment of the axilla. For many
years, complete axillary lymph node dissection (ALND)
was the standard therapy in node-positive patients. Nowa-
days, many patients receive sentinel lymph node biopsy
only (SLNB). The 10-year data of the Z0011 confirm that
complete ALND may be omitted in breast cancer patients
in case of positive (�2) sentinel lymph nodes without com-
promising locoregional control or survival [6]. The role of
adjuvant radiotherapy (RT) in this setting is not fully un-
derstood. The current AGO (Arbeitsgemeinschaft Gynäkol-
ogische Onkologie) guideline (2019) is the first to recom-
mend irradiation of the axilla up to the axillary veins, since
a large number of patients in the Z0011 study received high
tangential external beam irradiation [7].

Interpreting the existing data and translating the results
into daily clinical practice is challenging. Most of the ran-
domized studies were initiated in the 2D era, and technical
improvements such as 3D-planning, intensity-modulated ra-
diotherapy (IMRT), and image-guided radiotherapy (IGRT)
have fundamentally changed treatment since then.

Comprehensive treatment guidelines and contouring at-
lases for breast cancer have been published [7–11]. How-
ever, these guidelines differ in relevant points and are not
always used in clinical practice. Hence, relevant variability
needs to be expected during RNI in daily practice. So far,
no comprehensive study focusing on patterns of practice
of RNI has been performed. We thus conducted an inves-
tigation amongst German-speaking radiation oncologists to
gain information about real-life concepts regarding RNI in
patients with breast cancer. The aim of the current study
was to reveal aspects in RNI that need increased efforts
in continuing medical education or clarification in future
studies and scientific discussions.

Methods

A pattern-of-care questionnaire regarding RNI in breast
cancer was developed at the department of radiation on-
cology at the Technical University of Munich (TUM). The
questionnaire focused on (1) indication, (2) target volume
definition, and (3) treatment technique of RNI. Addition-
ally, (4) general information of the responders such as age
and experience were assessed. The total number of ques-
tions was n= 25. All questions regarding RNI (n= 20) were
designed as multi-choice questions allowing multiple an-
swers as well as free responses in case of missing op-
tions. All authors reviewed the questions for understand-

ability. The questionnaire was implemented in the online
platform “survio.com” and the corresponding link was sent
via e-mail to all members of the German Society of Radia-
tion Oncology (DEGRO). The online survey was available
from 13th of May 2019 to the 13th of June 2019. The data
obtained on the online platform was exported to SPSS (IBM
statistics, version 25, Armonk, NY, USA) and analyzed.

Results

In total, 100 questionnaires were completed at the online
platform. The majority of participants (92.9%) were spe-
cialists in radiation oncology; the remaining participants
(7.1%) were residents in radiation oncology. 48% of the
participants worked in private practice and 52% in hospi-
tals (24% university hospital, 28% non-university hospi-
tals). 48% of the participants were male, 52% female. The
current study represents at least 52 centers out of (approx-
imately) 455 centers in Germany [12].

Indication for lymph node irradiation

When the participants were asked for their primary aim
of RNI, the most frequent answer was to prevent regional
lymph node recurrences (n= 84), followed by improvement
of overall and/or disease-specific survival (n= 75) and re-
duction of distant metastases (n= 54).

The questionnaire listed potential reasons for SII, and
the participants were asked in which situation they would
perform SII. The results are presented in Fig. 1a. The
majority of participants perform SII in case of positive
supra-/infraclavicular lymph nodes (85%), ≥4 positive
lymph nodes (85%), or in case of 1–3 positive nodes and
additional risk factors (75%).

For most radiation oncologists, RNI does not regularly
comprise SII and irradiation of the internal mammary region
(IMI). Instead, most radiation oncologists (75%) decide in-
dividually whether IMI should be performed (e.g., in high-
risk patients). Only 10% agreed that the internal mammary
region should always be treated when SII is performed and
no contraindications for IM irradiation are present (Fig. 1b).

72% (9%) of the physicians stated that additional car-
diac (pulmonary) toxicity is the most critical reason for not
performing IMI. 39% based concerns regarding the IMI on
inconclusive data and a lower level of evidence. Only 9%
saw the technical requirements and the time effort as an
obstacle for IMI.

Current guidelines (AGO 2019) advise against IMI in
case of “cardiac risk” and “concomitant administration of
trastuzumab.” In our survey, only 46.2% agreed that the
simultaneous application of trastuzumab is a contraindi-
cation for IMI. The following factors were chosen as
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Fig. 1 Indications for irradia-
tion of the supra-/infraclavicular
region (a) and the internal
mammary region (b). a As-
terisk Central or median and
G2–3 or ER/PgR negative,
premenopausal, and G2–3 or
ER/PgR negative. Two aster-
isks Premenopausal and central
or medial and G2–3 and ER/PgR
negative. b Additional com-
ments: irradiation in case of
medial tumor (n= 13) irradia-
tion in case of positive internal
mammary lymph nodes. RF risk
factor, DIBH deep-inhalation
breath-hold, LoE Level of Ev-
idence, ER estrogen receptor,
PgR progesteron receptor

further contraindications for IMI in our survey: history
of acute cardiac ischemia (63.7%), coronary heart disease
(48.4%), congestive heart disease (36.3%), an anthracy-
cline-based chemotherapy regimen prior to RT (36.3%), old
age (34.1%), vascular risk factors (e.g., smoking, diabetes
24.2%), and arrhythmia (25.3%). 25.3% choose free-text
answers, mostly stating that the IMI decision should be
based on the actual dosimetric data and careful risk/benefit
assessment instead of absolute contraindications.

Fig. 2 presents the results of our survey regarding axillary
irradiation after positive SLND or positive ALND.

Target definition

Most radiation oncologists use consensus guidelines for
target delineation. The most commonly used contour-
ing guideline is the RTOG (Radiation Therapy Oncology
Group) consensus guideline (71%) followed by the ESTRO
(European Society for Therapeutic Radiology and Oncol-

ogy) consensus guideline (25%). 9% of the participants use
both guidelines depending on the risk constellation (ES-
TRO low risk, RTOG high risk). 6% do not use any of the
published guidelines. 86% agreed that the axillary level III
should be included in the supra-/infraclavicular CTV (clin-
ical target volume) and 31% include in addition to this also
level II in the clinical target volume for SII.

Further results regarding the target delineation were:

1. the cranial border of the supra-/infraclavicular lymph
node CTV is set at the cricoid cartilage in 56%

2. 75% connect the PTVs (planning target volume) of the
breast and the lymph nodes to avoid gaps.

3. 39% crop lung tissue from the PTV
4. 62% crop skin from the PTV
5. The most common CTV to PTV margin is 5mm (50%)
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Fig. 2 Indications for irradia-
tion of the axilla after positive
SLND (a) and after ALND (b).
TNB triple-negative breast can-
cer, SLND sentinel lymph node
dissection, ALND axillary lymph
node dissection, LoE Level of
Evidence

Table 1 Irradiation techniques
used for the internal mammary
and the supra-/infraclavicular
region

Technik Internal mammary region (%) Supra-/infraclavicular region (%)

Wide tangents 27 n.a.

Anterior electron field 3 0

Anterior photon field 18 45

3D-IMRT 65 57

VMAT 59 54

Helical IMRT 8 8

3D-IMRT 3D-Intensity modulated radiotherapy, VMAT volumetric modulated arc therapy, Helical IMRT He-
lical Intensity modulated radiotherapy

Irradiation technique

The most frequently used dose regimens for lymph node
irradiation are 50.4Gy in 28 fractions (85%) and 50Gy
in 25 fractions (25%). Only 12% of the participants use
hypofractionated regimens (42.5Gy in 16 fractions and
40.05Gy in 15 fractions). Three out of these 12 partici-

pants use only hypofractionated regimens. The techniques
used for IMI and SII are summarized in Table 1.

Image guidance for lymph node irradiation is performed
with either 2D X-rays (44%), CBCTs (Conebeam Com-
puted Tomography) (47%), MVCT (Megavoltage Com-
puted Tomography) (9%), or surface scanners (9%). 2D
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X-rays, CBCT, and MVCT are mostly performed once
a week; surface scanners are often used daily (75%).

Discussion

We performed a survey among German-speaking radiation
oncologists who are members of DEGRO regarding indi-
cations for RNI, target volume definition, and choice of
technique in patients with breast cancer. Although several
consented treatment and contouring guidelines exist, large
heterogeneity regarding RNI in patients with breast cancer
was shown. The guideline recommendations for IMI are not
consistently implemented in clinical practice and irradiation
of the axilla after positive SLNB or ALND is handled very
differently. Furthermore, at most sites, the ESTRO con-
touring consensus is not applied, and PTV definitions and
margins vary considerably.

The MA.20 and EORTC 22922/10925 studies assessed
the effect of regional nodal irradiation to the internal mam-
mary nodes and the upper axillary nodes, including the
supraclavicular region, in addition to whole-breast irradia-
tion or chest wall irradiation. In the MA.20 study, regional
(2.7% vs. 0.7%) and distant recurrences (17.3% vs. 13.4%)
were reduced, and the disease-specific survival was im-
proved by 5% at 10 years in those who received nodal
irradiation. In the EORTC study, regional radiation therapy
reduced the incidence of regional recurrences from 4.2 to
2.7% and the incidence of distant metastases from 19.6 to
15.9% after a median follow-up of 10.9 years. Based on
these results, the NCCN (National Comprehensive Cancer
Network) guidelines recommend irradiation of infraclavicu-
lar and supraclavicular areas, internal mammary nodes, and
any part of the axillary bed that may be suspicious in case
of ≥4 positive nodes (category 1) and 1–3 positive nodes
(category 2A). Irradiation of the regional nodal area is gen-
erally not recommended by the NCCN panel in case of
node-negative patients. The German guidelines (S3, AGO,
DEGRO practical guidelines) differ from the NCCN guide-
lines in several points regarding RNI [7, 10, 13, 14]. The
most important difference is that separate treatment recom-
mendations exist for each lymph node region and that more
factors in addition to lymph node involvement are consid-
ered.

The highest approval rate for SII (Fig. 1a) among the par-
ticipating radiation oncologists was achieved for more than
3 positive lymph nodes or positive supraclavicular nodes
(85%) as well as 1–3 lymph positive lymph nodes with
additional risk factors (72%). In these situations, all guide-
lines recommend RNI, and there is good evidence for an
additional benefit. Thus, the omission of lymph drainage
radiation should be limited to individual cases after care-
ful consideration. The controversial opinions among the re-

sponders about SII in case of node-negative patients with
risk factors and patients with 1–3 positive lymph nodes can
be attributed to conflicting recommendations in the German
and the NCCN guidelines.

The MA.20 as well as the EORTC study investigated the
additional effect of RNI. Due to the design of these trials it
is not possible to attribute the positive effect on subvolumes
within the lymphatic drainage system (e.g., contribution of
IMI). In a Danish population-based cohort study, additional
IMI increased overall survival in patients with early-stage
node-positive breast cancer [5]. A randomized French trial
on the other hand failed to show a significant benefit for
addition IMI during postmastectomy irradiation [15, 16].

The NCCN guidelines state that IMI should be strongly
considered when delivering regional nodal irradiation. In
accordance with this, in the latest German guideline (AGO
2019), the criteria for IMI and SII are almost the same. Nev-
ertheless, as shown in our survey, only a few radiation on-
cologists consider the combination of SII and IMI as a stan-
dard treatment in RNI. Instead, most radiation oncologists
decide individually (e.g., in the case of high-risk patients)
whether the internal mammary region should be included
or not. Hesitations regarding internal mammary irradiation
in our study were mainly based on increased cardiac and
pulmonary doses and toxicity. In addition to this, many
physicians doubt an additional effect if IMI is performed.
Since the rationale for RNI is mainly based on the results of
the MA.20 and EORTC studies and modern treatment tech-
niques (deep-inhalation breath-hold, wide tangents, IMRT)
allow better sparing of organs at risk (OARs) compared to
these randomized trials, the guideline recommendations to
include the internal mammary region are comprehensible
and omission of IMI should be limited to individual cases.

The German guidelines cite “cardiac risk” and concomi-
tant trastuzumab as reasons against IMI. As shown in our
results, the interpretation of cardiac risk factors in clini-
cal practice is very different, and not all radiation oncolo-
gists agree that IMI plus concomitant trastuzumab should be
avoided. Instead of using strict contraindications, it might
be helpful to assess the actual dose distribution in the OARs
resulting from IMI using the best available technique (e.g.,
deep inhalation breath hold [DIBH]). Based on these val-
ues in the OAR, an interdisciplinary decision regarding IMI
should follow for high-risk patients. The German breast
cancer group has published a detailed study on dose con-
straints of the heart in breast cancer patients [17]. Even if
the authors state that exceeding these constraints may be
unavoidable and justifiable in case of comprehensive re-
gional irradiation, the values can help to define constraints
for RNI.

In case of positive SLNB without ALND, 30% of radi-
ation oncologists participating in the questionnaire would
always treat the axilla and another 30% only if the Z0011
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criteria are not met. Given the fact that most patients in the
Z0011 received high doses in the (lower) axillary levels I–II,
irradiation might be justified even if the Z0011 criteria are
met [18]. The AGO guideline [7] is the first to recommend
such an approach. According to the German guideline, ir-
radiation of the axilla after ALND is only indicated in case
of suspected residual tumor after axillary dissection [7, 9,
10]. Even though not recommended in the current German
guidelines, one quarter of the participants treat the axilla in
case of >3 LN or <10 dissected lymph nodes. In the MA.20
trial, an additional posterior field was used to cover the ax-
illary levels I–II in case of >3 LN or <10 dissected lymph
nodes [2]. This might have contributed to the excellent out-
come of this trial. Thus, in individual cases (e.g., >3 positive
LN), irradiation of the axilla can be justified. This is sup-
ported by the NCCN guidelines stating that irradiation of
“any part of the axillary bed at risk” is recommended [9].

Target definition is a crucial step in 3D radiotherapy. Al-
teration of the CTV margins leads to a different dose distri-
bution in the lymph node system and the OARs. This has an
impact on the effectivity and the toxicity of the treatment.
Differences regarding target volume definition among the
randomized RNI trials impede interpretation of the study
results [13, 19]. The vast majority of participants use ei-
ther the RTOG or the ESTRO consensus for irradiation of
the lymphatic drainage system. Substantial differences ex-
ist between the two guidelines (RTOG vs. ESTRO). The
ESTRO contouring consensus [20] was published in 2015.
It represents a vessel-based approach that results in smaller
target volumes compared to the RTOG (2009) contouring
guideline. The ESTRO guideline aimed to prevent that tar-
get volumes in the 3D era are larger compared to the 2D
era, which might cause additional toxicity. Several stud-
ies assessed the RTOG and ESTRO guidelines for RNI by
mapping lymph node metastases. In these studies, the ES-
TRO guidelines covered the relevant areas safely within the
lymphatic drainage system [21, 22]. The ESTRO guideline
is adapted to modern techniques and reduces potential side
effects related to RNI. Nevertheless, only 25% of the par-
ticipants use this contouring guideline in clinical practice.

Even if the CTVs are defined based on the same con-
touring guidelines, target volumes can vary due to different
safety margins and definition of the lymph node areas (e.g.,
of the infraclavicular region). Despite the same intent of
SII, dose distribution may vary due to the definition of the
infraclavicular region (± level II). 50% of the participants
use CTV to PTV of 5mm for irradiation of the lymph node
system. No recommendation regarding the PTV margins
can be found in the guidelines. However, a PTV margin
of 5mm is also frequently used in previous and ongoing
studies on lymph node irradiation [1, 2, 23]. If the lung is
cropped from the PTV (as stated by 40%) very small poste-

rior CTV to PTV margins may result. Considering that the
intrafractional movement of the internal mammary region
can be up to 5mm, this may be critical, and careful image
guidance should be performed to verify the patient position
[24].

Daily imaging improves patient positioning but usually
comes at the price of additional radiation (X-ray or CT
imaging). Careful risk–benefit assessment is therefore nec-
essary. A good option are surface scanners. These scanners
can be used on a daily basis without further irradiation ex-
posure [25]. However, this technique is only available in
a few centers to date.

The vast majority of participants use normofractionated
schemes for irradiation of the lymph node system. This rep-
resents the current consensus of the American and German
guidelines [7, 9, 10]. Until now, late toxicity data in the
lymphatics and the plexus are insufficient to recommend
hypofractionated irradiation for all patients. However, ev-
idence that hypofractionated schedules can safely be ap-
plied to the lymph node system is constantly improving.
Last year, Wang et al. recently published a randomized trial
showing that postmastectomy hypofractionated radiother-
apy, including RNI, is non-inferior and had similar toxic-
ities compared to conventionally fractionated radiotherapy
[26].

For irradiation of the lymph node system, IMRT and
VMAT (volumetric modulated arc therapy) are the most
frequently used techniques in German-speaking countries.
Still, 45% (18%) of the participants use also anterior photon
fields for the supra-/infraclavicular (or the internal mam-
mary) region. If anterior fields are used, careful evaluation
of the dose in the heart and lung is essential. Ranger et al.
[27] showed that simple wide-tangent radiotherapy deliv-
ered in DIBH achieves satisfactory coverage of the IMC
(internal mammary chain) and acceptable doses in the heart
and lung. Thus, it might be a good option for centers in
which IMRT is not available for irradiation of the internal
mammary region [27].

Conclusion

As consequence of numerous treatment and contouring
guidelines for breast cancer treatment, we observed large
variability in RNI. The current guideline recommendations
(S3, AGO, NCCN) for IMI are not implemented adequately
in clinical practice and irradiation of the axilla after positive
SLNB or ALND remains controversial. The planning target
volumes vary mainly due to the use of different contouring
atlases and definitions, as well as PTV margins. Further
clinical studies should be performed with a particular focus
on RNI to support and amend the existing guidelines and to
establish a more standardized treatment in clinical practice.

K



Strahlenther Onkol

Acknowledgements We would like to thank all participants that
replied to the questionnaire for their effort and time.

Conflict of interest K. J. Borm, K. Kessel, M. Devecka, S. Muench,
C. Straube, K. Schiller, L. Schüttrumpf, H. Dapper, B. Wöller, S. Pig-
orsch, and S. E. Combs declare that they have no competing interests.

References

1. Poortmans PM, Collette S, Kirkove C, Van Limbergen E, Bu-
dach V, Struikmans H, Collette L, Fourquet A, Maingon P, Valli M,
De Winter K, Marnitz S, Barillot I, Scandolaro L, Vonk E, Ro-
denhuis C, Marsiglia H, Weidner N, van Tienhoven G, Glanz-
mann C, Kuten A, Arriagada R, Bartelink H, Van den Bogaert W,
Oncology ER, Breast Cancer G (2015) Internal mammary and
medial Supraclavicular irradiation in breast cancer. N Engl J Med
373(4):317–327. https://doi.org/10.1056/NEJMoa1415369

2. Whelan TJ, Olivotto IA, Parulekar WR, Ackerman I, Chua BH,
Nabid A, Vallis KA, White JR, Rousseau P, Fortin A, Pierce LJ,
Manchul L, Chafe S, Nolan MC, Craighead P, Bowen J, Mc-
Cready DR, Pritchard KI, Gelmon K, Murray Y, Chapman JA,
Chen BE, Levine MN, MA.20 Study Investigators (2015) Re-
gional nodal irradiation in early-stage breast cancer. N Engl J Med
373(4):307–316. https://doi.org/10.1056/NEJMoa1415340

3. Donker M, van Tienhoven G, Straver ME, Meijnen P, van de
Velde CJ, Mansel RE, Cataliotti L, Westenberg AH, Klinken-
bijl JH, Orzalesi L, Bouma WH, van der Mijle HC, Nieuwen-
huijzen GA, Veltkamp SC, Slaets L, Duez NJ, de Graaf PW, van
Dalen T, Marinelli A, Rijna H, Snoj M, Bundred NJ, Merkus JW,
Belkacemi Y, Petignat P, Schinagl DA, Coens C, Messina CG,
Bogaerts J, Rutgers EJ (2014) Radiotherapy or surgery of the axilla
after a positive sentinel node in breast cancer (EORTC 10981-
22023 AMAROS): a randomised, multicentre, open-label, phase 3
non-inferiority trial. Lancet Oncol 15(12):1303–1310. https://doi.
org/10.1016/S1470-2045(14)70460-7

4. Darby SC, Ewertz M, McGale P, Bennet AM, Blom-Goldman U,
Bronnum D, Correa C, Cutter D, Gagliardi G, Gigante B, Jensen MB,
Nisbet A, Peto R, Rahimi K, Taylor C, Hall P (2013) Risk of
ischemic heart disease in women after radiotherapy for breast
cancer. N Engl J Med 368(11):987–998. https://doi.org/10.1056/
NEJMoa1209825

5. Thorsen LB, Offersen BV, Dano H, Berg M, Jensen I, Pedersen AN,
Zimmermann SJ, Brodersen HJ, Overgaard M, Overgaard J (2016)
DBCG-IMN: a population-based cohort study on the effect of inter-
nal mammary node irradiation in early node-positive breast cancer.
J Clin Oncol 34(4):314–320. https://doi.org/10.1200/JCO.2015.63.
6456

6. Giuliano AE, Ballman KV, McCall L, Beitsch PD, Brennan MB,
Kelemen PR, Ollila DW, Hansen NM, Whitworth PW, Blumen-
cranz PW, Leitch AM, Saha S, Hunt KK, Morrow M (2017) Effect
of axillary dissection vs no axillary dissection on 10-year overall
survival among women with invasive breast cancer and sentinel
node metastasis: the ACOSOG Z0011 (alliance) randomized clin-
ical trial. JAMA 318(10):918–926. https://doi.org/10.1001/jama.
2017.11470

7. Recommendations 2019 (2019) Diagnosis and treatment of patients
with primary and metastatic breast cancer. www.ago-online.de. Ac-
cessed 09/2019

8. RTOG Breast cancer Atlas for radiation therapy planning. https://
www.rtog.org/LinkClick.aspx?fileticket=vzJFhPaBipE%3d&tabid
=236. Accessed 09/2019

9. National Comprehensive Cancer Network (2019) NCC Breast Can-
cer-Version 3.2019. https://www.nccn.org/professionals/physician_
gls/pdf/breast.pdf. Accessed 09/2019

10. Deutsche Krebgesellschaft; Leitlinienprogramm (2018) S3-Leitlinie
Früherkennung, Diagnose, Therapie und Nachsorge des Mam-
makarzinoms. http://leitlinienprogramm-onkologie.de/Mammakar
zinom.67.0.html. Accessed 15 Sept 2018

11. Offersen BV, Boersma LJ, Kirkove C, Hol S, Aznar MC, Sola AB,
Kirova YM, Pignol JP, Remouchamps V, Verhoeven K, Weltens C,
Arenas M, Gabrys D, Kopek N, Krause M, Lundstedt D, Marinko T,
Montero A, Yarnold J, Poortmans P (2016) ESTRO consensus
guideline on target volume delineation for elective radiation ther-
apy of early stage breast cancer, version 1.1. Radiother Oncol
118(1):205–208. https://doi.org/10.1016/j.radonc.2015.12.027

12. DEGRO (2016) Weisses Buch DEGRO. https://www.degro.org/
wp-content/uploads/2018/07/2016-Weises-Buch-06-2018-1.pdf.
Accessed 23 Sept 2019

13. 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 Oncology (2013) DEGRO practical guidelines: radio-
therapy of breast cancer I: radiotherapy following breast con-
serving therapy for invasive breast cancer. Strahlenther Onkol
189(10):825–833. https://doi.org/10.1007/s00066-013-0437-8

14. Sautter-Bihl ML, Sedlmayer F, Budach W, Dunst J, Feyer P, Fi-
etkau R, Fussl C, Haase W, Harms W, Piroth MD, Souchon R,
Wenz F, Sauer R, Breast Cancer Expert Panel of the German So-
ciety of Radiation Oncology (2014) DEGRO practical guidelines:
radiotherapy of breast cancer III—radiotherapy of the lymphatic
pathways. Strahlenther Onkol 190(4):342–351. https://doi.org/10.
1007/s00066-013-0543-7

15. Hennequin C, Bossard N, Servagi-Vernat S, Maingon P, Dubois JB,
Datchary J, Carrie C, Roullet B, Suchaud JP, Teissier E, Lucardi A,
Gerard JP, Belot A, Iwaz J, Ecochard R, Romestaing P (2013) Ten-
year survival results of a randomized trial of irradiation of internal
mammary nodes after mastectomy. Int J Radiat Oncol Biol Phys
86(5):860–866. https://doi.org/10.1016/j.ijrobp.2013.03.021

16. Belkacemi Y, Fourquet A, Cutuli B, Bourgier C, Hery M, Ganem G,
Marsiglia H, Namer M, Gligorov J, Azria D, French Expert Review
Board of Nice/Saint-Paul de Vence (2011) Radiotherapy for inva-
sive breast cancer: guidelines for clinical practice from the French
expert review board of Nice/Saint-Paul de Vence. Crit Rev Oncol
Hematol 79(2):91–102. https://doi.org/10.1016/j.critrevonc.2010.
06.002

17. Piroth MD, Baumann R, Budach W, Dunst J, Feyer P, Fietkau R,
Haase W, Harms W, Hehr T, Krug D, Roser A, Sedlmayer F,
Souchon R, Wenz F, Sauer R (2019) Heart toxicity from breast
cancer radiotherapy: current findings, assessment, and prevention.
Strahlenther Onkol 195(1):1–12. https://doi.org/10.1007/s00066-
018-1378-z

18. Jagsi R, Chadha M, Moni J, Ballman K, Laurie F, Buchholz TA,
Giuliano A, Haffty BG (2014) Radiation field design in the
ACOSOG Z0011 (Alliance) Trial. J Clin Oncol 32(32):3600–3606.
https://doi.org/10.1200/JCO.2014.56.5838

19. Borm KJ, Oechsner M, Dusberg M, Buschner G, Weber W,
Combs SE, Duma MN (2019) Irradiation of regional lymph node
areas in breast cancer—Dose evaluation according to the Z0011,
AMAROS, EORTC 10981-22023 and MA-20 field design. Radio-
ther Oncol. https://doi.org/10.1016/j.radonc.2019.08.021

20. Offersen BV, Boersma LJ, Kirkove C, Hol S, Aznar MC, Biete
Sola A, Kirova YM, Pignol JP, Remouchamps V, Verhoeven K,
Weltens C, Arenas M, Gabrys D, Kopek N, Krause M, Lundstedt D,
Marinko T,Montero A, Yarnold J, Poortmans P (2015) ESTRO con-
sensus guideline on target volume delineation for elective radiation
therapy of early stage breast cancer. Radiother Oncol 114(1):3–10.
https://doi.org/10.1016/j.radonc.2014.11.030

21. Borm KJ, Voppichler J, Dusberg M, Oechsner M, Vag T, Weber W,
Combs SE, Duma MN (2018) FDG/PET-CT based lymph node at-

K

https://doi.org/10.1056/NEJMoa1415369
https://doi.org/10.1056/NEJMoa1415340
https://doi.org/10.1016/S1470-2045(14)70460-7
https://doi.org/10.1016/S1470-2045(14)70460-7
https://doi.org/10.1056/NEJMoa1209825
https://doi.org/10.1056/NEJMoa1209825
https://doi.org/10.1200/JCO.2015.63.6456
https://doi.org/10.1200/JCO.2015.63.6456
https://doi.org/10.1001/jama.2017.11470
https://doi.org/10.1001/jama.2017.11470
http://www.ago-online.de
https://www.rtog.org/LinkClick.aspx?fileticket=vzJFhPaBipE%3d&tabid=236
https://www.rtog.org/LinkClick.aspx?fileticket=vzJFhPaBipE%3d&tabid=236
https://www.rtog.org/LinkClick.aspx?fileticket=vzJFhPaBipE%3d&tabid=236
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
http://leitlinienprogramm-onkologie.de/Mammakarzinom.67.0.html
http://leitlinienprogramm-onkologie.de/Mammakarzinom.67.0.html
https://doi.org/10.1016/j.radonc.2015.12.027
https://www.degro.org/wp-content/uploads/2018/07/2016-Weises-Buch-06-2018-1.pdf
https://www.degro.org/wp-content/uploads/2018/07/2016-Weises-Buch-06-2018-1.pdf
https://doi.org/10.1007/s00066-013-0437-8
https://doi.org/10.1007/s00066-013-0543-7
https://doi.org/10.1007/s00066-013-0543-7
https://doi.org/10.1016/j.ijrobp.2013.03.021
https://doi.org/10.1016/j.critrevonc.2010.06.002
https://doi.org/10.1016/j.critrevonc.2010.06.002
https://doi.org/10.1007/s00066-018-1378-z
https://doi.org/10.1007/s00066-018-1378-z
https://doi.org/10.1200/JCO.2014.56.5838
https://doi.org/10.1016/j.radonc.2019.08.021
https://doi.org/10.1016/j.radonc.2014.11.030


Strahlenther Onkol

las in breast cancer patients. Int J Radiat Oncol Biol Phys. https://
doi.org/10.1016/j.ijrobp.2018.07.2025

22. Chang JS, Lee J, Chun M, Shin KH, Park W, Lee JH, Kim JH,
Yoon WS, Lee IJ, Kim J, Park HL, Kim YB (2018) Mapping pat-
terns of locoregional recurrence following contemporary treatment
with radiation therapy for breast cancer: a multi-institutional vali-
dation study of the ESTRO consensus guideline on clinical target
volume. Radiother Oncol 126(1):139–147. https://doi.org/10.1016/
j.radonc.2017.09.031

23. Chen GP, Liu F, White J, Vicini FA, Freedman GM, Arthur DW,
Li XA (2015) A planning comparison of 7 irradiation options al-
lowed in RTOG 1005 for early-stage breast cancer. Med Dosim
40(1):21–25. https://doi.org/10.1016/j.meddos.2014.06.007

24. Jermoum M, James SM, Ferguson CL, Barrett JT, Huh C, Al-
Basheer A (2018) Planning target volume determination of internal
mammary nodes in breast cancer using 4DCT. Int J Radiat Oncol
Biol Phys 102(3):e544–e545

25. Gaisberger C, Steininger P, Mitterlechner B, Huber S, Weichen-
berger H, Sedlmayer F, Deutschmann H (2013) Three-dimen-
sional surface scanning for accurate patient positioning and mon-

itoring during breast cancer radiotherapy. Strahlenther Onkol
189(10):887–893. https://doi.org/10.1007/s00066-013-0358-6

26. Wang SL, Fang H, Song YW, Wang WH, Hu C, Liu YP, Jin J,
Liu XF, Yu ZH, Ren H, Li N, Lu NN, Tang Y, Tang Y, Qi SN,
Sun GY, Peng R, Li S, Chen B, Yang Y, Li YX (2019) Hy-
pofractionated versus conventional fractionated postmastectomy
radiotherapy for patients with high-risk breast cancer: a ran-
domised, non-inferiority, open-label, phase 3 trial. Lancet Oncol
20(3):352–360. https://doi.org/10.1016/S1470-2045(18)30813-1

27. Ranger A, Dunlop A, Hutchinson K, Convery H, Maclennan MK,
Chantler H, Twyman N, Rose C, McQuaid D, Amos RA, Griffin C,
deSouza NM, Donovan E, Harris E, Coles CE, Kirby A (2018) A
dosimetric comparison of breast radiotherapy techniques to treat
Locoregional lymph nodes including the internal mammary chain.
Clin Oncol (R Coll Radiol) 30(6):346–353. https://doi.org/10.1016/
j.clon.2018.01.017

K

https://doi.org/10.1016/j.ijrobp.2018.07.2025
https://doi.org/10.1016/j.ijrobp.2018.07.2025
https://doi.org/10.1016/j.radonc.2017.09.031
https://doi.org/10.1016/j.radonc.2017.09.031
https://doi.org/10.1016/j.meddos.2014.06.007
https://doi.org/10.1007/s00066-013-0358-6
https://doi.org/10.1016/S1470-2045(18)30813-1
https://doi.org/10.1016/j.clon.2018.01.017
https://doi.org/10.1016/j.clon.2018.01.017

	Variability in lymph node irradiation in patients with breast cancer—results from a multi-center survey in German-speaking countries
	Abstract
	Introduction
	Methods
	Results
	Indication for lymph node irradiation
	Target definition
	Irradiation technique

	Discussion
	Conclusion
	References


