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Postoperative regional nodal irradiation
(RNI) has been an issue of controversy
over the last decades as the awareness of
late side effects increased. While RNI was
part of the treatment in almost all studies
investigating postmastectomy radiothera-
py (PMRT) [9], only a minority of patients
received RNI after breast-conserving sur-
gery (BCS) [11]. Moreover, the term RN is
not uniformly defined. Older studies gen-
erally included radiotherapy of the supra-
clavicular (SCN-RT), axillary (ALN-RT),
and internal mammary nodes (IMN-RT).
More recently, the use of IMN-RT has
substantially declined as it was suspected
to enhance cardiac toxicity and morbid-
ity [12]. Likewise, dedicated ALN-RT of
levels I-III has been considered obsolete
for node-negative patients after axillary
lymph node dissection (ALND) or senti-
nel node (SN) biopsy and even for select-
ed SN-positive patients, for whom impli-
cations for radiotherapy will be discussed
below.

Final assessment of survival in breast
cancer requires a follow-up of 10-15 years,
a time period that inevitably implies sub-
stantial changes in treatment planning
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and technique. Therefore, it is difficult to
extrapolate results achieved in the past to
those achievable in the present or future
using modern techniques. This dilem-
ma is exemplarily illustrated regarding
literature about RNI: Before the advent
of 3D planning as a routine tool and the
use of individual contouring of the differ-
ent lymphatic pathways, inadvertent in-
clusion of parts of the axillary and mam-
mary nodes in the tangential fields was
common but remained unrecognized as
no dosimetric evaluation was performed
[17,18]. On the other hand, for intention-
ally irradiated lymph node areas, the tar-
get definition on the basis of anatomi-
cal landmarks alone (such as bony struc-
tures), may result in an underdosage, un-
detected for the same reasons [31]. Even in
the recent randomized trials, 2D planning
was mostly used and the dose to nodal ar-
eas accordingly prescribed. As a conse-
quence, exact discrimination of the effect
yielded by RNI in comparison to whole
breast/chest wall irradiation (WBI/CWTI)
alone, may be difficult. These limitations
also apply for the recent studies that pro-
vided new evidence for the benefit of RNI

[22, 40, 58]. Two opposite speculations
are conceivable: either the benefit of RNI
might be more pronounced with high tech
three-dimensional (3D) planning, as it en-
sures adequate dose coverage of the tar-
get; or the results may even be inferior, as-
suming that inadvertent irradiation of the
lymph nodes may have contributed to tu-
mor eradication with older techniques.

The aim of the present paper is to pro-
vide an overview on recent literature and
to discuss the different aspects concerning
indications for RNI in light of new data
on the basis of a comprehensive literature
search. Moreover, the problem of nodal
coverage with different techniques will be
illustrated by reproducing field arrange-
ments in the different studies and super-
imposing them on CT slices with individ-
ually contoured node areas.

Finally, practical guidelines for tar-
geting and technique of radiotherapy of
the lymphatic pathways after surgery for
breast cancer will be outlined. The pres-
ent recommendations are complement-
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ing and critically reviewing the interdisci-
plinary S3 guidelines provided by the Ger-
man Cancer Society (DKG) published in
July 2012 [48] and updating the practical
guidelines published in 2008 by the breast
cancer expert panel of the German Society
of Radiation Oncology (DEGRO) [49].

|ALNHI|

General indications for
regional nodal irradiation

In case of 4 positive axillary nodes, the
indication for RNI is undisputed. For pa-
tients with 1-3 positive nodes (pN1), da-
ta concerning the effectiveness of RNI are
less unequivocal [9, 19, 56, 62]. This in-

Fig. 1 < Regional lymph
node and whole breast irra-
diation: Differences in por-
tal designs in the EORTC
and MA-20 study and in
corresponding dose distri-
butions, respectively. Fron-
tal view of field projec-
tions with respect to 3D-
contoured lymphatic re-
gions according to respec-
tive protocol guidelines:

a EORTC trial, b MA-20 tri-
al. Dashed yellow lines indi-
cate cross sections for dem-
onstration of dose distribu-
tions (¢, d, e, f, g, h). Cra-
nial cross sectional views
through supraclavicular
fields and corresponding
dose distributions for the

¢ EORTC trial and d MA-20
trial. Upper planes through
tangential fields for EORTC
alignements including a
separate portal for e IMLN
and f MA-20 beam ar-
rangements (“wide tan-
gents”). Midplane distribu-
tions for tangential beams
for g EORTC, and h MA-20
alignments. ALN/ axillary
lymph nodes level |, ALN /I
axillary lymph nodes lev-

el ll, ALN Il axillary lymph
nodes level lll, IMLN in-
ternal mammary lymph
nodes, SCLN supraclavicular
lymph nodes, PTV planning
target volume

certitude is reflected by the heterogeneity
of recommendations in different interna-
tional guidelines. Indirect evidence for the
benefit of RNI for patients with 1-3 posi-
tive axillary nodes was derived from sub-
group analyses of the Danish Breast Can-
cer Group study and the British Colum-
bia trial. Both randomized studies yield-
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Abstract

Aim. The purpose of this work is to update
the practical guidelines for adjuvant radio-
therapy of the regional lymphatics of breast
cancer published in 2008 by the breast can-
cer expert panel of the German Society of Ra-
diation Oncology (DEGRO).

Methods. A comprehensive survey of the lit-
erature concerning regional nodal irradia-
tion (RNI) was performed using the follow-

"

ing search terms: “breast cancer”, “radiother-
apy’, “regional node irradiation”. Recent ran-
domized trials were analyzed for outcome

as well as for differences in target definition.
Field arrangements in the different studies
were reproduced and superimposed on CT
slices with individually contoured node areas.
Moreover, data from recently published me-
ta-analyses and guidelines of international
breast cancer societies, yielding new aspects

DOI10.1007/500066-013-0543-7

compared to 2008, provided the basis for de-
fining recommendations according to the cri-
teria of evidence-based medicine. In addi-
tion to the more general statements of the
German interdisciplinary S3 guidelines up-
dated in 2012, this paper addresses indica-
tions, targeting, and techniques of radiother-
apy of the lymphatic pathways after surgery
for breast cancer.

Results. International guidelines reveal sub-
stantial differences regarding indications for
RNI. Patients with 1-3 positive nodes seem
to profit from RNI compared to whole breast
(WBI) or chest wall irradiation alone, both
with regard to locoregional control and dis-
ease-free survival. Irradiation of the region-
al lymphatics including axillary, supraclavic-
ular, and internal mammary nodes provided
a small but significant survival benefit in re-
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cent randomized trials and one meta-analy-
sis. Lymph node irradiation yields compara-
ble tumor control in comparison to axillary
lymph node dissection (ALND), while reduc-
ing the rate of lymph edema. Data concern-
ing the impact of 1-2 macroscopically affect-
ed sentinel node (SN) or microscopic metas-
tases on prognosis are conflicting.
Conclusion. Recent data suggest that the
current restrictive use of RNI should be scru-
tinized because the risk—benefit relationship
appears to shift towards an improvement of
outcome.

Keywords
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Regional nodal irradiation - Practice
guidelines

Zusammenfassung

Ziel. Aktualisierung der DEGRO-Leitlinie
von 2008 zur adjuvanten Strahlentherapie
des regionalen Lymphabflusses bei Mam-
makarzinom und Erganzung der allgemein-
en Empfehlungen der interdisziplindren S3-
Leitlinie der Deutschen Krebsgesellschaft
von 2012 durch spezifisch radioonkologische
Leitlinien zur Indikation, Zielvolumendefini-
tion und Technik der postoperativen Radio-
therapie.

Methoden. Die DEGRO-Expertengruppe
Mammakarzinom fiihrte eine systematische
Literaturrecherche nach randomisierten Stu-
dien, Metaanalysen sowie internationalen
Leitlinien durch, die nach 2008 publiziert
wurden und sich an den Kriterien evidenz-
basierter Medizin orientierten. Suchbegriffe
waren, breast cancer’, ,radiotherapy” und,,re-
gional node irradiation”. Die Studien wur-

DEGRO-Leitlinien fiir die Strahlentherapie des Mammakarzinoms lll
- Strahlentherapie der Lymphabflusswege

den sowohl auf ihre Ergebnisse als auch hin-
sichtlich der Unterschiede in den Zielvolumi-
na analysiert und auf 3-D-Planungsschnitt-
bilder mit CT-konturierten Lymphabflussge-
bieten projiziert.

Ergebnisse. Die Indikation zur regionalen
Lymphabflussbestrahlung (RNI) wird in in-
ternationalen Leitlinien unterschiedlich
gestellt. Bei Patientinnen mit 1-3 befalle-
nen axillaren Lymphknoten wurden nach
RNI'im Vergleich zur alleinigen Bestrah-

lung der Brust oder Brustwand Verbesserun-
gen der lokoregionalen Kontrolle und des
Uberlebens beobachtet. Mehrere randomi-
sierte Studien und eine Metaanalyse zeig-
ten nach RNI (mit unterschiedlichen Ziel-
volumina) eine zwar geringe, jedoch sig-
nifikante Verbesserung des Uberlebens. Bei
positivem Sentinel-Lymphknoten (SN) ist

die Lymphabflussbestrahlung einer axil-
laren Lymphonodektomie (ALND) gleichwer-
tig in der lokalen Tumorkontrolle, geht aber
mit einer deutlich geringeren Lymphédem-
rate einher. Zur Frage, ob ein solch limitierter
Lymphknotenbefall und selbst eine Mikro-
metastasierung langfristig einen Einfluss auf
die Prognose haben, ist die Datenlage wider-
spriichlich.

Schlussfolgerung. Die restriktive Indika-
tionsstellung zur Lymphabflussbestrah-

lung muss angesichts neuer Daten aus
randomisierten Studien kritisch liberdacht
werden.

Schliisselworter

Brustneoplasien - Adjuvante
Strahlentherapie - Regionale
Lymphknotenbestrahlung - Leitlinien

ed an improvement of survival if postmas-
tectomy radiation (PMRT) including the
complete lymphatic pathways was used.
Comparison of outcome according to the
number of metastatic nodes revealed that
patients with 1-3 and those with >4 pos-
itive nodes had a similar absolute overall
survival (OAS) advantage of roughly 10%
[38, 42]. As no comparison was made to
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chest wall irradiation alone, uncertainty
remained how to quantify the contribu-
tion of RNL

Patients allocated for primary system-
ic treatment (PST) should preferentially
receive sentinel node biopsy (SNB) pri-
or to treatment [28]. For patients with
pathologically negative nodes after PST,
who had initially presented with clinical

lymphadenopathy, the decision for RNI
should comply to the pretreatment stage,
irrespective of the response to chemo-
therapy [1, 5, 35, 48]. This recommenda-
tion is not based on a high level of evi-
dence as no randomized studies have been
performed to assess the potential benefit
of RNI in this situation. Data from retro-
spective studies are conflicting [13, 60]. In-



Meta-analysis of survival data from two randomized trials

MA-20 [58] EORTC [40] Meta-analysis [6]
Design  WBI +IM +MS + Axlevel Il WBI/CWI + IM + MS vs. WBI/
vs. WBI alone CWI alone
n 1832 4004 Total
5836
0AS HR0.76 HR 0.87 HR 0.85
(95% C10.75-0.96) (95% C10.76-1.00) (95% C10.75-0.96)
p=0.07 p=0.056 p=0.011
DFS HR 0.67 HR 0.89 HR 0.85
(95% C10.52-0.87) (95% C10.80-1.00) (95% C10.77-0.94)
p=0.003 p=0.044 p=0.002
MFS HR 0.64 HR 0.86 HR 0.82
(95% C10.47-0.85) (95% C10.73-0.92) (95% C10.73-0.92)
p=0.02 p=0.02 p=0.001
WBI whole breast irradiation, IM internal mammary nodes, MS medial/supraclavicular nodes, Ax axillary nodes,
CWI chest wall irradiation, OAS absolute overall survival, HR hazards ratio, Cl confidence interval, DFS disease-
free survival, MFS metastasis-free survival.

terestingly, in one series, the largest ben-
efit of PMRT (including RNI) was ob-
served for the subgroup of patients with a
complete remission after PST (33% vs.77%
p=0.0016) [33]. Especially with regard to
the emerging role of PST, a prospective
controlled trial is highly warranted.

New evidence from
randomized trials

Canadian trial (NCIC-CTG MA.20)

Beyond retrospective data, the first ran-
domized study providing evidence for the
benefit of RNI especially in patients with
1-3 lymph nodes (LN), was the NCIC-
CTG MA.20 trial, presented at the ASCO
2011, not yet published as full paper [58].
The study comprised 1832 women with
mostly 1-3 positive axillary nodes (85%)
and a minority of women (10%) with neg-
ative nodes in the presence of high-risk
factors (G3, lymphatic vessel invasion,
T3 tumors, T2 tumors with <10 axillary
lymph nodes removed and HR-negative).
Patients were randomized after breast-
conserving surgery and ALND to either
whole breast irradiation (WBI) or WBI
and additional RNI. The target volume
in the RNI group included levels I-IIT of
the axillary nodes, supraclavicular and in-
ternal mammary nodes (B8 Fig. 1b). The
5-year locoregional recurrence-free sur-
vival was 96.8% with and 95.5% with-
out RNI (p=0.02). The 5-year disease-
free survival (DFS) was significantly im-
proved in the RNI group: 89.7% vs. only
84% patients with WBI alone (p=0.003).

This difference is twice as high as the ab-
solute benefit in terms of local control,
and therefore hypothetically attributable
to the significant positive impact on dis-
tant metastases-free survival (DMFS)
with an absolute 5.4% reduction at 5 years
in the RNT arm (p=0.002). There was a
trend towards improved OAS (92.3% vs.
90.7%), however, just below statistical
significance (p=0.07). The rate of lymph
edema (any grade) was 4% without vs. 7%
with RNI (p=0.004) which is in accor-
dance to recent literature [51]. The rate of
pneumonitis was slightly increased after
RNI (1.3%vs.0.2%) but altogether low. Da-
ta concerning cardiovascular toxicity were
not yet provided. The authors concluded
that RNI reduces the risk of locoregional
and distant recurrence and improves DES
with a trend in improved OAS [58].

European study EORTC
22922-10925

The European study EORTC 22922-10925
[40] (not yet published as full paper ei-
ther) included 4004 women stage I-III
with mostly pT1-2 tumors (95%) and ei-
ther involved axillary LN (55.6%) and/or a
medially located primary tumor (44.5%).
Patients were randomized after BCS
(76.1%) or mastectomy (23%) to receive
WBI/PMRT either with or without inclu-
sion of the IMN and medial SCN (MSCN)
(B Fig. 1a) with 50 Gy in 25 fractions. Af-
ter mastectomy, chest wall irradiation was
applied to 73.2% of patients in both arms.
Dose specifications for WBI/CWI were
not required, presumably, relevant parts

of the axilla were included in these fields.
Nearly all LN-positive (99.0%) and 66.3%
of the LN-negative patients received adju-
vant systemic treatment. After adjustment
for stratification factors, IM-MS RT sig-
nificantly improved outcome at 10 years:
OAS: 82.3 vs. 80.7%, p=0.049; DFS: 72.1
vs. 69.1%, p=0.044; metastases-free sur-
vival (MFS) 78.0 vs. 75.0%, p=0.020. The
treatment effect on OAS was similar for
pN1 vs pN2 patients but interestingly,
most pronounced for node-negative pa-
tients (HR 0.79, 95% CI 0.61-1.02). In
case of >10 positive nodes, no advantage
was observed; however, the number of pa-
tients (about 2%) was small. The highest
benefit was observed in patients receiving
chemo- as well as endocrine therapy (HR
0.72, 95%CI 0.55-0.94). While the local
recurrence rate was similar (5.3 vs. 5.6%),
regional lymph node recurrence was 2.7%
with RNI vs. 4.2% without. In contrast to
the findings in the Canadian study, the
rates of any-grade lymph edema at 3 years
were identical in both groups [32]. No
increase in lethal complications was ob-
served so far. Therefore, the authors con-
clude that radiotherapy of the IMN and
medial SCN should be recommended for
patients with involved axillary LN and/or
medially located primary tumor.

French study

In the French trial [22], 1334 patients
with mostly T1-2 tumors (85%) and ei-
ther positive axillary nodes (75%) or cen-
tral/medial tumors irrespective of nod-
al status (25%) were included. All pa-
tients were treated with PMRT to the
chest wall, including SCN (plus axillary
apex, in node-positive cases) and were
randomized to receive additional IMN-
RT or not. IMN included the first 5 inter-
costal spaces. Roughly 60% received che-
motherapy, about 50% endocrine system-
ic treatment. Overall, 10-year OAS was
62.57% with IMN-RT and 59.3% (p=0.8)
without. Node-negative patients (25%)
showed a trend towards a worse outcome
with IMN-RT (n.s.), whereas node-posi-
tive patients seemed to profit from IMN-
RT (n.s.). In patients with lateral tumors,
who were treated with chemotherapy, the
10-year OAS was 67% vs. 64% (n.s.) in fa-
vor of IMN-RT, without chemotherapy
55% vs. 50.5% (ns) respectively. Node-

Strahlentherapie und Onkologie 4 - 2014 ‘ 345



Original article

positive patients with medial/central tu-
mors had a worse outcome compared to
lateral ones, for whom 10-year OAS after
chemotherapy was 57% vs. 49.8% and 54%
vs. 47.5% without chemotherapy both in
favor of IMN-RT, but also without statisti-
cal significance. The authors concede that
the study may have been underpowered
to prove a significant survival benefit for
IMN-RT. No increase in cardiac toxicity
was observed in the IMN-RT group but
may have been incompletely reported; the
authors admit that their data do not per-
mit a definite conclusion regarding toxic-
ity and conclude that they cannot reliably
recommend for or against IMN-RT [22].

Meta-analysis of these trials

A meta-analysis of these data [6] re-
vealed a more distinct benefit of RNT on
OAS with a hazard ratio of 0.82 (p=0.011)
(B Tab. 1). The largest gain was observed
for DMEFS, possibly supporting the hy-
pothesis of Hellman [21] that radiothera-
py is “stopping metastases at their source”.

Comments and conclusions
of the DEGRO panel

== Data from the MA-20 and EORTC stud-
ies suggest that all node-positive pa-
tients profit from comprehensive RNI
including SCN and IMN.

== The respective contribution of RNI by
site (SCN vs. IMN) on improved out-
come cannot be distinguished, axil-
lary nodes of level | and Il were part-
ly included in the control arms using
WBI/CWI.

== Full publication of the MA-20 and the
EORTC studies is pending; several im-
portant details or subgroup analyses
are not yet available.

== No increase in cardiovascular toxici-
ty by RNI was reported. However, fol-
low-up of the MA- 20 study is too
short to assess long-term toxicity; in
the French study, exclusion of toxicity
was not possible according to the au-
thors. In the EORTC study, no increase
of lethal complications was observed,
however, without providing details
how cardiac toxicity was assessed.
Moreover, 10 years of follow-up may
still be too short for final conclusions.
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== Two of the studies permit comparison
between the effect on locoregion-
al and distant recurrence. In both tri-
als the impact on MFS is greater than
the difference in locoregional control,
strongly suggesting that RNI prevents
distant spread.

Is RNI still obsolete for
pNO patients?

Statement of the German
S3 Guidelines 2012 [48]

Statement RT 5a

RNI should not be performed in pathologi-
cally node-negative (pNO) patients (LoE 3b,
GRA)

Generally, RNI is not recommended for
patients with pathologically negative ax-
illary nodes (pNO) assessed by adequate
ALND or SNB. Already in 2009, a meta-
analysis by Rowell et al. [44] revealed an
improved survival of 14% for node-neg-
ative breast cancer patients after PMRT
(including RNI) in the presence of one
or more risk factors such as young age,
high grade tumors, size >2 cm, or lym-
phovascular invasion. Again, the effect
of RNI is not quantifiable, as in most of
the studies evaluated in the meta-analy-
sis, PMRT had been randomized vs. mas-
tectomy alone. The above mentioned re-
cent randomized trials included a vary-
ing percentage of node-negative patients
(10-44%) with a medial/central tumor lo-
cation; results are conflicting [22, 40, 58].
In the French study [22], pNO patients did
not profit from IMN-RT. In the Canadi-
an trial, 182 node-negative patients with
risk factors were included; however, no
subgroup analysis has yet been present-
ed [58]. Positive evidence was only pro-
vided in the EORTC study: a subgroup
analysis according to nodal status showed
a more pronounced effect of RNI on OAS
(HR 0.79 95%CI 0.61-1.02) for node-nega-
tive patients compared to pN1 disease (HR
0.89,95% CI 0.93-1.09) [40]. Details of the
studies are discussed above.

Comments and conclusions
of the DEGRO panel

== RNI seems to yield a benefit for select-
ed patients with pNO stage and spe-
cific risk constellations or medial/cen-
tral tumor location but current data
are conflicting.

== In presence of additional risk factors,
RNI should be individually discussed.
From the available body of evidence,
the panel cannot derive standardized
recommendations for RNl in node-
negative women.

Regional nodal
irradiation by site

As separate irradiation of the different
nodal areas has hardly ever been inves-
tigated in a randomized setting, it is im-
possible to quantify the contribution to
improved tumor control achieved by RT
of the distinct sites. In most studies, RNI
comprised either all or at least two sites.

Radiotherapy of the internal
mammary nodes

Risk factors for metastatic spread to the in-
ternal mammary nodes (IMN) have been
elaborated in a large series 0of 1679 Chinese
women who underwent extended mas-
tectomy including dissection of the mam-
maria interna nodes. Patients with fol-
lowing conditions had high risk of IMNS
metastasis: 4 or more positive ALNs, me-
dial tumor and positive ALNs, T3 tu-
mors, and age less than 35 years. The in-
cidence of IMN metastases for those pa-
tients was more than 20%. Positive IMN
in accordance to the number of positive
ALN with respect to index tumor loca-
tion: 1-3 LN medial: 23% and central 32%;
for those with 4-6 LN: medial 47%, cen-
tral 22%. This is in contrast to the small
number of patients diagnosed with clin-
ically manifest IMN recurrence which is
assumed to be only about 1% [17]. A pos-
sible explanation for this discrepancy is
the lack of routine imaging of this area
as part of the follow-up program. More-
over, parts of the IMN may be inadver-
tently included in tangential field arrange-
ments (B Fig. 1a, b). Another hypothesis
is that micrometastasis in the IM-LN may



represent a source for metastatic spread
without growing to clinically detectable
size before distant metastases have been
diagnosed [6].

Statement of the German
S3 Guidelines 2012 [48]

Statement RT 5d

Radiotherapy of the internal mammary nodes
should not be performed (GCP)

The statement of the German S3 guide-
lines was published before the data of the
EORTC 22922-10925 trial [40] and the full
paper of the French study [22] were avail-
able. It refers to NICE 2009 and NZGG
2009 [36, 37] and is more restrictive than
other international guidelines. The NCCN
[35] states that RT to the IMN should be
“strongly considered” for node-positive
patients, regardless of the number of af-
fected nodes and irrespective of preceding
surgery, i.e., breast-conserving treatment
or mastectomy and even for pNO patients
with tumors >5 cm or close margins after
mastectomy. The French guideline recom-
mends “The supra/infraclavicular and the
IMN nodes should be systematically irra-
diated. IMN-RT is particularly indicated
in patients with internal-central tumors,
node positive patients and those with >4
positive nodes” [5].

The restrictive use of IMN-RT ac-
counts for the apprehension of enhanced
cardiac toxicity [8,12]. Indeed, an increase
of cardiovascular-related mortality was
observed in older studies [9]. The main
reasons were a substantially larger target
volume comprising the first 5 intercostal
spaces and the bilateral lymph node chain.
Moreover, anterior cobalt fields were used
with direct dose exposition of major parts
of the heart. Undisputedly, IMN-RT in-
creases the dose to the heart, even with so-
phisticated 3D planning or IMRT, howev-
er, much less than formerly achieved [17,
46]. IMN-RT was not associated with an
excess of cardiac death in the two afore-
mentioned trials with a median follow-
up of >10 years [22, 40], suggesting that
even with the former outdated radiation
techniques, cardiac toxicity will proba-
bly remain low, expectably even more sel-

dom with modern techniques as nowa-
days used.

IMN-RT was part of the treatment in
most PMRT studies [9, 38, 42] and the two
aforementioned randomized trials inves-
tigating RNI [40, 58]. However, only one
randomized trial specifically addressed
the contribution of IMN-RT as part of
PMRT in comparison to chest wall irra-
diation plus RNI without inclusion of the
IMN [22]. Details are discussed above.
Even though a nonsignificant benefit was
observed for node-positive patients, the
study was underpowered to demonstrate
a clear advantage in contrast to RNI limit-
ed to the SCN and axillary nodes.

In contrast, a potential benefit of IMN-
RT even for node-negative patients with
medial/central tumors was observed in a
recent retrospective French cohort study
[10] comprising 1630 patients with nega-
tive ALND or SNB, treated between 1975
and 2008, of whom 489 received IMN-
RT. Of 621 patients with medial/central
tumor location, 46.5% received IMN-
RT—in contrast to only 14% of those with
outer quadrant tumors. For the entire
group, no significant difference in sur-
vival was observed. However, a subgroup
analysis according to tumor location re-
vealed a significant benefit of IMN-RT
for patients with medial/central tumors:
10- and 20-year OAS was 92.5 and 80.2%
with IMN-RT vs. only 87 and 63% with-
out (p=0.0052).

Comments and conclusions
of the DEGRO panel

== The perception that IMN-RT should
not be performed (as stated in the
German S3 guidelines) has to be scru-
tinized in light of new evidence from
recent randomized trials and several
population-based studies.

== The contribution of IMN-RT to im-
proved outcome cannot be distin-
guished; parts of the IMN may have
been included in the control arms us-
ing WBI/CWI.

== Medial tumor location should regain
relevance among decision criteria for
IMN-RT as part of RNI.

== No increased cardiovascular disease
or lethal complications was observed
after a median follow-up period of 10

years but the limitations discussed
above do not yet permit final exclu-
sion of late cardiac toxicity. Therefore,
the panel does not yet derive stan-
dardized recommendations for IMN-
RT from the currently available body
of evidence. Further follow-up and
subgroup analyses have to be await-
ed.

Radiotherapy of the supra/
infraclavicular nodes

Risk factors for a regional recurrence in
the supra- and infraclavicular fossa are as
described in several cohort studies. Yates
et al. [61] analyzed outcome of 1065 con-
secutive patients with 1-3 positive axil-
lary nodes without RNI. The 10-year rate
of SCN recurrence was 0.8% in Gl vs.
10% in G3 tumors, for patients with one
affected node 7.2% vs. 17.6% when three
nodes were positive. As expected, pa-
tients with SCN recurrence had a signifi-
cantly reduced 10-year OAS (18% vs. 65%,
p<0.001). A similar observation was made
by Yu et al. [62] who reported a 5-year
SCN failure rate of 8.7% in 448 pN1-pa-
tients without SCN-RT, also associated
with a significant deterioration of OAS.
Main risk factors were extracapsular ex-
tension, lymphovascular invasion, and in-
volvement of level II and III nodes.

The terms “apical axillary nodes” or
“infraclavicular nodes” are synonyms for
level ITI axillary nodes [2].

Statement of the German
S3 Guidelines 2012 [48]

Statement 5e

Radiotherapy of the supra/infraclavicular

nodes is indicated

== in case of >3 positive axillary nodes (LoE
1b, GRB)

== positive nodes in level Il of the axilla (LoE
1b, GRB)

== When RT of the axillary nodes is per-
formed (LoE 3b, GR B)

The German S3 guidelines are more re-
strictive with regard to the indication for
SCN-RT than other national and interna-
tional recommendations. In contrast, the
recommendations of the Breast Commit-
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tee of the Arbeitsgemeinschaft Gynékol-
ogische Onkologie (AGO) [1] do permit
SCN-RT for patients with 1-3 positive
nodes, referring to the American NCCN
guidelines [35], where SCN-RT is not on-
ly recommended for patients with 4 or
more positive lymph nodes but should al-
so be “strongly considered” in those with
1-3 positive lymph nodes. These recom-
mendations are not evidence-based in a
strict sense as RT of the SCN as an isolated
mode of nodal irradiation has not been in-
vestigated in randomized studies. There-
fore, the contribution of SCN-RT to im-
proved outcome after RNI in the report-
ed trials cannot be distinguished from the
potential effect of IMN-RT. However, in
terms of locoregional failure, SCN is the
most frequently affected lymph node area
[24, 53]. Thus, SCN-RT appears as a plau-
sible compromise between reducing the
locoregional recurrence risk on the one
hand and accounting for the fear of tox-
icity by IMN-RT on the other. The prac-
tice of using SCN without IMN-RT has
been widely adopted especially in North-
ern America [8, 17]; for instance, in Can-
ada, the use of SCN-RT after BCS for pa-
tients with 1-3 positive nodes increased
from 23% prior to 1997 to 57% thereaf-
ter [56] as a result of the publication of
the late results of the PMRT trial [42] that
had shown a benefit of PMRT including
comprehensive RNI for pN1 patients. In a
large retrospective analysis of the British
Columbian database, where 2768 pN1 pa-
tients after BCS were evaluated, compar-
ing outcome of WBI vs. WBI plus RNI,
the 10-year locoregional control was im-
proved by RNI (89% vs. 93%, p=0.006);
however, OAS and breast cancer-specific
survival were not significantly influenced
[56].

Comments and conclusions
of the DEGRO panel

== For patients with >3 positive axillary
nodes, SCN-RT as part of RNl is man-
datory, on the basis of recent data it
should also be strongly considered in
case of with 1-3 nodes.

== Asisolated SCN-RT has not been in-
vestigated in randomized studies, its
benefit as part of RNI cannot be dis-
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criminated on a high level of evi-
dence.

== Retrospective data indicate a bene-
fit of SCN even without IMN-RT, while
toxicity is minimal with modern tech-
niques.

Radiotherapy of the axilla

Risk factors for axillary spread in clinical-
ly node-negative patients were analyzed
in a population-based study from the
Eindhoven Cancer Registry. Of the 5125
patients with cNO, ALND revealed 1748
(34%) positive lymph nodes at pathologi-
cal examination. After multivariate analy-
sis, histologic type, tumor size, tumor site,
and the number of lymph nodes in the ax-
illary specimen remained as independent
predictors of the risk of nodal involve-
ment (p<0.001) [55]. The rate of clinical-
ly apparent ALN recurrence is much low-
er: In a cohort study of the Internation-
al Breast Cancer Study Group, including
8106 patients after mastectomy who re-
ceived chemotherapy without PMRT, only
5% ALN recurrences were observed [24].

Statement of the German
S3 Guidelines 2012 [48]

Statement RT 5b [48]

Indication for radiotherapy of the axilla is
restricted to patients with residual disease
(LoE 2b, GR A) or if axillary nodes are clinically
involved and no axillary dissection was per-
formed. LoE 2b, GR A

The term “axillary RT” has not yet been
consistently defined. Level I nodes are
usually (at least partly) included into tan-
gential field arrangements (in supine po-
sition) for whole breast or chest wall irra-
diation (8 Fig. 1e,f, g, h). Historically, “ax-
illary RT” indicated a separate beam ar-
rangement to cover levels IT and II1, in ad-
dition to the respective dose contributions
from anterior SCN fields (B Fig. 1c, d).

The S3 guidelines restrict the indica-
tion for ALN-RT to manifest tumor in the
axilla, even extracapsular spread is not re-
garded as an indication for RNL

The question whether ALN-RT might
be a less toxic alternative to ALND had al-
ready been addressed in the 1990s and a

randomized study was published in 2004
[29]. The 15-year outcome of ALND com-
pared to axillary RT was evaluated in 658
patients with T1/T2 tumors and clinical-
ly uninvolved axillary lymph nodes. In
all cases, wide excision of the tumor and
WBI were performed. Of the patients in
the ALND group, 21% turned out to be
node-positive and received radiation to
the SCN and IMN but not (intentional-
ly) to the axilla. The 15-year survival rate
was identical in the two groups, however,
the axillary recurrence rate in the ALND
group was 1% vs. 3% in irradiated patients
(p=0.04) [29].

Recently, more extensive data were
provided by the EORTC 10981-22023
AMAROS study [47] with a similar de-
sign. The effectiveness of ALN-RT (in-
cluding SCN) was investigated in com-
parison to ALND. Overall, 4806 patients
who had clinically negative nodes re-
ceived SNB. Patients with negative SNB
did not undergo any axillary treatment
(except WBI) and the 5-year rate of axil-
lary recurrence was 0.8%. SNB was patho-
logically positive in 1425 patients, who
were randomized for either ALN-RT or
ALND. Of the latter, 60% showed macro-
metastases (<2 mm). In the ALND group,
67% had no further positive nodes, 1-3 af-
fected nodes were found in 25% and >4
nodes in 7.8%; subgroup analyses of these
were not presented. The 5-year axillary
recurrence rate was not significantly dif-
ferent: 0.43% after ALND and 1.19% af-
ter ALN-RT. The planned noninferiori-
ty test was underpowered because of the
unexpectedly low number of events. No
significant differences in OAS (93.2% vs.
92.5%, p=0.33) and DFS (86.9% vs. 82.6%,
p=0.17) were observed. Lymph edema
was found significantly more often af-
ter ALND: 5-year rate 28% compared
to ALN-RT 14% (p=0.0001). Consider-
ing that the pattern of spread was equal-
ly distributed in both groups, it can be as-
sumed that in the ALN-RT group rough-
ly one third had remnant axillary metas-
tases after SNB. The low recurrence rate
of 1.19% strongly indicates the compara-
ble effectiveness of ALN-RT as a less in-
vasive procedure than ALND. Notewor-
thy, patients after BCS received WBI, in-
cluding parts of the axilla. The outcome
of patients who received mastectomy and



no irradiation may provide insights con-
cerning the consequences of truly refrain-
ing from any local treatment of the axil-
la, but no such subgroup analysis has yet
been presented. The authors conclude that
ALN-RT can be “considered standard” in
SN-positive patients [47].

Positive sentinel node—no
axillary dissection—implications
for radiotherapy

Statement of the German
S3 Guidelines 2012 [48]

Statement 4.4.5. (operative-6)

Omission of ALND may be considered for pa-
tients with pT1-2 cNO tumors who have 1-2
positive SN after BCS provided they receive
whole breast irradiation. (GCP)

A new challenge for the radiation on-
cologist emerged with a change of prac-
tice in axillary surgery [18]. Based on da-
ta of a randomized study of the Ameri-
can College of Surgeons Oncology Group
[16], several guidelines [35, 48] even per-
mit omission of ALND in selected pa-
tients with one or two pathologically pos-
itive nodes after breast-conserving sur-
gery, provided they receive adjuvant WBIL.
The ACOSOG-Z0011 study is a random-
ized noninferiority trial, including women
with stage I or stage ITA breast cancer with
clinically negative axilla who underwent
SNB, revealing 1-2 pathologically affect-
ed nodes. Tumor characteristics were pT1
(70%) or pT2 invasive carcinomas, most-
ly ER+, well-differentiated tumors. Over-
all, 891 patients were randomized to either
axillary dissection (n=445) or no further
local treatment (n=446). All patients re-
ceived adjuvant WBI. After a median fol-
low-up of 6.3 years, no difference in OAS
and DFS was observed, 5-year locoregion-
al recurrence-free survival rate was 96.7%
after SNB alone and 95.7% in patients with
ALND. The authors conclude that ALND
may no longer be justified in T1-2 tumors.
However, the applicability of this conclu-
sion as a “practice changing” implication
on clinical routine has been doubted, es-
pecially for older women [7]. Moreover,
the quality of evidence provided by the

study has been questioned due to sever-
al serious methodological drawbacks [34].

A compromise accounting for a po-
tentially increased risk of locoregional re-
currence of SN-positive patients was pro-
posed by Haffty et al. [18] who suggested
the use of “high tangents”, with the ratio-
nale of including the nodal area presumed
to be at highest risk. This approach was
based on several studies investigating the
dose delivered to the axillary nodes by
conventional tangential fields, and the ex-
ploration of techniques yielding an im-
proved coverage of level I by minor field
extensions in the cranial direction [3, 43,
50]. To facilitate identification of the re-
gion of interest, the SN resection site can
be visualized by a clip placed at the hilum
of the SN before its removal [41]. This
technique is also recommended in the
new textbook of Radiation Oncology ed-
ited by Perez and Brady [17].

Statement of the German
S3 Guidelines 2012 [48]

Statement RT 5¢

The benefit of RNl in case of isolated tumor
cells or micrometastases in regional lymph
nodes (pNmic) is not validated; therefore RNI
is not recommended (LoE 3b, GR A)

In the German S3 guidelines, it is empha-
sized that less radical surgery should not
lead to a more radical radiotherapy tech-
nique; therefore, inclusion of the axilla in-
to the target volume is explicitly discour-
aged in case of microscopic involvement
of the SN. However, the assumption that
occult SN metastases have no impact on
prognosis is not ascertained as elucidated
by a subgroup analysis of the NSABP-B 32
trial. The study was originally designed to
evaluate whether SNB alone was equiv-
alent to complete axillary dissection in
primarily SN-negative women [27]. Par-
affin-embedded tissue blocks of senti-
nel lymph nodes obtained from 3887 pa-
tients randomized for either SNB alone or
ALND with pathologically negative SN
were centrally re-evaluated. Occult me-
tastases were detected in 15.9%. Follow-
up showed a small but significantly worse
outcome of those patients with occult me-
tastases compared to those who remained

negative. The difference in 5-year OAS
was 1.2% (94.6% vs. 95.8%, p=0.03), DES
even 2.8% (86.4% vs. 89.2%, p=0.02) [57].
Several large retrospective cohort studies
show a similar trend for microscopical-
ly positive nodes [30, 39], whereas isolat-
ed tumor cells or clusters <0.2 mm do not
seem to have an impact on prognosis [23].
As survival differences tend to become ap-
parent after more than 10 years [11], long-
term outcome will be of great relevance
for future clinical practice. If the trend for
deteriorated survival of these patients in-
creases over time, it should be investigat-
ed whether the use of RNI could compen-
sate the inferior outcome.

Comments and conclusions
of the DEGRO panel

== Data do not yet permit ultimate con-
clusions whether any local treatment
of the axilla can be safely omitted in
selected patients with 1-2 involved
lymph nodes or in case of microme-
tastases.

== In case of macroscopic SN metasta-
ses, ALN-RT (as part of RNI) should be
discussed as an alternative to ALND in
light of the equivalent effectiveness
and concurrent reduction of lymph
edema. Of note, information of the
patient and explanation of the differ-
ent options should precede surgery.

Targeting, technique,
and dose for RNI

Three-dimensional treatment planning is
mandatory; several anatomically-based
instruction guidelines have been pub-
lished to define individual contouring
of the different lymph node regions [14,
25, 26, 45]. Substantial variations may be
caused by patient positioning; especially
the abduction of the arm plays an impor-
tant role [26].

Internal mammary nodes

The target volume should be restricted to
the ipsilateral side and not exceed below
intercostal space 3-4 ([14], @ Fig. 1a, b).
Contouring of the heart is mandatory, de-
tailed instructions are provided by the at-
las of Feng et al. [22]. Delineation of the
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whole heart should start directly inferior
to the left pulmonary artery. The left ante-
rior descending artery (LAD) is one of the
clinically most relevant structures for late
toxicity, as it is the major coronary vessel
in the closest vicinity to left-sided IMN.
The LAD originates from the left coro-
nary artery and runs in the interventricu-
lar groove between the right and left ven-
tricle. Contouring and dose documenta-
tion in a dose-volume histogram may be
helpful for quality control.

Supra/infraclavicular nodes

The term SCN is synonymous with inferi-
or deep cervical LN. The medial part cor-
responds to the level IV neck nodes, while
the lateral part corresponds to level Vb ac-
cording to the AJCC classification of head
and neck area [2].

The medial SC LNs consist of the in-
ferior jugular nodal chain and the me-
dial part of the transverse cervical nodal
chain. When the target volume is restrict-
ed to this area (as in the EORTC 22922-
10925 trial), the lateral field border ex-
tends to the mid clavicle. The lateral SC
LNs consist of the lateral part of the trans-
verse cervical nodal chain, which is the in-
ferior part of the posterior triangle of the
neck; in this case, the field extends to the
coracoid process [14]. The term infracla-
vicular nodes is synonymous with api-
cal or level III of the axillary nodes and
are mostly included when SCN-RT is de-
scribed (B Fig. 1¢, d).

Axillary nodes

The ALN are divided into level I (low axil-
la) which extends laterally from the pecto-
ralis minor muscle and level II (mid axil-
la) between the medial and lateral borders
of the pectoralis minor muscle and the in-
terpectoral LN (Rotter). Level III (apical
axilla) corresponds to infraclavicular LN
(B Fig. 1a,b). When ALN -RT is intend-
ed, the SCN are included and the lateral
field border is extended according to the
individual anatomy.

350 | Strahlentherapie und Onkologie 4 - 2014

Dose and fractionation

Statement of the German
S3 Guidelines 2012 [48]

Statement RT 5

The total dose for RNI should be around

50 Gy using conventional fractionation
(5x1.8-2.0 Gy/week). For RT of the supra/
infraclavicular nodes, single doses of 1.8 Gy
are preferable (GCP).

The recommendation is in accordance
with international guidelines [5, 35, 52].
Hypofractionation (HF) is currently not
recommended for patients who receive
RNI as larger doses per fraction may in-
crease the risk of long-term effects like
cardiac toxicity or plexopathy [4, 15, 54].
In the randomized studies investigating
hypofractionation, 79% of the patients
were node negative and only a minority
of patients were treated with RNI (Cana-
dian study: none, START A: 13%, START
B: 7%) [20, 59]. The same applies for hy-
pofractionation after chemotherapy [52]
as the majority of HF patients had not re-
ceived such treatment [20, 59] and most
patients considered for RNI are nowadays
intended to receive chemotherapy.
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