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Abstract

Background: Radiotherapy (RT) improves overall survival (OS) of breast cancer patients after breast conserving
surgery and after mastectomy in patients with involved lymph nodes (LN). The contribution of RT to the regional
LN to this survival benefit was poorly understood. Recently, the results of three large randomized trials addressing
this question have become available.

Material and methods: The published abstracts (full publication pending) of the MA.20 (n=1832) and the EORTC
22922–10925 (EORTC) (n=4004) trial and the full publication of the French trial (n=1334) were basis of the meta-analysis.
Main eligibility criteria were positive axillary LN (all trials), LN negative disease with high risk for recurrence (MA.20), and
medial/central tumor location (French, EORTC). The MA.20 and the EORTC trial tested the effect of additional regional
RT to the internal mammary (IM) LN and medial supraclavicular (MS) LN, whereas in the French trial all patients received
RT to the MS-LN and solely RT to the IM-LN was randomized. Primary endpoint was OS. Secondary endpoints were
disease-free survival (DFS) and distant metastasis free survival (DMFS).

Results: Regional RT of the MS-LN and the IM-LN (MA.20 and EORTC) resulted in a significant improvement of OS
(Hazard Ratio (HR) 0.85 (95% CL 0.75 - 0.96)). Adding the results of the French trial and using the random effects model
to respect the different design of the French trial, the effect on OS of regional radiotherapy was still significant (HR 0.88
(95% CL 0.80 - 0.97)). The absolute benefits in OS were 1.6% in the MA.20 trial at 5 years, 1.6% in the EORTC trial at 10
years, and 3.3% in the French trial at 10 years (not significant in single trials). Regional radiotherapy of the MS-LN and
the IM-LN (MA.20 and EORTC) was associated with a significant improvement of DFS (HR 0.85 (95% CL 0.77 - 0.94)) and
DMFS (HR 0.82 (95% CL 0.73 - 0.92)). The effect sizes were not significantly different between trials for any end point.

Conclusion: Additional regional radiotherapy to the internal mammary and medial supraclavicular lymph nodes
statistically significantly improves DFS, DMFS, and overall survival in stage I-III breast cancer.
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Introduction
Clinical data indicate that breast cancer is a radiosensitive
disease. Adjuvant radiotherapy after breast-conserving
surgery reduces the risk of ipsilateral in breast recur-
rence by at least a factor of 3 and halves the risk of any
disease recurrence resulting in a significantly improved
overall survival [1,2]. Radiotherapy after mastectomy in
node positive breast cancer patients reduces chest wall
recurrences by a factor 3–4 and improves overall survival
by 6% [3]. Whereas almost all patients in clinical trials
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on postmastectomy radiotherapy received comprehensive
nodal irradiation including the axillary, medial supra-
clavicular (MS), and internal mammary (IM) lymph
nodes, the majority of patients in trials on radiotherapy
after breast conserving surgery did not receive nodal
radiotherapy except in some trials for node positive
disease. Whether and to which extent nodal radiotherapy
contributed to improved disease free and overall survival
in these trials is unknown. Since surgical treatment of
the axilla in clinical node negative breast cancer has
not consistently shown to improve overall survival, the
less aggressive sentinel node biopsy (SNB) technique is
considered as standard treatment. The slightly higher
axillary recurrence rate after SNB compared to axillary
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dissection was shown to have no impact on overall
survival [4] supporting the SNB concept and indirectly
the hypothesis that involved LN in breast cancer indicate
a high risk of systemic disease, but do not represent
a major source of systemic disease [5]. The work pub-
lished by Veronesi and colleagues [6] that was done
before any systemic treatment of breast cancer had
been established, can be interpreted in the same direc-
tion. In their randomized trial (n = 737) that tested the
resection of IM-LN in addition to mastectomy and
axillary surgery, no survival benefit of the extended
surgical approach was shown in spite of the fact that
pathological involvement of the internal mammary LN
was confirmed in 21% of patients.
In non-randomized comparisons, radiotherapy to the

internal mammary lymph nodes (IM-LN) was reported
either to be associated with a significantly improved
[7-9] or a trend to an improved survival [10,11], or no
improvement of survival [12].
Elective radiotherapy to the medial supraclavicular LN

reduced the supra/infraclavicular relapse rate at 10 years
from 4.2% to 1% in a randomized Danish trial [13] on
postmastectomy radiotherapy in postmenopausal patients.
Yates and colleagues [14] reported a 30% supraclavicular
relapse rate at 10 years without radiotherapy in high
risk patients, defined as G3 tumors with >2 involved
axillary LN. The potential reduction of nodal recurrence
by regional radiotherapy may be in the same order of
magnitude for the supraclavicular compared to the
internal mammary LN. However, no relevant data on
the effect elective radiotherapy to the supraclavicular
LN on survival are available.
The first results of randomized trials addressing the

questions have recently been published or were pre-
sented on scientific meetings. The potentially import-
ant implications for the management of breast cancer
prompted us to perform an early meta-analysis based
on already available information.

Material and methods
Using the search term “breast cancer” and radiotherapy
and (regional or nodal or “internal mammary” or para-
sternal or supraclavicular) restricted to “randomized
controlled trial” or “clinical trial, Phase III” in Pubmed
(September 2013) yielded 150 publications of potential
interest. In none of these publications, results of a random-
ized comparison of regional radiotherapy to the internal
mammary nodes and/or to the supraclavicular nodes
versus no radiotherapy were reported. Interestingly, the
recently published results from a French trial [15] was
not identified, since it was categorized as “clinical trial”
and not as “randomized controlled trial” in Pubmed. In
addition, abstracts published between 2008 to September
2013 of important annual cancer meetings were screened
(ASCO, ASTRO, ECC, ESTRO, San Antonio Breast
Cancer Meeting). Two trials of interest that have so far
been published in abstract form only, the MA.20 [16]
and the EORTC 22922–10925 [17] were additionally
identified. In total, information from three randomized
trials comparing regional radiotherapy to regional radio-
therapy was available (Table 1). Two trials ([16,17]) tested
the effect of additional IM-LN and MS-LN radiotherapy
and one trial [15] the effect of additional radiotherapy of
the IM LN (Figure 1). Details of the radiation techniques
used in the EORTC 22922–10925 and the French trial
have been published [14,18]. In the MA.20 trial, MC LN
and level 3 axillary LN were treated with an anterior filed.
For radiotherapy of the IM LN a modified wide tangent
technique or a direct field matched to tangent fields
were used. The inclusion criteria of the trials were similar
but not identical (Table 1). The majority of patients
had node positive disease or medial/central tumors
and received systemic chemotherapy. The primary end
point of all trials was overall survival. Secondary endpoints
were disease-free survival (DFS), distant metastasis free
survival (DMFS) and locoregional tumor control. Data on
DFS and DMFS survival were available only from the
MA.20 and the EORTC 22922–10925, but not from the
French trial. Since information on regional tumor control
was available from the MA.20 only, this endpoint was not
included in the meta-analysis.
Statistical analysis
All analyses were stratified by trial. For analysis, hazard
ratios with 95% confidence limits for overall survival,
DFS, and DMFS were derived from the abstracts of the
MA.20 and the EORTC 22922–10925: The hazard ratio
for overall survival of the French trial was derived from
published survival curves according to the method de-
scribed by Parmar et al. [19], since no information on
hazard ratios were given in the publication. Taking into
account the detailed information on the patients at risk
during follow up, this method is able to estimate the
hazard ratio quite accurately. Meta-analyses of the effect
sizes of the MA.20 and the EORTC 22922–10925 trials
on overall survival, DFS and DMFS were performed
using fixed effect model based on parameter estimates
of log hazard ratios in Cox models and their standard
errors. Since the design of the French trial was different
from the MA.20 and the EORTC 22922–10925 trials,
the combined effect size for overall survival of all three
trials were calculated based on the random effects
model. Results are presented with forest plots, in which
the estimates of the hazard ratios of all single studies
and their combined estimate are visualized. Horizontal
bars indicate the amount of variation (95% confidence
intervals of the parameter estimates).



Table 1 Patient characteristic

MA.20 [16] EORTC [17] French [15]

Recruitment years 2000-2007 1996-2004 1991-1997

Number of patients 1832 4004 1334

Median age 54 54 57

Node positive 85% 56% 75%

Breast surgery
100% breast
conserving

75% breast
conserving 100% mastectomy

CHX 91% 85% 61%

ER/PR negative 25% 16% 7%

Unknown ER/PR status n.a. 6% 40%

Main inclusion criteria N + or high risk*
N0 any location

N + or medial/central tumor N + or medial/central tumor

Breast/chest wall Both arms: 50 Gy / 25 fx Both arms 50 Gy / 25 fx Both arms according to practice of the center

Medial supraclavicular nodes Experimental arm: 45 Gy / 25 fx 50 Gy / 25 fx All patients: dose and fractionation according to
practice of the center

Internal mammary nodes Experimental arm: 45 Gy / 25 fx Experimental arm: 50 Gy / 25 fx Experimental arm: 45 Gy / 20 fx

*= > = 5 cm tumor, > = 2 cm tumor, and <10 axillary nodes removed with ER-, G3, or lymph vacular invation; n.a. = not available; fx = fractions; ER = estrogene
receptor; PR = progesterone receptor.
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Results
A total of 7170 breast cancer patients from three ran-
domized trials were finally identified for the meta-
analysis. Patients’ characteristics in the different trials
are shown in Table 1. Comprehensive regional radio-
therapy (Figure 2) of the MS-LN and the IM-LN (MA.20
and EORTC 22922–10925) resulted in a statistically
significant improvement of overall survival (Hazard Ratio
(HR) 0.85 (95% CL 0.75 - 0.96)). A small, but statistically
not significant, improvement in overall survival was de-
tected in the French trial, in which all patients received
Figure 1 Trial designs. Random= randomization. RT = radiotherapy. MS-L
MS-IM-RT = radiotherapy of medial supraclavicular and internal mammary ly
MS-RT and only the effect of additional radiotherapy to
the IM-LN was tested (HR 0.94 (95% CL 0.79 - 1.11)).
Adding the results of the French trial to the results of
other trials (Figure 2) and using the random effects
model to take into consideration that the design of the
French trial was not identical, the effect on overall
survival of regional radiotherapy was still statistically
significant (HR 0.88 (95% CL 0.80 - 0.97)). The absolute
benefits in overall survival were 1.6% in the MA.20 trial
at 5 years, 1.6% in the EORTC 22922–10925 trial at
10 years, and 3.3% in the French trial 10 years.
N-RT = radiotherapy of medial supraclavicular lymph nodes.
mph nodes.



Figure 2 Overall survival. The area of the symbols reflect the
number of patients, MS + IM =medial supraclavicular and internal
mammary lymph node irradiation, WBI/CWI = whole breast
irradiation or chest wall irradiation, MS =medial supraclavicular
lymph node irradiation.
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Regional radiotherapy (Figure 3) of the MS-LN and
the IM-LN (MA.20 and EORTC 22922–10925) was
associated with a statistically significant improvement
of DFS (HR 0.85 (95% CL 0.77 - 0.94)). The absolute
benefits in DFS were 5.7% in the MA.20 trial at 5 years
and 3.0% in the EORTC 22922–10925 trial at 10 years.
Since no information on DFS was available from the
French trial, a combined analysis was not possible.
Regional radiotherapy (Figure 4) of the MS-LN and the

IM-LN (MA.20 and EORTC 22922–10925) significantly
improved DMFS (HR 0.82 (95% CL 0.73 - 0.92)). The
absolute benefits in DMFS was 5.4% in the MA.20 trial
at 5 years and 3.0% in the EORTC 22922–10925 trial at
10 years. Again, no information of DMFS was available
from the French trial, precluding a combined analysis.
The effect sizes were not significantly different between

trials for any end point.

Discussion
The combined results of randomized trials indicate a
statistically significant improvement in overall survival
for regional nodal radiotherapy in stage I-III breast cancer
Figure 3 Disease free survival. The area of the symbols reflect the numb
lymph node irradiation, WBI/CWI = whole breast irradiation or chest wall irr
patients (Figure 2). The absolute overall survival benefit
at 5 and 10 years was relatively small (1.6% to 3.3%),
but the available survival curves from the MA.20 trial
indicate that a larger benefit may occur with longer
follow up. This interpretation is supported by the con-
siderably larger effect of regional radiotherapy on DFS
and DMFS (Figures 3 and 4). Surprisingly, the advantage
in overall survival appears to be a consequence of the
reduction of distant metastasis rate rather than improved
regional tumor control as indicated by the almost identical
effect of regional radiotherapy on DFS and DMFS. Data
on regional tumor control is currently available only
from the MA.20 trial. Regional radiotherapy improved
regional tumor control at 5 years by 2.3%, but reduced
the distant metastasis rate at 5 years by 5.4%. The question
is whether this effect is real or an artefact. A possible
explanation could be a considerable underestimation of
the recurrence rate in the IM-LN. Recurrences in this
nodal region are not detected by routine follow up pro-
grams. FDG-PET-CT scans at the time of the clinical
appearance of distant metastasis have shown high rates
of unsuspected mediastinal lymph node involvement
[20] that may have originated in the IM-LN as source
of further dissemination. Another hypothesis compat-
ible with the observations is that micro-metastasis in
the IM-LN and the MS-LN represent a source for
metastatic spread without growing to clinically detectable
size before distant metastases have been diagnosed.
Both explanations would confute the hypothesis that
regional lymph nodes in breast cancer do not represent
a major source of distant disease [5]. The so called
abscopal effect of radiotherapy, which is caused by an
immune reaction against the tumor induced by tumor
cell necrosis or necroptosis after ionizing radiotherapy
[21,22] could also serve to explain the observations.
This would, however, implicate that a relatively small
number of tumor cells in clinically negative LN would
be able to initiate a substantial immune response, which
appears to be unlikely in view of no clinical evidence for
such a reaction after radiotherapy of macroscopic disease
er of patients. MS + IM =medial supraclavicular and internal mammary
adiation.



Figure 4 Distant metastasis free survival. The area of the symbols reflect the number of patients, MS + IM =medial supraclavicular and internal
mammary lymph node irradiation, WBI/CWI = whole breast irradiation or chest wall irradiation.
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in breast cancer. Which hypothesis is correct or whether
combined effects or a completely different mechanism
prevails, will be the subject of future investigations.
In view of the relatively small average survival advan-

tage, implementation of regional radiotherapy into routine
practice will foreseeable cause a lot of discussion in the
scientific community. A meta-analysis on the individual
patient’s data would likely be very helpful in this regard
by identifying subgroups of patients with larger and
smaller benefits than the average effect size. This is one
important limitations of the current meta-analysis
besides the fact that it is based on the restricted infor-
mation provided in the abstracts and presentations in
2 out of 3 trials. A meta-analysis of specific subgroup
was not possible, because information on subgroups
from the different trials were available for incomparable
subgroups only. In the French trial a trend for an
improved overall survival was observed for the addition
of radiotherapy to the IM-LN for patients with involved
axillary nodes regardless whether patients received
adjuvant chemotherapy or tumors were located in the
central and medial quadrants or in the lateral quadrants
of the breast. For patients without involved axillary LN
a trend to a decreased overall survival was seen for IM-
LN radiotherapy. In a subgroup analysis given in the
oral presentation of the EORTC 22922–10925 trial on
the ECCO-2013 congress (data not given in the abstract),
patients, who had received both, adjuvant chemotherapy
and endocrine treatment, had the largest survival ad-
vantage from regional lymph node radiotherapy (HR
0.72 (95% CL 0.55-0.94)). According to the treatment
standards at the time of patient’s accrual, the majority
of patients in this subgroup probably had node positive
or high risk node negative disease and positive hormone
receptor status. Anthracycline based adjuvant chemo-
therapies were already used in the MA.20 trial and in
many patients in the EORTC trial. However, other modern
adjuvant systemic treatments containing taxanes or trastu-
zumab had not been established at the time, when
these trials were designed and were accordingly not
used in the trials. There no doubt that these treatments
would further improve clinical outcome [23,24] and
would lower the total number of events. According to
pervious experiences on the combination of systemic
treatments with radiotherapy in breast cancer [1], one
would expect that the hazard ratios for DFS and DMFS
for regional radiotherapy remain constant, but the abso-
lute benefits would be lower. Since the effect of additional
adjuvant taxane treatment is relatively small (Relative risk
for recurrence 0.84 - 0.86); [24], one would still expect a
relevant benefit from regional radiotherapy. The effect of
adjuvant trastuzumab in Her2 positive breast cancer [23]
is considerably larger (odds ratio for recurrence: 0.53). Ac-
cordingly, the absolute benefit of regional radiotherapy
may clinically be less relevant. While these considerations
remain somewhat speculative, one has also keep in mind
that a repeat of these large clinical trials with modern
systemic treatments would take at least another decade
and is unlikely to be performed.
The designs of the EORTC 22922–10925 and the MA.20

trials do not allow to answer the question whether both
nodal regions need to be irradiated to achieve the
observed survival advantage or radiotherapy of one
nodal region (IM-LN or MS-LN) would be sufficient.
In the French trial all patients received radiotherapy of
the MS-LN and only radiotherapy of the IM-LN was
subject of randomization. If radiotherapy of both nodal
areas would be of equal importance, the effect size in
the French trial should be half of the effect in the two
other trials, which is approximately in accordance with
the observations (Figure 2). However, one can also find
arguments to claim that the predominant effect comes
from MS-LN radiotherapy or IM-LN radiotherapy.
Radiotherapy of the IM-LN undoubtedly increases

the dose to the heart regardless of the employed radi-
ation technique. However, modern radiation technology
keeps the dose to the heart considerably lower than
formerly possible [25,26]. Almost all evidence for an
access of cardiac death associated with radiotherapy in
breast cancer, even in a recently published work [27],



Table 2 Late toxicity in breast cancer trials on regional radiotherapy

Trial late
toxicity

MA.20 [16] EORTC [17] French [15]

MS-IM- IM-IM+ p MS-IM- IM-IM+ p MS+ IM-IM+ p

Lung

Grade 2 0.2% 1.3 0.01 n.a. n.a. n.a. n.a. n.a. n.a.

Grade >2 0% 0% n.a. n.s.

Any grade n.a n.a. n.a. n.a. 1.3% 4.3% <0.0001 n.a. n.a. n.a.

Lymphedema

Grade 2 3.7% 6.8% 0.004 n.a. n.a. n.a. n.a. n.a. n.a.

Grade >2 0.4% 0.4% n.s. n.a. n.a. n.a. n.a. n.a. n.a.

Any grade (arm) n.a. n.a. n.a. 3.6% 3.8% n.s. n.a. n.a. n.a.

Cardiac

Any grade n.a. n.a. n.a. 1.4% 1.6% n.s. 1.7% 2.2% n.s

Total late

Any grade n.a. n.a. n.a. 21.8% 25.5% 0.006 n.a. n.a. n.a.

Grade >2 n.a. n.a. n.a. n.a. n.a. n.a. 2.3% 3.1% n.s.

Late toxicitiy.
n.a. = not available; n.s. = not significant; MS-IM-: no radiotherapy of the medial supraclavicular and internal mammary lymph nodes; MS-IM+: radiotherapy of the
medial supraclavicular and internal mammary lymph nodes; MS+: radiotherapy of the medial supraclavicular lymph nodes.
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comes from patients that were treated with outdated
radiation technology. Radiotherapy of the IM-LN was
not associated with an excess of cardiac death or cardiac
toxicity rate in any of the three trials discussed in this
meta-analysis (Table 2). While the median follow up
of the MA.20 trial (62 months) has to be regarded as
insufficient to exclude relevant late cardiac toxicity,
the median follow up of the EORTC 22922–10925 trial
(10.9 years) and French trial (11.3 years) is already
long enough to conclude that even with the radiation
technique use in the 90ies, cardiac toxicity remains
probably low. Advanced radiation technology that is
now available in most centers, further decrease the
dose to the heart [28]. The fear of late cardiac toxicity
does not longer seem to be a relevant argument
against radiotherapy to the IM-LN with the possible
exception of patients, who receive trastuzumab or other
anti-Her2-targeting drugs, since long term follow up
in combination with radiotherapy to the IM-LN is still
missing.
Information regarding other important toxicities is

available from the French trial (LIT) and the EORTC
22922–10925 [29] as full publications and from the
MA.20 trial in abstract form (Table 2). The addition of
radiotherapy to the IM-LN and MS-LN in the MA.20
and the EORTC 22922–10925 trial resulted in a statisti-
cally significant 1-3% increase in grade 1–2 lung toxicity.
A 3% increase in grade 2 lymphedema was observed in
the MA20 trial, but no increase was reported from
EORTC 22922–10925 trial. The addition of radiotherapy
to the IM-LN did not result in higher rates of acute or
late toxicities in French trial (all patients received MS-LN
radiotherapy), indirectly indicating that the moderately
enhanced toxicities in the MA.20 trial and the EORTC
trial could be predominantly associated with MS-LN
radiotherapy rather than with IM-LN radiotherapy. The
slightly higher lung toxicity that has not been reported
to be more serve than grade 2 and a possibly higher
likelihood of grade 2 lymphedema, should, at least to
the opinion of the authors, not serve as strong argument
against regional LN radiotherapy in view of a significant
survival benefit. In clinical practice, risks and benefits
need to be taken into consideration on an individual
basis. Recommendations in treatment guidelines will
require the information given in the pending full publi-
cations of the MA.10 and EORTC trial.

Conclusion
Additional regional radiotherapy to the internal mammary
and medial supraclavicular lymph nodes statistically
significantly improves DFS, DMFS, and overall survival
in stage I-III breast cancer.

Competing interests
WB has no conflict of interests. KK has no conflict of interests. EB received
travel grants form Dr. Sennewald Medizintechnik GmbH. CM received travel
grants from Dr. Sennewald Medizintechnik GmbH.

Authors’ contributions
WB had the idea and wrote most parts of the manuscript. KK did the
statistical analysis and wrote the section “statistical analysis”. EB prepared
figures and tables and contributed to the writing of the manuscript. CM did
the systematic literature research and prepared the data for statistical
analysis. All authors read and approved the final manuscript.

Author details
1Medical Faculty, Department of Radiation Oncology, Heinrich Heine
University of Düsseldorf, Moorenstraße 5, D-40225 Düsseldorf, Germany.



Budach et al. Radiation Oncology 2013, 8:267 Page 7 of 7
http://www.ro-journal.com/content/8/1/267
2Department of Biostatistics, John Hopkins Bloomberg School of Public
Health, Baltimore, MD, USA.

Received: 1 October 2013 Accepted: 8 November 2013
Published: 14 November 2013
References
1. Darby S, McGale P, Correa C, et al: Effect of radiotherapy after breast-

conserving surgery on 10-year recurrence and 15-year breast cancer
death: meta-analysis of individual patient data for 10,801 women in
17 randomised trials. Lancet 2011, 378:1707–1716.

2. Sedlmayer F, Sautter-Bihl ML, Budach W, et al: DEGRO practical guidelines:
radiotherapy of breast cancer I: radiotherapy following breast conserving
therapy for invasive breast cancer. Strahlenther Onkol 2013, 189:825–833.

3. Clarke M, Collins R, Darby S, et al: Effects of radiotherapy and of
differences in the extent of surgery for early breast cancer on local
recurrence and 15-year survival: an overview of the randomised trials.
Lancet 2005, 366:2087–2106.

4. Glechner A, Wockel A, Gartlehner G, et al: Sentinel lymph node dissection
only versus complete axillary lymph node dissection in early invasive
breast cancer: a systematic review and meta-analysis. Eur J Cancer 2013,
49:812–825.

5. Engel J, Emeny RT, Holzel D: Positive lymph nodes do not metastasize.
Cancer Metastasis Rev 2012, 31:235–246.

6. Veronesi U, Marubini E, Mariani L, et al: The dissection of internal mammary
nodes does not improve the survival of breast cancer patients. 30-year
results of a randomised trial. Eur J Cancer 1999, 35:1320–1325.

7. Arriagada R, Le MG, Mouriesse H, et al: Long-term effect of internal
mammary chain treatment. Results of a multivariate analysis of 1195
patients with operable breast cancer and positive axillary nodes.
Radiother Oncol 1988, 11:213–222.

8. Grabenbauer GG: Internal mammary nodes in invasive breast carcinoma.
To treat or not to treat? Strahlenther Onkol 2004, 180:690–694.

9. Courdi A, Chamorey E, Ferrero JM, Hannoun-Levi JM: Influence of internal
mammary node irradiation on long-term outcome and contralateral
breast cancer incidence in node-negative breast cancer patients.
Radiother Oncol 2013.

10. Stemmer SM, Rizel S, Hardan I, et al: The role of irradiation of the internal
mammary lymph nodes in high-risk stage II to IIIA breast cancer patients
after high-dose chemotherapy: a prospective sequential nonrandomized
study. J Clin Oncol 2003, 21:2713–2718.

11. Olson RA, Woods R, Speers C, et al: Does the intent to irradiate the
internal mammary nodes impact survival in women with breast cancer?
a population-based analysis in British Columbia. Int J Radiat Oncol Biol
Phys 2012, 83:e35–e41.

12. Fowble B, Hanlon A, Freedman G, et al: Internal mammary node
irradiation neither decreases distant metastases nor improves survival in
stage I and II breast cancer. Int J Radiat Oncol Biol Phys 2000, 47:883–894.

13. Overgaard M, Jensen MB, Overgaard J, et al: Postoperative radiotherapy in
high-risk postmenopausal breast-cancer patients given adjuvant tamoxi-
fen: Danish Breast Cancer Cooperative Group DBCG 82c randomised
trial. Lancet 1999, 353:1641–1648.

14. Yates L, Kirby A, Crichton S, et al: Risk factors for regional nodal relapse in
breast cancer patients with one to three positive axillary nodes.
Int J Radiat Oncol Biol Phys 2012, 82:2093–2103.

15. Hennequin C, Bossard N, Servagi-Vernat S, et al: Ten-year survival results of
a randomized trial of irradiation of internal mammary nodes after
mastectomy. Int J Radiat Oncol Biol Phys 2013, 86:860–866.

16. Whelan TJOI, Ackerman I, Chapman JW, Chua B, Nabid A, Vallis KA, White JR,
Rousseau P, Fortin A, Pierce LJ, Manchul L, Craighead P, Nolan MC, Bowen J,
McCready DR, Pritchard KI, Leine MN, Parulekar W, Parulekar W: NCIC-CTG
MA.20: An intergroup trial of regional nodal irradiation in early breast
cancer. J Clin Oncol ASCO Annual Meeting Proceed (Post-Meeting Edition)
2011:29.

17. Poortmans PSH, Kirkove C, Budach V, Maingon P, Valli MC, Collette S,
Fourquet A, Bartelink H, Van den Bogaert W: Irradiation of the internal
mammary and medial supraclavicular lymph nodes in stage I to III
breast cancer: 10 years results of the EORTC radiation oncology and
breast cancer groups phase III trial 22922/10925. EJC 2013, 47(Suppl 2).
18. Musat E, Poortmans P, Van den Bogaert W, et al: Quality assurance in
breast cancer: EORTC experiences in the phase III trial on irradiation of
the internal mammary nodes. Eur J Cancer 2007, 43:718–724.

19. Parmar MK, Torri V, Stewart L: Extracting summary statistics to perform
meta-analyses of the published literature for survival endpoints.
Stat Med 1998, 17:2815–2834.

20. Eubank WB, Mankoff DA, Takasugi J, et al: 18fluorodeoxyglucose positron
emission tomography to detect mediastinal or internal mammary
metastases in breast cancer. J Clin Oncol 2001, 19:3516–3523.

21. Lauber K, Ernst A, Orth M, et al: Dying cell clearance and its impact on the
outcome of tumor radiotherapy. Front Oncol 2012, 2:116.

22. Frey B, Rubner Y, Kulzer L, et al: Antitumor immune responses induced by
ionizing irradiation and further immune stimulation. Cancer Immunol
Immunother 2013.

23. Viani GA, Afonso SL, Stefano EJ, et al: Adjuvant trastuzumab in the
treatment of her-2-positive early breast cancer: a meta-analysis of
published randomized trials. BMC Cancer 2007, 7:153.

24. Peto R, Davies C, Godwin J, et al: Comparisons between different
polychemotherapy regimens for early breast cancer: meta-analyses of
long-term outcome among 100,000 women in 123 randomised trials.
Lancet 2012, 379:432–444.

25. MacDonald SM, Jimenez R, Paetzold P, et al: Proton radiotherapy for chest
wall and regional lymphatic radiation; dose comparisons and treatment
delivery. Radiat Oncol 2013, 8:71.

26. Rudat V, Alaradi AA, Mohamed A, et al: Tangential beam IMRT versus
tangential beam 3D-CRT of the chest wall in postmastectomy breast
cancer patients: a dosimetric comparison. Radiat Oncol 2011, 6:26.

27. Darby SC, McGale P, Taylor CW, Peto R: Long-term mortality from heart
disease and lung cancer after radiotherapy for early breast cancer:
prospective cohort study of about 300,000 women in US SEER cancer
registries. Lancet Oncol 2005, 6:557–565.

28. Mast ME, van Kempen-Harteveld L, Heijenbrok MW, et al: Left-sided breast
cancer radiotherapy with and without breath-hold: does IMRT reduce
the cardiac dose even further? Radiother Oncol 2013, 108(2):248–53.

29. Matzinger O, Heimsoth I, Poortmans P, et al: Toxicity at three years with
and without irradiation of the internal mammary and medial
supraclavicular lymph node chain in stage I to III breast cancer
(EORTC trial 22922/10925). Acta Oncol 2010, 49:24–34.

doi:10.1186/1748-717X-8-267
Cite this article as: Budach et al.: Adjuvant radiotherapy of regional lymph
nodes in breast cancer - a meta-analysis of randomized trials. Radiation Oncol-
ogy 2013 8:267.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Material and methods
	Results
	Conclusion

	Introduction
	Material and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


