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Abbreviations: PMRT, post mastectomy radio therapy; 
ALND, axillary lymph node dissection; EBCTCG, early breast cancer 
trialists collaborative group; LR, loco regional recurrences; RSI, radio 
sensitivity index

Introduction
The first reference to patient’s dichotomy into those with 1 to 3 

and 4 or more positive lymph nodes dates back to 1968, in a paper 
from Fisher et al.1 regarding the benefit of adjuvant chemotherapy.1 
This somewhat contrived bisection has, later on, been adopted by the 
radiation oncology community as well. Oxymoron as it may sound, 
chemotherapy managed to gradually phase it out from its therapeutic 
algorithm, yet for radiotherapy the debate goes on until today.

The first clinical trials documenting the benefit of post mastectomy 
radiotherapy (PMRT) were the Danish trials 82b and 82c, in 
premenopausal and postmenopausal women, respectively, along with 
the Canadian trial from British Columbia Cancer Agency.2,3 All three 
trials were consistent with each other in that PMRT reduces loco 
regional recurrences (LR) and increases overall survival. This was a 
significant breakthrough at the time since it provided evidence that a 
loco regional intervention may have impact on a systemic endpoint.

Nonetheless, there was a common underlying problem: the large 
recurrence rates in the arm that did not receive PMRT, which were in 
direct antithesis with the rates from other trials, mostly conducted in 
the United States.4 This disparity was attributed to: 1. The inadequate 
axillary lymph node dissection (ALND). The median dissected lymph 
nodes in the Danish trials and in the BCCA trial were 7 and 11, 
respectively. 2. The “obsolete” CMF regimen as opposed to others 
containing an anthracycline and 3. The suboptimal use of hormone 
therapy. In the Danish trial the latter was administered as tamoxifen 
30 mg for 1 year irrespective of the ER status. For all the reasons 
above, PMRT has been considered to be beneficial only in patients 
with 4 or more positive lymph nodes, as portrayed in the international 
guidelines of the time.5

Breast cancer as a disease exhibits a continuous spectrum and it 
is almost certain that PMRT helps patients with 1 to 3 positive nodes. 

The fundamental question is whether the magnitude of absolute LR 
risk reduction, conferred by PMRT, justifies its use. The reason why 
loco regional recurrence rates are so important is due to their direct 
relation to overall survival. This connection has been demonstrated 
and quantified by a meta analysis from EBCTCG in 2005, where an 
absolute reduction of at least 10-20% in 5 year LR probability was 
mandated for an overall survival benefit in 15 years to be seen.6 
Granted, we should not underestimate the value of loco regional 
control per se and the medical and psychological burden of disease 
relapse in the breast.

In 2014, a large meta analysis of 22 randomized trials was 
published by the Early Breast Cancer Trialists’ Collaborative Group 
(EBCTCG), concluding that the addition of PMRT patients with 1 
to 3 positive lymph nodes reduced loco regional recurrences and 
breast cancer associated mortality, irrespective of the administration 
of systemic therapy (mostly CMF and/or tamoxifen).7 Three out of 22 
trials in this meta analysis were the Danish 82 b & c and the BCCA 
trials. These three trials undoubtedly affected the results due to the 
large number of patients (~2500 patients). It follows, naturally, that 
any criticism towards those three trials applies to the meta analysis 
as well. Most importantly, though, the meta analysis showed that the 
benefit from PMRT was more definite in those patients that received 
systemic therapies, as opposed to those that they did not.

In order to perceive the effect this meta-analysis to the clinical 
practice one may contrast the answers of St Gallen 2013 and 2015 
consensus (the EBCTCG paper was published in June 2014). As we 
can see in the Table 1 the practice regarding 1 to 3 positive lymph 
nodes remained the same. In the case of an unfavorable histology, 
positive answers increased from 61.7% to 87%, whereas age by itself 
continued to divide the panel of experts.

The results of the EBCTCG meta analysis are congruent with 
the interim reports from the Canadian MA. 20 and the EORTC 
22922/10925 trials.8,9 The majority of patients in these trials were 
treated with breast  conserving surgery and were randomized to 
breast/chest wall radiation with or without regional nodal irradiation. 
These trials demonstrated a modest reduction in distant metastasis in 
addition to improved loco  regional relapse.
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Abstract

The administration of post mastectomy radiation therapy to breast cancer patients with 1 to 
3 positive lymph nodes has long been regarded as a highly controversial issue. Despite the 
availability of some randomized trials during 90s favoring radiotherapy, the extrapolation 
of guidelines that apply to contemporary clinical practice is challenging. This is due to the 
evolution of systemic therapies such as cytotoxic chemotherapy and molecularly targeted 
agents that have been shown to also reduce loco regional recurrences. In this mini-review 
we follow the debate from its origins to the present and contemplate on the interplay 
between radiation and systemic therapies.
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Table 1

Clinical scenario
St gallen
2013 2015

N+ 1-3 LNs 29.8/63.8/6.4 32/64/4
N+ 1-3 LNs plus unfavorable Histology 61.7/31.9/6.4 87/7/7
N+ 1-3 LNs plus young age (<40 years old) 55.1/40.8/4.1 51/37/12

Evolution of systemic therapies and 
radiotherapy

During last decades, the advancement of systemic therapies has 
been considerable. Cytotoxic chemotherapy has been intensified with 
the introduction of anthracyclines, taxanes and dose-dense regimens. 
The administration of hormone therapy has been standardized and 
aromatase inhibitors have been developed. Anti-HER2 targeted 
therapies changed the natural course of HER2 positive cancer. For 
instance, in the first phase III trials the addition of trastuzumab to 
chemotherapy reduced loco regional recurrences almost by half.10 The 
screening of women has been intensified resulting in more women 
been diagnosed with early stage breast cancer. Also, our ability to 
diagnose lymph nodes metastases at the microscopic level has been 
evolved with the aid of serial sub gross sectioning. Thus, a woman 
that nowadays is classified as N+, she could had been N- at the time 
of the Danish trials and she would not had received PMRT. For all 
these reasons, it is expected that the absolute benefit from PMRT to be 
smaller than 30 years before.7

Similarly, radiotherapy has evolved tremendously during the last 
decades. The invention of computed tomography, treatment planning 
systems, multi-leaf collimators and IMRT are only a fraction of the 
breakthroughs. The administration of radiotherapy nowadays is far 
more efficient in terms of dose coverage and homogeneity and safer 
than 50 years ago.11 For example, the survival benefit seen for RT in 
older trials, dating back to 1958, was to some extent negated by the 
deleterious effects on the heart seen with mean doses as high as 15.8 
Gy.12 In modern cohort of patients, though, breast cancer mortality 
does not appear to depend on the laterality of breast cancer.13 Thus, it 
is expected that the relative benefit of PMRT to be larger nowadays.7 
Nielsen et al studied the failures of pattern in the 82 b & c cohorts and 
found out that patients irradiated with ortho voltage equipment had 
a larger risk of LR failure, although this did not translate into a risk 
reduction of distant metastases.14

Loco regional and systemic therapies: 
antagonism or synergy?

Radiation and systemic therapies are, at times, considered as 
antagonistic to each other in an either-or scenario. This may hold 
true for certain low risk breast cancers for which both treatments 
are sufficiently effective, but for most of the cases they act 
synergistically.15 This debate parallels with the controversy regarding 
the natural history of breast cancer. The Halstedian theory of orderly 
progression accepts axillary nodes as local and the supra clavicular 
nodes as regional disease.16 On the contrary, Fisher’s theory views 
breast cancer as a systemic disease regulated by intrinsic factors in 
tumor cells and not by the anatomical considerations of the affected 
organ. Systemic therapies avert distant relapses allowing loco regional 
control to translate into an overall survival benefit.

To further expand on the topic, in a post hoc analysis, Kyndi et 
al.17 assigned 82 b & c patients into three prognostic groups of LR 
risk based on the number of positive lymph nodes, tumor size and 

histological grade.17 The largest absolute reduction (36%) in 5 year LR 
probability after radiotherapy was seen in the poor prognostic group, 
yet this did not translate into overall survival benefit (0% reduction in 
mortality). Apparently, patients in the poor prognostic group suffered 
a systematic relapse which neutralized any loco regional control 
benefit. Contrariwise, patients in the good and intermediate prognostic 
groups had a less prominent LR risk reduction which in fact led to an 
increased overall survival.

Molecular subtypes and LR risk after 
mastectomy

In 2010, Voduc et al.18 used semi quantitative immune histochemical 
techniques to partition breast cancer into certain molecular subtypes, 
namely luminal A, luminal B, basal-like, HER2 enriched, etc. He 
then observed that all subtypes, besides luminal A, had an increased 
risk of LR recurrence post mastectomy when radiotherapy was 
omitted.18 There are several weaknesses in this study that prevent 
us from extrapolating its conclusions in the contemporary practice. 
The cohort’s patients were treated between 1986-1992 and none 
received trastuzumab; Herceptin(R) got and FDA approval in 1998. 
Also, only 25% of patients received chemotherapy. In 2014 Moo et 
al explored whether molecular subtypes could be used as a means 
to select patients with T1,T2 breast cancer and 1 to 3 positive lymph 
nodes after mastectomy for PMRT.19 On a multivariate analysis only 
age and the presence of lympho vascular invasion were independent 
prognostic factors, whereas MSTs not. 37% of the cohort received 
trastuzumab and 67% received chemotherapy with an anthracycline/
taxane combination. It appears that in the modern era MSTs cannot 
stratify patients by their LR risk.

Phase III trials
The inconsistencies in the available evidence regarding the use of 

PMRT in patients with 1 to 3 positive nodes are further intensified 
by the paucity of randomized trials. The SWOG 9927 phase III trial 
randomized patients with stage II breast cancer and 1 to 3 positive 
axillary nodes to PMRT or observation, but was prematurely closed in 
2003 due to lack of accrual.20 Another phase III trial, the SUPREMO 
(Selective Use of Postoperative Radiotherapy after Mastectomy) 
trial completed accrual and is currently at the follow-up stage.21 
Besides the absence of randomized trials, by the time their results 
are published the original therapies might have become outdated by 
current standards, particularly in diseases where a long follow-up is 
needed, such as breast cancer.

Biomarkers and personalized medicine
The development of biomarker-based tools to influence therapeutic 

decisions is a central premise of the so called personalized medicine. 
The criteria which affect the recommendation of radiation therapy 
are still clinical and pathological in their nature. Radiation oncology 
has called for radio sensitivity predictive assays for several decades, 
yet only recently has there been noticeable progress in the context of 
breast cancer with the introduction of RSI (Radio sensitivity Index)22 
and gene profiles.23

One of the important aspects of the SUPREMO trial is the TRANS-
SUPREMO sub trial, which will aim at identifying a “molecular 
signature” predictive of loco regional recurrence risk and resistance 
to radiotherapy.21 Similarly to how the 21-gene recurrence score 
(Oncotype DX) predicts the risk of systemic relapse and resistance 
to chemotherapy.
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Although RS has been validated to assess the risk of distance 
recurrence in hormone receptor-positive women, there has been 
interest in extending its scope. Jegadeesh et al.24 found that among 
mastectomy patients the 5 years LRR rate was 27.3% in patients with 
RS > 24 versus 10.7% in those with RS ≤24 (p=0.04).24 Mamounas 
et al.25 studied the prognostic impact of RS in locoregional recurrence 
in node negative patients and found a significant association.25 The 
authors conclude that as RS expands to node positive patients,26 it 
could become an important tool to identify subgroups with 1 to 3 
positive nodes at low versus high risk for LRR who may or may not 
benefit from PMRT.

Conclusion
Clinical trials are meant to be interpreted in the historical context 

when they were conducted, although by the time their results are 
published the standard of care may have changed. The tremendous 
evolution of systemic therapies renders the therapeutic value of 
PMRT in patients with 1 to 3 positive lymph nodes less clear, and 
the astounding technical innovation of radiation therapy invalidates 
to a certain extent its reported treatment related toxicities. The 
development of biomarkers and molecular tests that will stratify 
patients with regard to their loco regional risk cannot be adequately 
emphasized.
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