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Zusammenfassung
Brustkrebs bei älteren Patientinnen stellt eine wach­
sende Herausforderung im Gesundheitswesen dar. Nicht 
ausreichende Behandlung kommt häufig vor. Während 
der Anteil der älteren Patientinnen, die eine adjuvante 
Radiotherapie (RT) erhalten, steigt, ist der Anteil derjeni­
gen, die sich einer brusterhaltenden Operation ohne Be­
strahlung unterziehen, ebenfalls gestiegen. Die Evidenz­
lage für eine lokoregionale Behandlung ist begrenzt, was 
den in der Vergangenheit praktizierten Ausschluss von 
älteren Patientinnen von randomisierten Studien wider­
spiegelt. Der Oxford Overview 2011 zeigt, dass sich das 
Risiko eines ersten Rückfalls in allen Altersgruppen durch 
die adjuvante RT nach einer brusterhaltenden Operation 
halbiert hat; der absolute Nutzen der älteren «Niedrig­
risiko»-Patientinnen ist jedoch klein. Es liegt Level-1-Evi­
denz vor, dass eine Boost-Bestrahlung nach einer brust­
erhaltenden Operation mit anschließender Ganzbrustbe­
strahlung lokale Rezidive bei älteren genauso wie bei 
jüngeren Frauen reduziert; bei Ersteren ist die absolute 
Reduktion jedoch nur mäßig. Eine partielle Bestrahlung 
der Brust (durch externe Bestrahlung oder intraoperative 
oder postoperative Brachytherapie) ist möglicherweise 
eine attraktive Option für ältere Patientinnen. Die Evi­
denzlage ist für eine routinemäßige Empfehlung jedoch 
unzureichend. Außerdem können verkürzte (hypofraktio­
nierte) Dosisfraktionsprogramme für ältere Patientinnen 
angenehmer sein und werden durch Level-1-Evidenz un­
terstützt. Es bleibt unklar, ob es eine Untergruppe von 
Niedrigrisiko-Patientinnen gibt, bei denen die postopera­
tive RT nach einer brusterhaltenden Operation unterlas­
sen werden kann. Biomarker, die ein «niedriges Risiko» 
anzeigen, werden benötigt, um die Selektion von Patien­
tinnen zu verfeinern, denen eine RT erspart werden 
kann. Die Bedeutung der Bestrahlung nach einer Mastek­
tomie ist bei «Hochrisiko»-Patientinnen erwiesen, sie ist 
jedoch unklar bei Patientinnen mit mittlerem Risiko, also 
mit 1–3 involvierten axillären Lymphknoten oder ohne 
involvierte Lymphknoten, aber mit anderen Risikofakto­
ren. Hier wird ihre Bedeutung noch erforscht.
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Summary
Breast cancer in the elderly is a rising health care chal­
lenge. Under-treatment is common. While the propor­
tion of older patients receiving adjuvant radiotherapy 
(RT) is rising, the proportion undergoing breast-conserv­
ing surgery without irradiation has also risen. The evi­
dence base for loco-regional treatment is limited, reflect­
ing the historical exclusion of older patients from 
randomised trials. The 2011 Oxford overview shows that 
the risk of first recurrence is halved in all age groups by 
adjuvant RT after breast-conserving surgery, although 
the absolute benefit in older ‘low-risk’ patients is small. 
There is level 1 evidence that a breast boost after breast-
conserving surgery and whole-breast irradiation reduces 
local recurrence in older as in younger women, although 
in the former the absolute reduction is modest. Partial 
breast irradiation (external beam or intraoperative or 
postoperative brachytherapy) is potentially an attractive 
option for older patients, but the evidence base is insuf­
ficient to recommend it routinely. Similarly, shortened 
(hypofractionated) dose fraction schedules may be more 
convenient for older patients and are supported by level 
1 evidence. There remains uncertainty about whether 
there is a subgroup of older low-risk patients in whom 
postoperative RT can be omitted after breast-conserving 
surgery. Biomarkers of ‘low risk’ are needed to refine the 
selection of patients for the omission of adjuvant RT. 
The role of postmastectomy irradiation is well estab­
lished for ‘high-risk’ patients but uncertain in the inter­
mediate-risk category of patients with 1–3 involved axil­
lary nodes or node-negative patients with other risk 
factors where its role is investigational.
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Introduction

As a consequence of the combination of increasing life ex-
pectancy and early breast cancer screening programmes, we 
are witnessing a rapid rise in both developed and developing 
countries of breast cancer in the elderly. For example, in the 
USA over 40% of patients diagnosed with early breast cancer 
are aged 65 years or older [1]. In the UK, of the 48,417 cases 
of breast cancer, 45% (approximately 21,000) of the patients 
were aged ≥ 65 years (www.cruk.org). Definitions of ‘elderly’ 
or ‘older’ patients vary between 65 years and older in North 
America [2] to 70 years or older in Europe [3].

In this article, the evidence base for loco-regional control 
from adjuvant radiotherapy (RT) in older patients is re-
viewed. Particular emphasis is placed on clinical trials.

Breast cancer, which represents 14% of all cancer deaths, is 
rising, with approximately 40% of all new diagnoses in devel-
oped countries occurring in women ≥ 65 years [4]. In the UK, 
it is estimated that over the next 2 decades, as the older popu-
lation grows, the breast cancer incidence will rise by 30% [5]. 
Despite this rising incidence there is evidence that older 
patients with breast cancer receive substandard treatment 
both in relation to surgery, RT and systemic therapy [6–9]. In 
contrast to larger population-based studies, no difference in 
receipt of postoperative RT was found by age in a retrospec-
tive study from the MD Anderson Hospital [10]. The reason 
for this disparity is unclear but it could be, as the authors sug-
gest, that at tertiary referral centres older patients are treated 
more actively or that women who seek referral are more 
motivated to receive RT. Further investigation is needed to 
differentiate medically valid reasons for omitting adjuvant RT 
from failure of health care systems to provide standard care. 
Identifying the reasons for non-compliance with RT guide-
lines in the elderly is a priority. In addition, older patients are 
under-represented in clinical trials.

Elderly patients are less likely to undergo surgery than 
their younger counterparts. In an international comparison of 
the surgical management of older patients with early breast 
cancer in the USA and in 5 European countries aged ≥ 65 
years and diagnosed in 1995–2005, the proportion of patients 
in whom surgery was omitted increased with age. There were 
marked variations between countries [11]. In all the countries 
studied, the use of postoperative RT fell with age. This is a 
generic issue for older patients with breast and other malig-
nancies [12, 13]. Older patients are less likely to receive stan-
dard treatment in general [13–16]. While the proportion of 
older patients receiving adjuvant RT for breast cancer is in-
creasing [17], the proportion of elderly patients undergoing 
breast-conserving surgery without adjuvant RT has also risen 
[18].

The evidence base for adjuvant RT in older patients is rela-
tively weak, largely due to a dearth of randomised trials. In 
part, this reflects the exclusion from many trials of women 
over the age of 70 years. In addition, patients with comorbidi-

ties and cognitive impairment are frequently excluded from 
trials. Selection of older patients for RT has therefore largely 
been based on extrapolation from results of trials in younger 
patients and from retrospective subgroup analyses. To ad-
dress these shortcomings, it has been recommended that there 
should be fewer exclusion criteria, simpler protocols, more 
emphasis on the benefits of participation, training of research 
staff and more home rather than hospital visits [19]. A charter 
for the rights of older patients in clinical trials has been re-
commended [20].

Oxford Overview

The most influential source of data on the overall impact of 
breast RT on recurrence and survival is the Oxford overview. 
The 2005 overview showed a causal relationship between 
loco-regional recurrence and survival. For every 4 local recur-
rences prevented, 1 breast cancer death was avoided [21]. This 
is referred to commonly as the ‘4:1 ratio’. The latest overview 
provides data on over 10,000 women in trials of breast-con-
serving surgery ± whole-breast RT (WBRT) [22]. There were 
1340 patients 70 years or older. In the latest overview [22], the 
endpoint has changed from first loco-regional recurrence to 
any first recurrence, whether local or metastatic. Most re-
currences, however, remain loco-regional. First recurrence is 
halved across all age groups. However, the absolute reduc-
tions in older patients with low-grade, hormone receptor-
positive cancer are very small. The proportional reduction in 
first recurrence is similar irrespective of age. The risk of any 
first recurrence at 10 years is reduced by 15.7% (35% to 
19.3%) (95% confidence interval (CI) 13.7–17.7, 2p = 0.00001) 
and the 15-year mortality is reduced by 3.8% (25.2% to 
21.4%) (95% CI 1.6–6.0, 2p = 0.00005). In the 7287 pN0 pati-
ents, the equivalent risk reduced with WBRT by 15.4% from 
31% to 15.6% (95% CI 13.2–17.6%) with an absolute fall in 
mortality of 3.3% from 20.5% to 17.2%. Most first recur-
rences were loco-regional (75%) and were higher in the non-
irradiated group. As Giordano [23] has noted, the absolute 
benefit from RT was much more limited in patients with a 
lower risk of recurrence.

Does Postoperative RT Impair Quality of Life  
in Older Patients?

There is limited data on the impact of postoperative RT on 
the quality of life in older patients managed by breast-con-
serving therapy. The PRIME (Postoperative Radiotherapy in 
Minimum-Risk Elderly) trial provides the only level 1 evi-
dence. 255 patients with T1–T2 tumours up to 5 cm in axillary 
node-positive women 65 years or older were randomised to 
WBRT (40–50 Gy) or no WBRT. Quality of life was the pri-
mary outcome measure, with anxiety and depression and cost 
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effectiveness as co-primary endpoints. No overall difference 
in the EuroQoL measurements or in symptoms or functiona-
lity domains of the European Organisation for Research on 
Cancer (EORTC) scales were seen over the first 15 months of 
the trial [24] or at 5 years [25]. On the basis of the PRIME 
trial, quality of life should not be a main criterion for selecting 
older patients for postoperative RT.

Breast Boost Dose after Whole-Breast Irradiation

There is level 1 evidence that a boost dose to the site of exci-
sion after WBRT improves local control in older as in younger 
patients. However, the absolute benefit is small. This is based 
on the EORTC boost/no boost trial. It recruited over 5000 pa-
tients (including but not exclusive to the elderly) with T1–2, 
N0, NI, MO patients after breast-conserving surgery with 
clear margins. They were randomised to 50 Gy in 25 fractions 
over 5 weeks to the whole breast and a boost of 16 Gy in  
8 daily fractions to the tumour bed or to no boost. At 5 years 
of follow-up [26], a statistically significant benefit of the boost 
was only seen in women < 50 years. However, at 10 years of 
follow-up, for women ≥ 60 years a statistically significant but 
small reduction (3.5%) in local recurrence was detected from 
the boost in women > 60 years [27]. This suggests that all 
older patients should be considered for a boost after WBRT 
[28].

Partial Breast Irradiation

The rationale for focussing the radiation dose on the tumour 
excision bed (partial breast irradiation (PBI)) is based on the 
observation that most local recurrences occur within this area. 
PBI encompasses a range of RT techniques ranging from in-
traoperative kilovoltage, electron beam or brachytherapy to 
postoperative external beam and brachytherapy. Intraopera-
tive RT with a single dose of kilovoltage RT or electrons 
showed equivalent local control to standard fractionated RT 
over 3–5 weeks. The avoidance of several weeks of external 
beam would be more convenient to patients and could save 
significant RT resources. Again, none of these trials are exclu-
sive to older patients. There are 2 current trials of intraopera-
tive RT. In the TARGIT (Targeted Intraoperative Radiother-
apy for Breast Cancer) trial of intraoperative kilovoltage RT 
[29], a single dose of 20 Gy is prescribed at the surface of the 
applicator (with 50-kV X-rays). The fall-off in dose is steep 
(10 Gy within a few millimetres). Kaplan-Meier estimates of 
ipsilateral breast tumour recurrence in the TARGIT arm at  
4 years were 1.20% and in the external beam arm 0.95% (95% 
CI 0.53–2.71). The ELIOT (The Intraoperative Radiotherapy 
with Electrons) trial in Milan, Italy, is evaluating intraopera-
tive electrons delivering 21 Gy as a single fraction with  
6–10 MeV electrons [30]. In a North American trial, 38.5 Gy 

in 10 fractions over 5 days is being studied in a phase III trial 
with 3-dimensional (3D) conformal postoperative RT [31]. 
With the rising off-study use of PBI, the American Society of 
Therapeutic Radiology and Oncology (ASTRO) has pub-
lished guidelines for the use of accelerated PBI [32]. However, 
rightly, the guidelines point out that patients offered PBI out-
side of a clinical study should be made aware of the longer 
track record of safety and efficacy of WBRT. The GEC-ES-
TRO (Groupe Européen de Curiethérapie-European Society 
for Therapeutic Radiology and Oncology) has published 
equivalent guidelines but without the same rider as ASTRO 
[33]. Pending more level 1 evidence on PBI, patients should 
be recruited into prospective trials of PBI.

Hypofractionated RT

Shortened dose fractionation schedules (hypofractionation) 
would be beneficial to older patients to reduce tiring daily 
hospital attendances over 5 weeks for the external beam RT 
and the social disruption for patients who need to be hospital-
ised for treatment. Hypofractionation is defined as fractions 
in excess of the international standard 2 Gy. Two large rando-
mised controlled trials (RCTs) have tested the hypothesis that 
breast cancer is sensitive to dose per fraction. These trials in-
clude but are not exclusive to older patients. Two UK RCTs, 
which recruited in excess of 4000 patients, have determined 
tumour and normal tissue responses. In the START A (Stand-
ardisation of Breast Radiotherapy A) trial [34], 39 Gy in 13 
fractions of 3.2 Gy was compared with 41.6 Gy in 13 fractions 
of 3 Gy versus a standard of 50 Gy in 25 fractions over  
5 weeks. In the START B trial, a hypofractionated schedule 
of 40 Gy in 15 fractions was compared against 50 Gy in 25 
fractions [35]. In both trials, patients treated by breast-con-
serving surgery and mastectomy, appropriate hormonal and/
or chemotherapy were eligible. In node-positive patients, the 
peripheral lymphatics were also irradiated where appropriate. 
There were no statistically significant differences in local con-
trol or cosmesis in either trial at 5 years. In a Canadian trial, 
1234 T1–2 axillary node-negative patients were randomised 
after breast-conserving surgery (with clear margins) to a 
hypofractionated regime of 43.5 Gy in 16 fractions or to a 
standard of 50 Gy in 25 fractions in 5 weeks. Follow-up in the 
Canadian trial was longer than in the START trials and ex-
tends to 10 years. It showed no difference in local control or 
cosmesis [36]. Importantly, there was no difference in cardiac 
toxicity in the 2 arms of the trial. There is debate on the gene-
ralisability of the results of the UK and Canadian trials to rou-
tine clinical practice. In the UK, the hypofractionated dose 
schedule of 40 Gy in 15 fractions over 3 weeks has been 
accepted as the standard adjuvant RT regime both after 
breast-conserving surgery and mastectomy, irrespective of the 
type of systemic therapy and whether or not the regional 
lymphatics are irradiated [37]. The ASTRO guidelines on 
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CALGB trial [39] compared to 75% after the publication. 
The reasons for the lack of impact of the trial results are 
unclear. The use of RT did not fall any more in the low-risk 
subgroup compared to the whole population. One suggestion 
is that clinicians are less influenced by studies showing the be-
nefit of omitting a treatment than adding one [23]. Alterna-
tively, it might be explained by patient preference. Even if the 
gain in local control was very modest, it may have seemed 
worthwhile to patients. We know from studies of adjuvant 
chemotherapy in the USA that women considered a median 
acceptable improvement in recurrence risk of 0.5–1.0% to be 
worthwhile [43]. Relative advantage was identified as a key 
factor influencing speed and uptake of innovation [44]. A 3% 
reduction in risk of local regional recurrence may have been 
sufficient for patients to want RT. Giordano [23] poses the 
question as to whether the innovation of the CALGB trial 
was superior to what it replaced. Certainly the omission of RT 
was beneficial in terms of savings in RT costs and avoidance 
of radiation-induced toxicity. One of the main challenges is 
that current clinico-pathological factors are inadequate to 
confidently identify a very-low-risk group in whom postopera-
tive WBRT can be safely omitted. Examples of potentially 
useful markers are the classification of breast cancer into  
5 subtypes with 5 immunohistochemistry (IHC) markers, the 
BCL-2/Ki67 index and the recent classification of breast 
cancer into 10 subtypes [45–48]. A prospective cohort of low-
risk, hormone receptor-positive patients treated by breast-
conserving surgery and adjuvant endocrine therapy alone  
may be an appropriate design to test the predictive value of 
different biomarker combinations. A health economic assess-
ment would be required, taking into account savings in RT 
and patient transport costs as well as costs of treatment of 
recurrence.

A larger trial, PRIME 2, of over 1300 patients is assessing 
the impact of the omission of postoperative whole-breast 
irradiation in women 65 or older with hormone receptor-posi-
tive, pN0, T1–2 tumours pathologically < 3 cm, breast-con-
serving surgery and adjuvant /neoadjuvant endocrine therapy 
[49]. While not exclusive to the elderly, in the Italian 55–75 
trial [50], women aged between 55 and 75 years with T1–2, 
N0, N1 tumours (< 2.5 cm) were randomised after quadrant
ectomy with a systemic therapy to whole-breast irradiation 
(50 Gy in 5 weeks) or no further treatment. Sentinel lymph 
node biopsy was carried out in N0 patients and axillary node 
clearance in N1 patients. This trial involved more extensive 
local surgery, and higher-risk patients than in the CALGB or 
PRIME 2 trials were eligible, including pN1 and hormone 
receptor-negative patients. The cumulative ipsilateral tumour 
recurrence rate in the Italian trial was 2.5% in the surgery 
alone and 0.7% in the surgery and systemic therapy alone 
arm. Outside clinical trials within the community setting,  
data from 8724 patients ≥ 70 years from the SEER Medicare 
showed that, in older patients, adjuvant RT reduced the  
risk of ipsilateral breast tumour recurrence and subsequent 

hypofractionated RT after breast-conserving surgery are 
more conservative, restricting hypofractionated RT to pN0 
patients but excluding patients requiring chemotherapy or pe-
ripheral lymphatic irradiation [38]. Hypofractionated adju-
vant RT has been more widely adopted in the UK, Europe 
and Canada than in the USA. The reasons for this discre-
pancy are unclear but may reflect differences in the organisa-
tion of health care systems.

Is there a Subgroup of Patients from  
Whom Postoperative RT Can Be Omitted  
after Breast-Conserving Surgery?

With the rising incidence of older patients with early breast 
cancer suitable for breast conservation, it is important to 
establish whether all patients need postoperative RT after 
breast-conserving surgery. In particular, do pNO patients with 
smaller, negative, grade 1 or 2 tumours really require post
operative RT if the excision margins are clear? The only ran-
domised trial specifically confined to the elderly is the US 
Cancer and Leukemia Group B (CALGB) trial [39, 40]. This 
recruited 636 women with T1, NO hormone receptor-positive 
tumours treated with breast-conserving surgery and tamoxifen 
and randomised them to WBRT or no WBRT. At 5 years of 
follow-up there was a statistically significant 3% reduction in 
local recurrence in the irradiated arm (1% vs. 4%). However, 
the difference was small and an accompanying editorial by 
Smith and Ross [41] questioned whether such a small differ-
ence justified RT. Reflecting the frequency of comorbidity in 
the elderly, the principal cause of death was not breast cancer 
but intercurrent disease, particularly cardiac disease. At a 
median follow-up of 10.5 years [40], it was shown that the 
difference in local recurrence rate is increasing (2% vs. 9%) in 
favour of RT. This reflects the persisting but low cumulative 
risk of local recurrence up to 10–15 years. The patterns of 
deaths from non-cancer causes persisted with only 7% of 
deaths due to breast cancer and 36% due to non-cardiac 
causes, predominantly vascular. On the basis of the 5-year 
trial results [39], the National Comprehensive Cancer Net-
work guidelines were amended in 2005, allowing breast irra-
diation to be omitted in those patients 70 years of age or older 
with oestrogen receptor-positive, clinically node-negative, TI 
tumours who receive adjuvant hormonal therapy [12]. How-
ever, the guidelines did not specifically recommend RT in this 
group of women. Nonetheless, the results of the trial seem to 
have had a minimal impact on the clinical use of RT in the 
USA in patients who meet the eligibility for the CALGB. Of 
note, this population (24,000 women in 2005) is set to double 
to around 50,000 by 2030 [1]. Soulos et al. [42] undertook a 
study using the Surveillance, Epidemiology and End Results 
(SEER) Medicare database on 12,925 patients with a mean 
age of 77.7 years who had received postoperative RT. About 
79% of patients received RT before the publication of the 
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mastectomy. Patients aged 70–79 years with minimal comor-
bidity were most likely to gain from RT [51]. Such carefully 
designed observational studies can provide useful data on the 
size of treatment effects [52]. However, at present, the inter-
national consensus is that there is no subgroup of patients at 
sufficiently low risk in whom postoperative RT can be system-
atically omitted [28]. However, given the relatively low base-
line risks in this population, it is reasonable to discuss de-esca-
lation of treatment in some elderly patients, particularly those 
with significant comorbidities [53].

Postmastectomy RT

There are no elderly-specific trials of postmastectomy RT 
(PMRT) in elderly patients; so one has to extrapolate from 
trials that have included older patients. The benefits of loco-
regional RT on overall survival were established by the Dan-
ish Breast Cooperative Group 82c trial [54], which showed a 
9% survival advantage in high-risk postmenopausal women 
treated by mastectomy and adjuvant tamoxifen. This estab-
lished PMRT as the standard of care for women with ≥ 4 or 
more pathologically involved axillary nodes and T3 tumours. 
However, the generalisability of the Danish trial to contempo-
rary practice is uncertain. First, the quality of the axillary 
surgery was inadequate, with too few nodes removed in  
the axillary clearance. Secondly, the duration of tamoxifen  
(2 years) was shorter than the current standard of 5 years. It is 
therefore possible that the benefits of PMRT may have been 
overestimated. It is also notable that the survival benefit of 
PMRT in the Danish trial only emerged at 5 years. This 
implies that, for patients with a life expectancy of less than  
5 years, for example from comorbidities, PMRT may not be 
justifiable. For women > 70 years there is no level 1 data. 
There are retrospective data implying that the survival benefit 
of PMRT may extend to women > 70 years [55]. There is 
some evidence that ‘high-risk’ older women may be at higher 
risk of loco-regional recurrence. A retrospective study com-

paring women ≥ 70 years with those aged 50–69 years showed, 
in the group with ≥ 4 or more pathologically involved axillary 
nodes, that the loco-regional recurrence rate was higher in the 
older age group (30.8% vs. 16.8%) at a median follow-up of 
8.3 years [56]. The role of PMRT in ‘intermediate-risk’ breast 
cancer (1–3 nodes positive or node negative with other factors 
such as grade 3 histology or lymphovascular invasion) is 
controversial, with advocates [57–58] and sceptics [59] about 
its routine role in this subgroup of patients This research 
question is being investigated in the international Medical 
Research Council (MRC)/EORTC SUPREMO (Selective 
Use of Postoperative Radiotherapy after Mastectomy) trial 
[60], which has no upper age limit. In its translational sub-
study, TRANS-SUPREMO, molecular markers of radiation 
response and resistance are being sought to improve the 
future selection of patients who are likely to benefit from 
PMRT more reliably than current clinico-pathological factors.

Conclusions

There is a limited amount of level 1 evidence on the role of 
adjuvant RT in the elderly. At present there is no subgroup of 
older patients in whom postoperative RT can be systemati-
cally omitted after breast-conserving surgery. There is robust 
clinical trial evidence to support the introduction of hypo
fractionated RT after both breast-conserving surgery and 
mastectomy for all patients requiring adjuvant postoperative 
RT. The roles of PBI and PMRT in women at intermediate 
risk of recurrence are under investigation in clinical trials. 
Entry of patients into the trials should be strongly encouraged 
to strengthen the evidence base for this age group.
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