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Summary
Background We previously confi rmed the non-inferiority of accelerated partial breast irradiation (APBI) with 
interstitial brachytherapy in terms of local control and overall survival compared with whole-breast irradiation for 
patients with early-stage breast cancer who underwent breast-conserving surgery in a phase 3 randomised trial. Here, 
we present the 5-year late side-eff ects and cosmetic results of the trial.

Methods We did this randomised, controlled, phase 3 trial at 16 centres in seven European countries. Women aged 40 years 
or older with stage 0–IIA breast cancer who underwent breast-conserving surgery with microscopically clear resection 
margins of at least 2 mm were randomly assigned 1:1, via an online interface, to receive either whole-breast irradiation of 
50 Gy with a tumour-bed boost of 10 Gy or APBI with interstitial brachytherapy. Randomisation was stratifi ed by study 
centre, menopausal status, and tumour type (invasive carcinoma vs ductal carcinoma in situ), with a block size of ten, 
according to an automated dynamic algorithm. Patients and investigators were not masked to treatment allocation. The 
primary endpoint of our initial analysis was ipsilateral local recurrence; here, we report the secondary endpoints of late 
side-eff ects and cosmesis. We analysed physician-scored late toxicities and patient-scored and physician-scored cosmetic 
results from the date of breast-conserving surgery to the date of onset of event. Analysis was done according to treatment 
received (as-treated population). This trial is registered with ClinicalTrials.gov, number NCT00402519.

Findings Between April 20, 2004, and July 30, 2009, we randomly assigned 1328 women to receive either whole-breast 
irradiation (n=673) or APBI with interstitial brachytherapy (n=655); 1184 patients comprised the as-treated population 
(551 in the whole-breast irradiation group and 633 in the APBI group). At a median follow-up of 6·6 years (IQR 5·8–7·6), 
no patients had any grade 4 toxities, and three (<1%) of 484 patients in the APBI group and seven (2%) of 393 in the whole-
breast irradiation group had grade 3 late skin toxicity (p=0·16). No patients in the APBI group and two (<1%) in the whole-
breast irradiation group developed grade 3 late subcutaneous tissue toxicity (p=0·10). The cumulative incidence of any late 
side-eff ect of grade 2 or worse at 5 years was 27·0% (95% CI 23·0–30·9) in the whole-breast irradiation group versus 
23·3% (19·9–26·8) in the APBI group (p=0·12). The cumulative incidence of grade 2–3 late skin toxicity at 5 years was 
10·7% (95% CI 8·0–13·4) in the whole-breast irradiation group versus 6·9% (4·8–9·0) in the APBI group (diff erence 
–3·8%, 95% CI –7·2 to 0·4; p=0·020). The cumulative risk of grade 2–3 late subcutaneous tissue side-eff ects at 5 years was 
9·7% (95% CI 7·1–12·3) in the whole-breast irradiation group versus 12·0% (9·4–14·7) in the APBI group (diff erence 
2·4%; 95% CI –1·4 to 6·1; p=0·28). The cumulative incidence of grade 2–3 breast pain was 11·9% (95% CI 9·0–14·7) after 
whole-breast irradiation versus 8·4% (6·1–10·6) after APBI (diff erence –3·5%; 95% CI –7·1 to 0·1; p=0·074). At 5 years’ 
follow-up, according to the patients’ view, 413 (91%) of 454 patients had excellent to good cosmetic results in the whole-
breast irradiation group versus 498 (92%) of 541 patients in the APBI group (p=0·62); when judged by the physicians, 
408 (90%) of 454 patients and 503 (93%) of 542 patients, respectively, had excellent to good cosmetic results (p=0·12). No 
treatment-related deaths occurred, but six (15%) of 41 patients (three in each group) died from breast cancer, and 35 (85%) 
deaths (21 in the whole-breast irradiation group and 14 in the APBI group) were unrelated. 

Interpretation 5-year toxicity profi les and cosmetic results were similar in patients treated with breast-conserving 
surgery followed by either APBI with interstitial brachytherapy or conventional whole-breast irradiation, with 
signifi cantly fewer grade 2–3 late skin side-eff ects after APBI with interstitial brachytherapy. These fi ndings provide 
further clinical evidence for the routine use of interstitial multicatheter brachytherapy-based APBI in the treatment of 
patients with low-risk breast cancer who opt for breast conservation.
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Introduction
Breast-conserving surgery followed by a 5-week course 
of whole-breast irradiation with or without an additional 
1–2 weeks of boost irradiation to the tumour bed was 
the standard of care for early-stage breast cancer for the 
past four decades.1,2 A randomised trial3 published in 
2011, also justifi ed the routine use of a 3-week course of 
modestly hypofractionated whole-breast radiotherapy. 
However, in the past 15 years, accelerated partial breast 
irradiation (APBI) has been gradually accepted as an 
alternative radiotherapy option, at least for the treatment 
of selected patients with low-risk breast cancer.4–6 
Initially, the results of several phase 2 trials7–9 and one 
single-institution phase 3 clinical trial10 showed that 
outcomes of APBI with interstitial brachytherapy, with 
appropriate quality assurance for patients who were 
strictly selected, were similar to those of conventional 
whole-breast irradiation. In 2016, we reported the 5-year 
results of the phase 3 GEC-ESTRO trial11 of APBI, which 
showed that APBI with interstitial brachytherapy after 
breast-conserving surgery in patients with early-stage 
breast cancer was non-inferior to whole-breast 
irradiation for 5-year local control, disease-free survival, 
and overall survival. The trial also reported favourable 
preliminary fi ndings for treatment-related late side-

eff ects.11 We did the present analysis to assess the 
eff ectiveness of APBI with sole multicatheter 
brachytherapy compared with whole-breast irradiation 
in terms of late side-eff ects and cosmetic results in 
patients with low-risk invasive carcinoma and low-risk 
ductal carcinoma in situ of the female breast after 
breast-conserving treatment. Early toxicity results and 
patients’ compliance have recently been reported 
elsewhere.12

Methods
Study design and participants
We did the multicentre, phase 3, randomised, controlled 
GEC-ESTRO trial at 16 medical centres in seven European 
countries (Austria, Czech Republic, Germany, Hungary, 
Poland, Spain, and Switzerland; appendix p 4).

We reported the eligibility criteria in detail in our 
previous publication.11 Briefl y, women were eligible if 
they were aged 40 years or older with ductal carcinoma in 
situ (pTis) or invasive breast carcinoma up to a diameter 
of 3 cm (pT1–2a), with pN0 or pN1mi axillary status 
(stage 0, I, and IIA) who had undergone local excision of 
the breast tumour with microscopically clear resection 
margins of at least 2 mm. We excluded patients if they 
had multiple tumour foci, lymphovascular invasion, an 

Research in context

Evidence before this study
We searched PubMed and MEDLINE for any prospective 
studies published in English and ClinicalTrials.gov for studies 
that were ongoing or completed, in which late side-eff ects 
and cosmetic results of accelerated partial breast irradiation 
(APBI) were investigated after breast-conserving surgery. The 
date of our fi nal search was Aug 10, 2016. Our search terms 
were “early breast cancer”, “radiation therapy”, “accelerated 
partial breast irradiation”, “APBI”, “brachytherapy”, 
“three-dimensional conformal radiotherapy”, “3D-CRT”, 
intraoperative radiotherapy”, “IORT”, “late toxicity”, “late 
side-eff ects”, “cosmetic results”, and “adjuvant therapy”. We 
identifi ed only six phase 2 trials, and one small phase 3 study 
with mature results, mostly showing a favourable late toxicity 
profi le, and good to excellent cosmetic results after 
breast-conserving surgery and accelerated partial breast 
irradiation with interstitial brachytherapy. However, 
uncertainty remained regarding the safety of APBI with 
interstitial brachytherapy with respect to long-term toxicities 
and cosmetic results. Data for late side-eff ects and cosmetic 
outcomes with other techniques of APBI, including 
intraoperative radiotherapy with high-energy electrons, and 
50-kV photons and external beam irradiation, were 
premature or controversial. Therefore, we initiated a 
randomised trial to investigate the value of interstitial 
brachytherapy for APBI as sole adjuvant radiotherapy for 
selected patients with early stage (stage 0, I, and IIA) breast 
cancer. Our aim was to prove the non-inferiority and safety of 

APBI with interstitial brachytherapy compared with 
conventional whole-breast irradiation.

Added value of this study
Our 5-year results show that APBI with interstitial 
brachytherapy is not only as eff ective as adjuvant whole-breast 
irradiation for selected patients with early stage breast cancer, 
but also provides at least equivalent cosmetic outcomes and 
signifi cantly fewer late skin side-eff ects compared with 
conventional whole-breast irradiation. When we consider the 
negative results of phase 3 trials of intraoperative radiotherapy 
APBI trials with respect to local tumour control and the 
controversial late toxicity data obtained from phase 3 external 
beam APBI trials, our fi ndings provide further clinical evidence 
to support the routine use of interstitial multicatheter 
brachytherapy-based APBI in the treatment of patients with 
low-risk breast cancer who opt for breast conservation.

Implications of all the available evidence
To our knowledge, this trial is the fi rst phase 3 study that shows 
similar late toxicity profi les and cosmetic outcomes, and 
signifi cantly fewer late skin side-eff ects of APBI with interstitial 
brachytherapy compared with whole-breast irradiation for 
selected patients with early stage breast cancer. On the basis of 
our fi ndings, APBI with interstitial brachytherapy can be 
regarded as a valid alternative treatment option after 
breast-conserving surgery, and can be off ered for all patients 
with low-risk breast cancer as part of routine clinical practice. 
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