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Partial-breast radiotherapy after breast conservation surgery 
for women with early breast cancer (UK IMPORT LOW): 
10-year outcomes from a multicentre, open-label, 
randomised, controlled, phase 3, non-inferiority trial
Anna M Kirby, Laura Finneran, Clare L Griffin, Adrian M Brunt, Fay H Cafferty, Abdulla Alhasso, Charlie Chan, Joanne S Haviland, Monica L Jefford, 
Elinor J Sawyer, Mark A Sydenham, Isabel Syndikus, Yat M Tsang, Duncan Wheatley, John R Yarnold, Charlotte E Coles*, Judith M Bliss*

Summary
Background The IMPORT LOW trial evaluated partial-breast radiotherapy with intensity-modulated radiotherapy in 
women with early-stage breast cancer at below average risk of ipsilateral breast tumour recurrence (IBTR). 5-year 
results concluded non-inferiority of IBTR for reduced-dose and partial-breast radiotherapy, with similar or lower 
frequency of adverse effects compared with whole-breast radiotherapy. We report outcomes after 10 years.

Methods IMPORT LOW was a randomised, open-label, multicentre, non-inferiority, phase 3 trial. Women were 
eligible if they were aged 50 years or older and had had breast conservation surgery for unifocal invasive ductal 
adenocarcinoma, pT1–2 (tumour size of ≤3 cm), N0–1 (none to three positive axillary nodes), grades 1–3, with 
microscopic margins of non-cancerous tissue of 2 mm or more. Patients were ineligible if they had a previous 
malignancy of any kind (except non-melanomatous skin cancer), had undergone mastectomy, or had received 
neoadjuvant or concurrent adjuvant chemotherapy. Patients were randomly assigned (1:1:1) by randomly permuted 
blocks to radiotherapy regimens of 40 Gy in 15 fractions to the whole breast (whole-breast group), 36 Gy in 15 fractions 
to the whole breast plus 40 Gy in 15 fractions to the partial breast (reduced-dose group), or 40 Gy in 15 fractions to the 
partial breast (partial-breast group). Participants were stratified by treatment centre, without masking. The primary 
endpoint was IBTR. 10-year outcomes were analysed in the intention-to-treat population. Clinician-reported late 
adverse effects were evaluated in all participants with available data analysed according to allocated treatment. The 
study is registered in the ISRCTN registry (ISRCTN12852634) and is now complete.

Findings 2018 patients were recruited between May 3, 2007, and Oct 5, 2010, from 30 radiotherapy centres in the UK 
and randomly assigned to the whole-breast group (n=675), reduced-dose group (n=674), or partial-breast 
group (n=669). Two participants subsequently withdrew consent. Median age was 63 years (IQR 58–68). 854 (42%) 
of 2016 patients had grade 1 tumours, 959 (48%) had grade 2 tumours, and 200 (10%) had grade 3 tumours 
(three tumours were ungradable); 59 (3%) had node-positive disease. Median follow-up was 120 months (IQR 119–122) 
for the whole-breast group, 121 months (IQR 120–122) for the reduced-dose group, and 120 months (IQR 119–122) for 
the partial-breast group. By 10 years, IBTR events were reported for 45 of 2016 participants: 17 of 674 in the whole-
breast group, 11 of 673 in the reduced-dose group, and 17 of 669 in the partial-breast group, with cumulative 
incidence of 2·8% (95% CI 1·8–4·5), 1·9% (1·1–3·5), and 3·0% (1·9–4·8), respectively. The estimated absolute 
difference in 10-year IBTR incidence was –1·02% (95% CI –1·98 to 0·99) for the reduced-dose group and 0·16% 
(–1·28 to 2·89) for the partial-breast group compared with the whole-breast group. Similar low levels of moderate or 
marked adverse effects were recorded for participants in all three groups in 10-year clinical assessments. Breast 
shrinkage had the highest incidence (30 [9%] of 321 in the whole-breast group, 28 [9%] of 322 in the reduced-dose 
group, and 22 [7%] of 333 in the partial-breast group).

Interpretation Long-term follow-up provides further evidence that partial-breast and reduced-dose radiotherapy are 
as safe and effective as whole-breast radiotherapy in patients with low-risk early breast cancer. These results reaffirm 
the use of partial-breast radiotherapy delivered with intensity-modulated radiotherapy in this population as standard 
of care.

Funding Cancer Research UK.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Following breast conservation surgery for early breast 
cancer, radiotherapy reduces the risk of local recurrence 

by up to two-thirds and can improve survival.1 In 
a population with lower-than-average risk of ipsilateral 
breast tumour recurrence (IBTR), this reduced risk of 
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local recurrence translates to a small absolute benefit for 
many patients, whereas all patients treated with 
radiotherapy are at risk from side-effects. Therefore, 
side-effects are a dominant hazard for many women with 
low-risk breast cancer.

All patients treated with radiotherapy in the 2011 Early 
Breast Cancer Trialists Collaborative Group meta-analysis 
had treatment to the whole breast plus or minus 
locoregional lymph nodes.1 However, clinicopathological 
data suggest that local recurrence of breast cancer 
predominantly occurs in the part of the breast closest to 
the location of the index primary cancer, the tumour 
bed.2 Focusing radiotherapy on the region around the 
tumour bed (partial-breast radiotherapy) should, 
therefore, enable excellent long-term local control while 
reducing the volumes of normal tissues (ie, healthy 
breast tissue, lung, ribcage, and heart) irradiated, thereby 
minimising the risk of early and long-term side-effects.

IMPORT LOW was designed to compare partial-breast 
radiotherapy against standard-of-care whole-breast 
radiotherapy. It is one of only two trials—the other being 
the Danish Breast Cancer Group (DBCG) Partial Breast 
Irradiation Trial3—to test the effect of reducing the 
irradiated volume, by means of a simple, easily 

implementable radiotherapy technique, without the 
confounder of a simultaneous change in radiotherapy 
dose fractionation. Primary analysis of IMPORT LOW4 
showed non-inferiority, in terms of 5-year IBTR, for 
both reduced-dose and partial-breast radiotherapy 
compared with whole-breast radiotherapy. The 
incidence of clinician-reported moderate or marked 
adverse effects up to 5 years was low and similar for 
patients receiving partial-breast or reduced-dose 
radiotherapy versus whole-breast radiotherapy. Patients 
reported less breast hardening after partial-breast 
radiotherapy than after whole-breast radiotherapy and 
less deterioration in breast appearance after reduced-
dose or partial-breast radiotherapy than after 
whole-breast radiotherapy up to 5 years after treatment. 
5-year results from IMPORT LOW were practice-
changing worldwide, informing 2018 UK National 
Institute for Health and Care Excellence (NICE) early 
breast cancer treatment guidelines,5 2022 European 
Society of Radiation Oncology guidelines,6 and 2023 
American Society of Radiotherapy and Oncology 
(ASTRO) partial breast irradiation guidelines.7 However, 
given that both local recurrence and treatment side-
effects can continue to occur many years after 

Research in context

Evidence before this study
A comprehensive literature review using PubMed and MEDLINE 
was done previously as part of the peer-reviewed funding 
application for IMPORT LOW in 2002. This review identified all 
previous pathological studies and clinical breast radiotherapy 
studies investigating patterns of local recurrence within the 
ipsilateral breast, and all previous partial-breast radiotherapy 
studies. Search terms included “early breast cancer”, “partial 
irradiation”, and “partial breast radiotherapy”. These data 
suggested that most local recurrences occur near the original 
tumour bed and that older partial-breast radiotherapy trials 
showed unacceptable numbers of ipsilateral breast tumour 
recurrences (IBTR) due to suboptimal tumour bed localisation 
and inclusion of patients with higher-than-average risk of IBTR. 
We hypothesised that partial-breast radiotherapy using modern 
radiotherapy planning and treatment would be non-inferior to 
whole-breast radiotherapy in terms of local recurrence 
incidence and might reduce normal tissue adverse effects in 
women with early-stage breast cancer at below average risk 
of IBTR. 

Added value of this study
To our knowledge, IMPORT LOW is the first phase 3 trial 
reporting 10-year outcome data for local recurrence and 
adverse effects following partial-breast radiotherapy delivered 
using simple tangential external beam radiotherapy techniques. 
It remains one of only two trials comparing outcomes related 
purely to differences in treated volume, unconfounded by 
differences in radiotherapy dose fractionation. 10-year data 

supported 5-year findings in that partial-breast radiotherapy 
was not associated with any increase in local recurrences 
compared with whole-breast radiotherapy. 10-year clinician-
reported late adverse effects were similar between the 
treatment groups. At 5 years, patients in the partial-breast 
radiotherapy group had reported fewer side-effects than those 
in the whole-breast radiotherapy group, but patient-reported 
outcomes were not collected to 10 years.

Implications of all the available evidence
IMPORT LOW shows a low cumulative incidence of IBTR (≤3%) 
at 10 years in people with low-risk breast cancer, treated with 
either partial-breast radiotherapy, reduced-dose radiotherapy, 
or whole-breast radiotherapy. The low incidence of local 
recurrence is similar to that in other phase 3 trials of partial-
breast radiotherapy. Frequencies of moderate or marked 
adverse effects in breast tissue, ribcage, and lung were low 
across all groups. Given the lower radiation doses to lung and 
heart, it is possible that the risks of long-term heart disease and 
second malignancies with partial-breast radiotherapy would be 
even lower than with whole-breast radiotherapy. However, 
given the rarity of these side-effects, IMPORT LOW cannot 
substantiate this possibility. Tangent-based external beam 
partial-breast radiotherapy has been reaffirmed to be safe and 
effective and has the advantage of being relatively simple 
compared with conformal or inverse-planned intensity-
modulated radiotherapy or brachytherapy. As such, 
implementation of this treatment requires minimal additional 
training and resources.
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treatment, this preplanned updated analysis aimed to 
assess long-term efficacy and clinician-reported adverse 
events in the three treatment groups after a 10-year 
follow-up.

Methods
Study design and participants
The IMPORT LOW trial design has been published 
previously;4 the trial schema and protocol are included 
here in the appendix (p 5 and p 14, respectively). 
IMPORT LOW was a randomised, open-label, phase 3, 
multicentre, non-inferiority trial, conducted in 
30 radiotherapy centres in the UK (appendix pp 2–3), 
that compared standard whole-breast radiotherapy 
(whole-breast group) with two experimental schedules: 
radiotherapy given at a reduced dose to the whole breast 
and full dose to the partial breast (reduced-dose group) 
and radiotherapy to the partial breast only (partial-
breast group). The primary analysis was done, as 
planned, when sufficient 5-year follow-up data had 
accrued, and was published in 2017.4 The current 
analysis was planned for when all patients had had the 
opportunity to be in the trial for 10 years. Patient 
advocates were involved throughout, from initial study 
design through to preparation of the 10-year study 
results. Members of the Trial Management Group, Trial 
Steering Committee, and Independent Data Monitoring 
Committee are listed in the appendix (p 4). The study 
was approved by the Oxfordshire Research Ethics 
Committee B (06/Q1605/128), sponsored by the 
Institute of Cancer Research, and conducted in 
accordance with the principles of Good Clinical 
Practice. The study is registered in the ISRCTN registry 
(ISRCTN12852634).

Eligible participants were women aged 50 years or 
older who had had breast-conserving surgery for 
unifocal invasive adenocarcinoma (excluding invasive 
carcinoma of the classical lobular type), pathological 
tumour size 3 cm or smaller (pT1–2), axillary node 
negative or with one to three positive nodes (pN0–1), 
grades 1–3, and with minimum non-cancerous 
microscopic margins of 2 mm or larger. Patients were 
ineligible if they had a previous malignancy of any kind 
(except non-melanomatous skin cancer), had 
undergone mastectomy, or had received neoadjuvant or 
concurrent adjuvant chemotherapy. Primary endocrine 
therapy was allowed as long as the tumour was 3 cm or 
smaller, all other inclusion criteria were met, and 
surgery was done. Participants provided written 
informed consent.

Randomisation and masking
Participants were randomly assigned (1:1:1) to receive 
whole-breast radiotherapy, reduced-dose radiotherapy, 
or partial-breast radiotherapy. Computer-generated allo
cation used random permuted blocks (of six and nine) 
to assign patients to groups, with patients stratified by 

treatment centre. Treatment allocation was not masked 
from patients and clinicians or for central review of 
primary endpoint events.

Procedures
Participants in the whole-breast (control) group received 
40 Gy in 15 fractions to the whole breast; those in the 
reduced-dose group received 36 Gy in 15 fractions to the 
whole breast and 40 Gy in 15 fractions to the partial 
breast; and those in the partial-breast group received 
40 Gy in 15 fractions to the partial breast only. Patients 
were treated daily over 3 weeks. For localisation of the 
tumour bed, insertion of surgical clips was recommended, 
but if this was not done, tumour beds were localised with 
ultrasound, MRI, or CT. Details regarding radiotherapy 
target volume localisation, organ-at-risk contouring, 
radiotherapy treatment planning, and verification were 
provided in a previous report,4 including the trial 
radiotherapy planning pack (developed in partnership 
with the UK Radiotherapy Trials Quality Assurance 
team), which was included in the appendix. The protocol 
specified forward-planned field-in-field intensity-
modulated radiation techniques delivered by standard 
medial and lateral tangential beams, reduced in length 
and width according to the delineated target volumes 
(see appendix p 6 for the partial-breast irradiation 
technique).

Participants were scheduled for annual follow-up of 
disease status and survival for up to 10 years following 
radiotherapy (regardless of treatment received). 
Mammograms were scheduled according to local 
practice, with the typical schedule consisting of annual 
mammograms for the first 5 years followed by screening 
every 3 years, as part of the national screening 
programme. Clinicians assessed adverse effects, 
namely breast shrinkage or distortion, induration of the 
index quadrant, induration outside the index quadrant, 
telangiectasia, and breast oedema. These outcomes 
were assessed using 4-point scales (not at all, a little, 
quite a bit, very much), comparing the ipsilateral versus 
contralateral breast where relevant. Clinicians also 
reported on other prespecified adverse events (incidence 
of symptomatic rib fracture, symptomatic lung fibrosis, 
persistent cough, ischaemic heart disease, and any 
specialist referral or management of late adverse 
events) at 1, 2, 5, and 10 years. Most patients completed 
follow-up before the COVID-19 pandemic; final clinical 
assessments during the pandemic took place as close 
as possible to scheduled timings, facilitated by 
telephone appointments.

Outcomes
Efficacy outcomes align to Standardized Definitions for 
Efficacy End Points version 2.0, with some terminology 
adjusted since the primary analysis.8 The primary 
outcome measure was cumulative incidence of IBTR at 
5 years, defined as the presence of any invasive or 

See Online for appendix
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non-invasive carcinoma in any location in the ipsilateral 
breast parenchyma or overlying skin. All such events 
were centrally reviewed (imaging and histopathology) by 
AMK and CEC. The outcome of interest for this analysis 
was 10-year cumulative incidence of IBTR. Secondary 
efficacy outcomes were location of local tumour 
recurrence (assessed using clinician judgement); IBTR-
invasive (events: invasive disease in the ipsilateral 
breast); locoregional recurrence (events: IBTR or 
regional recurrence in the axilla, supraclavicular fossa, 
or internal mammary chain); distant recurrence-free 
survival (events: distant recurrence or death from any 
cause); breast cancer-free interval (events: IBTR, 
including ductal carcinoma in situ [DCIS], regional or 
distant recurrence, contralateral breast cancer including 
DCIS, or death due to breast cancer); recurrence-free 
interval (events: IBTR including DCIS, regional or 
distant recurrence, or death due to breast cancer); overall 
survival; contralateral breast cancers; and other second 
primary cancers. Patients remained evaluable for local 
recurrence following distant recurrence. A death was 
deemed due to breast cancer if it occurred following 

a distant recurrence originating from the breast 
primary tumour.

Secondary outcomes of late adverse effects on breast 
tissue and other adverse effect endpoints were assessed 
by clinicians. Patient-reported outcomes and cost-
effectiveness data were not collected beyond 5 years and 
have been reported previously.4,9,10

Statistical analysis
The target sample size of 1935 patients (645 per group) 
provided 80% power to exclude a 2·5% increase in IBTR 
at 5 years (absolute non-inferiority margin) in either test 
group when compared with the whole-breast group 
(assuming a 5-year IBTR incidence of 2·5% in the control 
group, one-sided α of 2·5%, and 5% loss to follow-up). 
Non-inferiority was shown in the primary efficacy 
analysis, but formal testing against a prespecified non-
inferiority margin was not planned for this 10-year 
analysis (in which assumptions might differ). Instead, 
the focus was on estimation of effects; hence, p values 
are not presented. Efficacy analyses were done in the 
intention-to-treat population. IBTR was also analysed in 

Figure 1: Trial profile
*Included in intention-to-treat analysis. †Three patients were subsequently found not to satisfy all of the eligibility criteria but, since they received treatment according 
to protocol, they were included according to the prespecified definition for the per-protocol analysis set. ‡Included in per-protocol analysis. §Deaths of one participant 
in the whole-breast group, seven in the reduced-dose group, and five in the partial-breast group occurred after the 10-year follow-up form was completed. 

674 included in 10-year intention-to-
  treat analysis 

520 with follow-up forms at 10 years

674 allocated to whole-breast
  radiotherapy group*
 666 received allocated
  radiotherapy†‡
 8 did not receive allocated
  treatment
 2 technically unsuitable
 3 investigator decision
 2 patient choice
 1 died before treatment

2018 patients randomly assigned

673 allocated to reduced-dose
  radiotherapy group*
  648 received allocated
  radiotherapy‡
 25 did not receive allocated
  treatment
 16 technically unsuitable
 4 investigator decision
 3 patient choice 
 1 withdrawal of consent 
 1 ineligible (lung cancer
  detected after random
  assignment)

669 allocated to partial-breast
  radiotherapy group*
 641 received allocated
  radiotherapy‡
 28 did not receive allocated
  treatment
 15 technically unsuitable
 2 investigator decision
 6 patient choice 
 1 withdrawal of consent
 2 ineligible (lobular
  carcinoma)
 2 site error, wrong treatment
  prescribed

151 without follow-up forms at
  10 years
  62 died before 10 years§
  26 withdrew consent 
  42 lost to follow-up
  21 missing year 9 and/or year 10
  forms for unknown reasons

152 without follow-up forms at
  10 years
  84 died before 10 years§
  19 withdrew consent 
  29 lost to follow-up
  20 missing year 9 and/or year 10
  forms for unknown reasons

154 without follow-up forms at
  10 years
  80 died before 10 years§
  26 withdrew consent 
  29 lost to follow-up
  19 missing year 9 and/or year 10
  forms for unknown reasons

2 withdrew consent for any data to be used in analysis

673 included in 10-year intention-to-
  treat analysis

521 with follow-up forms at 10 years

669 included in 10-year intention-to-
  treat analysis 

518 with follow-up forms at 10 years
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the per-protocol population, including all patients who 
completed their protocol-defined radiotherapy regimen. 
Analysis of clinician-reported late adverse effects was 
done on a modified intention-to-treat basis, including all 
participants with available data analysed according to 
allocated treatment (ie, numbers might differ for 
individual endpoints).

The median follow-up was calculated using reverse 
Kaplan–Meier analysis (with censoring for deaths). 

10-year cumulative incidence of each type of disease-
related event and composite time-to-event endpoint is 
reported. Patients who did not have the event of interest 
were censored for that endpoint at final follow-up or 
death. Kaplan–Meier methods were used to estimate 
cumulative incidence (or proportion of patients who did 
not have an event) at 10 years with 95% CI, and the 
corresponding plots (Nelson–Aalen cumulative hazard 
and Kaplan–Meier plots) are shown to 11 years. Although 
a small number of events were reported beyond this 
timepoint, these events could be subject to reporting bias 
as they were not recorded as part of a scheduled follow-up 
and so were not included. Hazard ratios (HRs) for 
treatment effect were estimated from unadjusted Cox 
regression models. Absolute treatment differences were 
calculated from the Kaplan–Meier estimate for the 
whole-breast group and the HR.

With low numbers of events anticipated, HRs might be 
difficult to interpret, particularly if non-proportional 
hazards are present. The proportional hazards 
assumption was tested for each time-to-event efficacy 
outcome using Schoenfeld residuals. Where there was 
evidence of non-proportional hazards, restricted mean 
survival time was used to estimate the difference between 
groups in average event-free time over a 10·5-year period 
(incorporating a 6-month period beyond the last 
scheduled follow-up, as assessments continued to take 
place within this time window) without assuming 
a constant HR.11 Additionally, an exploratory competing 
risks analysis was done for IBTR to consider the effect of 
diagnoses of non-IBTR breast cancer events (including 
breast cancer-related deaths), non-breast cancer-related 
deaths, and second primaries as competing events in 
a Fine–Gray competing risks regression model.12

Clinician-reported late adverse effects were dicho
tomised as moderate or marked (quite a bit or very much) 
or none (not at all or a little). The proportion of patients 
with moderate or marked events at the 10-year 
assessment, as well as the cumulative incidence of these 
events, was reported for each late adverse effect; events 
reported up to 10·5 years were included to allow for 
assessments taking place slightly later than scheduled. 
Time to first moderate or marked event was analysed 
using Kaplan–Meier methods with censoring at the last 
clinical assessment or death.

Analyses were based on a database snapshot from 
Aug 21, 2023, and done using Stata version 17.0.

Role of the funding source
The funder reviewed and approved the trial but had no 
other role in study design, study development, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Between May 3, 2007, and Oct 5, 2010, 2018 participants 
were enrolled in the study from 30 radiotherapy centres 

Cumulative 
number of events 
reported by 
10 years*

10-year cumulative 
incidence, % (95% CI)

Unadjusted HR 
(95% CI) 

IBTR (intention-to-treat population)

Whole-breast group (N=674) 17 2·8% (1·8–4·5) 1 (ref)

Reduced-dose group (N=673) 11 1·9% (1·1–3·5) 0·64 (0·30–1·36)

Partial-breast group (N=669) 17 3·0% (1·9–4·8) 1·06 (0·55–2·05)

IBTR (per-protocol population)

Whole-breast group (N=666) 17 2·9% (1·8–4·6) 1 (ref)

Reduced-dose group (N=648) 11 2·0% (1·1–3·6) 0·65 (0·31–1·40)

Partial-breast group (N=641) 17 3·1% (1·9–5·0 1·09 (0·56–2·12)

IBTR-invasive (intention-to-treat population) 

Whole-breast group (N=674) 15 2·5% (1·5–4·2) 1 (ref)

Reduced-dose group (N=673) 9 1·5% (0·8–3·0) 0·59 (0·26–1·35)

Partial-breast group (N=669) 13 2·3% (1·3–3·9) 0·93 (0·45–1·93)

Locoregional recurrence† (intention-to-treat population)

Whole-breast group (N=674) 19 3·2% (2·0–5·0) 1 (ref)

Reduced-dose group (N=673) 11 1·9% (2·0–3·5) 0·57 (0·27–1·20)

Partial-breast group (N=669) 20 3·5% (2·3–5·4) 1·11 (0·60–2·06)

Distant recurrence (intention-to-treat population)

Whole-breast group (N=674) 23 3·8% (2·5–5·7) 1 (ref)

Reduced-dose group (N=673) 25 4·1% (2·8–6·1) 1·05 (0·60–1·82)

Partial-breast group (N=669) 23 3·8% (2·5–5·7) 0·97 (0·55–1·69)

Any recurrence‡ (intention-to-treat population)

Whole-breast group (N=674) 40 6·9% (5·1–9·3) 1 (ref)

Reduced-dose group (N=673) 34 6·0% (4·3–8·3) 0·81 (0·51–1·27)

Partial-breast group (N=669) 42 7·4% (5·5–9·9) 1·07 (0·70–1·63)

Any breast cancer event§ (intention-to-treat population)

Whole-breast group (N=674) 60 10·0% (7·8–12·7) 1 (ref)

Reduced-dose group (N=673) 51 8·4%% (6·5–11·0) 0·86 (0·59–1·24)

Partial-breast group (N=669) 60 10·1% (7·9–12·8) 1·03 (0·72–1·46)

All-cause mortality (intention-to-treat population)

Whole-breast group (N=674) 78 12·3% (10·0–15·1) 1 (ref)

Reduced-dose group (N=673) 83 13·1% (10·7–15·9) 1·12 (0·83–1·51)

Partial-breast group (N=669) 61 9·8% (7·7–12·4) 0·84 (0·61–1·16)

HR <1 favours the experimental group. HR=hazard ratio. IBTR=ipsilateral breast tumour recurrence. *The following 
events were reported beyond 10-year follow-up: one invasive IBTR (partial breast group), 16 distant recurrences 
(whole-breast group, n=3; reduced-dose group, n=7; partial-breast group, n=6), two new contralateral cancers 
(reduced-dose group), three new non-breast primaries (whole-breast group, n=2; partial-breast group n=1), six breast 
cancer-related deaths (whole-breast group n=1; reduced-dose group; n=2; partial-breast group, n=3), 11 other-cause 
deaths (whole-breast group, n=2; reduced-dose group; n=6, partial-breast group, n=3). †Locoregional recurrence 
events include IBTR and/or regional recurrence in the axilla, supraclavicular fossa or internal mammary chain. ‡Any 
recurrence events include IBTR (including ductal carcinoma in situ), regional or distant recurrence, or death due to 
breast cancer. §Any breast cancer events include IBTR (including ductal carcinoma in situ), regional or distant 
recurrence, contralateral breast cancer including ductal carcinoma in situ, or death due to breast cancer. 

Table 1: Recurrence and mortality events 
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in the UK and randomly assigned to the whole-breast 
group (n=675), reduced-dose group (n=674), or partial-
breast group (n=669). Six participants were found to be 
ineligible after random assignment but were included 
according to intention-to-treat principles; two participants 
withdrew consent for use of their data and were excluded 
(figure 1). Demographic and clinical characteristics were 
reported previously (appendix p 7). Data on ethnicity 
were not collected. Median age was 63 years (IQR 58–68). 
854 (42%) of 2016 patients had grade 1 tumours, 
959 (48%) had grade 2 tumours, and 200 (10%) had 
grade 3 tumours (three tumours were ungradable); 
59 (3%) had node-positive disease. 104 (5%) of 
2013 participants with available data had had 
chemotherapy before random assignment, 1826 (91%) 
had endocrine therapy, and 36 (2%) had trastuzumab. 
Median follow-up was 120 months (IQR 119–122) for the 
whole-breast group, 121 months (IQR 120–122) for the 
reduced-dose group, and 120 months (IQR 119–122) for 
the partial-breast group. 

By 10 years after random assignment, IBTR events had 
been reported for 45 of 2016 participants (17 of 674 in the 
whole-breast group, 11 of 673 in the reduced-dose group, 

and 17 of 669 in the partial-breast group). Tumour 
characteristics for these patients are described in the 
appendix (p 8). 10-year cumulative incidence of IBTR 
was 2·8% (95% CI 1·8–4·5) in the whole-breast group, 
1·9% (1·1–3·5) in the reduced-dose group, and 3·0% 
(1·9–4·8) in the partial-breast group (table 1; figure 2A, 
C). Comparing the experimental groups with the whole-
breast radiotherapy group, the estimated absolute 
difference in 10-year IBTR incidence was –1·02% 
(95% CI –1·98 to 0·99) for the reduced-dose group 
and 0·16% (–1·28 to 2·89) for the partial-breast group. 
Analyses of absolute differences in the per-protocol 
population yielded similar results (ie, –0·98% 
[–1·97 to 1·10] for the reduced-dose group comparison 
and 0·25% [–1·24 to 3·08] for the partial-breast group 
comparison). These models rely on the assumption of 
proportional hazards, but there was evidence that this 
assumption did not hold (p=0·048). However, results of 
supplementary analysis using restricted mean survival 
time were consistent with the main findings; IBTR-free 
time over 10·5 years was similar in the three groups 
(1·0 month longer [95% CI 0·03 to 1·9] in the reduced-
dose group vs the whole-breast group and 0·5 months 

Figure 2: Risk of IBTR and risk of any recurrence by treatment group (intention-to-treat population)
Nelson–Aalen cumulative hazard plots for risk of an IBTR event (A) and corresponding Kaplan–Meier plot for IBTR-free time (B); Nelson–Aalen cumulative hazard plot for risk of any recurrence (C) and 
corresponding Kaplan–Meier plot for recurrence-free interval (D). IBTR=ipsilateral breast tumour recurrence. 
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longer [–0·5 to 1·4] in the partial-breast group vs the 
whole-breast group). Results from a competing risks 
analysis were also consistent with the main findings 
(appendix p 9). 37 of the IBTR events occurred before 
diagnosis of any competing event. Comparing the 
experimental groups with the control group, the 
estimated absolute difference in 10-year IBTR incidence 
was –0·71% (–1·61 to 0·20) for the reduced-dose group 
and 0·16% (–0·56 to 0·87) for the partial-breast group 
(appendix p 9).

By 10 years, locoregional (IBTR or regional, or both) 
recurrences were reported in 50 participants (19 of 
674 participants in the whole-breast group, 11 of 673 in 
the reduced-dose group, and 20 of 669 in the partial-
breast group; table 1). Distant recurrences were reported 
in 71 participants (23 in the whole-breast group, 25 in the 
reduced-dose group, and 23 in the partial-breast group; 
table 1). 64 (3%) participants developed contralateral 
breast primary cancers (24 [4%] in the whole-breast 

group, 21 [3%] in the reduced-dose group, and 19 [3%] in 
the partial-breast group), 53 (83%) of which were invasive 
(table 2). Non-breast second primary cancers were 
reported for 158 (8%) patients (62 [9%] in the whole-
breast group, 56 [8%] in the reduced-dose group, and 
40 [6%] in the partial-breast group; table 2). Lung, 
colorectal, and gynaecological cancers were the most 
frequently reported types of cancer. One breast 
angiosarcoma was reported, in the reduced-dose group.  
31 lung cancers were reported (17 [3%] patients in the 
whole-breast group, five [<1%] in the reduced-dose group, 
and nine [1%] in the partial-breast group. Numbers of 
ipsilateral and contralateral lung tumours were similar  
(appendix p 10). Recurrence at any site was reported for 
116 patients, with a 10-year recurrence-free interval 
in 93·1% (95% CI 90·7–94·9) of participants in the 
whole-breast group, 94·0% (91·7–95·7) in the reduced-
dose group, and 92·6% (90·1–94·5) in the partial-breast 
group (table 1, figure 2B, D). Breast cancer-related events 
of any kind were reported for 171 patients, with a 10-year 
breast cancer-free-interval in 90·0% (87·3–92·2) of 
participants in the whole-breast group, 91·6% (89·1–93·5) 
in the reduced-dose group, and 90·0% (87·2–92·1) in the 
partial-breast group (table 1; appendix p 11). 10-year 
distant recurrence-free survival was 86·9% (84·0–89·3) 
in the whole-breast group, 85·9% (82·9–88·4) in the 
reduced-dose group, and 89·8% (87·2–92·0) in the 
partial-breast group.

By ten years, 222 (11%) of all patients had died. 52 (3%) 
had died from breast cancer and 170 (8%) had died from 
other causes (including 76 [4%] who died as a result of 
second cancers, 20 [1%] who died from cardiac-related 
causes, and ten [<1%] who died of unknown causes but 
with no evidence of disease recurrence before death; 
table 2). Cardiac-related deaths of patients with left-sided 
and right-sided breast cancers were similar in number  
(appendix p 12). 10-year mortality was 12·3% (95% CI 
10·0–15·1) in the whole-breast group, 13·1% (10·7–15·9) 
in the reduced-dose group, and 9·8% (7·7–12·4) in the 
partial-breast group (table 1, appendix p 11).

Clinician assessment of late adverse effects at 10 years 
showed very low levels of moderate or marked events in 
all groups (table 3). Among these events, breast shrinkage 
had the highest incidence (30 [9%] of 321 in the whole-
breast group, 28 [9%] of 322 in the reduced-dose group, 
and 22 [7%] of 333 in the partial-breast group). The 
cumulative incidence of breast oedema was low overall 
and slightly lower in the partial-breast group than in the 
whole-breast group (11 [1·7%, 95% CI 0·9–3·0] 
participants vs 24 [3·6%, 2·5–5·4] participants; table 3). 
Severe late adverse effects were rare (appendix p 13). Rib 
fractures were reported in four (<1%) of 674 participants 
in the whole-breast group, seven (<1%) of 673 in the 
reduced-dose group, and three (<1%) of 669 in the 
partial-breast group. Symptomatic lung fibrosis was 
reported in four (<1%) participants in the whole-breast 
group, six (<1%) in the reduced-dose group, and 

Whole-
breast group 
(N=674)

Reduced-
dose group 
(N=673)

Partial-
breast group 
(N=669)

Total 
(N=2016)

IBTR 17 (3%) 11
 

(2%) 17 (3%) 45 (2%)

Invasive 12 (2%) 8 (1%) 13 (2%) 33 (2%)

Ductal carcinoma in situ 2 (<1%) 0 4 (<1%) 6 (<1%)

Both 3 (<1%) 1 (<1%) 0 4 (<1%) 

Unknown 0 2 (<1%) 0 2 (<1%) 

IBTR within 40 Gy (15 fraction) radiotherapy 
field*

17 (3%) 3 (<1%) 8 (1%) 28 (1%)

IBTR outside the 40 Gy (15 fraction) 
radiotherapy field*

0 5 (<1%) 5 (<1%) 10 (<1%) 

Borderline IBTR within 40 Gy (15 fraction) 
radiotherapy field*†

0 0 2 (<1%) 2 (<1%) 

IBTR within 40 Gy (15 fraction) radiotherapy 
field* not documented

0 3 (<1%) 2 (<1%) 5 (<1%) 

Contralateral breast second primary 24 (4%) 21 (3%) 19 (3%) 64 (3%)

Invasive 19 (3%) 16 (2%) 17 (3%) 52 (3%)

Ductal carcinoma in situ 3 (<1%) 4 (<1%) 2 (<1%) 9 (<1%) 

Both 1 (<1%) 0 0 1 (<1%) 

Unknown 1 (<1%) 1 (<1%) 0 2 (<1%) 

Non-breast second primary 62 (9%) 56 (8%) 40 (6%) 158 (8%)

Lung 17 (3%) 5 (<1%) 9 (1%) 31 (2%)

Colorectal 15 (2%) 11 (2%) 6 (<1%) 32 (2%) 

Gynaecological 8 (1%) 9 (1%) 6 (<1%) 23 (1%) 

Pancreas 4 (<1%) 2 (<1%) 3 (<1%) 9 (<1%) 

Oesophagus 0 3 (<1%) 3 (<1%) 6 <1%) 

Endometrium 1 (<1%) 3 (<1%) 2 (<1%) 6 (<1%) 

Lymphoma 0 2 (<1%) 3 (<1%) 5 (<1%) 

Genitourinary 3 (<1%) 1 (<1%) 0 4 (<1%)

Head and neck 1 (<1%) 2 (<1%) 0 3 (<1%) 

Liver 0 2 (<1%) 1 (<1%) 3 (<1%) 

Peritoneal 0 2 (<1%) 0 2 (<1%) 

Sarcoma 1 (<1%) 1‡ (<1%) 0 2 (<1%)

Other (including unknown primary) 12 (2%) 13 (2%) 7 (1%) 32 (<1%) 

(Table 2 continues on next page)
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four (<1%) in the partial-breast group. Ischaemic heart 
disease was reported in seven (1%) participants in the 
whole-breast group, five (<1%) in the reduced-dose 
group, and five (<1%) in the partial-breast group. 
Persistent cough was reported in 16 (2%) participants in 
the whole-breast group, 13 (2%) in the reduced-dose 
group, and 11 (2%) in the partial-breast group.

Discussion
This prespecified 10-year analysis of IBTR and 
clinician-reported adverse effects in patients with a lower-
than-average risk of IBTR reaffirms that partial-breast 
and reduced-dose radiotherapy are as effective and safe 
as whole-breast radiotherapy in this population. 10-year 
incidence of IBTR was no higher than 3%, and clinician-
reported moderate-marked breast shrinkage occurred in 
less than 10% of study participants in all groups. 
Demonstration of the long-term efficacy of radiotherapy 
despite a reduction in the irradiated volume of breast 
tissue (without any change to dose fractionation) 
supports the ongoing use of partial-breast radiotherapy 
delivered by intensity-modulated radiation techniques in 
this population as a standard of care internationally.

IMPORT LOW’s findings regarding IBTR are 
consistent with data from other randomised controlled 
trials of partial-breast radiotherapy reporting local 
control outcomes at a median follow-up of 6–10 years. 
In NSABP B-39,13 4216 patients were randomly assigned 
to partial-breast radiotherapy delivered with external-
beam, multicatheter, or single-lumen brachytherapy 
techniques to a dose of 38·5 Gy in ten fractions over 
5 days (twice daily) or to whole-breast radiotherapy with 
a 5-week schedule of 50 Gy in 25 fractions. The 10-year 
cumulative incidence of IBTR was similar for patients 
in the partial-breast group (4·6% [95% CI 3·7–5·7]) and 
the whole-breast radiotherapy group (3·9% [3·1–5·0]).13 
The slightly higher incidence of IBTR in NSABP B-3913 
compared with IMPORT LOW reflects NSABP B-39’s 
inclusion of patients aged 18 years and older (vs 
≥50 years in IMPORT LOW). Although the upper limit 
of the 95% CI for the HR in NSABP B-39 did not meet 
equivalence criteria, the <1% absolute difference in 
IBTR is unlikely to be clinically important. With respect 
to adverse effects, it should be noted that the 50 Gy, 
25 fraction, 5-week schedule used to deliver the whole-
breast dose in this and other partial-breast radiotherapy 
trials14 is known to be associated with more adverse 
effects than is the 40 Gy, 15 fraction, 3-week regimen 
used in IMPORT LOW. Furthermore, in NSABP B-39,13 
80% of patients treated with whole-breast radiotherapy 
had an additional tumour bed boost dose, taking their 
total dose to ≥60 Gy. In the context of these control 
group doses, there were no differences in late effects 
between patients receiving whole-breast or partial-
breast radiotherapy; however, the absolute incidence of 
late breast-related toxic effects was not reported for 
different timepoints.

The RAPID trial15 (n=2135) randomly assigned patients 
to external beam partial-breast irradiation (38·5 Gy in 
ten fractions over 5 days) versus whole-breast 
radiotherapy (50 Gy in 25 fractions over 5 weeks), 
reporting 8-year cumulative risks of local recurrence 
of 3·0% (95% CI 1·9–4·0) in the partial-breast group 
and 2·8% (1·8–3·9) in the whole-breast group. RAPID15 
reported higher rates of grade 2 or worse breast 
induration for partial-breast (245 [22·9%] patients) than 
for whole-breast radiotherapy (49 [4·6%]). The twice-daily 
fractionation in the partial-breast group is equivalent to 
around 62 Gy in 2 Gy fractions, such that, despite the 
smaller irradiated volume, the higher bioequivalent dose 
translates into a greater risk of adverse events.16 Although 
adverse outcomes related to twice-daily fractionation 
might be considered to be attributable to the irradiated 
partial-breast volumes being higher in RAPID15 than in 
other trials of twice-daily fractionation, the authors did 
not report any association between irradiated volume 
and adverse cosmesis.17

Meattini and colleagues18 reported similarly low 10-year 
cumulative IBTR incidences in patients randomly 

Whole-
breast group 
(N=674)

Reduced-
dose group 
(N=673)

Partial-
breast group 
(N=669)

Total 
(N=2016)

(Continued from previous page)

Deaths 78 (12%) 83 (12%) 61 (9%) 222 (11%)

Breast cancer§ 15 (2%) 18 (3%) 19 (3%) 52 (3%)

All non-breast cancer (or unknown cause)¶ 63 (9%) 65 (10%) 42 (6%) 170 (8%)

Second cancer 27 (4%) 30 (4%) 19 (3%) 76 (4%)

Cardiac disorder 9 (1%) 6 (<1%) 5 (<1%) 20 (1%) 

Pneumonia 5 (<1%) 4 (<1%) 2 <1%) 11 (<1%) 

Cerebrovascular accident 2 (<1%) 5 (<1%) 2 (<1%) 9 (<1%)

Gastrointestinal disorders 2 (<1%) 3 (<1%) 3 (<1%) 8 (<1%) 

Sepsis 3 (<1%) 2 (<1%) 3 (<1%) 8 (<1%)

Respiratory, thoracic, or mediastinal 
disorder

4 (<1%%) 0 1 (<1%) 5 (<1%)

Dementia 3 (<1%) 1 (<1%) 0 4 (<1%)

Hepatobiliary disorders 0 1 (<1%) 3 (<1%) 4 (<1%)

Cerebral haemorrhage 0 2 (<1%) 0 2 (<1%)

Chronic obstructive pulmonary disease 1 (<1%) 2 (<1%) 0 3 (<1%) 

Pulmonary embolism 0 2 (<1%) 0 2 (<1%)

Other 4 (<1%) 3 (<1%) 1 (<1%) 8 (<1%) 

Unknown 3 (<1%) 4 (<1%) 3 (<1%) 10 (<1%)

Data are n (%). IBTR=ipsilateral breast tumour recurrence. *For the whole-breast group, the 40 Gy (15 fraction) field is 
the whole-breast field; for the reduced-dose group, the 40 Gy (15 fraction) field refers to the partial-breast field 
(ie, a recurrence outside this field would have been within the 36 Gy [15 fraction] field); for the partial-breast group, 
the 40 Gy (15 fraction) field refers to the partial-breast field, with any recurrence outside this field having occurred 
outside the irradiated volume. †Within 1 cm of the partial-breast field for the reduced-dose and partial-breast groups 
and within 1 cm of the whole-breast field for the whole-breast and reduced-dose groups. ‡Classified as an 
angiosarcoma. §Six further breast cancer deaths were reported beyond 10 years (whole-breast group, n=1; reduced-
dose group, n=2; partial-breast group, n=2). ¶A further 11 non-breast cancer deaths were reported beyond 10 years: 
three related to second cancers, one related to pneumonia, one related to cerebral haemorrhage, one related to  
pulmonary embolism, one related to COVID-19, one related to another cause, and three related to unknown causes 
(whole-breast group, n=2; reduced-dose group, n=6; partial-breast group, n=3); no other deaths due to COVID-19 were 
reported during the trial. 

Table 2: Local relapse, second cancers, and deaths by treatment group (intention-to-treat population) 
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assigned to an external beam partial-breast radiotherapy 
regimen of 30 Gy in five fractions versus a whole-breast 
radiotherapy regimen of 50 Gy in 25 fractions over 
5 weeks (nine [3·7%] of 260 patients vs six [2·5%] of 260; 
HR 1·56, 95% CI 0·55–4·37; p=0·40). Clinician-reported 
acute and late adverse effects were less frequent with 
partial-breast radiotherapy than with whole-breast 
radiotherapy, but the whole-breast dose was higher than 
the regimen of 40 Gy delivered in 15 fractions used in 
IMPORT LOW, and all control group patients received 
an additional tumour bed boost of 10 Gy in five fractions. 
Meanwhile, the DBCG3 trial randomly assigned 
865 patients to partial-breast versus whole-breast 
radiotherapy. Apart from IMPORT LOW, DBCG was the 
only trial to test the effects of only reducing the irradiated 
breast volume (ie, without the confounder of a change in 
dose fractionation), with a tangent-based technique 
similar to that used in IMPORT LOW. The primary 
endpoint (3-year grade 2–3 breast induration) was 
significantly lower for patients assigned to partial-breast 
irradiation than for those assigned to whole-breast 
radiotherapy (5·1% vs 9·7%, p=0·014). The trial was not 
powered for cancer recurrence, but few events were 

reported (5-year locoregional recurrence risk 0·7% 
[95% CI 0·2–1·9] for whole-breast vs 1·2% [0·4–2·6] for 
partial-breast radiotherapy).

Trials of more localised partial-breast radiotherapy 
techniques have yielded mixed results. The GEC-ESTRO 
trial19 randomly assigned 1184 patients to either partial-
breast brachytherapy (32 Gy delivered in eight fractions 
or 30·2 Gy delivered in seven fractions) versus external 
beam whole-breast radiotherapy (50 Gy delivered in 
25 fractions). 10-year local recurrence (defined as true 
ipsilateral local recurrence and excluding lesions 
classified as ipsilateral new primaries due to differing 
histology from the index cancer) was 3·5% (95% CI 
2·0–5·0) in the brachytherapy group versus 1·6% 
(0·4–2·8) in the whole-breast group. Physician-rated 
good-to-excellent cosmesis was 91% for the whole-breast 
group versus 93% for the partial-breast radiotherapy 
group. Another study, the ELIOT trial,20 randomly 
assigned 1305 patients to either partial-breast intra
operative electron therapy or whole-breast radiotherapy 
(50 Gy delivered in 25 fractions). This is the only trial 
with a median follow-up of more than 10 years (12·4 years) 
to show a higher cumulative incidence of IBTR after 

Cumulative number 
of events by 
10 years*

10-year cumulative 
incidence*, % (95% CI)

HR (95% CI) Proportion with 
event at 10 years, 
n/N (%)

Difference in 
proportions at 
10 years, % (95% CI)†

Breast shrinkage

Whole-breast group 80 13·3% (10·8 to 16·3) 1 (ref) 30/321 (9%) Ref

Reduced-dose group 70 11·0% (8·8 to 13·7) 0·84 (0·61 to 1·16) 28/322 (9%) –0·7% (–5·1 to 3·7)

Partial-breast group 63 10·3% (8·1 to 13·1) 0·77 (0·55 to 1·07) 22/333 (7%) –2·8% (–7·0 to 1·4)

Breast induration (index)

Whole-breast group 63 9·7% (7·7 to 12·3) 1 (ref) 12/318 (4%) Ref

Reduced-dose group 45 8·3% (5·5 to 12·5) 0·70 (0·48 to 1·02) 16/321 (5%) 1·2% (–2·0 to 4·4)

Partial-breast group 48 7·6% (5·8 to 10·0) 0·76 (0·52 to 1·11) 12/330 (4%) –0·2% (–3·1 to 2·7)

Breast induration (outside index)‡

Whole-breast group 15 2·3% (1·4 to 3·7) 1 (ref) 1/297 (<1%) Ref

Reduced-dose group 10 1·6% (0·8 to 2·9) 0·66 (0·30 to 1·48) 0/304 –0·3% (–0·9 to 0·3)

Partial-breast group NA NA NA NA NA

Telangiectasia

Whole-breast group 8 1·6% (0·8 to 3·3) 1 (ref) 2/307 (1%) Ref

Reduced-dose group 8 3·0% (1·3 to 6·8) 0·96 (0·36 to 2·57) 0/317 –0·7% (–1·6 to 0·2)

Partial-breast group 5 0·8% (0·3 to 1·9) 0·63 (0·21 to 1·92) 0/323 –0·7% (–1·6 to 0·2)

Breast oedema

Whole-breast group 24 3·6% (2·5 to 5·4) 1 (ref) 1/307 (<1%) Ref

Reduced-dose group 18 2·7% (1·8 to 4·3) 0·74 (0·40 to 1·37) 2/316 (1%) 0·3% (–0·7 to 1·3)

Partial-breast group 11 1·7% (0·9 to 3·0) 0·46 (0·22 to 0·94) 1/323 (<1%) –0·02% (–0·9 to 0·9)

Other radiotherapy-related adverse event

Whole-breast group 11 1·7% (0·9 to 3·0) 1 (ref) 1/325 (<1%) Ref

Reduced-dose group 9 1·4% (0·7 to 2·6) 0·82 (0·34 to 1·97) 1/325 (<1%) 0% (–0·8 to 0·8)

Partial-breast group 7 1·2% (0·6 to 2·5) 0·64 (0·25 to 1·65) 2/336 (<1%) 0·3% (–0·7 to 1·3)

A modified intention-to-treat principle was used for the normal tissue effects data, including all patients with available data, grouped according to treatment allocation. 
Symptoms were assessed by the clinician as not at all, a little, quite a bit, or very much; moderate or marked effects were those reported as quite a bit or very much. NA=not 
applicable. HR=hazard ratio. *Includes events reported up to 10 years and 6 months to allow for assessments being performed later than the scheduled timepoint. 
†Difference=(test group) – (whole-breast group). ‡Breast induration (outside index) was not assessed for the partial-breast group.

Table 3: Clinician assessment of moderate or marked late adverse events (modified intention-to-treat population)
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partial-breast radiotherapy than after whole-breast 
radiotherapy (4·4% vs 0·4%). This finding is most likely 
explained by the more permissive eligibility criteria in 
this trial compared with other studies, including patients 
with pure lobular cancers (8% of the recruited 
population), node-positive disease (N1 21% and ≥N2 5%), 
and oestrogen receptor (ER)-negative disease (20–24%). 
In IMPORT LOW, patients who had IBTR were more 
likely to have high-risk tumour features at diagnosis than 
were those without IBTR. In addition, the volume of 
breast tissue irradiated via intraoperative electron therapy 
in ELIOT was smaller than that typically irradiated with 
external beam techniques, such that there might have 
been underdosing of breast tissue at greater risk of local 
recurrence. Acute skin adverse effects were less frequent 
with intraoperative electron therapy than with whole-
breast radiotherapy (as would be expected for a more 
localised technique), but long-term adverse effects did 
not differ between the two types of treatment. TARGIT21 
compared intra-operative photon therapy with external 
beam whole-breast radiotherapy, reporting a 5-year risk 
of local recurrence of 3·3% (95% CI 2·1–5·1) versus 1·3% 
(0·7–2·5), with a median follow-up of 2 years 5 months.

To summarise, long-term outcome data on partial-
breast radiotherapy from randomised controlled trials 
conducted in appropriately defined populations at low 
risk of IBTR reaffirm that partial-breast radiotherapy 
using external beam or brachytherapy techniques is as 
effective and safe as irradiation of the whole breast in 
patients with low-risk breast cancers. In the UK, NICE 
guidance on the use of partial-breast radiotherapy5 
corresponds largely to the eligibility criteria for IMPORT 
LOW. However, acknowledging how few patients with 
grade 3 or lymphovascular invasion-positive disease were 
recruited into this trial, the guidance recommends 
partial-breast radiotherapy in patients aged 50 years and 
older with grade 1–2 invasive ductal carcinoma (excluding 
lobular), tumour size 3 cm or smaller, microscopic 
margins 2 mm or more, negative nodes, and ER-positive 
and HER2-negative disease. ASTRO guidelines7 similarly 
recommend partial-breast radiotherapy for people aged 
40 years and older with grade 1–2 breast cancer, 
ER-positive histology, and tumour size 2 cm or smaller.

Regarding recommended dose fractionation for 
partial-breast radiotherapy, IMPORT LOW showed that 
40 Gy delivered in 15 fractions over 3 weeks (once daily) 
is associated with low levels of clinician-reported adverse 
events in breast tissue at 10 years. Although this trial did 
not show any reduction in clinician-reported long-term 
breast-related side-effects for patients treated with 
partial-breast radiotherapy, the similarly designed DBCG 
trial did show significantly less 3-year clinician-reported 
breast induration after partial-breast radiotherapy than 
after whole-breast radiotherapy. A limitation of IMPORT 
LOW is that, having reported statistically significantly 
fewer moderate or marked changes in breast appearance 
at 5 years for patients treated with partial-breast 

radiotherapy than for those treated with whole-breast 
radiotherapy (35% [95% CI 29–43] vs 48% [41–55]; 
p<0·0001),4 collection of patient-reported outcomes was 
not funded beyond 5 years. Nonetheless, IMPORT LOW 
clearly shows that there is no disadvantage to partial-
breast radiotherapy in the context of moderate 
hypofractionation. Indeed, the only trials that have 
shown worse adverse effects following partial-breast 
radiotherapy than with whole-breast radiotherapy have 
been those using twice-daily fractionations. RAPID15 and 
IRMA22 both compared partial-breast radiotherapy 
consisting of 38·5 Gy delivered in ten fractions over 
5 days with whole-breast radiotherapy consisting of 
50 Gy delivered in 25 fractions and reported a higher 
incidence of breast induration and moderate late soft-
tissue and bone toxic effects with partial-breast 
radiotherapy. Consequently, international partial-breast 
radiotherapy guidelines recommend daily rather than 
twice-daily fractionations.6,7

Another limitation of IMPORT LOW is the absence of 
early side-effect data such that the clinical benefits of 
partial-breast radiotherapy observed in day-to-day 
practice, such as reduced skin soreness and fatigue 
associated with being able to omit the inframammary 
fold from the irradiated volume, cannot be formally 
shown from our data. Meattini and colleagues,18 however, 
showed reduced skin toxicity (grade 1–2, up to 3 months 
after radiotherapy) for partial-breast radiotherapy (21%) 
compared with whole-breast radiotherapy (60%).

IMPORT LOW’s 10-year data showed no differences in  
the incidence of second cancers or heart disease between 
participants in different groups, although these late 
effects can take decades to manifest, with the sample 
size insufficiently powered to detect differences in the 
incidence of such rare events. Rib fractures, symptomatic 
lung fibrosis, and ischaemic heart disease events were 
rare, and none of these events could be directly attributed 
to radiotherapy, although an association cannot be ruled 
out. These findings are consistent with other partial-
breast irradiation trials with mature follow-up,3,13,15,18–20 
none of which have shown any difference in late adverse 
events not involving the breast or in non-breast-cancer-
related deaths at 10 years or more follow-up. Extrapolating 
from first principles and from data relating the risks of 
long-term heart disease and second malignancies to 
organ-at-risk radiation doses, it seems likely, however, 
that lower mean heart, lung, and chest wall doses 
from partial-breast radiotherapy could translate into 
reduced risks of radiation-induced heart disease or 
second cancers.23,24

The clinical implications of the 10-year IMPORT LOW 
data should be considered in the context of evolving 
radiotherapeutic and surgical practices. The low overall 
10-year risk of IBTR (≤3%), with CIs excluding 
a cumulative incidence of 5% or higher, is consistent 
with decreasing incidences of local recurrence observed 
in breast cancer populations over time. Indeed, there is 
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likely to be some overlap between patients eligible for 
partial-breast radiotherapy and those in whom local 
recurrence risks are so low that radiotherapy can be 
avoided completely. The LUMINA prospective cohort 
study (n=500) reported 2·3% local recurrence at 5 years 
in selected patients (aged ≥55 years with T1N0 grade 1–2, 
luminal A breast cancers [Ki67 indices ≤13·25]) treated 
with endocrine therapy alone.25 Further trials, such as 
PRIMETIME (in which patients aged ≥60 years with 
stage 1a, ER-positive, HER2-negative disease and low-risk 
IHC4+C scores were counselled to proceed 
with endocrine therapy alone), together with similarly 
designed studies, will help inform the eligibility 
threshold between partial-breast radiotherapy and no 
radiotherapy in patients at the lowest risk of recurrence.25

Regarding evolving technical approaches, the external 
beam partial-breast radiotherapy techniques used in the 
majority of trials remain in widespread use. The IMPORT 
LOW approach of simply reducing the extent of 
tangential fields is particularly straightforward to 
implement. The rationale for including a reduced-dose 
group was that, had the partial-breast group been found 
to have inferior local control, the reduced-dose technique 
might have been adoptable instead. However, given that 
the reduced-dose technique offers no advantages over the 
partial-breast technique and is more complex to plan and 
deliver, it is not proposed as a standard of care. Meattini 
and colleagues18 used a more conformal approach to 
partial-breast irradiation (five co-planar intensity-
modulated fields, as compared wth the tangential 
approach used in IMPORT LOW), but this trial was 
underpowered for local recurrence; thus, data supporting 
a more conformal approach are less robust than the data 
in favour of a tangential approach. Moreover, as such 
approaches entail a more scattered dose to normal tissues 
than do tangential approaches, the potential for increased 
risk of  late effects needs to be considered. Trial data also 
support brachytherapy,19 but the infrastructure and 
expertise to deliver this form of radiotherapy remain 
scarce internationally, and patient acceptability and 
health economic aspects should be considered. Regarding 
the dose fractionation that should now be standard of 
care for partial-breast radiotherapy, the FAST-Forward 
Trial26 showed, in the context of whole-breast radiotherapy, 
that 26 Gy delivered in five fractions over 1 week is as 
effective and safe as the previous standard of care (40 Gy 
delivered in 15 fractions over 3 weeks). The IMPORT 
LOW and FAST-Forward26 trials were planned by the trial 
investigators to be assessed together, given the trials’ 
common control group dose fractionation. 26 Gy in 
five fractions over 1 week became a UK standard of care 
in 2020,27 supported by international consensus and 
NICE guidelines.5,6,28

In relation to evolving surgical practices in patients 
with lower-risk breast cancer (ie, T1–T2 disease and 
clinically node negative), the SOUND29 and INSEMA 
trials30 reported no difference in distant disease-free 

survival for patients treated with sentinel lymph node 
biopsy versus no axillary surgery. 98% of patients treated 
in SOUND29 had radiotherapy (81–84% to the whole 
breast). All patients in INSEMA30 had whole-breast 
radiotherapy. The use of partial-breast radiotherapy as 
standard of care in patients in whom sentinel lymph 
node biopsy has been omitted should, therefore, be 
viewed with caution, particularly where disease is in 
a lower quadrant, such that incidental irradiation of the 
level 1 axilla will not occur.

In conclusion, 10-year outcome data from IMPORT 
LOW support the ongoing use of partial-breast radio
therapy delivered with intensity-modulated radiation 
techniques in patients with lower-risk  early breast cancer 
as standard of care in the UK and internationally.
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