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Editorial

Simulation modeling for clinical trials evaluating radiotherapy 
omission in low-risk early breast cancer 
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Adjuvant whole breast radiation therapy (WBI) is regarded 
as a standard approach for early-stage breast cancer 
(EBC) patients after breast conservation surgery (BCS) 
(1,2). It is able to halve the 10–year rate of any breast 
cancer recurrence (absolute reduction: 15.7%) and to 
reduce by about 1/6th the 15-year breast cancer-related 
mortality (absolute reduction: 3.8%) (3). However, if we 
take node negative EBC patients with low risk factors 
(tumors <2 cm, oestrogen receptor positive, older age, 
hormonal therapy given), the 10-year absolute decrease in 
the risk of recurrence is not negligible (around 10%), but 
corresponds to an absolute reduction in the 15-year risk 
of death due to breast cancer of 0.1% (3). Thus, in low-
risk EBC, the benefit derived from combined modality 
treatment (including WBI) in terms of reduction in local 
recurrence rate and breast-cancer specific mortality may 
be overweighed by the burden of treatment-related acute 
and long-term toxicity (4). For this setting of patients, 
different approaches were set up to decrease the burden 
associated to radiation treatment including the use of 
hypofractionation, the selective employment of the boost 
to the lumpectomy cavity, accelerated partial breast 
irradiation and selective omission of WBI after BCS (5-9).  
Prospective trials investigated the hypothesis that 
radiotherapy omission after BCS would not be harmful to 
patients, but the correct selection of the population subset 
at ‘low risk’ is still open (9,10). In this sense, new generation 
trials are presently ongoing to clarify this point, using either 
immunohistochemistry, genomic expression or signature 
assays (11). The study by Jayasekera et al. provides an 

interesting methodological perspective on how to deal with 
a clinical question employing a simulation approach (12). 
Evidence-based medicine is set upon the level of evidence 
of the available clinical data. Randomized controlled clinical 
trials are a pillar for high-level clinical evidence. They are 
based on a pre-established estimation of the parameter to 
be investigated in order to set a fixed type I error and a 
specific statistical power. The estimation of the parameter 
value can be statistically modelled and simulated to provide 
multiple outcome measures to finally obtain a probability 
distribution representing the investigated parameter (12). 
This methodology has been applied by the authors to the 
context of WBI omission after BCS in low-risk EBC. In 
the simulation, women enrolled were aged 49–74 with 
low- risk node-negative (<2 cm, oestrogen/progesterone 
receptor positive, human epidermal growth factor negative) 
breast cancer, having an Oncotype Dx score ≤18. Primary 
endpoint was recurrence-free interval (RFI) (the time from 
randomization to any invasive recurrence or breast cancer-
related death). Secondary endpoints included loco-regional 
and distant RFI, breast-cancer-specific and overall survival. 
Non-inferiority of the experimental arm (WBI omission) 
would be concluded if the 2-sided 90% confidence interval 
of the RFI hazard ratio (WBI omission vs. WBI) was <1.7 
(5% type I error and 80% power; 88 events required). 
The simulation predicted the need for 2,194 patients to 
be enrolled (in 40 months) with a subsequent 4.4 years 
observation time for a total trial duration of 9 years. 
Interestingly, the study introduced a selection criterion 
for patient’s accrual based on biomarkers and specifically 
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on a gene expression signature, able to stratify patients at 
low risk with the Oncotype DX (Genomic Health Inc., 
Redwood City, CA, USA) test, a 21-gene recurrence 
score assay used to correctly estimate the loco-regional 
recurrence risk in oestrogen receptor positive, node 
negative breast cancer patients (13). The same signature 
is being used within the IDEA (Individualized Decisions 
for Endocrine Therapy) trial, a multicentric prospective 
single-arm observational study evaluating the rate of loco-
regional relapse after BCS in post-menopausal women (age: 
50–69 years) with tumor considered at low-risk, planned to 
be treated with post-operative endocrine therapy (14). The 
two independent models employed by Jayasekera et al. (based 
on different definitions of low-risk patients) concluded 
that the trial would be unlikely to demonstrate the non-
inferiority of WBI omission, which would conversely 
increase the rate of recurrence. This is in line with the 
recent meta-analysis by Chesney et al., evaluating data from 
4 randomized controlled trials on radiotherapy omission 
in low-risk elderly patients (NSABP-B21, Toronto-British 
Columbia, CALGB 9343, PRIME II trials), which reported 
that the addition of radiotherapy to tamoxifen reduced the 
5-year breast recurrence from 60 to 10 per 1,000 patients 
(with an effect maintained at 10 years) and minimally the 
5-year axillary recurrence from 12 to 3 per 1,000 patients, 
with no effect on survival (15). The present study gives us 
some hints in dealing with the clinical scenario of omitting 
WBI in low-risk breast cancer patients. As pointed out by 
authors, it suggests that no identifiable threshold below 
which omitting WBI in non-inferior can be identified 
when a relative measure of radiotherapy effect (such as 
hazard ratio) is used (12). An absolute measure of efficacy 
would be preferable in this setting, with the possibility to 
avoid the need for randomization, given that the risk is 
sufficiently low (11). This is the methodological strategy 
employed in 4 out of 5 of the biomarker-based single-arm 
trials evaluating WBI omission in low-risk EBC (IDEA, 
PRECISION, LUMINA, PRIMETIME trials) (9). The 
outcome measure used by Jayasekera et al., RFI, is a 
reliable absolute measure of efficacy even if it equipoises 
local, regional and distant recurrences which may impact 
differently on patient’s survival and quality of life. Another 
important point to be highlighted is that, since tolerability 
of treatment and patient’s reported outcomes are important 
clinical endpoints, the real necessity of adjuvant systemic 
therapy in low-risk EBC needs to be explored. Hormonal 
therapy may be associated with a higher risk of osteoporotic 
complications and skeletal related events, sexual dysfunction, 

neurocognitive effects and cardiovascular disease (4). 
In adjunct, the benefit of endocrine therapy on overall 
survival in post-menopausal breast cancer patients still 
need to be demonstrated, while treatment compliance is 
low, given that only 35–60% of women are able to finalize 
a full 5-year adjuvant protocol (4). Overall, the side-effects 
of adjuvant systemic therapy are expected to outweigh 
those of WBRT, especially considering that technological 
advances in radiation therapy planning and delivery are 
considerably decreasing the global burden of treatment 
(4,9). The appropriate allocation of low risk breast cancer 
patients to the most suitable treatment solution should be 
based not only on recurrence rate reduction and survival 
benefit, but also should include compliance to treatment, 
toxicity profile, quality of life, psychological and social 
aspects, as effectiveness and costs. Tumor biology should 
assist the clinician during the therapeutic decisional process. 
Validated multivariable endpoints and innovative tools for 
clinical assessment would be needed for correct treatment 
allocation. Modeling simulations study, such as the one by 
Jayasekera et al., would be extremely helpful to predict the 
outcome of future trials (and the uncertainty associated to 
the specific prediction), investigate key points including 
selection criteria and presumed effects of treatment and to 
better weight data derived from historical trials.
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