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Abstract: Clinical evidence has shown that breast-conserving surgery combined with postoperative radiotherapy has become the
standard treatment for patients with early-stage breast cancer, significantly reducing the rate of local-regional recurrence. However,
conventional radiotherapy protocols require daily treatments over several consecutive weeks, which not only increase the economic
burden on patients but also are associated with significant radiotherapy-related adverse effects. Acutely, these adverse effects mainly
manifest as skin reactions in the treated area, breast tissue edema, and cancer-related fatigue. In the long term, there may be subsequent
tissue damage, including radiation dermatitis, telangiectasia, breast fibrosis, and chronic pain. Notably, existing studies have suggested
that some low-risk subgroups of patients (e.g., the elderly, those with favorable tumor biological characteristics, negative surgical margins,
and those who have received standardized systemic therapy) have limited survival benefits from adjuvant radiotherapy. Therefore, the
safety and feasibility of postoperative radiotherapy exemption for specific low-risk populations urgently need further validation.
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1. Introduction

Data from the 2022 global cancer burden showed that there
were approximately 2.3 million new cases of breast cancer,
making it the most common cancer among women and a
leading cause of cancer-related mortality [1]. Owing to the
widespread adoption and innovation of imaging screening
technologies, as well as the promotion of multidisciplinary
treatment models, the early diagnosis rate and the level of
standardized treatment for breast cancer patients have been
significantly improved [2]. The current clinical treatment
system has established a comprehensive therapeutic strategy
centered on radical surgery, combined with radiotherapy,
neoadjuvant/adjuvant chemotherapy, endocrine therapy, and
molecularly targeted therapy. Evidence-based medical data
demonstrate that individualized treatment plans based on
tumor molecular subtypes effectively improve patients' 5-year
survival rates and quality-of-life indicators. Building on these
advancements, the clinical application of genomic testing
technologies and the deepening of precision medicine
concepts are driving the gradual transition of breast cancer
treatment from traditional empirical approaches to
individualized, precision therapies guided by molecular
subtyping.

Currently, radiotherapy (RT) and endocrine therapy (ET) are
the standard treatment modalities following breast-conserving
surgery for hormone receptor—positive (HR+) breast cancer.
However, many elderly patients face greater risks of
treatment-related toxicity and non-cancer-related mortality
and are less likely to benefit from these standard treatments [3,
4]. The question of which patients can be adequately treated
with  breast-conserving  surgery  without undergoing
radiotherapy remains a matter of debate [5-10]. Relevant
clinical studies have demonstrated that postoperative
radiotherapy can effectively control local recurrence, but it
does not impact overall survival [4, 6, 11]. Thus, it is
acceptable that some low-risk patients may achieve adequate
treatment and maintain a low recurrence rate through surgery

alone, without the need for additional therapy. However, the
definition of such low-risk populations varies in current
clinical practice. Therefore, this review focuses on studies
related to the omission of radiotherapy after breast-conserving
surgery, aiming to provide a basis for clinical
decision-making.

2. Method

2.1 The Role of Radiotherapy in Early-Stage Breast
Cancer

Multiple clinical studies have been committed to identifying
subgroups of early-stage breast cancer patients who do not
derive significant clinical benefits from postoperative
radiotherapy (Radiotherapy, RT). Early exploratory studies
failed to establish a patient group with consistently low-risk
features for recurrence. The EBCTCG meta-analysis further
confirmed the clinical value of whole-breast irradiation
(Whole-Breast Irradiation, WBI) after breast-conserving
surgery (Breast-Conserving Surgery, BCS): the analysis
showed that, overall, radiotherapy reduced the 10-year risk of
any (i.e., local or distant) first recurrence from 35.0% to 19.3%
(absolute reduction of 15.7%, 95% CI 13.7 - 17.7, p<
0.00001), and the 15-year risk of breast cancer death from
25.2% to 21.4% (absolute reduction of 3.8%, 1.6 - 6.0, p=
0.005); radiotherapy to the conserved breast after
breast-conserving surgery halved the rate of disease
recurrence and reduced the rate of breast cancer death by
about one-sixth. These proportional benefits varied little
between different groups of women. The absolute benefit of
radiotherapy varied widely according to the clinical and
pathological features of patients and could be predicted when
treatment decisions needed to be made [12]. The NSABP
B-21 trial enrolled 1,009 women with tumors less than 2 cm in
size who had undergone breast-conserving surgery and had
negative lymph nodes. The study explored various treatment
modalities, including radiotherapy plus tamoxifen, tamoxifen
alone, or radiotherapy alone after breast-conserving surgery
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[13]. Results showed that at 8 years, women treated with
tamoxifen alone had the highest rate of breast cancer
recurrence (16.5%), whereas those treated with radiotherapy
alone (9.3%) or in combination (2.8%) had lower recurrence
rates. However, no significant differences were observed in
overall survival and distant metastasis. Long-term follow-up
data from two landmark randomized controlled trials,
CALGB 9343 and PRIME Il, demonstrated that in low-risk
patient populations, omission of radiotherapy after
breast-conserving surgery (BCS) led to a significant increase
in local recurrence rates, but overall survival (OS) did not
significantly differ between the radiotherapy and observation
groups. In the CALGB 9343 trial, the study population
comprised 636 women aged >70 years with TINOMO,
estrogen receptor (ER)-positive invasive breast cancer, who
were randomly assigned in a 1:1 ratio to receive tamoxifen
alone or tamoxifen plus radiotherapy. At 10 years, the local

recurrence-free rates were 90% (95% CI, 85% - 93%) and 98%

(95% CI, 96% - 99%), respectively, while the survival rates
were 66% (95% CI, 61% - 71%) and 67% (95% ClI, 62% -
72%), respectively [10]. For the experimental group of
patients, radiotherapy did not show significant benefits in
terms of survival, time to distant metastasis, or overall
survival, although it slightly reduced the local recurrence rate.
In the PRIME II trial, 1,326 women aged >65 years with
hormone receptor-positive, axillary node-negative, T1-T2
tumors (<3 cm in size) and clear surgical margins who had
undergone breast-conserving surgery and were receiving
adjuvant endocrine therapy were randomly assigned in a 1:1
ratio to receive radiotherapy or no radiotherapy. After a
median follow-up of 5 years, the 5-year ipsilateral breast
tumor recurrence rates were 1.3% (95% CI 0.2-2.3; n=5) in
the radiotherapy group and 4.1% (95% CI 2.4-5.7; n=26) in
the no-radiotherapy group (p=0.0002). The 10-year overall
survival rates were nearly identical between the two groups,
with the no-radiotherapy group at 80.8% (95% Cl, 77.2-84.3)
and the radiotherapy group at 80.7% (95% ClI, 76.9-84.3) [6].
Omission of radiotherapy is associated with an increased
incidence of local recurrence but has no detrimental effect on
overall survival. The results of two randomized controlled
trials, PRIME Il and CALGB 9343, provide favorable data
support for the omission of radiotherapy after
breast-conserving surgery. With the advancement of surgical
practices and the development of various medications, the
decreasing recurrence rates and increasing survival rates of
breast cancer patients have enhanced the feasibility of
omitting radiotherapy. However, there is still no precise
definition for low-risk populations, and clinically, there is a
lack of effective tools for predicting low-risk patients.

2.2 The Population Eligible for Omission of Radiotherapy

The National Comprehensive Cancer Network guidelines
(NCCN) recommend that patients aged 65 years or older, or
70 years or older, with stage | receptor-positive breast cancer
may omit radiotherapy after breast-conserving surgery,
provided that they receive full-course endocrine therapy [14].
Similarly, the Guidelines for Diagnosis and Treatment of
Breast Cancer by the Chinese Anti-Cancer Association and
the Oncology Branch of the Chinese Medical Association also
propose that patients meeting the enrollment criteria of the
CALGB 43 study (=70 years old, pTINO, ER+, negative
margins) or the PRIME II study (=65 years old, <3 cm, pNO,

HR+, negative margins) may be exempted from radiotherapy,
provided that they receive standardized endocrine therapy.
However, the low-risk population still cannot be precisely
defined. Currently, an increasing number of studies are
focusing on this issue, with the hope of finding reliable
screening tools to safely exempt patients from radiotherapy.

2.3 Tools for Predicting Low-risk Patients

The use of biomarkers and genetics to guide adjuvant
systemic therapy decisions has become a focus. Relevant
trials have determined that the Oncotype DX Recurrence
Score (RS) can reliably predict the risk of distant recurrence in
patients with node-negative, hormone-sensitive breast cancer
receiving endocrine therapy, as well as the benefit of
chemotherapy [15]. The recently reported LUMINA study is a
single-arm prospective study that evaluated a patient
population aged >55 years with histological grade 1 to 2
tumors, tumor size <2 cm, surgical margins >1 mm,
node-negative status, and a low proliferation index (Ki67
<13.25%) [16]. The LUMINA study reported that among the
727 eligible patients, the 5-year local-regional recurrence risk
was extremely low at 2.3%. Although Ki67 may be sufficient
to identify low-risk tumors, some studies have shown that
genomic assays, such as the Oncotype DX Recurrence Score
(RS), can also be used to predict local-regional recurrence and
assist clinical decision-making [17-19]. A single-arm study
named IDEA enrolled 200 postmenopausal breast cancer
patients aged 50-69 years. The inclusion criteria were as
follows: pathological stage TINOMO, tumor margin >2 mm
after breast-conserving surgery, ER+, PR+, HER2-,
single-focal lesion, and an Oncotype DX 21-gene recurrence
score <18. These patients received at least 5 years of
endocrine therapy [20]. The results showed that the 5-year
overall survival rate and breast cancer-specific survival rate
were both 100%. The 5-year recurrence-free rate was 99% (95%
Cl, 96% - 100%). The 5-year recurrence probability of the
IDEA study is consistent with or lower than the 4% risk
estimated a priori based on the 5-year outcomes of PRIME Il
and CALGB 9343, supporting the necessity and
appropriateness of ongoing trials assessing the omission of
radiotherapy after breast-conserving surgery. The findings
also suggest whether the option of avoiding immediate
radiotherapy after breast-conserving surgery could be
extended to a broader group of women, rather than those
currently recommended by guidelines. Following the IDEA
study, several additional studies investigating the omission of
radiotherapy were initiated; the DEBRA trial (NRG BR007
NCT04852887) uses similar inclusion and exclusion criteria
as the IDEA study. Patients are randomized to receive
endocrine therapy with or without radiotherapy. Other studies
include the PRIMETIME cohort study, which relies on
immunohistochemistry to determine biological risk, and the
PRECISION and EXPERT trials, which use the PAM50 assay
[21]. These results will further inform clinical
decision-making. A prospective study combined breast MRI
and postoperative pathology to determine whether patients
can be exempted from radiotherapy [22]. These findings also
offer new insights. Moreover, studies have shown that
precision screening strategies based on molecular
characteristics can optimize radiotherapy decisions after
breast-conserving surgery. Yi Cui and colleagues proposed,
through the integration of genomic features, that specific gene
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expression patterns can assist in identifying two potential
beneficiary groups: one is low-risk patients eligible for
treatment de-escalation, and the other is groups with
insufficient sensitivity to standard radiotherapy, who may
require the addition of radiosensitizers or immunotherapy to
improve local control efficiency [23]. The team of Corey
Speers further developed and validated a biologically relevant
human breast cancer radiation sensitivity signature (RSS).
This signature quantitatively —assesses the intrinsic
radiosensitivity of tumors by integrating postradiation
clonogenic survival data with gene expression data across
breast cancer cell lines. The RSS can predict the risk of local
recurrence and provides a molecular basis for designing
individualized radiotherapy regimens [24, 25]. In addition, the
single-sample predictor (SSP) constructed by M. Sj&trém
and colleagues has been proven to independently predict the
risk of ipsilateral breast tumor recurrence. Its predictive
performance is closely related to the biological heterogeneity
of breast cancer molecular subtypes. This suggests that the
model may be used for risk stratification to identify
radiotherapy-resistant ~ populations,  thereby  avoiding
overtreatment [26, 27]. The combined use of the previously
mentioned molecular prediction tools is expected to enable a
shift from "empiric radiotherapy” to a "biomarker-based
precision exemption" model in clinical practice. This method
can further pinpoint individuals who are resistant to
radiotherapy, thus preventing overtreatment and promoting
individualized therapy in clinical decision-making.

2.4 The Adverse Effects of Radiotherapy and specific
Manifestations

Multidimensional analyses of radiotherapy-related toxicities
and their risk factors have shown that adjuvant radiotherapy
for breast cancer can cause both acute and late health
impairments. Short-term follow-up data indicate that the
incidence of acute toxicities (such as radiation dermatitis,
fatigue, and local edema) can reach 30% to 50%, while late
complications  (including persistent breast pain and
subcutaneous tissue fibrosis) significantly affect patients'
quality of life. Notably, the carcinogenic potential of
radiotherapy has been confirmed in multiple cohort studies,
with the long-term risk of secondary malignancies being
positively correlated with cumulative radiation dose and age,
especially in younger patient populations with higher
radiation sensitivity [28-31]. In addition, specific risk factors
may exacerbate the effects of radiotherapy toxicity.
Shaitelman et al. confirmed through a prospective cohort
study that a history of smoking can increase the risk of late
radiotherapy toxicity (>grade 2) by 2.3 times (95% CI: 1.4 -
3.8), suggesting that nicotine exposure may exacerbate tissue
damage through pro-inflammatory mechanisms [32].
Regarding cardiovascular toxicity, the Darby team, based on a
dose—effect model, revealed that for every 1-Gy increase in
the mean dose to the heart, the risk of developing ischemic
heart disease rises by 7.4% (95% CI: 2.9 - 14.5). This risk
emerges within 5 years after radiotherapy and persists for over
20 years. Of particular concern is that patients with
pre-existing cardiovascular conditions such as hypertension
or diabetes mellitus have a 3- to 5-fold increase in the absolute
risk of radiotherapy-related cardiovascular events compared
with the general population [33].

The current standard treatment in the clinic is the long-course
whole-breast irradiation (WBI) regimen lasting 5-7 weeks.
However, clinical practice has been shifting towards shorter
radiotherapy regimens, including hypofractionated WBI
(completed in 1-3 weeks) or accelerated partial breast
irradiation (APBI) (completed in 1-5 days). Advances in
radiotherapy techniques have significantly reduced the
treatment-related burden [34-37]. Many prospective trials and
guidelines have now established that partial breast irradiation
(PBI) can be an alternative to whole-breast irradiation (WBI)
in a selected group of low-risk patients. Multiple clinical
studies have provided evidence-based support for optimizing
radiotherapy strategies. The phase Il trial of accelerated
partial breast irradiation (APBI) conducted by the team in
Florence, Italy, demonstrated that a 5-fraction regimen (30
Gy/5f) delivered using external beam intensity-modulated
radiotherapy had no statistically significant difference in local
control rate compared with conventional whole-breast
irradiation (WBI) at 10 years of follow-up, and significantly
reduced the incidence of acute radiation dermatitis and
improved long-term  cosmetic  scores [38]. The
FAST-Forward  trial  further confirmed that the
ultra-hypofractionated whole-breast irradiation regimen of 26
Gy in 5 fractions is non-inferior to the standard regimen of 40
Gy in 15 fractions in terms of 5-year local recurrence rate,
providing evidence for the shortened treatment course [39].
However, the conclusions of the aforementioned studies
should be interpreted with caution regarding their scope of
applicability.  First, the inclusion criteria required
pathologically negative lymph nodes and safe surgical
margins, thus not applicable to subgroups that do not meet
surgical quality requirements. Second, the trial populations
had strictly selected characteristics (e.g., adherence to
endocrine therapy >90%), so the risk-benefit ratio needs to be
re-evaluated for patients with poor treatment adherence. It is
worth noting that although the new fractionation patterns can
reduce the treatment burden, some patients, due to concerns
about late toxicities (such as second primary cancers and
cardiovascular events), prefer to completely exempt
radiotherapy, which highlights the clinical necessity of
accurately identifying radiotherapy-sensitive populations [40].
Some studies have demonstrated the feasibility of
preoperative radiotherapy and confirmed its efficacy in nearly
all analyzed studies. However, the clinical evidence for
preoperative radiotherapy in breast cancer remains limited, as
it primarily derives from retrospective case series [41]. Patient
preferences are also crucial for the implementation of
radiotherapy exemption. A retrospective study found that
older patients, those with low income, divorced individuals,
white patients, those with advanced disease, and those who
did not receive chemotherapy were more likely to refuse
radiotherapy. [42] This further underscores the urgency of
expanding the criteria for low-risk populations.

3. Conclusion

For some patients, omission of radiotherapy does not affect
overall survival, and a low rate of local recurrence is
acceptable, thus making them potential candidates for
radiotherapy exemption. Current clinical guidelines and
consensus suggest that older age, hormone receptor positivity,
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and small tumor size are characteristics of low-risk
populations who may be eligible for radiotherapy exemption.
However, precision medicine requires more accurate and
effective predictive tools. The results of the DEBRA trial
(NRG BRO007), IDEA trial, as well as the PRECISION and
EXPERT trials, are expected to provide valuable clinical
evidence. Advances in radiotherapy techniques have also
offered new ways to reduce treatment-related toxicities and
de-escalate therapy. In clinical practice, the decision to
exempt radiotherapy should also take into account adherence
to endocrine therapy, drug side effects, comorbidities and
concomitant diseases, life expectancy, and individual
treatment preferences, rather than simply being based on
clinical pathological factors and molecular subtypes.
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