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Can radiotherapy be omitted in
T1-2N1 breast cancer patients
after mastectomy without
neoadjuvant therapy?

Jing Hou, Shuanggiang Qian, Chenyi Liao, Chengwen Wu,
Xi Zhang and Yanchun Gao*

Department of Thyroid and Breast Surgery, School of Clinical Medicine, Affiliated Hospital of North
Sichuan Medical College/North Sichuan Medical College, Nanchong, Sichuan, China

Objective: To evaluate the necessity of postmastectomy radiotherapy (PMRT) in
patients with T1-2N1MO breast cancer who did not receive neoadjuvant therapy,
by assessing its impact on locoregional recurrence (LRR) and overall survival (OS)
in the context of contemporary systemic therapies. This meta-analysis aims to
provide updated evidence on whether PMRT can be omitted in this
specific population.

Methods: Statistical analysis was conducted using Review Manager version 5.4
software, as recommended by the Cochrane Collaboration. HR for LRR and OS
were pooled between the PMRT and no-PMRT groups. A fixed-effects model was
primarily used, with a random-effects model applied if heterogeneity (12 > 50%)
was detected. Bias risk in the included studies was assessed using the Newcastle-
Ottawa Scale, and publication bias was evaluated through funnel plot analysis.
Results: In patients with T1-2N1MO breast cancer, PMRT significantly reduced
the risk of LRR (pooled HR = 0.35, 95% Cl: 0.23-0.53; p<0.001) and improved OS
(pooled HR = 0.65, 95% CI: 0.61-0.69; p<0.001). Subgroup analyses showed
consistent benefit for LRR reduction at 5 years (HR = 0.45, 95% CI: 0.35-0.56)
and 10 years (HR = 0.33, 95% ClI: 0.19-0.57; interaction p=0.33). For OS, a
significant 5-year survival improvement was observed (HR = 0.63, 95% Cl: 0.59—
0.67; p<0.001), but the 10-year benefit was non-significant (HR = 0.80, 95% ClI:
0.60-1.07; p=0.14).

Conclusions: This meta-analysis supports the use of postmastectomy
radiotherapy in T1-2N1MO breast cancer patients, demonstrating its significant
reduction in LRR and improvement in OS. Future research should integrate
molecular subtypes and dynamic risk models to optimize treatment decisions
within contemporary systemic therapy frameworks, and prospective studies are
needed to assess the long-term safety of PMRT omission in certain subgroups.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD420261287168, identifier CRD420261287168.
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1 Introduction

Breast cancer is the most common cancer worldwide, with over
2.3 million cases diagnosed in 2022, and its incidence continues to
rise, representing a major cause of cancer-related mortality in
women globally (1). Treatment of breast cancer relies on precise
risk stratification and personalized management, often combining
surgery, systemic therapy and, in selected cases, radiotherapy.
Postmastectomy radiotherapy (PMRT) has long been an integral
component of adjuvant therapy following mastectomy, with the
primary objective of eradicating microscopic locoregional disease to
reduce recurrence and improve survival outcomes. In patients with
high-risk features such as >4 positive axillary lymph nodes or
primary tumor stage T3-4, the benefits of PMRT are well
established, with randomized and meta-analytic evidence
demonstrating substantial reductions in locoregional recurrence
(LRR) and breast cancer-specific mortality (2).

But for patients with early-stage breast cancer and limited
lymph node involvement, especially those with T1-2 primary
tumors and 1-3 positive axillary lymph nodes (T1-2N1MO), the
use of PMRT has been debated for the past two decades (3-6). This
debate comes from the need to balance the potential absolute
benefit of radiotherapy against its risks. These risks include
cardiac toxicity, pulmonary sequelae, and impaired quality of life.

The Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) published a landmark meta-analysis in 2014. This
study showed that for patients with 1-3 positive lymph nodes,
PMRT significantly reduced the 10-year LRR from 21.0% to 4.3%
(P<0.01). It also improved the 20-year breast cancer-specific
survival from 49.4% to 41.5% (P = 0.01) (2). These results formed
the basis for international guidelines and clinical practice. They
support the use of PMRT for T1-2N1 patients (7-11).

But modern observational studies report lower LRR than the
historical cohorts in the EBCTCG analysis. This is true even for T1-
2N1 patients who received PMRT (12, 13). This difference shows
that in the current clinical setting, the absolute benefit of PMRT
may be smaller. A key driver of this change is the widespread use of
modern systemic therapy. This includes more effective
chemotherapy regimens like taxanes, targeted therapy like
trastuzumab for HER2-positive disease, and extended or
intensified endocrine therapy (14, 15). These new chemotherapy
drugs, targeted drugs, and endocrine drugs have significantly
reduced the risk of distant metastasis and LRR.

This raises a question: for all patients in this group, do the
benefits of PMRT still outweigh its risks? This situation requires us
to re-evaluate the existing evidence in the context of contemporary
systemic therapy strategies.

Abbreviations: PMRT, Postmastectomy radiotherapy; LRR, Locoregional
recurrence; Overall survival, OS; Preferred Reporting Items for Systematic
Reviews and Meta-Analyses, PRISMA; Newcastle-Ottawa Scale, NOS; Grading
of Recommendations, Assessment, Development, and Evaluation, GRADE; Early
Breast Cancer Trialists” Collaborative Group, EBCTCG; Randomized controlled
trial(s), RCT|[s]; Human epidermal growth factor receptor 2, HER2; Selective Use
of Postoperative Radiotherapy after Mastectomy (SUPREMO) trial.
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So, we conducted a meta-analysis of studies published between
2015 and 2025. This study aims to answer two key questions. First,
in the era of modern systemic therapy, how strong is the association
between PMRT and the risks of LRR and overall survival (OS)?
Second, does the existing evidence support omitting PMRT in
specific, lower-risk subgroups of T1-2N1MO patients? By
integrating the latest data, this work aims to provide updated,
evidence-based insights. These insights can guide shared decision-
making between clinicians and patients.

2 Materials and methods
2.1 Search strategy

This study followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
Searches were conducted across three major databases: MEDLINE
via PubMed, Embase via Ovid, and the Cochrane Library, covering
the period from January 1, 2015, to January 31, 2025 (search cutoff
date: February 28, 2025). A combination of Medical Subject
Headings (MeSH) terms was employed (1): “breast neoplasms”
AND “radiotherapy” (2); “mastectomy” AND (“neoadjuvant
therapy” OR “adjuvant therapy”). Literature screening followed a
dual independent assessment model, where two researchers
identified and removed duplicates. For studies with duplicate
reports from multicenter cohorts, the PRISMA principles for
handling duplicate data were applied, prioritizing studies with a
baseline sample size of =500 patients and a median follow-up time
of 260 months. Manual screening of reference lists from included
studies was performed to identify additional eligible studies, with
conflicts resolved by a third researcher. Only peer-reviewed, full-
text English-language articles were retained for final analysis.

2.2 Inclusion and exclusion criteria

2.2.1 Inclusion criteria

Inclusion Criteria

Studies included in this meta-analysis had to meet all the
following criteria:

a. Tumor characteristics: Microscopic tumor size <5 cm with
1-3 positive axillary lymph nodes (pathological stage
T1-2N1);

b. No prior neoadjuvant systemic therapy or radiotherapy;

c. Inclusion of retrospective or prospective data;

d. Published in English.

2.2.2 Exclusion criteria
The primary exclusion criteria were as follows:

a. Inability to extract hazard ratios HR for LRR or OS with
95% CI;
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b. Studies that included patients who had received
neoadjuvant therapy;
c. Duplicate publications or studies with overlapping data.

2.3 Data abstraction

Based on the inclusion criteria, the following parameters were
extracted: first author’s name, publication year, country, study type,
enrollment period, proportion of patients receiving primary
adjuvant therapy, total number of patients, and median follow-up
time. Data extraction was performed independently by two
investigators using a pre-designed form, with discrepancies
resolved by a third senior investigator.

Hazard ratios HR and 95% CI for LRR and OS were directly
extracted from the published articles. If multiple adjusted models were
reported, the model adjusted for the greatest number of covariates was
prioritized. All extracted data were verified by two investigators.

During screening, if two or more studies were identified as
potentially deriving from the same database or having overlapping
enrollment periods, a joint assessment was conducted. If substantial
overlap was confirmed, only the study that best met the predefined
inclusion criteria was included.

3 Statistical analysis

This meta-analysis was performed using RevMan 5.4. Pooled
HR for LRR and OS were calculated primarily using a fixed-effect
model, with a random-effects model applied if heterogeneity (I*)
exceeded 50%.

Subgroup and sensitivity analyses were conducted to explore
heterogeneity and assess robustness. The risk of bias in included
retrospective studies was assessed using the Newcastle-Ottawa Scale
(NOS). Publication bias was evaluated using funnel plots.

Subgroup Analysis: Subgroup analyses were conducted to
explore potential sources of heterogeneity.

Sensitivity Analysis: A sensitivity analysis was performed by
sequentially excluding individual studies to assess the robustness of
the results.

Risk of Bias Assessment: The NOS was used to evaluate the risk
of bias in retrospective studies.

Publication Bias: Publication bias was assessed using funnel
plots, with asymmetry considered significant at a level of P < 0.10.

3.1 Assessment of the certainty of evidence

To evaluate the quality of evidence, we employed the GRADE
(Grading of Recommendations, Assessment, Development, and
Evaluation) approach. The evidence for the primary outcomes,
LRR and OS, was evaluated based on the following domains:
Study design, Risk of bias, Inconsistency, Indirectness,
Imprecision, and Other considerations (Table 1).
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All included studies were retrospective cohort studies, which
have a higher risk of bias compared to randomized controlled trials.
Therefore, the initial rating for all outcomes was categorized as
“Low.” During the evidence evaluation process, we carefully
addressed potential risks of bias (e.g., confounding and selection
bias) and heterogeneity across treatment regimens. Ultimately, the
quality of evidence for both LRR and OS was upgraded
to “Moderate.”

4 Results
4.1 Study selection and characteristics

We systematically illustrated the literature selection process
using a PRISMA flow diagram (Figure 1). Our initial screening
identified 2, 621 studies published between 2015 and 2025. After
deduplication and title/abstract screening, 127 studies proceeded to
full-text assessment. We employed a dual independent screening
approach. This process resulted in 7 retrospective cohort studies
(16-22) meeting our predefined criteria. We excluded one duplicate
cohort study derived from the same database. Table 2 summarizes
the characteristics of the included studies. All 7 studies featured
retrospective cohort designs (16-22). Five studies enrolled Asian
populations, while two involved European or North American
populations. In total, the studies included 7, 731 patients. Among
these, 2, 577 patients (33.3%) received PMRT, and 5, 205 patients
(67.3%) did not receive PMRT. By definition, all studies included
patients who had undergone systemic therapy. The table presents
the primary chemotherapy regimens and the proportion of patients
receiving them. The absolute LRR rate was 3.8% (56 events) in the
PMRT group. This compared to 10.7% (210 events) in the no-
PMRT group.

4.2 Meta-analysis of PMRT Use and LRR

We aimed to evaluate the therapeutic value of postmastectomy
radiotherapy (PMRT) in breast cancer patients with T1/T2 stage
tumors (size <5 cm) and 1-3 lymph node metastases. We pooled data
from 7 retrospective studies (16-22). The studies showed significant
heterogeneity (I* = 47%, p = 0.08). Therefore, we applied a random-
effects model. Our analysis revealed that PMRT significantly reduced
LRR risk in T1/T2N1MO breast cancer patients. The pooled hazard
ratio (HR) was 0.35 (95% CI: 0.23-0.53; p < 0.001) (Figure 2).

4.3 Meta-analysis of PMRT Use and OS

We performed a pooled analysis of the 7 retrospective cohort
studies (16-22). This analysis demonstrated a significant OS benefit
in the PMRT group compared to the non-radiotherapy group. The
hazard ratio (HR) was 0.65 (95% CI: 0.61-0.69; p < 0.001). We
observed no heterogeneity among the studies (I*> = 0%, p =
0.60) (Figure 3).
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4.4 Meta-analysis of PMRT use and LRR in
5-year vs. 10-year patient subgroups

Importance
CRITICAL
CRITICAL

We performed a subgroup analysis to assess the impact of
follow-up duration on the association between PMRT and LRR.
Data from 7 studies (16-22) supported this analysis. The reduction
in LRR risk was similar at 5 years and 10 years. The 5-year hazard
ratio (HR) was 0.45 (95% CI: 0.35-0.56). The 10-year HR was 0.33
(95% CI: 0.19-0.57). There was no significant difference between
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FIGURE 1
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of the study selection process.

relevant data (16-19, 21, 22), the proportion of HR" patients
receiving standard endocrine therapy ranged from 71.3% to 100%.

These data show that the study populations in this meta-
analysis generally received systemic adjuvant therapy. This
therapy aligns with current clinical practice guidelines. But there
was significant heterogeneity in treatment regimen composition
and intensity across studies. This could be an important potential
source of between-study heterogeneity.

5 Discussion

This meta-analysis included seven retrospective studies. The
results show that for T1-2N1MO breast cancer patients, PMRT

Frontiers in Oncology

significantly reduced the risk of LRR. We observed this outcome in
both 5-year and 10-year follow-up subgroup analyses. This suggests
the local control effect is stable over time (16-22). PMRT was also
associated with improved 5-year OS. The hazard ratio was 0.63 (p <
0.001). But the 10-year OS benefit was not statistically significant.
The hazard ratio was 0.80 (p = 0.14). There could be two reasons for
this. First, distant metastasis risk increasingly dominates long-term
survival outcomes (16, 17, 20-22). Second, the OS benefit itself may
be time-dependent.

We observed moderate heterogeneity in the LRR analysis. The
I? value was 47% (p = 0.08). This heterogeneity may come from
differences in molecular subtype distribution across studies.
Differences in radiotherapy techniques could also be a factor. We
did not find heterogeneity in the OS analysis (I* = 0%) (16-22).
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Hazard Ratio Hazard Ratio
r I log[Hazard Rati E Weight 1V, Fix 5% Cl 1V, Fixed, 95% CI

Guo 2021 -0.693 0.133 68.5% 0.50[0.39, 0.65] |

Minoru Miyashita 2017 -1.324 0.627 3.1% 0.27[0.08, 0.91]

Moses M. Tam 2017 -1.897 0.644 2.9% 0.15[0.04, 0.53] ”

Shulian Wang 2020 -1.204 029 14.4% 0.30[0.17,0.53] -

Yeon-Joo Kim 2017 -0.186 0.538 4.2% 0.83[0.29, 2.38] T

Youssef H. Zeidan 2018 -1.238 0.461 5.7% 0.29[0.12,0.72] -

Zhen-Yu He 2015 -2.617 1.013 1.2% 0.07[0.01, 0.53]

Total (95% CI) 100.0% 0.43 [0.34, 0.53] ¢

Heterogeneity: Chi2 = 11.37, df = 6 (P = 0.08); I? = 47% ‘ ’ ‘ ‘

Test for overalleffect: Z = 7.76 (P < 0.001) 0.005 0.1 1 10 200

Favours [experimental] Favours [control]

FIGURE 2
Forest plot of hazard ratios for locoregional recurrence comparing patients with T1-2N1MO breast cancer receiving postmastectomy radiotherapy
versus those not receiving radiotherapy.

Radiotherapy can prevent locoregional recurrence. Chemotherapy
alone may not fully control such recurrence. This preventive effect
helps bring survival benefits (23-25). Our results show that PMRT
significantly reduces LRR risk. This aligns with the findings of
EBCTCG, Overgaard, and others (2, 26-30). Also, meta-analyses by
Chang, Li, and others (15, 31) show that in the modern systemic
therapy era, PMRT still has clinical value in controlling local
recurrence. But we also note an important point. The adjuvant
chemotherapy regimens in early studies (2, 26) were inadequate by
modern standards. Also, studies by Headon, Li, and others (28-32)
reported that PMRT did not improve OS. This does not match our
observed OS results. We observed a 5-year OS benefit in the PMRT
group (HR = 0.63, p < 0.001). But the 10-year benefit was not
significant (HR = 0.80, p = 0.14). This suggests that OS in the PMRT
group may be time-dependent. This difference could come from
several factors.

First, follow-up time may be insufficient. The EBCTCG study
(2) noted that OS benefit for N1 patients may take over 10 years to
appear. Their 20-year breast cancer mortality decreased by 7.9%
(p = 0.01). In our study, three trials (16, 18, 19) had a median
follow-up of only 5 years. This may underestimate long-term
survival differences.

Second, modern systemic therapy has a major impact. Advances
in systemic adjuvant therapy have significantly reduced distant
metastasis risk (15, 33). PMRT may work together with systemic

therapy. It clears subclinical disease in the chest wall and regional
lymph nodes. These nodes include the supraclavicular and internal
mammary lymph nodes (15, 34-37).

Third, population heterogeneity also plays a role.OS benefit
may be diluted in low-risk subgroups. For example, patients with
only 1 positive lymph node or T1 tumors. In contrast, high-risk
subgroups show significant benefit. These subgroups include
patients with 3 positive lymph nodes or T2 tumors (HR = 0.64,
p =0.02) (18, 38). It is worth noting that most studies did not show
OS improvement. But reports by Huo and Overgaard (15, 26, 39)
show statistically significant OS benefit. This suggests specific
subgroups may benefit.These contradictions highlight two needs.
First, risk stratification of the T1-T2N1MO population is important
(31, 40-47). Second, molecular subtyping is important. They
emphasize the need for prospective studies with long-term follow-
up. One important exception is the ongoing SUPREMO trial (47). It
is expected to provide higher-level evidence to resolve
these controversies.

5.1 Limitations of this study

All included studies in this research are retrospective cohort
studies. No prospective studies or randomized controlled trials
(RCTs) have been published yet. Retrospective studies have

Test for overall effect: Z=15.02 (P < 0.001)
FIGURE 3

those not receiving radiotherapy.

Hazard Ratio

Hazard Ratio

r r log[Hazard Rati E_Weight IV, Fixed. 95% Cl IV, Fixed. 95% Cl
Guo 2021 -0.386 0.174 2.8%  0.68[0.48, 0.96]
Moses M. Tam 2017 -0.094 0412 05% 0.91[0.41,2.04] —
Shulian Wang 2020 -0.446 003 93.3% 0.64[0.60, 0.68] [ |
Yeon-Joo Kim 2017 0.131 1.099 0.1% 1.14[0.13, 9.83]
Youssef H. Zeidan 2018 0236 0.157 3.4% 0.79[0.58, 1.07] -
Total (95% Cl) 100.0% 0.65 [0.61, 0.69] (
Heterogeneity: Chi? = 2.77, df = 4 (P = 0.60); I = 0% 0 05 sz ; 5 2’0
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Forest plot of hazard ratios for overall survival comparing patients with T1-2N1MO breast cancer receiving postmastectomy radiotherapy versus
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TABLE 3 Modern systemic therapy.

Recruitment

Author Region Study type period Adjuvant systemic therapy NOS score
A+T(59.6%)
Guo, X.Y 2021 China retrospective 1997-2014 hormonal therapy(83.2%) 7

anti-HER? targeted therapy(18.2%)

A+T(69.3%)

Wang, S.L (21) 2020 China retrospective 2000-2014 hormonal therapy(78.2%) 7

anti-HER2 targeted therapy(9.2%)

AC-T(95.8%)

Kim, Y.J (17) 2017 KR retrospective 2006-2010 hormonal therapy(78.2%) 8

anti-HER2 targeted therapy(14.6%)

A+T(67.0%)

Zeidan, Y.H (22) 2018 USA retrospective 1998-2000 hormonal therapy(71.3%) 6

anti-HER2 targeted therapy(0%)

AC-T(100%)

Tam, M. M (20) 2017 USA retrospective 2000-2003 hormonal therapy(Not Specified) 9

anti-HER?2 targeted therapy(Not Specified)

A(31%)

Miyashita, M (19) 2017 Japan retrospective 1999-2012 hormonal therapy(78%) 7

anti-HER? targeted therapy(4%)

A/T(92.7%)

He, Z.Y (18) 2015 China retrospective 1998-2007 hormonal therapy (100%) 6

anti-HER? targeted therapy(0.7%)

Hazard Ratio Hazard Ratio
__Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% ClI 1V, Fixed. 95% CI
3.3.1 LRR < 5 Years
Guo 2021 -0.693 0.133 68.5% 0.50[0.39, 0.65] |
Shulian Wang 2020 -1.204 0.29 14.4% 0.30[0.17,0.53] -
Zhen-Yu He 2015 -2.617 1.013 1.2% 0.07[0.01, 0.53]
Subtotal (95% ClI) 84.1% 0.45[0.35, 0.56] *
Heterogeneity: Chi? = 5.80, df = 2 (P = 0.05); I> = 66%
Test for overall effect: Z=6.73( P <0.001)
3.3.2LRR > 5 Years
Minoru Miyashita 2017 -1.324 0.627 3.1% 0.27[0.08, 0.91] -
Moses M. Tam 2017 -1.897 0.644 2.9% 0.15[0.04, 0.53] -
Yeon-Joo Kim 2017 -0.186 0.538  4.2% 0.83[0.29, 2.38] -
Youssef H. Zeidan 2018 -1.238 0.461 57% 0.29[0.12,0.72] -
Subtotal (95% CI) 15.9% 0.33[0.19, 0.57] . 4
Heterogeneity: Chi? = 4.64, df = 3 (P = 0.20); I> = 35%
Test for overall effect: Z=3.98( P <0.001)
Total (95% CI) 100.0% 0.43 [0.34, 0.53] *
Heterogeneity: Chi? = 11.37, df =6 (P = 0.08); 12 = 479 i ! ! !
T::fg??)vzzll (e>ffect' 4 =37’7dG( F?<( 0.0810)8), . 0.005 01 ] ! 10 200
o ’ . Favours [experimental] Favours [control]
Test for subgroup differences: Chi? = 0.93, df =1 (P = 0.33), I?=0%
FIGURE 4
Subgroup analysis of hazard ratios for locoregional recurrence based on follow-up time (<5 years vs. >5 years).
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Hazard Ratio Hazard Ratio
r I log[Hazard Rati E Weight 1V, Fix % Cl IV, Fixed. 95% CI
3.4.108 < 5 Years
Guo 2021 -0.386 0.174  2.8% 0.68[0.48, 0.96] —_
Shulian Wang 2020 -0.466 0.03 93.3% 0.63[0.59, 0.67] .
Yeon-Joo Kim 2017 0.131 1.099 0.1% 1.14[0.13, 9.83]
Subtotal (95% CI) 96.1% 0.63 [0.59, 0.67] ‘
Heterogeneity: Chi? = 0.50, df =2 (P = 0.78); I? = 0%
Test for overall effect: Z = 15.68 (P <0.001)
3.4.20S > 5 Years
Moses M. Tam 2017 -0.094 0.412 0.5% 0.91[0.41, 2.04] - 1
Youssef H. Zeidan 2018 -0.236 0.157 34% 0.79[0.58, 1.07] T
Subtotal (95% CI) 3.9% 0.80[0.60, 1.07] S 1
Heterogeneity: Chi? = 0.10, df =1 (P = 0.75); I? = 0%
Test for overall effect: Z = 1.49 (P = 0.14)
Total (95% CI) 100.0% 0.64 [0.60, 0.67] (]
Heterogeneity: Chi? = 3.29, df =4 (P = 0.51); I? = 0% ! ! ! !
Test fo? overgll effect: Z = 15.66 ( I(3 < 0.001)) 0.05 0.2 ' ! S 20
) . Favours [experimental] Favours [control]
Test for subgroup differences: Chi? = 2.69, df =1 (P = 0.10), I* = 62.8%
FIGURE 5
Subgroup analysis of hazard ratios for overall survival based on follow-up time (<5 years vs. >5 years).

inherent design limitations. They are prone to selection bias.
Residual confounding or unmeasured confounding is one
problem. Heterogeneity in interventions across studies is another
problem. This includes differences in systemic therapy,
radiotherapy regimens, and follow-up time. Overall, these factors
reduce the reliability of the pooled effect size.

According to our GRADE assessment (Table 3), the overall
evidence quality for main outcomes is ‘moderate’. These outcomes
are LRR and OS. Based on this evidence, the robustness of our
conclusion is limited.

During data extraction, we found that most studies did not
report outcomes by molecular subtype. This made it difficult to
manually perform subtype-level stratified analysis. Also, some
studies only provided overall hazard ratios. They did not provide
results for specific subtypes. In this case, pooled subgroup analysis
by molecular subtype would likely introduce significant bias.

We could not perform stratified analysis to address population
heterogeneity. We also could not explore factors that might affect
LRR and OS. In retrospective datasets, the decision to give PMRT
may be influenced by clinician preference. This could introduce
residual confounding and bias the results.

Also, some key prospective trials have not reported their
outcomes yet. One example is the ‘Selective Use of Postoperative
Radiotherapy After Mastectomy’ (SUPREMO) trial. This limits our
ability to fully assess the long-term safety and efficacy of PMRT.

6 Conclusion

In conclusion, this meta-analysis of T1-T2N1MO breast cancer
patients demonstrates that PMRT significantly reduces the risk of

Frontiers in Oncology

LRR and improves OS, providing robust evidence for its clinical
application in this population. However, future clinical decisions
should incorporate molecular subtyping, dynamic risk models, and
modern systemic therapies to optimize PMRT use, define
indications for specific clinical scenarios, and assess the long-term
safety of PMRT omission through prospective studies.
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