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Abstract 

Purpose  The practice of omitting of axillary lymph node dissection (ALND) in patients with a low tumor burden 
in sentinel lymph nodes (SLN) has become standard in managing early-stage breast cancer. This study aims to deter-
mine the clinical application value of regional lymph node irradiation (RNI) in such patients by analyzing relevant 
clinical and pathological data and survival outcomes.

Methods  We gathered data on 7603 patients from Shandong Cancer Hospital and Institutet between Sep-
tember 2014 and December 2022. Patients identified as SLN-positive who omitted ALND were classified based 
on whether RNI was included in their radiotherapy target area. Their case data and treatment details were analyzed, 
followed by regular follow-up assessments. The Kaplan–Meier method was used to compare recurrence and survival 
differences between the two groups. The primary outcome measured was locoregional recurrence-free survival 
(LRRFS), and the secondary outcomes were invasive disease-free survival (iDFS) and overall survival (OS).

Results  Out of 326 women, they were divided into the RNI group (n = 154) and no-RNI groups (n = 172). After 
a median follow-up of 47 months, the recurrence rate in the no-RNI group was 4.7%. Multivariate Cox proportional 
hazards analysis identified the triple-negative breast cancer (TNBC) subtype as a strong independent prognostic fac-
tor for iDFS (P < 0.001). Although RNI did not reach statistical significance in univariate analysis, it exhibited a significant 
protective effect after multivariate adjustment (P = 0.024). Kaplan–Meier survival analysis further revealed that RNI 
significantly improved LRRFS and iDFS (P = 0.042; P = 0.037, respectively), whereas no OS benefit was observed.

Conclusions  As the practice of surgical de-escalation becomes more widely adopted, the precise application of radi-
otherapy for SLN-positive patients exempt from ALND has become a key area of research. This study supports the use 
of RNI as crucial adjunctive treatment to enhance locoregional control, particularly for high-risk subgroups.
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With the continuous advancement of systemic therapy 
and radiotherapy techniques, the approach to surgical 
treatment for breast cancer has shifted towards more 
conservative methods. The introduction of sentinel 
lymph node biopsy (SLNB) in the 1990s has significantly 
influenced the management of regional lymph nodes in 
breast cancer, promoting standardization, individuali-
zation, and minimally invasive approaches. Since 2012, 
there has been a notable decline in the overall perfor-
mance of axillary lymph node dissection (ALND) and an 
increase in the adoption of SLNB [1, 2].  It is well-estab-
lished that SLNB offers advantages in terms of safety and 
effectiveness over ALND for patients with negative sen-
tinel lymph nodes (SLN) [3]. In certain cases, some SLN 
positive patients may avoid ALND [4–6]. Clinical trials 
such as ACOSOG Z0011, IBCSG 23–01, and AMAROS 
have demonstrated that ALND can be safely omitted in 
early-stage breast cancer patients with low tumor bur-
dens in their SLNs (micro-metastasis or limited macro-
metastasis) [4, 6, 7]. However, most trials mainly focused 
on the optimal surgical approach for these patients and 
largely neglected the crucial question of whether regional 
lymph node irradiation (RNI) is necessary after fore-
going ALND. The Z0011 trial [7, 8] did not standardize 
postoperative adjuvant radiotherapy protocols, and the 
AMAROS trial [4] did not clarify the additional benefits 
of RNI.  The SENOMAC trial [9], despite largely stand-
ardizing the radiotherapy strategy (with 83.8% of partici-
pants received radiotherapy including lymph node tar-
get areas), did not definitively establish the necessity of 
RNI. This lack of consensus has resulted in an absence of 
standardized criteria in clinical decision-making regard-
ing the necessity of RNI for SLN positive patients who 
did not undergo ALND. This study aims to determine the 
clinical application value of RNI in such patients by ana-
lyzing relevant clinical and pathological data and survival 
prognostic indicators.

Methods
Study design and patients
This single-center, retrospective cohort study included 
7,603 female patients with cT1–3N0M0 invasive breast 
cancer who underwent SLNB at the cancer hospital in 
Shandong Province from September 1, 2014, to Decem-
ber 30, 2022. The eligibility criteria were as follows: 1. 
Female patients aged 18–75 years; 2. Pathologically 
diagnosed with primary invasive breast cancer before 
surgery; 3. No distant metastasis; 4. Non-inflammatory 
breast cancer or bilateral breast cancer. Exclusion criteria 
included: 1. Patients with breast cancer whose sentinel 
lymph nodes were all negative; 2. Patients who received 
neoadjuvant therapy; 3. Patients who underwent ALND; 
4. Patients with a previous history of breast cancer; 5. 

Patients with a history of, or concurrent malignancy 
who had received systemic adjuvant therapy or radiation 
therapy to the chest lymphatic drainage area. All patients 
provided written informed consent for treatment. This 
study was approved by the Clinical Research Ethics Com-
mittee of the Affiliated Cancer Hospital of Shandong First 
Medical University and adhered strictly to the guidelines 
provided by the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE).

For patients who met the inclusion criteria of the study, 
demographic characteristics, pathological data, treat-
ment details, and follow-up information were collected. 
Patients who tested positive for SLN but did not undergo 
ALND were classified into two groups based on whether 
their postoperative adjuvant radiotherapy included 
lymph node irradiation fields in the internal mammary, 
axillary, supraclavicular, or infraclavicular (level III axil-
lary) regions: the RNI group and the no-RNI group. 
Patients who did not receive radiotherapy as part of their 
postoperative treatment were assigned to the no-RNI 
group. A series of survival follow-ups were conducted for 
all enrolled patients. Furthermore, patients were divided 
into subgroups based on tumor T-stage, type of breast 
surgery, and molecular tumor classification to further 
explore the clinical value of RNI in different subgroups.

Surgery, pathology and adjuvant therapy
At our center, all patients who underwent SLNB were 
intraoperatively assessed using either the blue dye 
method, the radiotracer method, or a combination of 
both (dual tracer method). After preoperative dye injec-
tion, the surgeon anatomically traced the blue-stained 
lymphatic vessels to identify the first blue-stained 
lymph node in the axilla. Subsequently, an intraopera-
tive gamma probe was used to detect lymph nodes with 
a radioisotope count exceeding 10% of the highest count. 
Finally, other suspicious lymph nodes were palpated and 
included as SLNs.

The primary diagnostic method for all SLNs was rapid 
frozen section pathology, supplemented with imprint 
cytology to confirm metastasis and guide intraoperative 
axillary management. Postoperatively, all SLN speci-
mens were subjected to routine pathological examination 
according to standard procedures. According to the clini-
cal practice guidelines for lymph node pathology, axillary 
lymph node macrometastasis was defined as a metastatic 
focus with a diameter > 2.0 mm; micrometastasis was 
defined as a metastatic focus with a diameter ≤ 2.0 mm 
but > 0.2 mm, or a cluster of more than 200 cells. ALND 
was defined as dissection of axillary level I-II lymph 
nodes, with the removal of at least 10 lymph nodes.
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The postoperative treatment plan was developed by our 
institution’s multidisciplinary breast cancer team, which 
consists of experts from various fields, including sur-
geons, radiation oncologists, pathologists, and radiolo-
gists, to ensure comprehensive management.

Follow‑up
Follow-up begins on the day of surgery and continues 
until the last recorded follow-up on March 22, 2025. For 
the first two years, follow-ups occur every 3–4 months, 
then semi-annually during years 3–5, and annually there-
after. Follow-up methods included outpatient appoint-
ments and telephone calls. The  diagnosis of recurrence 
and metastasis is confirmed based on imaging exami-
nations or pathological biopsy results, with the date of 
death provided by the patient’s family during telephone 
follow-ups.

Study endpoints
The primary study endpoint is locoregional recurrence-
free survival (LRRFS), defined as the time free from 
recurrence within the ipsilateral chest wall/breast, supra-
clavicular and infraclavicular regions, axillary area, or 
internal mammary lymphatic drainage area, encom-
passing either single or multiple sites. The secondary 
endpoints include invasive disease-free survival (iDFS), 
defined as the duration of survival following breast can-
cer treatment without recurrence of invasive cancer, and 
overall survival (OS), which assesses the time interval 
from surgery to breast cancer-related death or the last 
follow-up.

Statistical analysis
Statistical analysis was performed using SPSS 25.0 and 
GraphPad Prism 10. The t-test was used to analyze 

differences in means between continuous variables, while 
chi-square tests or Fisher’s exact test were employed to 
assess differences between categorical variables. Kaplan–
Meier survival curves were used to estimate survival 
outcomes, with comparisons made using the log-rank 
test. When no events occurred in one group, the Man-
tel–Haenszel test was used as an alternative. Univariate 
and multivariate analyses were conducted using the Cox 
regression model. A significance level of α = 0.05 was 
used, with P < 0.05 considered statistically significant.

Results
Basic characteristics
Between September 1, 2014, and December 31, 2022, a 
total of 7,603 early-stage breast cancer patients under-
went SLNB at our Breast Disease Center. During the 
study period, the proportion of patients with low tumor 
burden (1–3 positive SLNs) who were exempted from 
ALND generally increased over time (Fig. 1). Of the 7,603 
patients, 366 met the inclusion criteria for this study. 
However, 40 patients were excluded due to missing data 
on the radiation target area, which was a key criterion for 
group assignment in this study. Follow-up records indi-
cated that some patients received radiotherapy at exter-
nal institutions, but detailed information on the radiation 
target area could not be provided by the patients or their 
families. Ultimately, 326 patients with 1–3 positive SLNs 
who did not undergo ALND and had complete treat-
ment and follow-up records were included in the analysis 
(Fig. 2).

Among the 326 patients, the median age was 48 years 
(range: 23–75). Of these, 265 patients (81.3%) had mac-
rometastasis in the SLN, including 6 cases with addi-
tional micrometastasis, while 61 patients (18.7%) had 
only micrometastasis in the SLN. A total of 167 patients 

Fig. 1  Trend of ALND omission in SLN low tumor burden patients
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(51.2%) underwent breast-conserving surgery (BCS), 
and 159 patients (48.8%) underwent total mastectomy 
(TM). Based on the radiation target area, patients were 
divided into two groups: those receiving RNI and those 
not receiving RNI, with 154 patients (47.2%) in the RNI 
group and 172 patients (52.8%) in the no-RNI group. 
There were 23 patients with only SLN micrometastasis 
in the RNI group. The two groups were well-balanced in 
terms of age, body mass index (BMI), menopausal status, 
tumor laterality, pathological type, histological grade, 
lymphovascular invasion(LVI) and tumor subtype (P > 
0.05), as detailed in Table  1. However, the RNI group 
exhibited higher tumor burden characteristics, with sig-
nificantly more positive SLNs (P = 0.003) and a higher 
T-stage (P = 0.043) compared to the no-RNI group. This 
may reflect clinical decision-making, where physicians 
are more likely to administer regional irradiation to 
higher-risk patients.

Treatment profile
In this study cohort, the rate of postoperative adjuvant 
chemotherapy was 89.6% (292/326). Further analysis 
revealed that the chemotherapy implementation rate was 
significantly higher in the RNI group compared to the 
no-RNI group (94.2% vs 85.5%, P = 0.011). The overall 
rate of radiotherapy in the cohort was 85.0% (277/326). 

Among the 277 patients who received radiotherapy, 
55.6% (154/277) received RNI. Of the 49 patients who 
did not receive postoperative radiotherapy, 38.8% (19/49) 
had SLN micrometastasis, while 61.2% (30/49) had SLN 
macrometastasis (of which 90% had a single macrome-
tastasis, 27/30; 6.7% had two macrometastases, 2/30; 
and 3.3% had three macrometastases, 1/30). Notably, in 
the no-RNI group, 74.4% (128/172) were BCS patients, 
and 25.6% (44/172) were TM patients. The proportion 
of patients who received RNI was significantly higher 
in the TM group (115/159) compared to the BCS group 
(39/167) (72.3% vs 23.4%, P < 0.001). In BCS patients, the 
radiation target area typically encompasses whole-breast 
irradiation combined with a tumor bed boost.

Follow‑up results
At the time of the study cutoff, the median follow-up 
time was 47 months (range: 27–126 months), with the 
RNI group having a median follow-up of 44.5 months 
(range: 27–123 months) and the no-RNI group having a 
median follow-up of 49 months (range: 28–126 months). 
During the follow-up period, a total of 9 recurrence/
metastasis events were recorded. The recurrence rate in 
the no-RNI group was 4.7% (8/172), while the recurrence 
rate in the RNI group was 0.64% (1/154). The clinical 

Fig. 2  Study flowchart
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information of the patients with recurrence/metastasis is 
detailed in Table 2.

Univariate and multivariate Cox proportional hazards 
regression models were applied to analyze the iDFS in 
patients with 1–3 positive SLNs who did not undergo 
ALND (Table 3). The results demonstrated that the iDFS 
risk for patients with the triple-negative breast cancer 
(TNBC) subtype was significantly higher than that for 
those with the HR +/HER2- subtype (multivariate HR 
= 74.066, 95% CI: 7.956–689.540, P < 0.001), making it a 

strong independent prognostic factor. Although RNI did 
not reach statistical significance in the univariate analy-
sis (P = 0.071), it demonstrated a significant protective 
effect after multivariate adjustment (HR = 0.089, 95% 
CI: 0.011–0.729, P = 0.024). Tumor histological grade 
was associated with iDFS in the univariate analysis (P = 
0.024), but its significance disappeared in the multivari-
ate model (P = 0.731), suggesting that its effect may be 
confounded by other factors, such as tumor subtype. No 
significant associations were observed for other variables, 
including age, surgical type, and so on (P > 0.05).

Kaplan–Meier survival curve analysis (Fig.  3) showed 
that there was a statistically significant difference 
between the RNI and no-RNI groups in terms of LRRFS 
(HR = 0.160, 95% CI: 0.028–0.933, P = 0.042). Simi-
larly, the RNI group showed superior iDFS compared 
to the no-RNI group (HR = 0.148, 95% CI: 0.040–0.549, 
P = 0.037), demonstrating a substantial survival benefit. 
However, there was no statistically significant differ-
ence between the two groups in OS (HR = 0.155, 95% CI: 
0.003–7.898, P = 0.353).

An exploratory subgroup analysis was further con-
ducted based on clinical and pathological characteristics, 
including age (≤ 50 vs > 50 years), pathological tumor 
diameter (≤ 2 cm vs > 2 cm), histological grade (II vs III), 
molecular subtype (HR +/HER2- vs HER2 + vs TNBC), 
and surgical type (BCS vs TM). The results showed that 
patients with tumor diameter > 2 cm (HR = 0.115, 95% 
CI: 0.020–0.666, P = 0.016), histological grade III (HR 
= 0.165, 95% CI: 0.033–0.831, P = 0.029), and molecular 
subtype TNBC (HR = 0.076, 95% CI: 0.015–0.393, P = 
0.002) may benefit from RNI in terms of iDFS. In the 
TM subgroup, the difference in iDFS between RNI and 
no RNI was near significant (HR = 0.148, 95% CI: 0.018–
1.237, P = 0.054). Additionally, patients with tumor 
diameter > 2 cm (HR = 0.116, 95% CI: 0.016–0.829, P = 
0.032) and those with the TNBC molecular subtype (HR 
= 0.070, 95% CI: 0.009–0.533, P = 0.010) demonstrated 
enhanced LRRFS with RNI.

Discussion
ALND has traditionally been the standard axillary treat-
ment for breast cancer patients with SLN positivity, pro-
viding comprehensive information on ALN metastasis 
for staging and guiding subsequent treatment strategies 
while offering local regional control. However, recent 
randomized controlled trials such as SENOMAC [4–6, 
9] have demonstrated that omitting ALND in early-stage 
breast cancer patients with low tumor burden or limited 
metastasis in SLNs followed by adjuvant radiotherapy 
and systemic treatment is safe, with no significant differ-
ences in regional lymph node recurrence risk, disease-
free survival (DFS), or OS based on whether ALND is 

Table 1  Baseline characteristics of patients by receipt of regional 
lymph node irradiation

LVI lymphovascular invasion, HR + /HER2- hormone receptor positive/human 
epidermal growth factor receptor 2 negative, HER2 + HER2 positive, TN triple 
negative, SLN sentinel lymph node

Characteristics ALL RNI no-RNI P value
(N = 326) (n = 154) (n = 172)

Age 0.182

  Median 48 47 49

  Range 23–75 23–75 27–75

BMI 0.146

  Median 24.36 24.14 24.41

  Range 16.73–38.87 16.73–35.38 17.22–38.87

Menopause status 0.733

  Pre 202(62.0) 97(63.0) 105(61.0)

  Post 124(38.0) 57(37.0) 67(39.0)

Laterality 0.740

  Left 166(50.9) 80(51.9) 86(50.0)

  Right 160(49.1) 74(48.1) 86(50.0)

T-stage 0.043

  1 203(62.3) 87(56.5) 116(67.4)

  2 117(35.9) 62(40.3) 55(32.0)

  3 6(1.8) 5(3.2) 1(0.6)

Histological type 0.203

  Ductal 302(92.6) 146(94.8) 156(90.7)

  Others 24(7.4) 8(5.2) 16(9.3)

Histologic grade 1.000

  II 227(69.6) 107(69.5) 120(69.8)

  III 99(30.4) 47(30.5) 52(30.2)

LVI 0.238

  Yes 75(23.0) 40(26.0) 35(20.3)

  No 251(77.0) 114(74.0) 137(79.7)

Tumor subtype 0.535

  HR +/HER2- 256(78.5) 117(76.0) 139(80.8)

  HER2 +  43(13.2) 22(14.3) 21(12.2)

  TN 27(8.3) 15(9.7) 12(7.0)

Positive number of SLN 0.003

  1 262(80.4) 112(72.7) 150(87.2)

  2 54(16.6) 35(22.7) 19(11.0)

  3 10(3.1) 7(4.5) 3(1.7)
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performed or not. Consequently, SLNB has supplanted 
as the standard axillary treatment for breast cancer 
patients with 1–2 positive SLNs in line with current evi-
dence-based medicine and clinical practice guidelines. It 
is essential to consider that tumor biology, adjuvant sys-
temic therapy, and radiotherapy are crucial in de-escalat-
ing surgical interventions, necessitating a reevaluation 
and optimization of postoperative axillary management 
strategies, particularly in selecting regional lymph node 
radiation, as current clinical trials do not adequately 
address this issue.

Studies on exempting SLN-positive patients from 
ALND have shown inconsistent guidelines regard-
ing adjuvant radiotherapy. The Z0011 study, aside from 

missing some radiotherapy data, also had numerous 
protocol violations: while the protocol clearly specified 
whole breast radiotherapy as tangential field irradiation 
without including the lymphatic drainage area, over half 
of the patients received high tangential field radiation 
which includes a greater exposure to the axillary lymph 
nodes; 18.9% of patients received additional vertical 
lymph node irradiation atop tangential field irradiation, 
and 7.9% underwent axillary radiation [8]. The AMAROS 
study, led by radiation oncologists, with patients similar 
to those in Z0011, mandated that the SLNB group receive 
RNI covering all three levels of axilla and the internal 
mammary lymph node region, while the ALND group 
received RNI only if four or more positive lymph nodes 

Table 3  Univariate and multivariate COX analysis of iDFS in patients

Variables Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Age (≤ 50 vs > 50) 0.503 (0.135–1.873) 0.306

Menopause status (pre vs post) 0.508 (0.136–1.892) 0.312

Lymphovascular invasion (yes vs no) 0.516 (0.064–4.147) 0.534

Laterality (left vs right) 0.750 (0201–2.793) 0.668

Tumor location (lateral vs central/medial) 1.053 (0.263–4.211) 0.942

Histopathologic type (ductal vs others) 0.566 (0.071–4.533) 0.592

Histological grade (II vs III) 0.203 (0.051–0.812) 0.024 0.773 (0.178–3.349) 0.731

Pathological size (cm) (≤ 2 vs > 2) 0.463 (0.124–1.726) 0.252

Tumor subtype  < 0.001  < 0.001

HER2 + (vs HR +/HER2-) 12.183 (1.105–134.373) 0.041 10.876 (0.909–130.116) 0.059

TN(vs HR +/HER2-) 58.478 (7.038–485.866)  < 0.001 74.066 (7.956–689.540)  < 0.001

Positive number of SLN (1 vs 2 ~ 3) 0.416 (0.104–1.699) 0.216

Surgical type (TM vs BCS) 0.773 (0.207–2.884) 0.702

Chemotherapy (yes vs no) 23.348 (0.001–468721.034) 0.533

Radiotherapy (yes vs no) 0.401 (0.100–1.609) 0.197

RNI (yes vs no) 0.148 (0.018–1.180) 0.071 0.089 (0.011–0.729) 0.024

Table 2  Clinical information of patients with recurrence/metastasis

RNI regional lymph node irradiation, TM total mastectomy, BCS breast-conserving surgery, ALN axillary lymph node, SCLN supraclavicular lymph node, TNBC triple-
negative breast cancer

ID Tumor subtype Surgical type Chemotherapy Radiotherapy RNI Sites of recurrence/metastasis

38# HER2 +  TM yes yes no ipsilateral ALNs

84# TNBC BCS yes yes no ipsilateral breast

85# TNBC BCS yes yes no ipsilateral SCLNs

87# TNBC BCS yes no no ipsilateral breast

120# TNBC TM yes no no liver

151# TNBC BCS yes yes no ipsilateral SCLNs/liver/bone

178# HR +/HER2- TM yes yes yes contralateral breast

298# TNBC TM yes no no bone

308# HER2 +  BCS yes yes no liver
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were detected (8% of the total cohort). This evidence 
raises questions about whether sole whole breast/chest 
wall radiotherapy is sufficient and how can the selection 
criteria for RNI be optimized.

Furthermore, studies such as Z0011 [7], IBCSG 23–01 
[6], AMAROS [4], and OTOASO [10] predominantly 
focus on BCS patients (comprising 100%, 91%, 82%, and 
84% of the cohorts, respectively); studies focusing on 
TM patients are largely retrospective analyses [11–13], 
highlighting the need for further research into the safety 
of exempting ALND in TM patients and optimiza-
tion of radiation target areas. Although studies such as 
SINODAR-ONE [14], SENOMAC [15], and POSNOC 
[16] have more rigorous research designs, standardizing 
inclusion criteria and radiotherapy protocols, includ-
ing mandatory axillary ultrasound screening, the inclu-
sion of only patients with SLN macrometastases, and 
those undergoing TM, these studies still fail to provide a 
clear answer to the crucial question of whether patients 

in this group require RNI. Notably, there has been no 
direct comparison of the impact on prognosis between 
RNI administration or omission after ALND exemption, 
leaving a significant gap in addressing this core issue. 
As a result, the dilemma regarding radiotherapy deci-
sions in clinical practice remains unresolved. Due to the 
limitations of the aforementioned studies, the reliance 
of RNI on the surgical type becomes particularly evident 
in actual clinical application. For instance, in this study, 
23.4% BCS patients received RNI, while the proportion 
was as high as 72.3% among TM patients. This discrep-
ancy suggests that, in clinical practice, radiotherapy strat-
egies may be significantly influenced by the surgical type. 
However, the surgical method itself does not accurately 
reflect the patient’s tumor burden and metastasis risk. 
The selection of radiotherapy target areas should focus 
more on the patient’s tumor biology and the extent of 
axillary involvement, rather than on the surgical type.

Fig. 3  Kaplan–Meier curves for survival analysis of breast cancer patients based on receipt of RNI. The first row presents the Kaplan–Meier curves 
comparing the RNI group (blue) and no-RNI group (orange) for all patients, showing LRRFS, iDFS, and OS. The second and third rows display some 
of the exploratory subgroup analysis results for LRRFS and iDFS across different patient subgroups, including the tumor diameter > 2 cm subgroup 
(RNI group: blue, n = 67; no-RNI group: orange, n = 56); the TNBC subgroup (RNI group: blue, n = 15; no-RNI group: orange, n = 12); the TM subgroup 
(RNI group: blue, n = 115; no-RNI group: orange, n = 44); and the histological grade III subgroup (RNI group: blue, n = 47; no-RNI group: orange, n = 
52)
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The MA.20 randomized controlled study, which 
included 1832 BCS patients (with 1–3 lymph node 
metastases accounting for 85%), demonstrated the ben-
efits of RNI [17]. With a median follow-up of 9.5 years, 
the study showed that while the addition of RNI to 
whole breast radiotherapy did not significantly improve 
OS (82.8% vs. 81.8%, P = 0.38), it significantly improved 
DFS (82% vs. 77%, p = 0.01), Locoregional Disease-Free 
Survival (LRDFS) (95.2% vs. 92.2%, p = 0.009), and Dis-
tant Metastasis-Free Survival (DMFS) (86.3% vs. 82.4%, 
p = 0.03). These findings are consistent with our study 
results. The EORTC 22922/10925 study, with a 15.7-year 
follow-up, demonstrated that RNI significantly reduces 
breast cancer mortality and recurrence risk but does not 
show significant improvements in OS, DFS, and DMFS 
[18]. Similarly, the EBCTCG meta-analysis concluded 
that adding RNI for lymph node-positive breast can-
cer patients decreases the risk of distant metastasis and 
enhances DFS, with no impact on OS [19]. This collective 
evidence underscores the role of RNI in local–regional 
control for lymph node-positive patients, generally based 
on populations who underwent ALND and had accu-
rate lymph node staging without residual positive axil-
lary lymph nodes. Previous research [4–6, 20] indicates 
that the risk of non-SLN metastasis in patients with 1–2 
positive SLNs ranges from approximately 15.9% to 38.6%, 
indicating that one-third of patients exempted from 
ALND may have residual positive lymph nodes, poten-
tially leading to upstaging of lymph node status. There-
fore, the radiotherapy target volume for SLN-positive 
patients who do not undergo ALND should match that 
for pN1 patients who do. However, while RNI has not 
been shown to improve overall survival, it undoubtedly 
exposes patients to a higher risk of radiation-induced car-
diac and pulmonary damage [21, 22]. Therefore, a major 
challenge is how to identify high-risk recurrence patients 
among breast cancer patients who are SLN-positive and 
exempted from ALND.

The regional lymph node staging plays a crucial role 
in determining the necessity of RNI. For SLN positive 
patients exempt from ALND, considering the residual 
tumor burden is vital. Currently, the most commonly 
used predictive model is the MSKCC center’s model [23, 
24], which includes eight indicators such as the pres-
ence of frozen section analysis, tumor size, histologi-
cal type and grade, SLN pathology detection method, 
number of positive and negative SLNs, vascular inva-
sion, multifocality, and hormone receptor status. It is 
recommended that additional lymph node interventions 
(such as RNI or ALND) be implemented for patients 
at high risk of non-SLN metastasis to reduce the risk 
of locoregional recurrence. In this study, the non-SLN 
metastasis risk in patients who experienced recurrence 

or metastasis ranged from 23% to 52%. Thus, in clini-
cal practice, we cannot solely rely on trials like Z0011. 
In the current landscape of oncological research, several 
large-scale randomized clinical trials, such as the T-REX 
and TAILOR-RT studies, have honed in on the value of 
regional radiotherapy post-breast cancer surgery. These 
trials meticulously compare the recurrence risks between 
cohorts that receive and those that forgo regional radio-
therapy, aiming to delineate the effects of tailored local 
external beam radiation therapy for this patient popu-
lation. Notably, the TAILOR-RT study has focused its 
inclusion criteria on patients with low biomarker risk, 
who are ER positive and HER2 negative. Despite this 
specific patient selection, the forthcoming results are 
eagerly anticipated, as they are poised to provide a robust 
evidence base for the individualization of clinical treat-
ment plans. Prior to the solidification of expert consen-
sus and guideline recommendations, our current clinical 
practices must take into account the residual burden of 
regional lymph nodes and the biomarker profile of the 
tumor. These considerations are essential for determin-
ing the optimal radiation therapy target scheme for our 
patients.

This study demonstrated that RNI significantly 
improved both LRRFS and iDFS in patients. Despite the 
fact that patients in the RNI group had higher baseline 
risks of recurrence and metastasis (such as a greater 
number of positive SLNs and more advanced T-stage), 
the prognostic analysis consistently showed better sur-
vival outcomes in this group. This suggests that RNI may 
significantly enhance local–regional control in high-risk 
populations. Of course, we cannot exclude the possibility 
that the effect of RNI might be underestimated in certain 
subtypes of breast cancer with relatively slow progres-
sion (such as hormone receptor-positive types) due to the 
limited follow-up period in this study. However, based on 
the results of this study, the application of RNI appears to 
be beneficial, especially in subtypes with larger tumors, 
higher histological grades, and more aggressive behav-
ior.  Moreover, the survival benefit is likely to become 
more pronounced as follow-up time increases [25].

The limitations of this study include its single-center, 
retrospective design, small sample size, relatively short 
follow-up. Breast cancer is recognized as one of the 
malignancies with a more favorable prognosis, and our 
study’s focus on early-stage patients with low tumor bur-
den in the axillary lymph nodes accounts for the limited 
number of recurrence and metastasis events observed 
during follow-up. Additionally, the study did not fully 
capture the adverse effects associated with RNI, an 
important consideration in clinical decision-making.

In summary, with effective systemic therapy, the risk 
of local–regional recurrence has significantly decreased, 
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potentially diminishing the absolute benefits of local–
regional treatments. This underscores the increasing 
importance of individualized"up and down-staging"of 
surgical and radiation therapy. As more SLN-positive 
patients are spared from ALND in the era of SLNB, some 
patients may not receive accurate lymph node stag-
ing and adequate local–regional control. Currently, it 
appears that these patients might benefit from additional 
RNI in their post-treatment radiation therapy.

Conclusions
Among breast cancer patients with limited SLN posi-
tivity who omitted ALND, the addition of RNI signifi-
cantly improved LRRFS and iDFS, although no benefit 
in OS was observed. As the omission of ALND becomes 
increasingly adopted as a standard treatment approach, 
some patients may not receive accurate axillary lymph 
node staging. In such scenarios, RNI emerges as a cru-
cial adjunctive treatment, especially for individuals at a 
higher risk of recurrence. However, as a single-center ret-
rospective study, this research has inherent limitations, 
and future large-scale, prospective, multi-center studies 
are needed to validate these findings.
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