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Background: Axillary management of patients with early-stage breast cancer
(ESBC) has evolved, especially with the implementation of precision radiotherapy
techniques that have resulted in a significant reduction in treatment-related
toxicities, but it is unclear whether post-mastectomy radiotherapy (PMRT)
improves survival outcomes in breast cancer with lymph nodes
micrometastases (BCLNMM, that is TO, T1 ~2NmiMQ). Our study is to
systematically evaluate the effect of PMRT on survival in breast cancer with
lymph nodes micrometastases.

Methods: A literature search was performed for randomized controlled trials
(RCTs) or retrospective studies related to PMRT versus non-post-mastectomy
radiotherapy (non-PMRT) in the adjuvant treatment of ESBC in PubMed,
Cochrane Library, Embase, CNKI and other databases. R package meta
software was used to perform meta-analyses with hazard ratio (HR). Newcastle
Ottawa scale was selected for quality assessment. The review was prospectively
registered on PROSPERO (CRD42024562444).

Results: 10 relevant studies were screened, all of which were retrospective
studies. The difference in overall survival (OS) was not statistically significant
(HR = 0.92, 95%Cl: 0.81 ~ 1.04; Z = 1.35, P = 0.177). The difference in breast
cancer-specific survival (BCSS) between the PMRT group and the non-PMRT
group was not statistically significant HR = 1.18, 95%Cl: 0.94 ~ 148; Z = 1.41, P
=0.160). The difference in disease-free survival (DFS) was statistically significant
(HR = 0.47, 95%Cl: 0.23 ~ 1.00; Z = 1.96, P =0.049). The difference in local
recurrence free survival (LRRFS) was also not statistically significant (HR = 0.50,
95%Cl: 0.11 ~ 2.26, P = 0.190). The difference in distant-metastasis free survival
(DMFS) was not statistically significant (HR = 0.54, 95%Cl: 0.22 ~ 1.35, P = 0.356).
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Conclusions: Despite the tendency of PMRT in BCLNMM to improve DFS, OS,
BCSS, LRRFS, and DMFS showed no benefit, therefore, PMRT should be used with
caution in BCLNMM.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,
identifier CRD42024562444.

lymph nodal micrometastasis, radiotherapy, breast cancer, sentinel lymph node biopsy,
axillary lymph node dissection, meta-analysis

1 Introduction

Breast cancer (BC) has currently replaced lung cancer as the
most commonly diagnosed cancer in humans worldwide (1, 2).
According to GLOBOCAN 2020 data, an estimated number of 2.3
million new BC cases were diagnosed worldwide, which leads the
5th cause of cancer-related deaths among all cancers (3). In China,
the annual number of new cases of BC reaches 420,000 and the
number of deaths reaches 120,000, accounting for 18.4% and 17.1%
of the global cases, respectively (4). Although the incidence of breast
cancer is lower than that of lung cancer in China, the absolute
number of cases is still the highest in the world (5). In recent years,
with the development of early detection, early diagnosis, precise
typing and adjuvant treatment (chemotherapy, endocrine therapy,
targeted therapy, radiation therapy) of BC, the prognosis of early-
stage BC patients has improved significantly compared with the
former (6).

The presence or absence of axillary lymph node metastasis
(LNM) is an important index to evaluate the risk of breast cancer
recurrence. According to the eighth edition of the Cancer Staging
Manual of the American Joint Committee on Cancer (AJCC), N
stages of BC were divided into large metastases (larger than 2mm),
micro-metastases (N1mi, 0.2-2mm metastasis) and isolated tumor
cells (ITC, single tumor cells or small cell clusters not larger than
0.2mm, pNO(i+)) according to lymph node involvement (7). Some
previous studies have supported the independent prognostic
significance of LNM, and the prognosis was worse than that of
lymph nodes without metastasis (8, 9).

Lymph node micrometastases (LNMM) was defined as lymph
node metastases less than 2mm in size, which is the first
pathological manifestation of distant metastasis of breast cancer
(10). With the development of comprehensive treatment in BC,
surgical treatment has gradually become more precise and less
invasive (11). Sentinel lymph node biopsy (SLNB) has been widely
recognized as an excellent surgical and staging procedure for early-
stage BC, and is now routinely used to detect the status of axillary
lymph node metastases in BC and as a basis for selecting subsequent
adjuvant therapy (12, 13). The development of SLNB has greatly
improved the detection of micrometastases (14). When LNMM was
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detected in sentinel lymph nodes, it indicates that cancer cells had
spread to the lymphatic system (15). However, because the degree of
metastasis is limited, the following axillary treatment of
micrometastasis has been the subject of much debate (16). The
diagnostic and treatment options and risk of recurrence vary among
patients with different SLN metastatic status. Micrometastasis to
sentinel lymph nodes is associated with poor disease-free survival,
and it is generally accepted that patients with micrometastasis to
sentinel lymph nodes should be treated with postoperative adjuvant
chemotherapy after total mastectomy (10, 17). Although systemic
chemotherapy is effective in improving overall survival, local or
regional recurrence remains the most common model of failure for
breast cancer, meaning that local treatment may be necessary (18).
Therefore, more and more attention has been paid to the local
treatment of LNMM patients to further improve the therapeutic
effect (11). The main local adjuvant treatment for breast cancer
patients with positive lymph node micrometastases includes
radiation therapy or further axillary lymph node dissection, while
the value of these two treatments is still widely debated (12).

With the continuous development of precision radiotherapy,
the damage caused by radiotherapy is becoming less and less, which
makes it possible to replace regional lymph node dissection with
radiotherapy (19). Breast cancer surgery currently focuses on
reducing the intensity of treatment and the scope of surgery
without compromising patient survival (19). Postmastectomy
radiotherapy (PMRT) is currently sufficient to replace axillary
lymph node dissection (ALND) in patients with less than 3
sentinel lymph nodes (SLNs) involvement in primary surgery,
which not only significantly reduces the incidence of
lymphedema, but also does not reduce the long-term prognosis of
breast cancer (20). However, in most cases, the incidence of residual
axillary disease is low despite the risk of micrometastasis in axillary
lymph nodes, which results in patients with LNMM not benefiting
from postoperative axillary radiotherapy (ART). Data on the use of
PMRT with a view to improving long-term survival in this
population is extremely scarce, and there are currently no
randomized controlled studies supporting evidence for PMRT. In
this paper, we used Meta-analysis to study the existing literature to
investigate whether PMRT is necessary for early-stage breast cancer
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patients with micrometastases in the sentinel lymph nodes (T0, T1-
2NmiMO0) after mastectomy, with the aim of systematically
evaluating the safety and efficacy of PMRT in patients with
micrometastases in the sentinel lymph nodes, and to provide a
basis for the formulation of clinical treatment plans.

2 Materials and methods
2.1 Study protocol

The current study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) (21), and the quality control and quality assurance (QC
& QA) of the manuscript was instructed by the corresponding authors
(Jianqing Zheng and Zhangzhu Chen). The review was prospectively
registered on PROSPERO (CRD42024562444).

2.2 Literature inclusion criteria

2.2.1 Study design

If possible, randomized controlled trials (RCTs) will be
preferred. In the absence of high-quality RCTs, well-designed
retrospective studies may also be considered for inclusion in the
final systematic review.

2.2.2 Study participants

(1) Study participants were BC patients diagnosed and
confirmed by pathology; (2) were diagnosed as BC patients with
sentinel lymph node micrometastasis (T0, T1 ~ 2NmiMO); (3) were
the patients who have not received any other pre-surgery treatments
in the past, including chemotherapy, targeted therapy, etc.

2.2.3 Interventions

(1) Interventions were conventional chemotherapy in the
control group. However, the chemotherapy regimen and
chemotherapy cycle were not limited. (2) Interventions were
PMRT in the experimental group, and other clinical treatments
were the same as those in the control group.

2.2.4 Outcomes

(1) The primary outcomes are overall survival (OS) and breast
cancer-specific survival (BCSS). (2) The secondary outcomes were
disease-free survival (DFS), local recurrence free survival (LRRFS)
and distant-metastasis free survival (DMFS).

2.3 Literature exclusion criteria

The exclusion criteria included: (1) Studies involving non-
clinical trials or single arm trials; (2) Research with incomplete
data or the relevant data could not be extracted. (3) Repeated
publications. If serial clinical studies had the most recent literature,
the most recent data were included in the analysis. (4) Studies
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involving patients that received any other pre-surgery treatments in
the past, such as chemotherapy, molecular targeted therapy, etc.

2.4 Search strategies

2.4.1 Database

A comprehensive literature search on the PubMed Database,
Embase Database, Web of science (WOS) database, Cochrane
Library, China Biomedical Literature Database (CBM), China
National Knowledge Database (CNKI), and Wanfang Database
were performed, covering all publications in these databases up to
February 1%, 2024. As examples, search strategies for PubMed and
Embase were listed in Supplementary Data Sheet 1.

2.4.2 Search terms

(1) Search terms related to disease were breast cancer, breast
neoplasm, breast carcinoma, breast tumor, etc. (2) Search terms
related to radiotherapy were radiotherapy, radiation therapy,
intensity modulated radiation therapy, three-dimensional conformal
radiation therapy, etc. (3) Other search terms related to disease status
included lymph node micrometastasis, localized lymph node
metastasis, etc.

2.4.3 Retrieval strategies

The subject terms with free words were applied to conduct a
preliminary retrieval of the literatures in the above database. After a
detailed screening of the literature, reviews, case reports, meta-
analysis and other types of literatures were filtered out by Endnote
software. Independent searches were conducted by 2 investigators
(Jianqing Zheng and Bifen Huang) in accordance with the above
search principles. 2 investigators (Ying Chen and Jianging Zheng)
further evaluated and confirmed the included studies. When there
was a disagreement, the third investigator (corresponding author)
will be consulted. Further manual and electronic database searches
were carried out through the reference lists attached to the eligible
articles. At the same time, search engines such as Google Scholar or
Baidu Scholar were used to find relevant literatures on the Internet,
and to trace the references that had been included in the literature,
in order to expand the scope of retrieval.

2.5 Literature extraction and quality
assessment

2.5.1 Literature extraction

Two independent researchers (Jianqing Zheng and Bifen
Huang) reviewed and evaluated the title and abstract of each trial
according to the determined search strategies, and the potentially
eligible articles that meet the selection criteria would be recruited.
After discussion in accordance with the inclusion criteria was
performed and a consensus was reached, a decision was made to
finally include or exclude the eligible articles. If a consensus couldn’t
be met, the corresponding author (Zhangzhu Chen) of this article
was responsible for the final ruling.
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2.5.2 Quality assessment

Two reviewers (Jianqing Zheng and Bifen Huang) were responsible
for independent literature quality evaluation, the database was
established, and the inconsistencies were discussed and resolved
through negotiation. RCTs were assessed according to the bias risk
assessment method recommended by the Cochrane Assistance
Network (22), while non- RCTs were assessed by the Newcastle-
Ottawa Scale (NOS) (23). The evaluation methodological criteria and
items for RCTs were as follows: (1) Generation of random allocation
sequence; (2) the method of allocation concealment; (3) the method of
blinding the patients; (4) the method of blinding the doctors or the
therapists; (5) the method of blinding the data collectors and analysis
personnel; (6) incomplete data reported; (7) selective reporting bias; (8)
other potential bias affecting authenticity. We evaluate the risk of bias
for each RCT according to the following criteria: “Yes” indicates a low
risk of bias; “No” indicates a high risk of bias; “Unclear” indicates that
the literature does not provide sufficient information for bias
assessment. The NOS is divided into 8 items with a full score of 9,
including selection of population (4 items with a total score of 4),
comparability between groups (1 item with a total score of 2), and
measurement of exposure factors (3 items with a total score of 3) (23).
The total score 0-4 for all NOS items was classified as low-quality
studies, and 6-7 as moderate-quality studies, and 8-9 as high-
quality studies.

During the literature search process, two reviewers (Jianqing
Zheng and Bifen Huang) were responsible for searching and
tracking the references of important literature if necessary.

2.6 Data extraction

After reading the full text, two researchers extracted and cross-
checked the data, including: (1) Basic information: such as title of the
trial, author’s name, year of publication, source of literature, and other
features; (2) Methodological information of the trial: Study design type,
the sample size of the study included, the basic information of the study
population, including the entry time and number of participants,
disease stages, etc; the evaluation method of important outcome
indicators; median follow-up duration, death and withdrawal, etc. (3)
Detailed information on intervention measures: detailed information
on radiation therapy, medication in the control group, etc. (4)
Outcome indicators: HR for all survival indicators with
corresponding 95% Cls and standard errors. Disagreements were
resolved by consensus.

2.7 Statistical analysis

For survival measures, HR and its corresponding 95% Cls were
used as the effect size. If HR and its 95% ClIs cannot be obtained directly
from the trials, they are extracted according to the method introduced
by Parmar et al. (24). Quantitative and comprehensive analysis was
performed using R-package meta. Chi-square test () test) was used to
determine whether there was heterogeneity within the study, and index
I*(range 0 ~ 100%) was used to measure the degree of heterogeneity.
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The I* index >50% or the P value <0.1 of the * test indicated
significant heterogeneity among studies. If there is no statistical
heterogeneity or low statistical heterogeneity, the fixed effects model
would be used for combine survival indicators. If not, a random effects
model would be used for meta-analysis. Publication bias was analyzed
by funnel plot. The source of heterogeneity was evaluated by sensitivity
analysis. P < 0.05 was considered statistically significant.

3 Results
3.1 Literature search results

283 literatures were initially retrieved from domestic and
foreign databases, among which 75 were identified as duplicates
and then removed. 177 literatures were removed after reading the
title and abstract of the literatures because of irrelevant features,
case reports, II stage clinical trials, etc. 21 literatures were excluded
from intervention measures or subjects did not conform to our
study purpose. So, 10 literatures were finally included (16, 25-33).
The literature screening process was shown in Figure 1.

All 10 studies were retrospective and no prospective randomized
controlled studies were available. The included studies were published
in English, with a median follow-up of 30 to 98 months. A total of
76905 patients were included. At the same time, publication year, the
grouping detail, total number of cases, outcome indicators, follow-up
time of the 10 literatures were summarized in Table 1.

3.2 Quality assessment of included studies

Methodological quality evaluation was carried out on the
included studies, and the scores of all studies were high, as shown
in Table 2.

3.3 Meta-analysis of overall survival

Among the included literatures, 8 trials had reported OS results
in terms of effect index HR (16, 25-30, 32). The result of
heterogeneity test was I? = 56%, and P = 0.02 with Q tests,
indicating that there is moderate heterogeneity among the
literatures included in this study. Therefore, a random effect
model was selected for meta-analysis. The results showed that the
combined effect size HR = 0.92, 95%CI: 0.81 ~ 1.04; Z = 1.35, P =
0.177, as shown in Figure 2A. The results indicated that PMRT did
not improve OS in patients with sentinel lymph node
micrometastasis who underwent mastectomy.

3.4 Meta-analysis of breast cancer-specific
survival

Among the included literatures, 3 trials had reported BCSS results
(29, 31, 33). The result of heterogeneity test was 2 = 0%, and P = 0.58
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FIGURE 1

Identification

Screening

Eligibility

Included

10.3389/fonc.2025.1489390

Relevant citations identified
from database initial searching
273)

(0=

Additional records identified
from other sources (n=10)

A 4

Records after duplicates
removed (n=208)

:{ Records duplicated (n=75) |

Records excluded (n=177)

(DIrrelevant articles(n= 165)
| (2)Case reports( n=2)

A 4

"| (3) I stage clinical trials (n=1)
(4) Single arm trials (n=3)

Full-text articles assessed for
eligibility (n=31)

(5) reviews, Meta(n=6)

Full-text articles excluded
based on the selection criteria

A\ 4

\ 4

(n=21)

Eligible articles

(n=10)

Included articles (n=10)

Trials selection flow chart of the meta-analysis.

TABLE 1 Basic features of included studies.

Author Sample size Non-PMRT Median Outcomes
Follow-Up

Chang (25) 2015 120 20 100 98 LRRES, DMFS,
DFS, OS

Eastwick (26) 2018 3242 NA NA NA oS

Picado (27) 2018 17051 NA NA 53 oS

Wu (28) 2018 14326 2651 11368 53.1 0s

Zhang (29) 2019 1571 254 1317 30 08, BCSS

Patel (30) 2020 5878 1202 4676 NA oS

Shi (31) 2020 4729 1062 3667 49 BCSS

Lim (32) 2021 92 31 61 60 DES, OS

Luo (33) 2022 2864 588 2276 53 BCSS

Luo (16) 2023 27032 14368 12664 NA oS

NA, Not available; LRRFS, local recurrence free survival; DMFS, distant-metastasis free survival; OS, overall survival; BCSS, breast cancer-specific survival; DFS, disease-free survival.
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TABLE 2 The Newcastle-Ottawa Scale (NOS) checklist of included studies.

Cohort selection Comparability Outcome ascertainment
Representativeness  Selection of = Ascertainment Demonstration Comparability Assessment \WEH Adequacy
of the Exposed the of Exposure that Outcome of  of Cases and  of Outcome FollowUp of Follow S
Cohort NonExposed Interest Was Not Controls on Long Up of COres
Cohort Present at Start the Basis of Enough for Cohorts

of Study the Design Outcomes

or Analysis to Occur
Chang (25) 2015 1 1 1 1 1 1 1 1 8
Eastwick (26) 2018 1 1 1 1 1 1 0 0 6
Picado (27) 2018 1 1 1 1 1 1 1 1 8
Wu (28) 2018 1 1 1 1 2 1 1 1 9
Zhang (29) 2019 1 1 1 1 1 1 1 1 8
Patel (30) 2020 1 1 1 1 1 1 0 1 7
Shi (31) 2020 1 1 1 1 1 1 1 1 8
Lim (32) 2021 1 1 1 1 1 1 1 1 8
Luo (33) 2022 1 1 1 1 2 1 1 1 9
Luo (16) 2023 1 1 1 1 2 1 1 1 9
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A Weight Weight
Study logHR SE(logHR) Hazard Ratio HR 95%-Cl (common) (random)
Chang 2015 -1.5141 0.7430 s — 022 [0.05;0.92] 0.2% 0.7%
Eastwick 2018 0.1044 0.0940 - 111 [0.92; 1.33] 9.5% 17.8%
Picado 2018 -0.0834 0.1023 “ir 0.92 [0.75;1.12] 8.0% 16.6%
Wu 2018 -0.2877 0.0841 - 0.75 [0.64;0.89] 11.8% 19.3%
Zhang 2019 0.1398 0.4186 e 1.15  [0.50; 2.58] 0.5% 21%
Patel 2020 0.0296 0.1034 - 1.03 [0.84; 1.26] 7.8% 16.4%
Lim 2021 -1.3093 1.3213 R e | E—— 0.27 [0.05; 8.88] 0.0% 0.2%
Luo 2023 -0.1054 0.0367 0.90 [0.84;0.97] 62.2% 26.8%
Common effect model 0.91 [0.86; 0.96] 100.0% .
Random effects model 0.92 [0.81;1.04] . 100.0%
—r 1T 1 1 11
0102 05 1 2 5 10
Heterogeneity: I1* = 56%, 1* = 0.0134, p = 0.02 Favours PMRT Favours non-PMRT
Test for overall effect (random effects): z = -1.35 (p = 0.1774)
B
Weight Weight
Study logHR SE(logHR) Hazard Ratio HR 95%-Cl (common) (random)
Zhang 2019 0.8020 0.7586 —H—— 223 [0.41;8.02] 2.3% 2.3%
Shi 2020 0.0953 0.1458 5 1.10  [0.83;1.47] 63.6% 63.6%
Luo 2022 0.2469 0.1993 1.28 [0.87;1.90] 34.1% 34.1%
Common effect model 1.18 [0.94; 1.48] 100.0% .
Random effects model 1.18 [0.94; 1.48] . 100.0%
0102 05 1 2 5 10
Heterogeneity: /2 = 0%, 7= 0, p = 0.58 Favours PMRT  Favours non-PMRT
Test for overall effect (random effects): z = 1.41 (p = 0.1596)
[
Weight Weight

Study logHR SE(logHR) Hazard Ratio HR 95%-Cl (common) (random)

Chang 2015 -0.7765 0.4181 —-"— 0.46 [0.20; 1.03] 82.5% 82.5%

Lim 2021 -0.5978 0.9088 —_— 0.55 [0.12;4.23] 17.5% 17.5%

Common effect model i 0.47 [0.23; 1.00] 100.0% .

Random effects model 0.47 [0.23; 1.00] 100.0%
LIS I D B R —

0102 05 1 2 5 10
Heterogeneity: P= 0%, = 0,p=0.86 Favours PMRT Favours non-PMRT
Test for overall effect (random effects): z = -1.96 (p = 0.0497)

Hazard Ratio HR 95%-Cl

'_—'_":':'_'_| 050 [0.11;2.26]

0102 05 1 2 5 10
Favours PMRT  Favours non-PMRT

Study logHR SE(logHR)

Chang 2015 -0.6931 0.7711

Study logHR SE(logHR) Hazard Ratio HR 95%-Cl

:;:': 054 [0.22;135]

0102 05 1 2 5 10
Favours PMRT  Favours non-PMRT

Chang 2015 -0.6162 0.4628

FIGURE 2

Meta-analysis results of different survival outcome. (A) overall survival, (B) breast cancer-specific survival, (C) disease-free survival, (D) local

recurrence free survival and (E) distant-metastasis free survival.

with Q tests, indicating that there is no heterogeneity among the
included trials. Therefore, a fixed effect model was selected for meta-
analysis. The results showed that the combined effect size HR = 1.18,
95%CI: 0.94 ~ 1.48; Z = 1.41, P =0.160, as shown in Figure 2B. The
results indicated that PMRT did not improve BCSS in patients with
sentinel lymph node micrometastasis who underwent mastectomy.
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3.5 Meta-analysis of disease-free survival

A total of 2 of the 10 included studies had reported the DFS
results (25, 32). The heterogeneity test showed that I* = 0% and
P=0.86, indicating that the included studies were of good
homogeneity, and the fixed effect model should be used. Meta-
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analysis effect size of DFS was HR = 0.47, 95%CI: 0.23 ~ 1.00; Z =
1.96, P =0.049, as shown in Figure 2C. The results indicated that
PMRT could improve DFS in patients with sentinel lymph node
micrometastasis who underwent mastectomy.

3.6 Meta-analysis of local recurrence free
survival and distant-metastasis free survival

Only 1 trial had reported the LRRES results (25). The effect size
of LRRFS was HR = 0.50, 95%CI: 0.11 ~ 2.26, P = 0.190, as shown in
Figure 2D. Only 1 trial had reported the DMFS results (25). The
effect size of DMFS was HR = 0.54, 95%CI: 0.22 ~ 1.35, P = 0.356, as
shown in Figure 2E.

3.7 Analysis for publication bias

The publication bias funnel plots for OS and BCSS were shown
in Figures 3A, B. The Egger’s test suggests that the funnel plots for
OS (t= 0.44, P=0.678) and BCSS (t= 2.73, P= 0.224) were basically
symmetric, indicating no publication bias. For DFS, LRRFS and
DMES, publication bias analysis was not possible due to the
insufficient number of included studies.

3.8 Sensitivity analysis of overall survival
and breast cancer-specific survival

The sensitivity analysis for OS and BCSS were shown in
Figures 4A, B. Regardless of OS or BCSS, the random exclusion
of the included literature did not significantly affect the meta-
analysis results, indicating that the results of the random effects
model in this study have high stability and reliability.

4 Discussion

With the innovative development of pathological diagnostic
techniques, sentinel lymph node micrometastases have been
detected in more and more breast cancers (34). Although it has
been proved that lymph node micrometastasis of breast cancer may
be associated with poor prognosis (35), there is a lack of high-
quality clinical evidence on whether these patients need to receive
local treatment after surgery (36). Compared with axillary lymph
node dissection, postoperative axillary radiotherapy can effectively
reduce the psychological trauma caused by the second operation
and the injury of axillary lymphedema (37). This has led to more
and more attempts to improve the prognosis of breast cancer
patients with lymph node micrometastases through postoperative
radiotherapy (38). However, as far as we know, there is no high-
quality evidence of large scale RCTs to support that PMRT can
obtain significant clinical benefits, which suggests that it is very
necessary to obtain high-quality research evidence through meta-
analysis. In our present systematic review, we pooled 10 published
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retrospective studies in a meta-analysis and found no survival
benefit from PMRT in breast cancer patients with lymph
node micrometastases. Although limited by the lack of access
to RCTs, our meta-analysis process is scientifically sound,
prompting us to further consider the value and rationality of
postoperative radiotherapy.

Previous clinical practice has shown that axillary lymph node
dissection (ALND) is a remedial treatment for early-stage sentinel
lymph node micrometastatic breast cancer (39). The rapid
development of intraoperative pathologic diagnostic techniques
also avoids the risk of a second operation. However, multiple
previous randomized controlled trials have shown that further
axillary lymph node dissection does not improve overall survival
of early-stage sentinel lymph node micrometastatic breast cancer, or
even reduce the rate of local recurrence and distant metastasis (39—
41). In the IBSCG-23-01 study, breast cancer patients with stage T1
and T2 and clinically inaccessible axillary sentinel lymph nodes
with one or more micrometastases were divided into ALND and
non-ALND groups, and after 10 years of follow-up, they were
showed no difference in axillary recurrence rate and DFS between
the two groups (39). A retrospective propensity matching study
based on the SEER database of the National Cancer Institute also
found that 427,131 patients with TxNImiMO0 breast cancer, who
were divided into ALND and non-ALND groups, also showed no
difference in overall survival between the two groups (12).
Therefore, based on the available evidence, breast cancer patients
with lymph node micrometastases are not suitable for further
axillary lymph node dissection.

As one of the most important non-surgical treatments to get
better local tumor control, PMRT is widely used in locally advanced
breast cancer or breast cancer with more than 3 lymph node
metastases. A large meta-analysis conducted by Early Breast
Cancer Trialists” Collaborative Group (EBCTCG) have shown that
in patients with pN+ disease, PMRT reduced the 10-year recurrence
risk from 63.7% to 42.5% (P<0.001) and the 15-year risk of breast
cancer death from 51.3% to 42.8% (P=0.01) (42). Postoperative
radiotherapy has higher economic benefits and less toxic effects than
secondary surgery, which is more significant in breast cancer
patients with lymph node macrometastases (43). For breast cancer
patients with 1-3 positive lymph nodes, another large meta-analysis
conducted by the EBCTCG, showed a significant improvement in
LRR rates among patients receiving PMRT (44). Most current RCTs
demonstrated a trend towards OS improvement, while only few
studies showed a statistically significant OS or BCSS benefit for
PMRT (44). However, there is still no uniform conclusion on
whether PMRT is necessary for breast cancer patients with lymph
node micrometastases (45). We performed the current review of the
literature that focuses on the effect of PMRT in breast cancer patients
with lymph node micrometastases, mainly examining several
important survival outcomes. As we found, only a trend towards
DEFS improvement was found in our meta-analysis, with HR = 0.47,
95%CI: 0.23 ~ 1.00; Z = 1.96, P =0.049. However, for other survival
outcomes, such as OS, BSCC, LRRFS, and DMFS, postoperative
radiotherapy did not confer any survival benefit. Although a small
number of studies found that postoperative radiotherapy improved
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Analysis of publication bias with bias funnel plots. (A) overall survival, (B) breast cancer-specific survival.

OS, the weight of these studies was low in the meta-analysis, and
sensitivity analysis showed that these studies did not change the final
conclusions (16, 25, 28).

It is worth noting that patients in study of Lim et al. were BC
receiving sentinel lymph node biopsy without axillary lymph node
dissection after lumpectomy, and about two-thirds of them did not
receive PMRT (32). However, they found that DFS and OS were not
significantly affected whether PMRT was applied. Lim et al.
concluded that PMRT should be avoided in these patients with

Frontiers in Oncology

sentinel lymph node micrometastases who underwent mastectomy
with or without axillary lymph node dissection (32). Long-term
follow-up data from Fitzsullivan et al. have showed no difference in
LRR among patients receiving SLNB alone, PMRT alone and both
ALND and PMRT (46). Therefore, more prospective studies are
needed to evaluate the need for PMRT in patients with sentinel
lymph node micrometastatic breast cancer.

Throughout the included studies, there are some potential
sources of heterogeneity that need to be explained. First, although
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most included studies have similar definitions of survival endpoints,
the follow-up time varies greatly among different studies. This may
result in differences in the observed endpoint events. Second, the
number and sample size of studies with different survival endpoints
vary greatly, leading to differences in the reliability of results for
different survival endpoints. Therefore, it is still necessary to
conduct prospective multicenter randomized controlled trials in
the future to confirm the application value of PMRT. Third, from a
clinical perspective, there is a relationship between axillary lymph
node micrometastasis and local recurrence. Therefore, the scope of
axillary lymph node dissection may significantly affect survival
outcomes. However, due to the limitations of these studies
included, we are unable to evaluate the impact of axillary lymph
node dissection scope on survival endpoints. Finally, the literature
included in this study has a wide range of publication years, which
means that there are significant differences in radiotherapy
techniques, and different radiotherapy techniques may have an
impact on the prognosis of cancer. Looking ahead, more
prospective studies are needed to further explore the value of
PMRT in BCLNMM. In addition, more innovative radiotherapy
techniques may bring smaller treatment side effects, improve
treatment accuracy, and have the potential to improve prognosis.
There are some limitations in our study that need to be
discussed. First of all, all the studies included in this study are
retrospective clinical studies. Therefore, bias associated with
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retrospective studies is unavoidable. Second, some of the studies
were based on SEER databases, which lacked specific available
treatment information, which had a certain impact on the
survival outcome of patients. Third, the follow-up time of
different studies varied greatly, and there may be heterogeneity in
the outcome evaluation of survival. Finally, LRRFS and DMFS were
only reported in one literature, so meta-analysis could not
be conducted.

5 Conclusion

In conclusion, despite the tendency of PMRT in BCLNMM to
improve DES, OS, BCSS, LRRFS, and DMFS showed no benefit,
therefore, PMRT should be used with caution in BCLNMM. In
high-risk populations, more prospective RCTs with long-term
follow-up are needed to provide better evidence to guide clinical
treatment of PMRT in BCLNMM.
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