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Abstract: Background: Current international guidelines recommend omitting axillary
lymph node dissection (ALND) based on sentinel lymph node biopsy (SLNB) in early-
stage breast cancer patients. However, the evolving landscape of axillary management
highlights the need to balance diagnostic accuracy with minimizing invasiveness. The
possibility of omitting SLNB itself should also be considered. Methods: In this study, we
have evaluated the feasibility of omitting SLNB in a total of 1044 clinically node-negative
(cN (−)) breast cancer patients whose SLN status was determined by histopathology and
one-step nucleic acid amplification (OSNA) after SLNB. We also analyzed SLN-positive
cases to explore the association between non-SLN (NSLN) metastatic status and various
biomarkers. We predicted the metastatic status of NSLNs based on patient data using a
nomogram and further assessed the prevalence of macro- and micro-metastatic SLN, along
with the NSLN status in SLNB cases. Results: Of the 644 cN (−) cases, approximately
70% of SLN-positive cases were NSLN negative, suggesting that ALND could be omitted.
SLN (+) was detected approximately 7% more often by OSNA than by histopathology,
suggesting that OSNA detection may be an overdiagnosis. Although NSLN-positive cases
represented only 5.9% of the 581 cN (−) cases and, therefore, ALND could be omitted, it
may be difficult to omit the SLNB itself as the SLN macro-metastasis was 12.5%. Biomarker
analysis showed a significant correlation between total tumor load and metastatic SLN
copy number with NSLN metastatic status. Based on these tumor characteristics, the
nomogram predicted NSLN-positive rates very well. Conclusions: Thus, omitting SLNB
itself carries the risk of missing high-frequency macro-metastatic SLN-positive cases and
losing important SLN-related information that can predict NSLN metastases. Therefore,
SLNB, which provides not only SLN status but also NSLN metastases, is necessary for
reassurance in omitting ALND.

Keywords: axillary lymph node dissection; breast cancer; non-sentinel lymph node; sentinel
lymph node; sentinel lymph node biopsy

1. Introduction
The current standard of care for malignant disease emphasizes minimally invasive

procedures, a trend that has also extended to the management of early-stage breast can-
cer [1]. Traditionally, axillary lymph node dissection (ALND) has played a pivotal role in
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achieving axillary control and predicting prognosis in breast cancer patients [2]. However,
in recent years, there has been a shift toward the de-escalation of axillary surgery. Sentinel
lymph node biopsy (SLNB) has become the standard approach, with studies such as the
International Breast Cancer Study Group Study 23-01 (IBCSG 23-01) and the American
College of Surgeons Oncology Group Z0011 (ACOSOG Z0011) showing no significant
differences in recurrence or overall survival when ALND is omitted based on SLNB find-
ings [3–6]. More recently, the SENOMAC (omission of axillary lymph node dissection in
SENtinel NOde MICrometases) clinical trial demonstrated the complete safety of omitting
ALND in clinically node-negative (cN (−)) breast cancer patients with sentinel lymph node
(SLN) macro-metastases who received postoperative adjuvant therapy [7]. Nevertheless,
concerns remain regarding the potential for overtreatment, as a high proportion of non-SLN
(NSLN)-negative cases have been observed in patients undergoing ALND based on SLNB
results in cN (−) cases [8–10]. There is ongoing debate as to whether SLNB itself, as the
least invasive form of axillary surgery, can be omitted altogether [11–13]. However, the
safety of omitting SLNB in all cN (−) cases remains to be established. The number of
pathologically positive lymph nodes (pN (+)) remains a critical prognostic factor in breast
cancer management, emphasizing the importance of accurate diagnosis and appropriate
axillary management.

In this study, we evaluated the safety of omitting ALND, a procedure commonly
performed in cN (−) breast cancer patients diagnosed as SLN positive by SLNB. In addition,
we evaluated the feasibility of omitting SLNB altogether. We also analyzed SLN-positive
cases to investigate the correlation between the metastatic status of NSLNs and various
biomarkers. We predicted the metastatic status of NSLNs based on patient data using
a nomogram and further evaluated the prevalence of macro- and micro-metastatic SLN
and the NSLN status in SLNB cases. The present results suggest that it is premature to
advocate omitting SLNB in all patients with cN (−) early-stage breast cancer. Rather, the
SLN status determined by SLNB can predict NSLN metastases, providing more reassurance
to omit ALND.

2. Materials and Methods
2.1. Patient Characteristics

This retrospective analysis included the clinicopathological data of a total of
1044 cN (−) breast cancer patients whose SLN status was assessed by both histopathol-
ogy and one-step nucleic acid amplification (OSNA) between July 2006 and December
2019 (Table 1). The transition from histopathological methods to OSNA took place in
April 2012 in our hospital. Patients who had received neoadjuvant chemotherapy (NAC)
or had metastatic breast cancer were excluded from the study. All patients underwent
axillary node assessment by ultrasound imaging, computed tomography (CT) scan, and 18F-
fluorodeoxyglucose positron emission tomography/CT (18FDG-PET/CT) scan to confirm
their cN (−) status. The indication criteria for SLNB were comprehensively determined by
these results, and particular emphasis was placed on SUVmax ≥ 2 by PET/CT. Regarding
the criteria for ALND, all SLN-positive cases were dissected until 2014, as the patholog-
ical method did not distinguish between micro-metastases and macro-metastases. After
the OSNA method made it possible to distinguish between them, only macro-metastases
were dissected. All cases in the study were performed by an identical team of one or two
breast surgeons, diagnostic imaging physicians, and pathologists using SLNB and OSNA
techniques at a single institution throughout the study period. The method used to select
cases for inclusion in the study was also identical and remained unchanged throughout
the study. This study was conducted in accordance with the Declaration of Helsinki and
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approved by the Institutional Review Board of Double-Barred Cross Hospital on 29 July
2024 with approval number 24012.

Table 1. SLNB-performed patient information and tumor characteristics. 463 cN (−) patients who
underwent SLNB using the histological method between July 2006 and March 2012 and 581 cN (−)
cases who underwent SLNB using the OSNA method between April 2012 and December 2019 were
compared.

Histological
Method OSNA Method

Characteristics
SLNB (+) SLNB (+)

SLN (+)
Micro-

Metastasis

SLN (+)
ALND-

Performed

NAC (−)
Metastasis

(−)

Period
July 2006

~
March 2012

April 2012
~

December 2014

April 2012
~

December 2014

April 2012
~

December 2016

April 2012
~

December 2019

Total patient number n = 463 n = 181 n = 21 n = 69 n = 581

Age (Mean ± SD) 61.6 ± 12.7 62.2 ± 13.9 64.5 ± 12.3 62.0 ± 14.0 63.2 ± 13.0

Patient number, n, and % n % n % n % n % n %

Male 4 0.9 0 0 0 0 0 0 1 0.2
Gender

Female 459 99.1 181 100 21 100 69 100 580 99.8

Tis 40 8.6 15 8.3 0 0 1 1.4 65 11.2

T1 270 58.3 117 64.6 11 52.4 42 60.9 392 67.5

T2 131 28.3 44 24.3 9 42.9 23 33.3 111 19.1

T3 10 2.2 3 1.7 1 4.8 3 4.3 16 2.8

T4 9 1.9 1 0.6 0 0 0 0 1 0.2

Tumor stage

Missing data 3 0.6 1 0.6 0 0 0 0 6 1.0

Grade 1 173 37.4 83 45.9 10 47.6 43 62.3 377 64.9

Grade 2 104 22.5 48 26.5 6 28.6 11 15.9 100 17.2

Grade 3 145 31.3 47 26.0 5 23.8 15 21.7 95 16.4
Nottingham histo-
logic grade

Missing data 41 8.9 3 1.7 0 0 0 0 9 1.5

ER (+),
HER2 (−) 242 52.3 84 46.4 11 52.4 29 42.0 165 28.4

ER (+),
HER2 (+) 129 27.9 67 37.0 7 33.3 33 47.8 325 55.9

ER (−),
HER2 (+) 49 10.6 18 9.9 2 9.5 6 8.7 62 10.7

ER (−),
HER2 (−) 33 7.1 11 6.1 1 4.8 1 1.4 29 5.0

Tumor subtype

Missing data 10 2.2 1 0.6 0 0 0 0 0 0

Mastectomy 192 41.5 95 52.5 14 66.7 52 75.4 363 62.5
Type of breast
surgery Breast-conserving

surgery 271 58.5 86 47.5 7 33.3 17 24.6 218 37.5

2.2. Histopathological Assessment

The metastatic status of SLNs was determined by histopathological methods. Excised
SLNs were fixed in formalin, embedded in paraffin, sectioned at 2 mm intervals, stained
with hematoxylin and eosin, and examined microscopically by a pathologist. Metastases
were identified in each section. Isolated tumor cells (ITCs) were defined as instances of
cancer cell infiltration into lymph nodes within 0.2 mm and were not considered metastases
in this study.

2.3. Assessment by OSNA

The metastatic status of excised SLNs was also determined by the OSNA tech-
nique using the RD-100i system (Sysmex, Kobe, Japan) [14]. OSNA determined the
metastatic status based on CK19 mRNA copy number, with results categorized as negative
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(<2.5 × 102 copies/µL), 1 + (micro-metastasis: 2.5 × 102/µL to 5.0 × 103 copies/µL), or
2 + (macro-metastasis: ≥5.0 × 103 copies/µL). Total tumor load was defined as the total of
CK19 mRNA copy numbers of each positive SLN [15]. Although it is difficult to distinguish
between macro- and micro-metastases using pathological methods, the OSNA method can
clearly distinguish between them with a cut-off value of 5.0 × 103 copies/µL. Since ITCs
are often detected as micro-metastases, the OSNA method can discriminate the diagnosis
of ITCs with a cut-off value of 2.5 × 102 copies/µL. No treatment was given for ITC.

2.4. Prediction by Shimazu’s Nomogram

NSLN metastasis was predicted by Shimazu’s nomogram using total tumor load
obtained by OSNA and tumor size as described previously [16]. Ninety-eight cases under-
going ALND of 117 SLN-positive cases from April 2012 to December 2019 were examined
using Shimazu’s nomogram of NSLN-positive rate with actual rate, excluding 19 cases in
which ALND was not performed due to micro-metastases.

2.5. Statistical Analysis

Statistical analysis was performed with the SPSS software (version 29, SPSS Inc.,
Chicago, IL, USA). The Mann–Whitney U test was used to compare differences between
two independent groups when the dependent variable was either ordinal or continuous,
but not normally distributed. The threshold for statistical significance was set at p < 0.05,
ensuring rigorous interpretation of the results and identification of key variables influencing
the metastatic status of sentinel lymph nodes.

3. Results
3.1. A Considerable Number of SLN-Positive Cases May Not Require ALND and OSNA Detection
May Be an Overdiagnosis

Between July 2006 and March 2012, 463 cN (−) breast cancer patients who underwent
mastectomy or breast-conserving surgery were assessed for SLN status by histopathological
examination (Table 1). Of these, 82 (17.7%) patients were identified as SLN positive and
subsequently underwent ALND. Within this group, approximately 56 (68.3%) patients were
found to have negative NSLN status (Figure 1A). An additional 181 cN (−) patients who
underwent mastectomy or breast-conserving surgery between April 2012 and December
2014 were assessed for SLN status using OSNA (Table 1). Of these, 45 patients (24.9%)
were identified as SLN positive and underwent ALND, with approximately 34 (75.6%)
patients having negative NSLN status (Figure 1B). This finding indicates that approximately
70% of SLN-positive cases that were NSLN negative underwent ALND, suggesting that a
considerable number of SLN-positive cases may not require ALND.

Among all cN (−) cases, the SLN-positive rates varied, with 17.7% by histopathological
examination and 24.9% by OSNA evaluation, reflecting a discrepancy of approximately 7%
(Figure 1A,B). Thus, SLN (+) cases who underwent ALND were approximately 7% more
often detected by OSNA than by histopathology, suggesting that OSNA detection may be
an overdiagnosis. Therefore, additional information is required to increase confidence in
omitting ALND. Although there are certainly some differences in background (Table 1), the
subjects in this study are all cN (−), and it is important to compare pathological SLNB and
SLNB by OSNA under the same criteria, partly because of the gradual spread of OSNA
over time.
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OSNA (Table 1). Red dotted lines indicate that the population is the same between two columns. 
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in all cN (−) breast cancer patients. Among 742 breast cancer patients evaluated between 
April 2012 and December 2019, 117 (20.1%) were SLN positive in a subset of 581 cN (−) cases 
evaluated by SLNB, excluding those who had received NAC or had metastatic breast cancer 
(Figure 2 and Figure 3A–C). 

Analysis of the 117 SLN-positive cases identified by SLNB revealed that 98 cases 
(83.8%) proceeded to ALND based on the diagnosis of micro- and macro-metastatic SLN-
positive status (Figure 3D,E). Of these, 34 cases (34.7%) were found to be NSLN positive. 
Notably, these 34 NSLN-positive cases represented only 5.9% of the 581 cases in which 
SLNB was performed (Figure 3F,G), meaning that over 90% of all cases can be locally con-
trolled by performing SLNB alone, and, therefore, ALND could be omitted. 

Moreover, of these SLN-positive cases, 44 (37.6%) were micro-metastatic SLN positive, 
and 73 (62.4%) were macro-metastatic SLN positive (Figure 3C). Notably, these 73 macro-met-
astatic SLN-positive cases represented 12.5% of the total 581 cN (−) cases (Figure 3B). Thus, if 
SLNBs were not performed in cN (−) cases, approximately 20% of pN (+) and 12.5% of macro-
metastases would be preserved, and, therefore, it may be difficult to omit the SLNB itself. 

Figure 1. A considerable number of SLN-positive cases may not require ALND and OSNA detec-
tion may be an overdiagnosis. (A) Between July 2006 and March 2012, 463 cN (−) breast cancer
patients who underwent mastectomy or breast-conserving surgery were assessed for SLN status
by histopathological examination (Table 1). (B) An additional 181 cN (−) patients who underwent
mastectomy or breast-conserving surgery between April 2012 and December 2014 were assessed for
SLN status using OSNA (Table 1). Red dotted lines indicate that the population is the same between
two columns.

3.2. Importance of SLNB in Axillary Management

We next analyzed the prevalence of macro-metastatic SLN positivity in patients un-
dergoing SLNB, as well as the rate of NSLN positivity, to assess the feasibility of omitting
SLNB in all cN (−) breast cancer patients. Among 742 breast cancer patients evaluated
between April 2012 and December 2019, 117 (20.1%) were SLN positive in a subset of
581 cN (−) cases evaluated by SLNB, excluding those who had received NAC or had
metastatic breast cancer (Figures 2 and 3A–C).

Analysis of the 117 SLN-positive cases identified by SLNB revealed that 98 cases
(83.8%) proceeded to ALND based on the diagnosis of micro- and macro-metastatic SLN-
positive status (Figure 3D,E). Of these, 34 cases (34.7%) were found to be NSLN positive.
Notably, these 34 NSLN-positive cases represented only 5.9% of the 581 cases in which
SLNB was performed (Figure 3F,G), meaning that over 90% of all cases can be locally
controlled by performing SLNB alone, and, therefore, ALND could be omitted.

Moreover, of these SLN-positive cases, 44 (37.6%) were micro-metastatic SLN positive,
and 73 (62.4%) were macro-metastatic SLN positive (Figure 3C). Notably, these 73 macro-
metastatic SLN-positive cases represented 12.5% of the total 581 cN (−) cases (Figure 3B).
Thus, if SLNBs were not performed in cN (−) cases, approximately 20% of pN (+) and
12.5% of macro-metastases would be preserved, and, therefore, it may be difficult to omit
the SLNB itself.
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Figure 2. Flow of patients through treatments and number of patients studied and their distribution. 
Among 742 breast cancer patients evaluated between April 2012 and December 2019, 117 (20.1%) were 
SLN positive in a subset of 581 cN (−) cases evaluated by SLNB, excluding those who had received 
NAC or had metastatic breast cancer. 
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Figure 2. Flow of patients through treatments and number of patients studied and their distribution.
Among 742 breast cancer patients evaluated between April 2012 and December 2019, 117 (20.1%)
were SLN positive in a subset of 581 cN (−) cases evaluated by SLNB, excluding those who had
received NAC or had metastatic breast cancer.
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Figure 3. Importance of SLNB in axillary management. The SLN status in 581 cN (−) cases who
underwent SLNB with OSNA from April 2012 to December 2019 (A) and the distribution of macro-
and micro-metastases in 117 SLN-positive cases (B) are shown. Of 581 cN (−) cases, 117 (20.1%) were
SLN positive (A), with 44 cases (37.6%) classified as micro-metastatic SLN positive and 73 cases (62.4%)
as macro-metastatic SLN positive (B,C). Of the 117 SLN-positive cases, 98 cases underwent ALND
(D,E), and 34 cases (34.7%) were found to be NSLN positive (F). NSLN-positive cases represented
only 5.9% of the total 581 cN (−) cases (G). Red dotted lines indicate that the population is the same
between two columns.
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3.3. Correlation of NSLN Metastasis Status with Tumor Characteristics

We further investigated the potential for omitting ALND in a subset of patients initially
diagnosed as SLN positive by OSNA. The analysis focused on identifying cases within
this group where ALND may be unnecessary. To accomplish this, we performed a com-
prehensive correlation analysis between NSLN metastatic status and various biomarkers.
We investigated the relationship between NSLN metastatic status and biomarkers, such
as estrogen receptor (ER), progesterone receptor (PgR), human epidermal growth factor
receptor type 2 (HER2), vascular invasion, lymphatic invasion, nuclear grade, ki-67, tumor
size (T-factor), histological type, patient age, the maximum copy number of metastatic
SLNs, total tumor load and SLN metastasis, as determined by OSNA.

Among the 45 SLN-positive cases analyzed between April 2012 and December 2014,
no significant correlations were found between NSLN metastasis status and individual
factors. However, when focusing on 21 cases with micro-metastatic SLN-positive status,
a significant correlation between tumor size and NSLN metastasis status was observed
(Table 2). This finding suggests that it may be possible to omit ALND in cN (−) cases with
micro-SLN-positive status and a primary tumor diameter of less than 2 cm. Originally,
181 SLNB cases were included in this study, partly because micro-metastases were rare in
SLNB cases. The reason why the number of cases has not increased from 21 since then is
that it has become standard practice not to dissect cases with micro-metastases. However,
the study of these 21 cases suggests that the presence or absence of NSLN metastases is
related to the tumor volume of the cancer cells rather than to the nature of the cancer cells,
such as biomarkers, and this has implications for the subsequent Shimazu’s nomogram.

Table 2. Tumor size is a potential determinant of NSLN metastasis in SLN micro-metastasis-positive
cases. Characteristics of tumors, including biomarkers (ER, PgR and HER2), nuclear grade, Ki-67,
subtype, tumor size, histological type, age, lymphatic invasion, vascular invasion, and total tumor
load were compared with NSLN metastatic status in 21 SLN micro-metastasis-positive cases between
April 2012 and December 2014. Of 181 cN (−) cases, 45 SLN-positive cases underwent ALND,
including 21 SLN micro-metastasis-positive cases. p-values were determined by the Mann–Whitney
U test. * p < 0.05.

n

NSLNCharacteristics

(+) (−)

p-Value

(+) 2 16
ER

(−) 1 2
0.546

(+) 1 12
PgR

(−) 2 6
0.366

(+) 1 3
HER2

(−) 2 15
0.651

1 1 9

2 0 6Nuclear grade

3 2 3

0.291

≤10% 2 10

10~30% 1 5

0.651

Ki-67
≥30% 0 3
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Table 2. Cont.

n

NSLNCharacteristics

(+) (−)

p-Value

Luminal A 1 12

Luminal B 2 2

Luminal
B/HER2 0 2

HER2 0 1

0.615Subtype

Triple negative 0 1

1 0 11

2 2 7
Tumor size

3 1 0

0.044 *

Tubular 0 9

Solid 1 3

Scirrhous 1 4
Histological type

Others 1 1

0.159

<50 0 2

50~70 1 12Age

>70 2 4

0.315

(+) 3 12
Lymphatic invasion

(−) 0 6
0.366

(+) 3 5
Vascular invasion

(−) 0 13
0.050

<1000 1 11

1000~2500 2 5Total tumor load
2500~5000 0 2

0.580

Furthermore, after expanding the cohort to 69 SLN-positive cases from April 2012 to
December 2016, including macro-metastatic SLN-positive cases, total tumor load, maxi-
mum copy number of metastatic SLN, and SLN metastasis emerged as significant factors
associated with NSLN metastasis status (Table 3). This analysis highlights the importance
of these factors in predicting NSLN metastatic status within this cohort. These results
suggest that tumor size and the degree of SLN metastasis (referred to as “tumor pressure”)
may have a greater influence on NSLN metastasis than the biological characteristics of the
tumor, such as biomarker status.
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Table 3. Maximum copy number of metastatic SLNs, total tumor load, and SLN metastasis are
potential determinants of NSLN metastasis in SLN-positive cases. Tumor characteristics, including
biomarkers (ER, PgR and HER2), vascular invasion, lymphatic invasion, nuclear grade, Ki-67, tumor
size, maximum copy number of metastatic SLNs, total tumor load, and SLN metastasis were compared
with NSLN metastatic status in 69 SLN-positive cases undergoing ALND, between April 2012 and
December 2016. p -values were determined by the Mann–Whitney U test. * p < 0.05, ** p < 0.01.

n

NSLNCharacteristics

(+) (−)

p-Value

(+) 18 43
ER

(−) 3 4
0.472

(+) 15 34
PgR

(−) 4 9
0.991

(+) 4 6
HER2

(−) 16 40
0.472

(+) 7 10
Vascular invasion

(−) 15 36
0.373

(+) 15 23
Lymphatic invasion

(−) 7 22
0.189

1 10 32

2 4 7Nuclear grade

3 7 8

0.093

≤10% 7 17

10%~30% 8 20Ki-67

≥30% 6 10

0.629

is 0 1

1 11 31

2 8 15
Tumor size

3 3 0

0.069

<1 × 104 6 28

~2 × 104 1 5

~4 × 104 2 3

~10 × 104 3 5

Maximum copy
number of metastatic
SLN (cps/µL)

>10 × 104 10 6

0.002 **

<1 × 104 6 26

~2 × 104 1 5

~4 × 104 2 5

~10 × 104 3 5
Total tumor load

>10 × 104 10 6

0.004 **

Micro 4 21
SLN metastasis

Macro 18 26
0.034 *
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3.4. Prediction of NSLN Metastatic Status from Tumor Characteristics Using
Shimazu’s Nomograms

To assess the predictive ability of NSLN metastases from SLN status, we finally used
Shimazu’s nomograms, which were calculated based on preoperative and intraoperative
factors [16]. We predicted NSLN metastatic status based on tumor characteristics, such as
total tumor load and primary tumor diameter, in 98 cases, excluding 19 non-ALND cases
with micro-metastatic SLN-positive status out of 117 SLN-positive cases in 581 cN (−) cases
from April 2012 to December 2019 (Figure 2). The 19 cases were excluded because it has
become standard practice to omit dissection for micro-metastases. Notably, the predicted
values correlated well with the actual results (Figure 4), supporting the importance of SLN
information to predict NSLN metastasis status. Thus, the metastatic status of NSLNs can
be predicted from the SLN information, such as tumor size and extent of SLN metastasis
obtained by SLNB, further demonstrating the importance of SLNB in axillary management.
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Figure 4. Prediction of NSLN metastasis status by SLN information using the Shimazu’s nomogram.
After the introduction of OSNA, 98 of 117 SLN-positive cases from April 2012 to December 2019 were
evaluated by Shimazu’s nomogram, which used the total tumor load and primary tumor diameter,
to compare the NSLN-positive rate with the actual rate, excluding 19 cases in which ALND was
not performed due to micro-metastases. A dotted square indicates the predicted range. In the
ALND group of the ACOSOG Z0011 clinical trial, 27.3% of patients were reported to have additional
metastases in non-SLNs removed by ALND [6].

4. Discussion
In recent years, breast cancer treatment has increasingly focused on minimizing in-

vasiveness while optimizing patient outcomes. A key component of this shift is the de-
escalation of ALND and the adoption of SLNB as a critical diagnostic tool in cN (−) breast
cancer cases [17,18]. The historical importance of ALND in breast cancer staging and
prognosis is well documented. However, several clinical trials have shown that omitting
ALND based on SLNB results does not compromise overall survival or increase recurrence
rates [4,5,19–21]. This paradigm shift is consistent with the broader trend toward less
invasive approaches to breast cancer treatment, including the potential omission of SLNB
itself [11–13].

In this study, we reassessed the validity of omitting ALND based on SLNB findings in
cN (−) patients. Current international consensus guidelines recommend omitting ALND
in cN (−) cases with SLN-positive findings detected by SLNB. Our analysis showed that if
cN (−) cases with micro-SLN-positive findings who did not undergo ALND were assumed
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to be NSLN-negative cases, the number of NSLN-positive cases was only 5.9% of all cN (−)
cases, a very small proportion (Figure 3). Considering the axillary recurrence rate of a few
percent, as reported in the National Surgical Adjuvant Breast and Bowel Project (NSABP)
B-04 trial, the addition of postoperative treatments, such as radiation, reduces concerns
about clinical outcomes [21]. These findings reaffirm the validity of omitting ALND in
SLN-positive cases. We investigated whether differences in SLNB results obtained by
pathological examination and OSNA in cN (−) patients could lead to unnecessary ALND.
Our study found a higher rate of NSLN-negative cases when using OSNA-based SLNB
compared to pathology-based SLNB (Figure 1). This suggests that micro-metastases may
be missed by pathological examination using 2 mm interval sections, whereas OSNA-based
SLNB can detect these micro-metastases, thereby increasing the number of SLN-positive
cases and, consequently, the number of cases in which ALND is performed. This, in
turn, increases the relative NSLN-negative rate. Thus, OSNA-based SLNB may lead to
overtreatment. To mitigate this, we analyzed whether it is possible to predict NSLN
metastasis in cases diagnosed as SLN positive by OSNA. Our analysis identified potential
determinants of NSLN metastasis in SLN-positive cases, including tumor size, total tumor
load, maximum copy number of metastatic SLNs, and SLN metastasis (Tables 2 and 3). This
suggests the potential feasibility of predicting NSLN metastasis based on SLN information
(Figure 4).

Regarding the economic impact of SLNB alone compared to traditional ALND, tradi-
tional ALND is considered a burden in terms of both healthcare costs and patient quality
of life, with longer operation times, longer hospital stays and the risk of postoperative
complications (lymphedema, reduced mobility, etc.). With the introduction of OSNA, the
detection of SLN metastases, especially micro-metastases, is more sensitive than conven-
tional tissue diagnosis, but the high sensitivity of this method is considered overdiagnostic
due to the risk of overtreatment, including an increased false-positive rate and unnecessary
ALNDs. This study highlights the possibility of avoiding further unnecessary ALNDs,
thereby increasing their economic benefit, if NSLN-negative results can be assessed.

While this study suggests that SLNB is critical for assessing not only SLN status
but also the presence of NSLN metastases, there are several limitations that need to be
acknowledged and addressed in future research. First, this is a retrospective study, and
therefore, bias due to differences in post-operative treatment and other factors may be
introduced into the study. Secondly, because we started to introduce OSNA in our institu-
tion in line with the worldwide introduction of OSNA, the timing of SLNB determination
by the pathological diagnosis method and the OSNA method was different and had to
be divided into two periods. As a result, the method of presenting the results became
complicated and the homogeneity of the sample may have been affected. Thirdly, the
present data were evaluated only by the univariate analysis (Mann–Whitney U test) and
not by the multivariate analysis. In addition, we do not have comparative data on the
long-term prognosis between OSNA and pathological methods; however, we believe that
the OSNA method does not have a worse prognosis than the pathological method, as it
results in more axillary dissections being indicated. Furthermore, the correlation with
postoperative adjuvant therapies, such as adjuvant chemotherapy and radiotherapy, which
are indeed important factors in the risk of recurrence and the safety of omitting ALND,
was not addressed.

The various nomograms using the extent of lymph node metastasis and primary tumor
diameter successfully predict NSLN metastatic status and serve as useful tools for clinical
decision making [22,23]. Unlike other predictive tools that incorporate postoperative
pathological factors, our study used Shimazu’s nomogram [16]. In SLNB-positive patients,
intra-operative prediction of NSLN metastatic risk using Shimazu’s nomograms allows
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determination of metastatic risk and rapid intra-operative treatment decisions. Although
our predicted values were slightly lower than the actual values, setting the cut-off in the
nomogram at 30% and performing ALND on cases with a predicted value of 30% or higher
would leave 19 (3.3%) NSLN-positive cases untreated (Figure 4). Lowering the cut-off
to 10% and performing ALND on cases with a predicted value of 10% or higher would
reduce the number of untreated NSLN-positive cases to just one (0.2%). This suggests
that lowering the cut-off may increase the sensitivity of the nomogram, thereby reducing
the number of missed NSLN-positive cases. However, it also implies that the number of
patients undergoing unnecessary ALND may increase, highlighting the importance of a
balanced approach when setting the cut-off. The integration of such predictive models
into clinical practice could improve the safety and effectiveness of omitting ALND in cases
diagnosed as SLN positive by OSNA. Thus, a low cut-off threshold increases the number of
patients who can avoid ALND and reduces complications (e.g., lymphedema), but increases
the risk of missing NSLN metastases. A higher threshold also results in a lower risk of
recurrence, but also increases the number of patients for whom ALND is unnecessary.
Thus, although some usefulness of the nomogram has been demonstrated, its practical
application, including cut-off values in real-world clinical practice, is considered to be an
issue for the future.

Based on these results, we further investigated the feasibility of omitting SLNB in all
cN (−) breast cancer patients. Recent studies have focused on omitting axillary surgery,
including SLNB, in specific subgroups of breast cancer patients. For example, the SOUND
trial investigated the feasibility of omitting SLNB in postmenopausal hormone receptor
positive, HER2-negative breast cancer patients eligible for breast-conserving surgery with a
negative preoperative axillary ultrasound and found no adverse effect on 5-year distant
disease-free survival [24,25]. Similarly, the Society of Surgical Oncology recommends
against routine SLNB in cN (−), HR-positive and HER2-negative breast cancer patients aged
70 years or older [26] (https://www.choosingwisely.org/). However, a direct comparison
of outcomes between patients with and without SLNB in a broader population is lacking.
Our data showed that omitting SLNB in 581 cN (−) cases would result in 117 pN (+) cases
(20.1%), including 73 macro-SLN-positive cases, representing 12.5% of cN (−) cases among
all cN (−) cases (Figure 3). This finding implies that omitting SLNB in all cN (−) cases
could result in a significant number of undetected macro-metastatic SLN-positive cases,
highlighting the critical role of SLNB in axillary management. Comparing the results of the
SOUND trial with our data, the proportion of NSLN-positive cases among SLN-positive
cases was similar (3.9% in SOUND vs. 5.9% in our study), and the proportion of pN-positive
cases was almost identical (22.7% in SOUND vs. 20.1% in our study) (Figure 3). Notably,
these pN (+) rates exceed the previously accepted false-negative rate of 10% for SLNB [27]
and are outside acceptable criteria.

Therefore, while omission of SLNB may be feasible in select cases, it is premature to
consider omission of SLNB in all cN (−) cases at this time. Recent advances in axillary
management highlight the need to balance diagnostic accuracy with minimizing patient
invasiveness to achieve favorable outcomes. Clinical trials, such as the SENOMAC trial,
provide evidence to support omitting ALND based on SLNB findings [7], while trials,
such as the SOUND trial, validate omitting SLNB in certain patient groups [24,25]. Recent
studies and guidelines have thus highlighted the option of omitting SLNB in clinically node-
negative (cN (−)) patients. However, the actual cases in which it can be omitted are limited
to those with a primary tumor diameter of 2 cm or less or other indications. Therefore,
SLNB is considered essential at this stage of axillary assessment, as it allows a more
accurate assessment of NSLNs and is particularly useful in detecting macro-metastases.
Consistent with this study, a recent report of a sub-analysis of the randomized SINODAR-
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ONE clinical trial showed that in patients with T1–2 breast cancer and one to two macro-
metastatic SLNs treated with total mastectomy, the overall survival and recurrence rates
of patients treated with SLNB alone were not inferior to those treated with ALND [28].
As post-operative radiotherapy is omitted in the case of total mastectomy, the usefulness
of NSLN prediction by SLNB will become clearer. However, the analysis presented here
highlights the complexities and nuances involved in making decisions about axillary
management. The ultimate aim of our study is not to debate the pros and cons of omitting
SLNB. Rather, our focus is to assess the diagnostic accuracy of SLNB and the role of OSNA
in the assessment of macro-metastases. Although the active omission of SLNB is an area
of current debate, SLNB remains an important tool in clinical practice, even in cN (−)
cases with a risk of macro-metastases. Our findings reinforce the importance of SLNB
in providing both absolute reassurance and predictive information in the diagnosis of
non-SLN metastases.

5. Conclusions
In conclusion, given that approximately 20% of metastatic axillary lymph nodes

remain undetected in the cN (−) case group in this study, and that critical information
influencing NSLN metastasis predictors cannot be obtained without SLNB, it is premature
to universally omit SLNB in all patients. We propose to adopt more advanced approaches
to predict NSLN metastasis based on SLNB data, focusing in particular on total tumor
load and maximum copy number of metastatic SLNs detected by OSNA. In the future,
improving predictive tools and imaging diagnostics for axillary lymph node metastasis will
be essential for integrating these emerging technologies and refining axillary management
strategies to ensure optimal outcomes for breast cancer patients.
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Abbreviations
The following abbreviations are used in this manuscript:

ALND Axillary lymph node dissection

CT Computed tomography

cN (−) Clinically node negative

ER Estrogen receptor

HER2 Human epidermal growth factor receptor type 2

ITC Isolated tumor cell

NAC Neoadjuvant chemotherapy

NSLN Non-sentinel lymph node

OSNA One-step nucleic acid amplification

pN (+) Pathologically positive lymph node

PgR Progesterone receptor

SLN Sentinel lymph node

SLNB Sentinel lymph node biopsy
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