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Establishing an accurate prognosis for women diagnosed with breast cancer (BC) is extremely challenging. Axillary lymph node
(ALN) evaluation is considered of major prognostic value.Te one-step nucleic acid amplifcation (OSNA) assay is currently used
for assessing axillary sentinel lymph node (SLN) status in BC. Additionally, total tumor load (TTL) may help predict further
metastatic axillary involvement beyond the SLN.Te prognostic value of primary BC location remains controversial due to lack of
consensus on the biological diferences among tumors at various sites. Evidence suggests that tumors in the internal quadrants
(INLs) have worse prognosis compared to those in the external quadrants. Furthermore, ALN involvement is believed to be
mainly associated with external quadrant tumors, mainly due to the lymphatic drainage system of the breast. Tis pilot ob-
servational study, despite lacking a control group and having a relatively small sample size, is the frst to evaluate the potential
relationship between primary BC location and ALN metastasis using the OSNA assay. A sample of consecutive BC patients
undergoing axillary staging with the OSNA assay were included. Tumors were categorized into three groups based on primary
location: external quadrants and axillary tail (EXL), INLs, and nipple and areola location (NAL). Although not statistically
signifcant, the INL group exhibited a higher mean TTL. Additionally, no signifcant diferences were observed between groups
concerning SLN detection techniques, SLN status, number of metastatic SLN, or mean TTL.Tese fndings support the use of the
innovative tracer superparamagnetic iron oxide regardless of tumor site. Tis study underscores the importance of understanding
the relationship between BC location and ALN status, which may improve prognostic stratifcation and targeted therapies based
on tumor site. If these observations are confrmed in larger, multicentric studies, the potential conclusions may shift the paradigm
of INL tumor treatment, signifcantly impacting clinical practice and research.
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1. Introduction

Establishing an accurate prognosis for women diagnosed
with breast cancer (BC) is extremely challenging. Among
many factors linked to BC survival, axillary lymph node
(ALN) evaluation is considered of major prognostic value.

Sentinel lymph node (SLN) biopsy is the standard
surgical approach for pathologic nodal staging in patients
with early BC and clinically negative axilla [1, 2]. According
to the most updated guidelines, only patients with three or
more positive SLN are systematically further submitted to
axillary lymph node dissection (ALND) [3, 4]. Te
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conventional pathologic examination of frozen SLN sections
has a substantial false-negative rate of up to 30% [5, 6]. For
this reason, the one-step nucleic acid amplifcation (OSNA)
is currently being used for the assessment of axillary SLN
status in BC [7, 8]. Tis assay quantifes the cytokeratin 19
(CK19) mRNA copy number in the lysate of SLN, which
carries several advantages as it provides objective and
semiquantitative information of the whole SLN in a short
time, without much efort by pathologists and with low
interobserver variability, making it a reproducible and
standardized method [9]. Nevertheless, one of the major
pitfalls of the OSNA has been considered the destruction of
the SLN, which precludes further analysis [8].

More than a decade ago, Tsujimoto et al. established
OSNA cutof levels for SLN biopsy results interpretation,
defning macrometastases as > 5000 copies/μL of CK19
mRNA, micrometastases as 250 to 5000 copies/μL, and
absence of metastases or presence of isolated tumor cells
(ITC) as< 250 copies/μL [10]. Te total tumor load (TTL),
defned as the total amount of CK19 mRNA copies in all
positive SLN, seems to help predict additional metastatic
axillary involvement besides SLN, especially because TTL is
independent of the number of metastatic SLNs [10]. Even
though there is no consensus on the exact TTL cutof levels
to determine ALND, some authors have been discussing this
issue. In 2013, Peg et al. have proposed a preliminary TTL
cutof value (TTL> 15,000 mRNA CK19 copies/μL) for
ALND decision [11]. In the PORTTLE study, in 2020, Fougo
et al. established a relationship between TTL> 30,000
mRNA CK19 copies/μL and the presence of nonsentinel
ALN metastases, considering this cutof value safe to aid the
decision of further ALND [7]. More recently, Kenny et al.
observed that a TTL≥ 110,000 mRNA CK19 copies/μL and
lymphovascular invasion (LVI) can strongly predict me-
tastasis in four or more ALNs [12, 13].

Primary BC location prognostic value is controversial,
mainly because there is lack of agreement on the biological
diferences among tumors of diferent sites [14–17]. How-
ever, there are studies suggesting that tumors located in the
INLs may be associated with worse prognosis, in terms of
distant metastases and survival, compared to those confned
to the external quadrants [15, 18–22].Tis evidence seems to
be supported by the lymphatic drainage observed in these
tumors to the internal mammary lymph nodes, which is not
consistently evaluated [23]. Until now, it was believed that
tumors confned to the external quadrants have a higher
tendency to involve ALNs comparing to tumors of other
locations, mainly due to the reduced tumor-to-axilla dis-
tance [14, 15]. However, recent data suggest that lymphatic
drainage from diferent quadrants of the breast may not
follow exclusive paths [15, 18, 23]. Te OSNA assay, espe-
cially with the additional relevant information from TTL
values, paves the way to a more accurate and quantitative
axillary staging, which can make a real diference in strat-
ifying breast tumors according to their location and likeli-
hood of SLN metastasis, for both the axilla and the internal
mammary lymph nodes.

Understanding the relationship between primary BC and
axillary nodal status is an important research area that could

enhance prognostic stratifcation and assist in tailoring
adjuvant therapies, including the avoidance of axillary
dissection and its inherent morbidities. Tis understanding
may also contribute to the development of future targeted
BC therapies based on the location of the primary tumor.

To date and to our knowledge, this is the frst study
aiming to evaluate the potential linkage between primary BC
location and ALN metastasis using OSNA assay.

2. Materials and Methods

2.1. Study Design and Participants. Tis study is a retro-
spective, cross-sectional, observational study. It was per-
formed according to the recommendations of the seventh
revision of the Declaration of Helsinki on medical research
involving human subjects. Upon approval of Coimbra
University Hospital Centre Ethical Committee, patients
were given an informed consent to be included in the study.
Individual medical records contained in the electronic pa-
tient registration system were consulted for each included
patient, and data anonymization was performed.

Consecutive patients with early BC submitted to axillary
staging with OSNA assay were included. Te exclusion
criteria were defned as male sex, age under 18 years old,
pregnancy, neoadjuvant treatment, tumors not expressing
CK19, multicentric or bilateral tumors, and patients unable
to give informed consent.

Tumors were divided into three groups based on primary
tumor location, such as external quadrants and axillary tail
(EXL), INLs, and nipple and areola location (NAL).

2.2. Study Variables. Te main variables of the study were
the SLN status (positive or negative), the SLN OSNA result
(pN0, pN1mi, and pN1), and the TTL (copies/μL of CK19
mRNA).

Te clinical stratifcation factors as patient’s age at di-
agnosis, parity, breastfeeding, menopausal status, post-
menopausal hormone therapy, tobacco, and palpability were
included. Pathologic factors, such as tumor largest diameter,
nuclear grade, histologic type, LVI status and Ki67 index,
were considered. Te intrinsic molecular subtype defned as
Luminal A, Luminal B, Luminal B/human epidermal growth
factor receptor-2 (HER2)+, HER2-enriched or triple-
negative, evaluated by the expression of estrogen receptor
(ER), progesterone receptor (PR), and HER2, based on the
2021 St. Gallen guidelines were also included. Te technique
for the SLN detection, such as the superparamagnetic iron
oxide (Sentimag®) and the combination of patent blue dye
and radioisotope (Technetium-99m), was also considered
for stratifcation.

2.3. Statistical Analysis. Data analysis was performed with
SPSS software, Version 28. Te Shapiro–Wilk test was used
to assess the normal distribution of quantitative variables.
Sample description was made with measurements of central
tendency and dispersion (minimum, maximum, and mean
[± standard deviation (SD)]), and frequency tables. To
compare independent and paired samples, parametric
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(independent-samples t-test and one-way ANOVA) and
nonparametric (Fisher exact test or chi-square test) tests
were performed depending on the variable type and dis-
tribution. Statistical signifcance was set at p< 0.05, for
a confdence interval of 95%.

3. Results

A total of 235 patients with BC were included in this study
and divided into three groups according to the primary
tumor location as EXL (n� 160, 68.1%), INL (n� 58, 24.7%),
and NAL (n� 17, 8.4%). Tere were no statistically signif-
icant diferences concerning clinical characteristics between
the three groups, which are presented in Table 1. However,
the EXL group showed higher percentages of smoker pa-
tients and palpable tumors.

Pathologic characteristics of the tumor according to
location are shown in Table 2. Te majority were no special
type (NST) and Luminal A tumors. Even though without
a statistically signifcant diference, the INL group showed
a higher percentage of LVI. Tere was a statistically sig-
nifcant diference in tumor grade between groups
(p� 0.048) with a lower grade observed in the EXL group
(versus in INL and NAL groups; p� 0.021). However, there
were no statistically signifcant diferences concerning the
remaining pathologic criteria such as histologic type, tumor
diameter, LVI, Ki67, or intrinsic molecular subtype
(Table 2).

A summary of the main characteristics of the SLN
according to tumor location is presented in Table 3. Tere
were no statistically signifcant diferences concerning
number of metastatic SLN, OSNA result, and TTL (Table 3).
SLN was detected using superparamagnetic iron oxide
(Sentimag®) or patent blue dye combined with radioisotope
techniques in a similar proportion (p� 0.905). Te mean
number of metastatic SLN detected was almost coincident
for each group (p� 0.542). Despite no statistically signifcant
diference, a tendency for a higher mean TTL was observed
in the INL group (p� 0.708).

To evaluate the potential infuence of the technique used
for the SLN detection in axillary staging among the three
groups, a subgroup analysis was performed and no statis-
tically signifcant diferences were found between the
technique of detection and SLN status, the number of
metastatic SLN or the mean TTL (Figures 1 and 2).

TTL has shown to be of the utmost importance in clinical
practice, especially for being considered an independent
predictor of the non-SLN status, and hence, further sub-
group analyses were performed with focus on the TTL. No
statistically signifcant diferences were found regarding TTL
and clinicopathologic parameters, such as the technique
used for SLN detection, tumor palpability, tumor grade,
Ki67, and intrinsic molecular subtype (Figure 2).

 . Discussion

SLN biopsy is the standard approach for axillary staging in
early BC patients with clinically negative axilla, which has
long become a less-invasive alternative to ALND.

Nevertheless, SLNB still has a non-neglectable false-negative
rate in predicting ALN status, even with the OSNA assay.
Indeed, novel molecular imaging technologies combined
with artifcial intelligence predictive models will help to
optimize axillary staging interventions, even without re-
quiring SLNB. Hence, it is crucial to evaluate potential
prediction factors of ALN involvement.

Te infuence of clinicopathologic features on predicting
the risk of metastasis to the axillary SLN has been described
by many authors, but the results remain either controversial
or lack in accuracy [24, 25]. Tumor size has consistently been
identifed as a strong predictor of ALN invasion, as well as
age at diagnosis, menopausal status, HER-2 status, nuclear
grade, LVI, and Ki67 index [24].

Another important factor to be considered is the primary
breast tumor location, which is also debatable, mainly be-
cause there is no agreement on the existence of biological
diferences among tumors of diferent sites [26]. Tere are at
least nine studies to date that have explored the association
between breast tumor location and ALN status. Te results
of six of these studies suggest that the external quadrant
tumors have a higher tendency for ALN involvement
compared to tumors from other locations. Indeed, a large
study by Manjer et al. in 2004, in a series of 3472 Swedish
invasive BC patients submitted to ALND, concluded that
tumors in the external quadrants had a higher tendency to
invade ALN comparing to the INL tumors [18]. In 2020,
a population-based multicentered study of 7680 patients
with invasive BC, including 5125 patients with clinical
negative axilla that were submitted to ALND, established
a positive correlation between tumors in the external
quadrants and ALN invasion [27]. Also, Bevaliacqua et al., in
a retrospective study of the frst 2000 BC patients un-
dergoing axillary SLNB at Memorial Sloan-Kettering Cancer
Center, revealed a less frequent association of ALN me-
tastasis in upper-inner-quadrant tumors compared with all
other quadrants [28]. Less robust studies, such as the ret-
rospective study performed by Halverson et al. in 1994 with
514 NC patients submitted to ALND and the Fein et al.
prospective study with 445 patients, also confrm this ten-
dency of the external-quadrant tumors to more frequently
invade ALNs [29, 30]. On the other hand, three studies did
not fnd any statistically signifcant associations regarding
tumor location and nodal status. In the retrospective study
of Maibenco et al., which included a large cohort of 12,950
patients with invasive, infracentimetric breast tumors un-
dergoing ALND, no diferences were found between tumor
site and ALN metastasis [31]. In 1998, a similar conclusion
was described by the Velanovich research team in 851
consecutive invasive BC patients who underwent ALND
[32]. We should carefully interpret these results because no
high-level evidence studies were performed about this issue.
Besides, the data available did not include BC patients
submitted to SLNB with novel techniques for SLN detection,
such as the superparamagnetic iron oxide technique. Nev-
ertheless, tumors located in the INLs seem to be associated
with worse prognosis, concerning distant metastases and
survival, compared to those confned to the external
quadrants [15, 20–22].

Te Breast Journal 3



Te correlation between breast tumor location and
lymph node metastasis is primarily based on the lymphatic
drainage pathways of the breast, which in up to 90% drain
into the ALNs [33]. Terefore, the proximity of the primary
tumor to the lymph nodes of the axilla might infuence the
likelihood of ALN involvement. Indeed, the breast has an
extensive network of lymphatic vessels that typically follow
a specifc pattern, mainly constituted by the ALNs, the in-
ternal mammary lymph nodes, and other regional nodes,
such as the supraclavicular and infraclavicular lymph nodes
[33, 34]. Hence, it is believed that the majority of tumors in
the INLs tend tometastasize to the internal mammary lymph
nodes in opposite to the ones confned to the external
quadrants that preferentially metastasize to the ALNs
[14, 20–22]. Tere is no agreement regarding ALN metas-
tasis incidence concerning tumors located under the NAL.
Some authors suggest that the smaller the tumor–nipple
distance, the higher the likelihood of ALN positivity [19, 35].

Even though no statistically signifcant diferences were
found among the diferent analyses performed in this study,
the TTLmean value was higher in the INL group.Tis group
of tumors has shown some relevant pathologic character-
istics linked to poorer prognosis, which might help explain
this fnding. In comparison with the other two groups, the
INL group showed higher percentages of triple-negative
intrinsic molecular subtype (3.4%, n� 2), of LVI (8.6%,
n� 5), of two metastatic SLN (3.4%, n� 2), and of positive
SLN status (11%, n� 11).Tus, the INL group tumors appear

to have an intrinsic aggressive behavior conferring a higher
risk of metastasis.

Te higher TTL mean value observed in the INL group
seems to be inconsistent according to the preferential in-
volvement of the internal mammary lymph nodes by these
tumors. However, recent literature advocates that lymphatic
drainage from diferent quadrants of the breast may not
follow exclusive paths and that all parts of the breast can
drain to both ALN and internal mammary lymph node [23],
[36–38]. Even though there are clinical trials indicating that
IMLN metastasis does not independently predict overall
survival and progression-free survival for BC patients who
receive personalized adjuvant treatment, internal mammary
lymph node invasion has been observed in up to 52% of
ALN-positive patients and in up to 17% of ALN-negative
patients [39, 40]. Yet, there is no consensus about whom
would benefciate from internal mammary lymph node ir-
radiation, especially due to the side efects of this therapy
associated with the increased dose-volume of cardiac and
pulmonary irradiation, but also because of the depth of
internal mammary lymph node location within the chest
wall that makes the rate of clinically detected internal
mammary lymph node recurrence low [35, 40]. Among
other reasons, patients included in this study were not staged
for the SLN status in the internal mammary chain, especially
because the ones submitted to patent blue dye combined
with radioisotope SLN detection received superfcial in-
jections of patent blue dye, which is inadequate for this

Table 1: Clinical characteristics of the study group, comparing patients with primary tumors in EXL (external quadrants and axillary tail),
INL (internal quadrants), and NAL (nipple and areola) locations.

Clinical characteristics EXL INL NAL p valueN= 160 N= 58 N= 17
Age, years 0.941Ω

Minimum 32 43 49
Maximum 78 79 79
Mean± SD 59± 8.6 60± 8.5 60± 6.1

Parity (%) 0.424¥

Nulliparity 8.8% (n� 14) 6.9% (n� 4) 0% (n� 0)
Multiparity 66.0% (n� 106) 67.3% (n� 39) 92.9% (16)

Breastfeeding, months 0.653Ω

Minimum 0 0 0
Maximum 72 66 48
Mean± SD 8.8± 13.9 8.8± 13.9 11.9± 16.4

Menopausal status (%) 0.767¥

Premenopausal 18.8% (n� 30) 17.2% (n� 10) 11.8% (n� 2)
Postmenopausal 81.2% (n� 130) 82.8% (n� 48) 88.2% (n� 15)

Age of menopause, years 0.171Ω

Minimum 37 46 44
Maximum 60 56 52
Mean± SD 50± 4.1 49± 5.8 49± 2.9

Postmenopausal hormone therapy (%) 3.8% (n� 6) 5.2% (n� 3) 0.0% (n� 0) 0.258¥

Smoker (%) 11.3% (n� 18) 3.4% (n� 2) 5.9% (n� 1) 0.167¥

Palpability (%) 0.062¥

Nonpalpable 59.4% (n� 95) 70.7% (n� 41) 82.4% (n� 14)
Palpable 40.6% (n� 65) 29.3% (n� 17) 17.6% (n� 3)

Note: ¥: chi-square test, Ω: one-way ANOVA.
Abbreviation: SD, standard deviation.
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Table 2: Pathologic and molecular characteristics, comparing primary tumors in EXL (external quadrants and axillary tail), INL (internal
quadrants), and NAL (nipple and areola) locations.

Pathologic characteristics EXL INL NAL p valueN= 160 N= 58 N= 17
Histologic type (%) 0.418¥

No special type (NST) 73.8% (n� 118) 81.0% (n� 47) 52.9% (n� 9)
Invasive lobular 9.4% (n� 15) 6.9% (n� 4) 29.4% (n� 5)
Invasive tubular 0.01% (n� 2) 0.0% (n� 0) 0.0% (n� 0)
Ductal in situ 8.8% (n� 14) 8.6% (n� 5) 11.8% (n� 2)

Tumor diameter, mm 0.641Ω

Minimum 2.0 5.0 2.0
Maximum 60.0 62.0 50.0
Mean± SD 17.4± 10.2 15.2± 10.6 14.7± 10.2

LVI (%) 5.6% (n� 9) 8.6% (n� 5) 5.9% (n� 1) 0.817¥

Grade 0.048¥

Grade 1 (%) 51.9% (n� 83) 46.6% (n� 27) 29.4% (n� 4)
Grade 2 (%) 44.4% (n� 71) 41.4% (n� 24) 52.9% (n� 9)
Grade 3 (%) 3.7% (n� 6) 12.0% (n� 7) 17.6% (n� 3)

Ki67, % 0.798Ω

Minimum <10 1 <10
Maximum 90 40 30
Mean± SD 13± 12.1 14± 11.1 15± 8.6

Intrinsic molecular subtype (%) 0.531¥

Luminal A 56.3% (n� 90) 58.6% (n� 34) 52.9% (n� 9)
Luminal B 20.0% (n� 32) 17.2% (n� 10) 23.5% (n� 4)
Luminal B/(HER2)+ 11.9% (n� 19) 10.3% (n� 6) 5.9% (n� 1)
HER2-enriched 0.0% (n� 0) 1.7% (n� 1) 5.9% (n� 1)
Triple negative 1.9% (n� 3) 3.4% (n� 2) 0.0% (n� 0)

Note: ¥: chi-square test, Ω: one-way ANOVA. Bold value denotes that the p value was statistically signifcant.
Abbreviations: HER2, human epidermal growth factor receptor-2; LVI, lymphovascular invasion; SD, standard deviation.

Table 3: Characteristics of the SLN, comparing patients with primary tumors in EXL (external quadrants and axillary tail), INL (internal
quadrants), and NAL (nipple and areola) locations.

Characteristics
of the SLN

EXL INL NAL p valueN= 160 N= 58 N= 17
Technique for SLN detection (%) 0.905¥

Superparamagnetic iron oxide 45.6% (n� 73) 43.1% (n� 25) 41.2% (n� 7)
Patent blue + radioisotope 54.4% (n� 87) 56.9% (n� 33) 58.8% (n� 10)

SLN status (%) 0.937¥

Negative 83.1% (n� 133) 81.0% (n� 47) 82.4% (n� 14)
Positive 16.9% (n� 27) 19.1% (n� 11) 17.6% (n� 3)

Number of metastatic SLN 0.542Ω

1 metastatic SLN (%) 14.4% (n� 23) 17.2% (n� 9) 17.6% (n� 3)
2 metastatic SLN (%) 2.5% (n� 4) 3.4% (n� 2) 0.0% (n� 0)
Mean± SD 0.2± 0.5 0.2± 0.5 0.35± 0.8

OSNA result (%) 0.937¥

Negative (pN0) 83.1% (n� 133) 81.0% (n� 47) 82.4% (n� 14)
Micrometastases (pN1mi) 6.9% (n� 11) 17.1% (n� 10) 17.6% (n� 3)
Macrometastases (pN1) 10.0% (n� 16) 2.0% (n� 1) 0.0% (n� 0)

TTL 0.570Ω

Minimum 170 280 360
Maximum 430,000 420,000 470
Mean± SD 86,314± 140,522 96,536± 156,371 397± 64

Note: ¥: chi-square test, Ω: one-way ANOVA.
Abbreviations: SD, standard deviation; SLN, sentinel lymph node.
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purpose [37]. For this reason, we cannot exclude the
presence of internal mammary lymph node metastasis in
INL, EXL, or NAL groups that would possibly help in better
exploring our results.

Te limitations of a two-dimensional (2D) imaging
modality evaluation and classifcation of breast tumor lo-
cation, such as conventional mammogram, should also
prompt careful interpretation of these results, especially
because it may not accurately represent the true spatial
extent of the tumor, including its depth, and breast tissue
overlapping can also occur, making it challenging to pre-
cisely determine its location [41, 42]. Furthermore, the three-
group division of the study population do not specify the
exact quadrant of tumor location, which could have had
infuence in the results.

Tis study underscores that the technique used for SLN
detection does not infuence axillary staging outcomes. Our
analysis found no statistically signifcant diferences in SLN
status, the number of metastatic SLN, or themean TTLwhen
comparing the SPIO technique to the combined use of
patent blue dye and radioisotope.Tese fndings confrm the
noninferiority of the SPIO method relative to the conven-
tional radioisotope technique across various breast tumor
locations. Te equivalence in performance between these
methods suggests that SPIO is a viable alternative for SLN
detection. Te use of SPIO ofers several advantages over
traditional mapping agents, including the elimination of
radiation exposure, which is particularly benefcial for both
patients and healthcare workers. Furthermore, SPIO reduces
the risk of allergic reactions associated with patent blue dye
and bypasses the regulatory complexities and logistical
challenges linked to radioisotope use. Tis method utilizes
magnetic nanoparticles that are detected by amagnetometer,

ofering precise localization of SLN without the need for
radioactive tracers. Tis is not only safer, more sustainable
and environmentally friendly, but also simplifes the logistics
of SLN biopsy procedures, as SPIO tracers have a longer
shelf life and are easier to handle compared to radioisotopes.
Te broader implications of these fndings are signifcant.
Te adoption of SPIO for routine SLN detection can
streamline clinical workfows and reduce the overall burden
on nuclear medicine facilities. Additionally, the safety profle
of SPIO makes it suitable for repeated use, which could be
benefcial in monitoring patients over time or in settings
where radiation exposure needs to be minimized. In sum-
mary, its comparable efcacy, coupled with its safety and
logistical benefts, supports its integration into clinical
practice. Future research may focus on long-term outcomes
and cost-efectiveness to further validate the widespread
adoption of SPIO in SLN biopsy procedures [43–45].

All of the evidence found in this study emphasizes the
need to understand the presumed link between primary
breast tumor site and axillary nodal status, especially with
quantitative techniques as OSNA assay, which might im-
prove prognostic stratifcation accuracy, as well as tailor
adjuvant therapies and help the development of targeted
therapies based on tumor location. Likewise, the biological
behavior of tumors confned to the INLs should merit
thorough investigation so that a more precise staging can be
performed to improve survival in these patients. Hence, it is
critical to develop superior molecular imaging technologies
to enhance the knowledge of the genomic and radiomic
features of BC patients with high risk of internal mammary
lymph node involvement, in order to ofer personalized and
rational internal mammary lymph node surgery or irradi-
ation strategies. In parallel, the ongoing shift toward less
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Figure 1: Evaluation of the infuence of sentinel lymph node (SLN) detection technique in axillary staging among the EXL (external
quadrants and axillary tail), INL (internal quadrants), and NAL (nipple and areola location) groups: (a) Line chart representing the
frequency of SLN status according to SLN detection technique among the three groups; (b) box-plot graphics representing the spread of
number of metastatic SLN according to SLN detection technique among the three groups.
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Figure 2: Box-plot graphics representing the subgroup analysis performed to evaluate the association of TTL with diferent clinicopathologic
parameters among the EXL (external quadrants and axillary tail), INL (internal quadrants), and NAL (nipple and areola location) groups: (a)
Technique used for SLN detection; (b) palpability; (c) tumor grade; (d) Ki67 index; (e) intrinsic molecular subtype. Ω: one-way ANOVA.
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invasive surgical approaches in BC—moving from radical
mastectomy to lumpectomy, and from routine ALND to
SLN biopsy—represents a critical area of research, with
recent studies highlighting the importance of minimizing or
even avoiding ALND altogether due to its signifcant
morbidity and limited overall survival benefts in specifc
cases [44, 45].

5. Conclusions

To our knowledge, this is the frst study in order to evaluate
the potential relationship between primary BC location and
ALNmetastasis using the OSNA assay. While no statistically
signifcant diferences were found between breast tumor
location and SLN status, the number of metastatic ALNs, or
the mean TTL, a trend toward a higher mean TTL was
observed in tumors located in the INLs. Tese tumors
exhibited pathologic features associated with biological
aggressiveness and poorer prognosis.

Moreover, no signifcant diferences in axillary staging
were noted across breast tumor locations, regardless of
whether superparamagnetic iron oxide or patent blue dye
with radioisotope was used for SLN detection. Tis study
highlights the need for further research to better understand
the relationship between primary BC location and axillary
nodal status. Such research could improve prognostic
stratifcation and promote the development of tailored
surgery and personalized adjuvant therapies. However, these
fndings should be interpreted with caution, and additional
studies are necessary to confrm and expand upon these
observations.
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