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Purpose: The clinical significance of human epidermal growth factor receptor 2 (HER2)-low breast cancer remains controversial,
particularly in early-stage, treatment-naive patients. Because neoadjuvant therapy may alter tumor biology and nodal status, we
specifically evaluated patients who underwent upfront surgery without prior systemic treatment. We also investigated whether the
recently recognized HER2-ultralow subgroup exhibited differences in axillary metastatic involvement.

Patients and Methods: In this multicenter observational study, we retrospectively analyzed 407 patients with hormone receptor—positive
early-stage breast cancer who underwent upfront surgery between 2017 and 2023 without neoadjuvant therapy. Patients were categorized as
HER2-ultralow (immuno-histochemistry [IHC] 0), HER2-low (IHC 1+ or 2+ with fluorescence in situ hybridization [FISH] negative), or
HER2-positive (IHC 3+ or 2+ with FISH positive). Groups were compared for sentinel lymph node (SLN) positivity. Multivariable logistic
regression and receiver operating characteristic (ROC) analyses were used to identify predictors of axillary metastasis.

Results: SLN positivity rates were similar across the HER2-ultralow (29.0%, n = 288), HER2-low (30.6%, n = 80), and HER2-
positive groups (31.3%, n = 39) (p = 0.941). HER2 expression was not an independent predictor of SLN positivity. Lymphovascular
invasion (LVI) was the strongest determinant (odds ratio = 5.42; 95% confidence interval: 3.13-9.39; p <0.001). Larger tumor size and
higher proliferative activity were independently associated with increased axillary involvement. ROC analysis showed higher
discrimination for LVI (AUC = 0.68) than Ki-67 (AUC = 0.53) and tumor size (AUC = 0.61). Exploratory survival analyses
demonstrated no statistically significant differences among groups; however, these findings should be interpreted cautiously because
of the limited follow-up duration and low number of events.

Conclusion: In hormone receptor—positive early-stage breast cancer treated with upfront surgery, HER2 expression was not independently
associated with axillary metastasis risk in this treatment-naive cohort. Classical pathological factors, particularly lymphovascular invasion,
larger tumor size, and higher proliferative activity, remained the principal determinants of axillary involvement.
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Introduction
Breast cancer is the most frequently diagnosed malignancy among women worldwide and remains one of the leading
causes of cancer-related mortality, particularly among middle-aged and older women.'> Owing to its diverse biological
subtypes, this cancer demonstrates significantly heterogeneous clinical behavior in terms of diagnosis, treatment
response, and prognosis. Following extensive research, hormone receptor status and the expression of the human
epidermal growth factor receptor 2 (HER2) protein have been identified as the principal determinants influencing this
heterogeneity.®” HER2-positive breast cancers are generally associated with increased proliferative activity and an
aggressive clinical course; however, the recent development of targeted anti-HER2 therapies has led to a marked
improvement in survival outcomes.®

While patients classified as HER2-negative have long been considered a biologically homogeneous group, recent clinical
studies have demonstrated that a substantial proportion of HER2-negative tumors exhibit low-level HER2 protein expression
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on their cell surfaces.”'" Furthermore, the introduction of antibody—drug conjugates into clinical practice has led to the
emergence of the concept of “HER2-low breast cancer.”.'* Likewise, tumors lacking detectable HER2 expression (HER2-zero
/ultralow), as well as those demonstrating HER2 amplification and classified as HER2-positive, are considered biologically
and clinically distinct entities.'"'* HER2 expression categories were defined according to contemporary ASCO/CAP criteria
and were used to stratify the study population for the present analyses. Recently, the term “HER2-ultralow” has been
introduced to describe tumors with faint, incomplete membranous staining in <10% of tumor cells that do not meet the
criteria for IHC 1+. Historically, these tumors were frequently categorized as HER2-zero. In the present study, this subgroup
was classified as HER2-ultralow (IHC 0) for terminology consistency throughout the manuscript.

While some studies suggest that HER2-low tumors exhibit lower proliferative activity and distinct immune micro-
environment characteristics compared to HER2-zero cases, there is a lack of substantial evidence demonstrating
significant differences in survival or recurrence outcomes between the two subtypes.'* Because of this inconsistency,
it remains unclear whether HER2-low breast cancer represents an independent biological subtype. Clarifying this
distinction may have important implications for both the development of HER2-targeted therapies and the surgical
management of early-stage breast cancer. Therefore, clarifying this relationship is particularly important in treatment-
naive patients, defined as individuals who have not received any prior systemic therapy, including neoadjuvant
chemotherapy, endocrine therapy, or anti-HER2-targeted therapy, before surgical intervention.'”

The increasing interest in HER2-low breast cancer has largely emerged from its therapeutic relevance, particularly
with the development of novel HER2-targeted agents. However, whether HER2-low disease constitutes a biologically
distinct subtype remains uncertain. Interpretation of HER2 expression may also be complicated by intratumoral hetero-
geneity and variability in assessment, especially in tumors with very low levels of HER2 staining. As a result, the
boundaries between HER2-zero, HER2-ultralow, and HER2-low categories are not always clearly defined. Therefore,
although HER2-low classification has clear clinical relevance, its biological significance continues to be investigated.

Neoadjuvant therapies for breast cancer may alter tumor biology, especially axillary lymph node (ALN) status. In
particular, treatment related selection pressure, pathological response, and increased heterogeneity can confound true
biological associations.'® Therefore, to understand the real untreated biological state, it is imperative to evaluate the
relationship between HER2 expression levels and the risk of axillary metastasis and other prognostic factors in HER2-
positive patients who have not received neoadjuvant therapy and undergo primary surgical treatment.

Sentinel lymph node (SLN) biopsy (SLNB) is currently the standard approach for axillary metastasis staging; this
approach allows for diagnosis without unnecessary axillary dissection.!” Additionally, sensitivity analyses using different
cut-off values for hormone receptor positivity may contribute to a more accurate interpretation of HER2-low biology.'®
Previous studies have explored the relationship between HER2 expression levels and nodal involvement in breast cancer;
however, available data remain heterogeneous with respect to receptor subgroups, treatment setting, and the inclusion of
patients receiving neoadjuvant therapy. In this context, we aimed to evaluate the surgical relevance of HER2 expression
levels in a homogeneous cohort of hormone receptor—positive, treatment-naive early-stage breast cancer patients under-
going upfront surgery.

In this study, we comprehensively investigated the relationship between HER2 expression levels (ultralow, low, and
HER2-positive) and ALN metastasis, SLN positivity, clinicopathological characteristics, and survival out-comes in
patients with early-stage, hormone receptor—positive breast cancer who did not receive neoadjuvant therapy and under-
went upfront surgery. In addition, we evaluated the relationships between established prognostic factors, such as
lymphovascular invasion (LVI), tumor size, and proliferative activity, and HER2 expression levels to identify indepen-
dent predictors for axillary metastasis.

Materials and Methods

In this multicenter, observational, retrospective study, we included female patients (aged >18 years) who underwent
upfront surgical treatment for histologically confirmed breast cancer between 2017 and 2023. Eligible patients had no
evidence of distant metastasis at diagnosis (MO0), had not received neoadjuvant systemic therapy, and were hormone
receptor—positive, defined as estrogen receptor (ER) and/or progesterone receptor (PR) positivity.
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Patients were stratified into three groups according to HER2 status determined by immunohistochemistry (IHC), with
in situ hybridization testing performed when indicated according to contemporary ASCO/CAP criteria. HER2-positive
tumors were defined as IHC 3+ or IHC 2+ with confirmed HER2 gene amplification. HER2-low tumors were defined as
IHC 1+ or IHC 2+ without gene amplification. HER2-ultralow/zero tumors were classified as IHC 0. All patients
underwent primary breast surgery with sentinel lymph node biopsy (SLNB) performed according to standard institutional
protocols. Axillary lymph node dissection was carried out in patients who were clinically node-positive at presentation or
in those with positive SLNs not meeting the ACOSOG Z0011 criteria.

HER2 immunohistochemical evaluation was performed by experienced breast pathologists at each participating
institution according to contemporary ASCO/CAP guidelines. Because of the retrospective multicenter design, central
pathological review was not performed. Nevertheless, standardized institutional pathology protocols and routine quality-
control procedures were applied across participating centers. The potential interobserver variability associated with
HER2-low assessment was acknowledged as a limitation during interpretation of the findings.

For all patients, data regarding demographic characteristics, tumor size, clinical and pathological charac-teristics, Ki-
67 proliferation index, ER and PR expression percentages, type of surgical procedure, number and status of SLNs,
outcomes of axillary surgery, recurrence, mortality, and survival data were recorded. Lymphovascular invasion (LVI)
status was determined from the final pathology reports issued after surgical specimen evaluation and was recorded as
a binary variable (present/absent). In the primary analyses, a cut-off value of >1% was used to define hormone receptor
(ER or PR) positivity. In addition, to evaluate the impact of alternative threshold values frequently used in the literature,
supplementary sensitivity analyses were performed using the ER >10% and PR >10% criteria.

The primary outcome of interest was the association between HER2 expression levels and SLN positivity. Secondary
outcomes included ALN metastasis, overall survival (OS), disease-free survival (DFS), and the associations between
HER?2 expression levels and clinicopathological characteristics. For subgroup analyses, Ki-67 was dichotomized using
a 20% threshold, as this cut-off is commonly used in clinical practice and prior breast cancer studies to distinguish low
from high proliferative activity.

The study was approved by the Non-Interventional Clinical Research Ethics Committee of Mersin City Training and
Research Hospital (Approval No: 2025/57, Date: 24 December 2025). Given the retrospective design, the requirement for
informed consent was waived in accordance with institutional regulations. Patient confidentiality was strictly maintained
throughout the study, and all data were anonymized prior to statistical analysis.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics (version 29.0; IBM Corp., Armonk, NY, USA). The
distribution of continuous variables was assessed using the Kolmogorov—Smirnov and Shapiro—Wilk tests; accordingly,
non-normally distributed continuous variables were presented as median and interquartile ranges. Categorical variables
were expressed using frequency and percentage.

For between-group comparisons, continuous variables were analyzed using the Kruskal-Wallis test. When a statistically
significant difference was observed, pairwise comparisons were performed using the Mann—Whitney U-test with Bonferroni
correction. Categorical variables were compared using the chi-square test or Fisher’s exact test, as appropriate.

To identify independent predictors of SLN positivity, a multivariable logistic regression analysis was per-formed using
clinically relevant variables and those with a p-value < 0.10 in univariable analyses. Given the relatively limited number of
events, the multivariable model was constructed using clinically relevant variables and those with p < 0.10 in univariable
analyses to avoid overfitting and maintain model stability. The results were reported as odds ratios (ORs) with 95% confidence
intervals (Cls) and corresponding p-values. Model fit was assessed using the Hosmer-Lemeshow goodness-of-fit test.
Additionally, a receiver operating characteristic (ROC) analysis was performed to assess the discriminative ability of variables
in predicting SLN positivity by calculating the area under the curve (AUC); 95% ClIs were obtained using the bootstrap
method.

OS and DFS were estimated using the Kaplan—-Meier method, and between-group comparisons were per-formed using
the Log rank test. Given the limited number of events and the relatively short follow-up duration, the survival analyses
were considered exploratory. A two-sided p-value <0.05 was accepted as statistically significant for all analyses.
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Results

During the study period, 1500 patients underwent surgery for breast cancer. The patient selection process, including
inclusion and exclusion criteria, is summarized in Figure 1. Of these, 407 patients met the predefined inclusion criteria
and were included in the final analysis; of these, 288 (70.8%) were classified as ultralow, 80 (19.7%) as low, and 39
(9.6%) as HER2-positive. This distribution reflects the fact that a substantial proportion of patients in the HER2-positive
group received neoadjuvant therapy and were therefore not eligible for inclusion in the present analysis. The three groups
demonstrated no statistically significant differences in terms of age distribution (median age [IQR]: 56 [48-65] years,
56.5 [47.8—65.2] years, and 55 [50—63.5] years for the ultralow, low, and HER2-positive groups, respectively; p = 0.816),
menopausal status, tumor laterality, surgical approach, multifocality, or multicentricity (Table 1).

Primary tumor sizes were comparable across the ultralow, low, and HER2-positive groups (median: 22 mm, 20 mm, and
25 mm, respectively; p = 0.391). In contrast, significant between-group differences were identified regarding biological
tumor parameters and clinicopathological characteristics. When the Ki-67 proliferation index was categorized as <20% and
>20%, the proportion of tumors with Ki-67 >20% was significantly higher in the HER2-positive group (p < 0.001)
(Table 1).

To assess the robustness of our hormone receptor—based inclusion criteria, we performed sensitivity analyses using
alternative thresholds for hormone receptor positivity (ER >10% and PR >10%). The overall pattern of findings remained
unchanged across HER2 groups. Specifically, the proportion of ER >10% positivity was 82.6% in the ultralow group,
70.0% in the low group, and 61.5% in the HER2-positive group (p = 0.002). Similarly, PR >10% positivity rates were
72.9%, 60.0%, and 46.2%, respectively (p < 0.001).

1500 Breast Cancer Surgery Patients
(2017-2023)

Excluded:

- Neoadjuvant therapy

- HR-negative tumors

- Metastatic disease (M1)

- Missing HER2 or pathology data

Final cohort:
407 Patients Included

HER2 Groups:

- HER2-ultralow (n = 288)
- HER2-low (n = 80)

- HER2-positive (n = 39)

Sentinel Lymph Node Biopsy (SLNB):
Performed in 363 patients (89.2%)

Figure | Study flow chart showing patient selection, inclusion and exclusion criteria, and final study population.
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Table | Demographic and Clinicopathologic Characteristics of the Study Patients Stratified
According to HER2 Status (N = 407)

Ultralow Low HER2- p
(n = 288) (n = 80) Positive
(n=39)
Age, median (interquartile range) 56 (17) 56.5 (17.5) | 55 (13.5) 0.816
Tumor size, mm (median) 22 20 25 0.391
Tumor stage, n (%) 0.047
TI 109 (37.8%) | 37 (46.3%) | 12 (30.8%)
T2 163 (56.6%) | 37 (46.3%) | 22 (56.4%)
T3 8 (2.8%) 5 (6.3%) 3 (7.7%)
Ki-67 <20%, n (%) 228 (79.2%) | 64 (80.0%) | 19 (48.7%)
Ki-67 >20%, n (%) 60 (20.8%) 16 (20.0%) | 20 (51.3%) <0.001
Lymphovascular invasion (present), n (%) | 77 (26.7%) 25 (31.3%) | 15 (38.5%) 0.271
Sentinel lymph node positivity, n (%) 54 (18.8%) 16 (20.0%) | 8 (20.5%) 0.430
Axillary metastasis, n (%) 14 (4.9%) 5 (6.3%) 4 (10.3%) 0.187
Type of surgery, n (%) 0.465
Breast-conserving surgery 201 (69.8%) | 57 (71.3%) | 24 (61.5%)
Mastectomy/Modified radical Mastectomy | 87 (30.2%) 23 (28.7%) | 15 (38.5%)

Abbreviations: LVI, lymphovascular invasion; SLN, sentinel lymph node.

SLNB was performed in 89.2% of patients. When calculated among all included patients, SLN positivity rates were
18.8%, 20.0%, and 20.5% in the HER2-ultralow, HER2-low, and HER2-positive groups, respectively (Table 1). When
the analysis was restricted to patients who underwent SLNB, the corresponding SLN positivity rates were 20.5%, 22.2%,
and 25.0%, respectively, with no statistically significant difference between the groups (p = 0.941). Although the rate of
ALN dissection was numerically higher in the HER2-positive group (30.8%) compared with the ultralow (22.6%) and
low (20.0%) groups, this difference was not statistically significant. However, among the patients who underwent ALN
dissection, the proportion of positive lymph nodes was comparable across the groups. ALN dissection was performed
either in patients who were clinically node-positive at presentation or in those who underwent SLNB but did not meet the
criteria of the American College of Surgeons Oncology Group (ACOSOG) Z0011 trial. (ACOSOG Z0011). At no level
of analysis was HER2 status significantly associated with SLN positivity.

In the multivariable logistic regression analysis, HER2 status was not identified as an independent predictor of SLN
positivity (OR: low versus ultralow = 1.01; HER2-positive versus ultralow = 1.00). In contrast, LVI emerged as the
strongest independent predictor for SLN node positivity (OR = 5.42; 95% CI: 3.13-9.39; p < 0.001) (Table 2). Findings
from the ROC analysis were consistent with the multivariable logistic regression results. In the ROC analysis, LVI
demonstrated the highest discriminative ability for predicting SLN positivity (AUC = 0.68; 95% CI: 0.62-0.73; p < 0.001).

While the Ki-67 proliferation index showed no significant discriminative value (AUC = 0.50), tumor size demon-
strated moderate predictive performance (AUC = 0.61). No significant discriminative power was observed for ER and PR
expression percentages or HER2 status (Figure 2).

Table 2 Results of the Univariable and Multivariable Logistic Regression Analyses for Sentinel Lymph Node
Positivity (Reference Category: Ultralow)

Univariate OR (95% CI) | P Multivariate OR (95% CI) | p
Low vs Ultralow 1.06 (0.61-1.84) 0.827 1.00 (0.56-1.79) 0.998
HER?2-Positive vs Ultralow 0.95 (0.45-2.02) 0.894 | 0.79 (0.35-1.77) 0.561
Tumor size >20 mm 1.43 (0.91-2.23) 0.119 1.08 (0.67-1.75) 0.739
Ki-67 >20% 1.27 (0.77-2.11) 0.352 1.12 (0.65-1.94) 0.674
Lymphovascular invasion (present) | 3.54 (2.22-5.65) <0.001 | 3.47 (2.14-5.63) <0.001

Abbreviations: OR, Odds Ratio; Cl, Confidence Interval.
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104

True Positive Rate

— Ki-67 (AUC = 0.53)
—— LVI (AUC = 0.68)
—— Tumor size (AUC = 0.61)
=== No discrimination (AUC = 0.50)

T

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Figure 2 Receiver operating characteristic (ROC) curves for variables associated with sentinel lymph node positivity. The area under the curve (AUC) was 0.68 for
lymphovascular invasion, 0.61 for tumor size, and 0.53 for Ki-67. These values are presented descriptively because the evaluated variables differ in their measurement
characteristics. The red dashed diagonal line represents the line of no discrimination (AUC = 0.50).

During a median follow-up period of 23 months, a total of three deaths and five recurrences were observed. Kaplan—
Meier analyses did not identify statistically significant differences among the HER2 groups with respect to overall
survival or disease-free survival. However, given the limited number of events observed during follow-up, these findings
should not be interpreted as evidence of equivalent survival outcomes between HER2 expression categories. These
negative findings are consistent with previous reports showing that HER2-low status does not confer a clear short-term
survival disadvantage in early-stage hormone receptor—positive disease.'’

In subgroup analyses stratified by proliferative activity, lymphovascular invasion (LVI), and tumor size, HER2 status
was not significantly associated with SLN positivity, indicating that HER2 expression did not independently influence
axillary metastatic risk. In contrast, LVI, proliferative activity, and tumor size were significantly associated with SLN
positivity. Although SLN positivity rates increased markedly in the presence of LVI, this increase was observed across all
HER2 expression subgroups, suggesting that LVI is a strong independent predictor of SLN metastasis irrespective of
HER?2 status.

Using a cut-off value of 20% for Ki-67, patients were categorized into low (< 20%) and high (> 20%) proliferative
subgroups. In the high proliferative subgroup, the SLN positivity rates were 44.4% in the ultralow group, 23.1% in the
low group, and 13.3% in the HER2-positive group. In the low proliferative subgroup, the SLN positivity rates were
24.9%, 32.2%, and 47.1% in the ultralow, low, and HER2-positive groups, respectively. While the SLN positivity rates
were generally higher in the high proliferative subgroup, no statistically significant differences in SLN positivity were
observed between the two proliferative subgroups in terms of HER2 status. These findings suggest that increased
proliferative activity may contribute to a higher risk of axillary metastasis; however, this effect appears to be independent
of HER2 status.

Subgroup analyses according to Ki-67 category, lymphovascular invasion (LVI) status, and tumor size are summar-
ized in Table 3. Across all subgroup strata, HER2 status was not significantly associated with sentinel lymph node
positivity. In contrast, SLN positivity rates were consistently higher in the presence of LVI and in tumors with larger size,
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Table 3 Subgroup Analyses of SLN Positivity According to HER2 Status

Subgroup Ultralow n/N (%) | Low n/N (%) | HER2-Positive n/N (%) | p-value
Ki-67 <20% 38/228 (16.7%) 13/64 (20.3%) | 6/19 (31.6%) 0.244
Ki-67 >20% 16/60 (26.7%) 3/16 (18.8%) 2/20 (10.0%) 0.280
LVI negative 25/211 (11.8%) 10/55 (18.2%) | 2/24 (8.3%) 0.362
LVI positive 29/77 (37.7%) 6/25 (24.0%) 6/15 (40.0%) 0.420
Tumor size 20 mm | 27/179 (15.1%) 11/49 (22.4%) | 6/22 (27.3%) 0.224
Tumor size >20 mm | 27/109 (24.8%) 5/31 (16.1%) 2/17 (11.8%) 0.339

supporting the dominant role of classical pathological risk factors. Among patients with LVI, SLN positivity rates were
markedly higher across all HER2 groups compared with LVI-negative patients.

Tumor size was dichotomized using a cut-off value of 20 mm (< 20 mm versus >20 mm). Among patients with
tumors > 20 mm, the SLN positivity rates were 38.2%, 29.0%, and 33.3% in the ultralow, low, and HER2-positive
groups, respectively, whereas, among patients with tumors < 20 mm, these rates were 19.5%, 31.7%, and 33.3% in the
ultralow, low, and HER2-positive groups, respectively. In tumors >20 mm HER?2 status was not significantly associated
with SLN positivity (p = 0.196). Similarly, in tumors <20 mm, no significant association was observed (p = 0.219).
However, SLN positivity rates were generally higher in patients with tumors > 20 mm. This finding indicates that tumor
size plays a role in the risk of axillary metastasis, whereas HER2 status does not appear to modify this relationship. These
findings further support that HER2 expression does not act as an effect modifier in the relationship between established
pathological factors and SLN positivity.

Discussion

In this study, we comprehensively evaluated the impact of HER2 expression levels (ultralow, low, and HER2-positive) on
axillary lymph node involvement, OS, and DFS in patients with hormone receptor—positive early-stage breast cancer who
did not receive neoadjuvant therapy and underwent upfront surgery. The main finding of our study was that HER2
expression levels were not an independent predictor of SLN positivity at any level of analysis; in contrast, classical
pathological factors, such as LVI, tumor size, and proliferative activity, maintained a strong and consistent association
with axillary metastasis.

Although the concept of HER2-low breast cancer has gained significant attention in recent years, whether this
subgroup truly represents a biologically and clinically distinct entity from HER2-zero or HER2-positive tumors remains
controversial.>® A substantial proportion of conflicting data regarding the prognostic significance of HER2-low tumors
originates from studies conducted in metastatic settings or with patients who have received neoadjuvant therapy.”'
Considering the potential of neoadjuvant treatments to modify tumor biology, particularly ALN status, extrapolating
these findings directly to early-stage, treatment-naive populations may be challenging. By examining the association
between HER2 expression levels and axillary metastasis in a cohort treated with upfront surgery, our study provides
a distinct contribution to the existing literature by reflecting the untreated biological state.

The absence of a significant association between HER2 expression levels and SLN positivity in our cohort suggests
that HER2-low tumors do not clinically differ from HER2-zero or HER2-positive tumors in terms of axillary dissemina-
tion potential. These findings do not support the hypothesis that HER2-low tumors are an intermediate biological
phenotype in the context of axillary metastasis. Notably, in the multivariable logistic regression anal-ysis, neither the
HER2-low nor the HER2-positive group demonstrated an additional risk for axillary metastasis compared with the
ultralow group, indicating that this relationship lacks clinical relevance. This observation may partly be explained by the
predominance of early-stage, clinically node-negative (cNO) tumors in our study cohort, which may have limited the
variability in axillary metastatic burden.

Our findings support the interpretation that HER2-low disease may currently represent a therapeutically relevant
classification rather than a biologically distinct axillary metastatic phenotype. Although HER2-low tumors may demonstrate
differential sensitivity to antibody—drug conjugates, this therapeutic responsiveness does not necessarily imply distinct
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invasive or lymphatic dissemination behavior. Therefore, the clinical implications of the HER2-low concept in early-stage
breast cancer may be more closely related to systemic treatment selection than to surgical decision-making or nodal metastatic
biology. Our findings should also be considered in light of prior studies examining HER2 expression and nodal involvement.
Shi et al evaluated treatment-naive breast cancer patients according to HER2 expression levels and reported no consistent
evidence that HER2-low status was associated with increased nodal metastatic burden compared with other HER2-defined
subgroups.”* Likewise, Lu et al compared lymph node metastasis rates across HER2 expression categories and found no clear
indication that HER2-low disease represents a distinct nodal metastatic phenotype. In contrast to these studies, our analysis
was specifically restricted to a homogeneous cohort of hormone receptor—positive early-stage patients undergoing upfront
surgery without neoadjuvant treatment, thereby offering a more focused surgical perspective on sentinel lymph node
positivity.*

Conversely, LVI emerged as the strongest independent predictor of SLN positivity in the multivariable analysis.
Importantly, this should not be interpreted as a novel observation, as LVI is already a well-established predictor of nodal
involvement and adverse prognosis in invasive breast cancer. Rather, our results confirm its dominant role within this
specific cohort of hormone receptor—positive, treatment-naive patients undergoing upfront surgery.>* The observed AUC
values (0.68 for LVI, 0.61 for tumor size, and 0.53 for Ki-67) indicated only modest discriminatory performance and
should be interpreted descriptively, given the binary nature of LVI and the different measurement characteristics of the
evaluated variables. Findings from the ROC analysis were consistent with those of the multivariable model, with LVI
demonstrating the highest discriminative ability among the evaluated variables. However, the discriminatory performance
of these variables was modest (AUC=0.68 for LVI, AUC=0.61 for tumor size, and AUC=0.53 for Ki-67) and does not
support their use as clinically actionable predictive tools. Rather, these findings should be interpreted as supportive
evidence reinforcing the predominant role of established pathological factors in axillary metastatic risk assessment.

The subgroup analyses further reinforced that even within clinically and pathologically relevant subgroups (defined
by proliferative activity, LVI, and tumor size), HER2 expression levels did not exert a significant modifying effect on
SLN positivity. Although subgroup analyses suggested potential variation across HER2 strata for both Ki-67 and
lymphovascular invasion (LVI), formal interaction analyses were not performed due to the limited sample size and
number of events, which may lead to unstable estimates. Therefore, these findings should be interpreted with caution.
Although higher SLN positivity rates were generally observed in tumors with high proliferative activity, defined as Ki-67
>15% in the referenced study and >20% in our cohort, suggesting a potential role of proliferation in axillary metastatic
risk, this effect was independent of HER2 expression status.”> Similarly, an increase in SLN positivity rates was observed
with increasing tumor size; however, HER2 expression did not significantly affect this association, highlighting the
dominant role of classical prognostic factors in axillary metastasis biology.”°

The higher prevalence of HER2-low tumors among patients with hormone receptor—positive breast cancers further
complicates the interpretation of their biological characteristics. This is because of the variability in the cut-off values
used to define hormone receptor positivity in the literature, which represents a significant factor limiting comparability
across studies involving HER2-low tumors.?’ In our study, the consistency of findings in sensitivity analyses performed
using both >1% and >10% thresholds for ER and PR positivity demonstrates that the lack of association between HER2
expression levels and axillary metastasis is independent of the receptor cut-off applied. This methodological robustness
strengthens the validity of our findings.

The survival analyses conducted in our study did not demonstrate statistically significant differences in OS or DFS
according to HER2 expression levels. However, only three deaths and five recurrences occurred during follow-up, and
the median follow-up duration was relatively short. Therefore, the absence of statistically significant differences should
not be interpreted as evidence of equivalent prognosis among HER2 expression groups. Rather, these analyses should be
considered exploratory and hypothesis-generating, and larger studies with longer follow-up are needed to better define
potential prognostic differences.

Although these results should be interpreted cautiously due to the limited number of events and relatively short
follow-up, they are in line with previous reports suggesting that HER2-low status does not consistently confer distinct

short-term survival outcomes in early-stage hormone receptor—positive breast cancer.”® Given the limited number of
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survival events and relatively short median follow-up duration, the present survival analyses should be considered
exploratory and hypothesis-generating rather than definitive.

Several limitations of this study should be acknowledged. The retrospective design may have introduced potential
selection biases. Furthermore, because HER2 assessment was performed across multiple institutions without central
pathological review, some degree of interobserver variability in distinguishing HER2-ultralow and HER2-low categories
cannot be excluded. A further limitation concerns the terminology used for HER2 expression categories. In this study,
tumors with an IHC score of 0 were referred to as HER2-ultralow to maintain consistency throughout the manuscript.
However, recent studies have suggested that HER2-ultralow tumors, defined by faint incomplete membranous staining in
<10% of tumor cells, may represent a subgroup distinct from true HER2-zero disease. Because this was a retrospective
multicenter study and no central pathological review was performed, such a distinction could not be reliably assessed.
Therefore, our classification of IHC 0 tumors as HER2-ultralow should be interpreted in this context. The limited number
of events restricted the statistical power of the survival analyses. In addition, the relatively small number of patients in
the HER2-positive subgroup may have limited the statistical power of subgroup comparisons and increased the risk of
type II error. Nonetheless, the inclusion of a homogeneous cohort of hormone receptor—positive treatment-naive sample
who underwent upfront surgery, standardized pathological assessment, and the use of multivariable analyses to support
the findings represent important strengths of the study. The main contribution of the present study lies not in proposing
HER2-low disease as a new determinant of nodal spread, but in testing this question within a narrowly defined and
clinically relevant surgical cohort. By restricting the analysis to hormone receptor—positive, treatment-naive early-stage
patients treated with upfront surgery, we aimed to minimize confounding related to neoadjuvant treatment effects and
receptor heterogeneity across broader breast cancer populations.

Overall, our findings indicate that HER2 expression levels are not independent determinants of axillary metastasis or
SLN positivity in hormone receptor—positive early and locally advanced breast cancer patients who have not yet received
neoadjuvant therapy. In assessing the risk of axillary metastasis, classical pathological factors, including LVI, tumor size,
and proliferative activity, should remain the primary considerations. These results suggest that the clinical impact of the
HER2-low concept on axillary biology and surgical decision-making is limited, and that management of axillary
metastasis in early-stage breast cancer should be guided by biologically meaningful parameters. (Lymphovascular
invasion, tumor size, histological grade, and Ki-67 proliferative index).

More importantly, the lack of a statistically significant relationship between HER2 expression and axillary metastasis
risk suggests that HER2-low tumors do not exhibit an invasive or lymphatic dissemination pattern that is characteristic of
HER2-positive tumors. Nevertheless, the clinical relevance of the HER2-low concept extends beyond prognostic and
surgical contexts. In cases demonstrating borderline or heterogeneous HER2 expression on IHC evaluation, current
testing methods may not fully capture tumor biology.?’ In this regard, it is conceivable that some tumors classified as
HER2-low or ultralow may harbor functionally relevant HER2 proteins on the cell surface, representing a potential area
for future research on targeted therapeutic strategies. However, this hypothesis requires validation through prospective

and biologically driven studies in treatment-naive patients with early stage breast cancer.

Conclusions

In this retrospective multicenter cohort of hormone receptor—positive treatment-naive early breast cancer patients
undergoing upfront surgery, HER2 expression status was not independently associated with axillary metastasis or sentinel
lymph node positivity. In contrast, the risk of axillary metastasis appears to be primarily determined by classical
pathological factors, particularly LVI, larger tumor size, and higher proliferative activity, rather than by HER2 expression
status. These findings suggest that the HER2-low concept has limited influence on axillary metastatic behavior and
should not substantially impact surgical decision-making in early-stage breast cancer. However, given the retrospective
design and limited number of events, these observations should be interpreted cautiously. Importantly, the present study
primarily addresses surgical and nodal metastatic behavior and was not designed to evaluate the broader biological or
therapeutic implications of HER2-low disease.
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