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Background: Netrin-1 is a laminin-related glycoprotein involved in embryonic development and cancer progression. In breast cancer,
increased Netrin-1 expression has been associated with lymph node positivity, metastatic disease, and treatment resistance. Given its
potential role in tumor aggressiveness and response to therapy, we aimed to investigate the relationship between Netrin-1 expression
and neoadjuvant treatment response in HER2-positive breast cancer.

Methods: A total of 90 patients were included in the study. Netrin-1 expression was evaluated immunohistochemically in formalin-
fixed, paraffin-embedded tumor tissues retrieved from pathology archives. Netrin-1 expression was assessed using two scoring
parameters: staining proportion and staining intensity. Patients were divided into two groups according to the netrin-1 staining
intensity and strength. Clinicopathological features were compared statistically between groups.

Results: Pathological responses after neoadjuvant treatment were compared according to Netrin-1 staining proportion and intensity,
and no statistically significant differences were observed. Miller—Payne Grades 45 were more frequent in the high staining proportion
and intensity groups; however, these differences were not statistically significant (p = 0.69 and p = 0.38, respectively). Univariate
logistic regression identified Ki-67, hormone receptor status, and tumor dimension as factors associated with pathological complete
response. These variables remained independently associated with pCR in multivariate binary logistic regression analysis.
Conclusion: Netrin-1 expression was not associated with neoadjuvant treatment response in HER2-positive breast cancer.
Nevertheless, considering its biological role and therapeutic relevance in multiple malignancies, further studies are warranted to
clarify the predictive and therapeutic potential of Netrin-1.
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Introduction

Netrin-1 is a laminin-related glycoprotein that plays a crucial role in embryonic development and is aberrantly expressed
in a wide range of malignancies. Within cancer cells and the tumor microenvironment, Netrin-1 has been shown to
regulate key processes such as epithelial-mesenchymal transition (EMT) and angiogenesis. Initially described in the
early 1990s as a secreted chemotropic guidance molecule, increased Netrin-1 expression has since been reported in
several cancer types; including breast, lung, colorectal, melanoma, lymphoma, and glioblastoma.'+*

The two principal receptors of Netrin-1, Deleted in Colorectal Carcinoma (DCC) and UNC5 homologs (UNC5H), induce
apoptosis in the absence of ligand. Accordingly, loss of receptor expression or upregulation of Netrin-1 has been associated
with tumor progression and aggressiveness. In breast cancer, higher Netrin-1 expression has been observed in lymph node—
positive compared with lymph node—negative disease, as well as in metastatic compared with non-metastatic tumors.*~

Human epidermal growth factor receptor 2 (HER2) positivity accounts for approximately 20% of all breast cancers and is
associated with aggressive tumor biology, early recurrence, and inferior survival outcomes.* Response to neoadjuvant therapy

varies according to intrinsic molecular subtypes within HER2-positive breast cancer, with the highest pathological response
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rates observed in HER2-enriched and HER2 basal-like tumors. Importantly, achieving a pathological complete response
(pCR) in these subtypes has been linked to improved event-free survival.’

The EMT-like phenotype is more frequently encountered in HER2-positive breast cancer and has been implicated in
resistance to anti-HER2 therapies. In this context, overexpression of Netrin-1 has been shown to facilitate EMT, while
preclinical studies have demonstrated that both de novo and acquired resistance to trastuzumab occur more commonly in
tumors exhibiting EMT-like features.®’

With the success of anti-HER2 therapies in early-stage disease, neoadjuvant treatment has become the standard of
care. pCR achieved after neoadjuvant therapy is strongly associated with favorable survival outcomes, with pCR rates
reaching 57-66% following dual HER2 blockade with trastuzumab and pertuzumab.® Ongoing research has therefore
focused on identifying radiological biomarkers, such as functional tumor volume (FTV), and pathological biomarkers,
including tumor-infiltrating lymphocytes (TILs) and hormone receptor status, to better characterize tumor biology and
optimize treatment strategies.”'® In line with this rationale, we aimed to investigate the relationship between Netrin-1

expression and neoadjuvant treatment response in HER2-positive breast cancer.

Material and Methods
Study Population

A total of 106 patients diagnosed with locally advanced/oligometastatic HER2-positive breast cancer and treated with
neoadjuvant chemotherapy combined with anti-HER2 monoclonal antibody between March 1, 2015, and September 30,
2022, Sakarya University were included in the study. Archived tumor tissues from breast biopsies performed at the time
of diagnosis were used. Sixteen patients with formalin-fixed and paraffin-embedded (FFPE) tissues that did not contain
sufficient tumor cells for Netrin-1 staining were excluded. Data from a total of 90 patients were analyzed.

Patients were over 18 years of age, hormone receptor-positive/negative and HER2-positive, radiologically early stage
or oligometastatic (one metastatic site and <3 metastases, no solid metastases), and receiving neoadjuvant treatment.
HER2 positivity was defined as an immunohistochemical (IHC) score of 3 or 2 and being positive by fluorescence in situ
hybridization (FISH). Hormone receptor positivity was defined estrogen and/or progesterone receptor > 1%. There were
5 oligometastatic patients (3 patients had 1 bone metastasis, 1 patient had mediastinal lymph node metastasis, and 1
patient had 2 bone metastases). Oligometastatic patients were operated on according to their radiological response to
neoadjuvant treatment. Pathological response in the primary tumor was evaluated using the Miller—Payne grading
system: grade 5 in two patients, grade 4 in two patients, and grade 3 in one patient.

This study was planned as an exploratory study to determine the predictive value of the Netrin-1 molecule on neoadjuvant
therapy response. Since there were no similar studies in the literature, IHC staining cut-off values were used. Netrin-1 was
evaluated by IHC in FFPE ftissues from the pathology archives of the patients. Netrin-1 positivity was determined by two
scoring methods: cytoplasmic staining proportion and intensity. The staining proportion was scored as 0 (<10%), 1 (10-25%),
2 (25-50%), 3 (50-75%), and 4 (75-100%), and the staining intensity was scored as 0 (absent), 1 (weak), 2 (moderate), and 3
(strong). For analysis, the >75% cut-off for staining proportion and the 0—1 vs 2—3 grouping for staining intensity were
selected a priori to facilitate comparative analysis in a limited sample size and should be interpreted as exploratory rather than
definitive thresholds. BIOSS BS-1858R Netrin-1 polyclonal concentrated 0.1 mL (1:400) and DAKO GV82311-2 Env FLEX
Mini KIT were used. Formalin-fixed paraffin-embedded sections were processed using standard immunohistochemical
procedures according to the manufacturer’s protocol, with appropriate positive and negative controls included in each run.
All evaluations were performed under standardized conditions, and the pathologist was blinded to clinical outcomes. Netrin-1
immunohistochemical staining results were evaluated by a single pathologist.

The Miller Payne grading system was used to evaluate neoadjuvant treatment response in the postoperative pathology
report. Grade 1 defines no change in individual malignant cells; Grade 5 defines no malignant cells identifiable at the
tumor site. Additionally, no malignant cells at the tumor site was considered pathological complete response (pCR).

Patient data (demographics, clinicopathological, outcome data, pathological response evaluation, and laboratory
parameters) were collected from medical oncology outpatient clinic records, medical records and computer records.
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Statistical Analysis

All analyses were performed using SPSS Version 23 (SPSS Inc., Chicago, IL, USA). The Kolmogorov—Smirnov test was
applied to test the normal distribution of all data. Data are presented as mean + standard deviation or median (1st quartile
—3rd quartile) for continuous variables and as frequency (percentage) for categorical variables based on normality of
distribution. An analysis of continuous variables between groups was performed using the independent samples ¢-test or
Mann—Whitney U-test, depending on the normality of distribution. To compare categorical variables, the chi-square test
was used, and when the chi-square test was not appropriate, Fisher’s exact test was applied. Univariate and multivariate
logistic regression analysis was used to determine the factors predicting pCR. The mean was employed to determine cut-
off values for age. Odds Ratio (OR) was reported with corresponding 95% confidence intervals (95% CI) and p<0.05 was
considered statistically significant.

Ethical Approval

This study was conducted retrospectively. The study protocol was approved by the Ethics Committee of Sakarya
University Faculty of Medicine (02.02.2022-71,522,473-050.01.04—102,086-07). Informed consent was waived due to
the retrospective design of the study and the use of anonymized patient data. All patient data were fully anonymized prior
to analysis, and patient confidentiality was strictly maintained in accordance with the Declaration of Helsinki.

Results
A total of 90 patients were included in the study. The median age of the patients was 48.5 (40-57.25) years. All patients
received trastuzumab in neoadjuvant treatment, 46 (51.1%) patients received trastuzumab+ pertuzumab with chemother-
apy. After neoadjuvant therapy, pCR was observed in 33 (36.7%) patients. The clinical and pathological characteristics of
the patients are summarized in Table 1.

Patients were divided into two groups according to netrin-1 staining proportion. Twenty-three patients had low
staining proportion (<75%), and 67 patients had high staining proportion (=75%). Patient characteristics were similar
between the two groups. Patients were also divided into two groups according to netrin-1 staining intensity. Thirty-five

Table | Demographic and Clinical Characteristics of the Study

Population
Parameters All Patients
(n=90)
Age, years
Median (IQR) 48.5 (40-57.25)
Menopausal status, n (%)
Premenopausal 45 (45.0)
Postmenopausal 45 (45.0)
Tumor location, n (%)
Right 49 (54.4)
Left 41 (45.6)
Tumor grade, n (%)
Grade | 10 (11.1)
Grade 2 40 (44.4)
Grade 3 18 (20.0)
Unknown 22 (24.4)
Tumor histology, n (%)
Invasive ductal carcinoma 81 (90.0)
Others 9 (9.0
(Continued)
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Table | (Continued).

Parameters All Patients
(n=90)
Hormone receptor status, n (%)
Negative 20 (22.2)
Positive 70 (77.8)
Ki-67 n (%)
<20 28 (31.1)
>20 47 (52.2)
Unknown 15 (16.7)

Netrin-| staining proportion, n (%)

0 (<10%) I (1.1)
1 (10-25%) 2 (2.2)
2 (25-50%) 3(33)
3 (50-75%) 17 (18.9)
4 (75-100%) 67 (74.4)
Netrin-| staining intensity, n (%)
Absent I (I.1)
Weak 7 (7.8)
Moderate 27 (30.0)
Strong 55 (61.1)

Clinical stage, n (%)

Stage | 5 (5.5)

Stage 2 51 (56.7)

Stage 3 29 (3233)

Stage 4 5 (5.5)
Neoadjuvant Pertuzumab treatment, n (%)

No 44 (48.9)

Yes 46 (51.1)
Miller Payne score, n (%)

Grade | 3 (3.3)

Grade 2 11 (12.2)

Grade 3 22 (24.4)

Grade 4 21 (23.3)

Grade 5 33 (36.7)
Recurrence status, n (%)

No 82 (91.1)

Yes 8 (8.9)
Exitus, n (%)

No 85 (94.4)

Yes 5 (5.6)

patients had absent-weak staining intensity (0—1), and 55 patients had moderate-high (2-3) staining intensity. Hormone
receptor—positive tumors were significantly more frequent in the moderate-to-strong Netrin-1 staining intensity group
compared with the absent-weak group (p = 0.028) (Figure 1).

Among the five oligometastatic patients, Netrin-1 staining proportion was low (<75%) in two patients and high
(>75%) in three patients. Regarding staining intensity, three patients showed absent—weak, while two patients exhibited
moderate—strong staining.
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Figure | Netrin-| staining intensity weak (A) and strong (B) in breast cancer cells.

Pathological responses after neoadjuvant treatment were compared within the groups for netrin-1 staining proportion

and intensity, and no statistically significant difference was found. Miller Payne Grades 4-5 were more common in the

higher proportion and intensity groups, but this difference was not statistically significant (p= 0.69, p=0.38, respectively).

(Table 2 and Table 3).

Factors predicting pCR were evaluated univariate logistic regression analysis (Table 4). In the established model, Ki-
67 (OR: 4.41, 95% CI 1.43-13,56, p:0.010), hormone receptor status (OR: 0.29, 95% CI 0.10-0.80, p:0.017) and tumor
dimension (OR: 0.91, 95% CI 0.32-2.58, p:0.079) were found to be predictive factors. Variables with p <0.10 in the
univariate analysis were subsequently included in the multivariate binary logistic regression model. In multivariate binary

logistic regression analysis, Ki-67, hormone receptor status, and tumor dimension remained independent predictors of

pathological complete response. Higher Ki-67 expression was associated with an increased likelihood of pCR, whereas

hormone receptor positivity and smaller tumor size were also independently associated with pCR (Table 5).

Table 2 Response Evaluation Between Netrin-1 Staining Proportion Groups and the

Population
Response, n (%) Total Low High p value
Pathological complete response (pCR) | 33 (%36.7) | 10 (%43.5) | 23 (%34.3) | 0.43
Primary tumor pCR 37 (%43.0) | 11 (%50.0) | 26 (%40.6) | 0.44
Axillary lymph node pCR 40 (%60.6) | 14 (%73.7) | 26 (%55.3) | 0.17
Miller-Payne Grade (4-5) 54 (%60.0) | 13 (%56.5) | 41 (%61.2) | 0.69

Table 3 Response Evaluation Between Netrin-1 Staining Intensity Groups and the Population

Response, n (%) Total Absent-Weak | Moderate-Strong | p value
Pathological complete response (pCR) | 33 (%36.7) | 13 (%37.1) 20 (%36.4) 0.94
Primary tumor pCR 37 (%43.0) | 14 (%42.4) 23 (%43.4) 0.93
Axillary lymph node pCR 40 (%60.6) | 21 (%72.4) 19 (%51.4) 0.08
Miller-Payne Grade (4-5) 54 (%60.0) | 19 (%54.3) 35 (%63.6) 0.38

Notes: No statistically significant differences were observed.
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Table 4 Factors That Predict Pathological Complete Response

Variables Category OR (%95 CI) P value
Age (ref:<40) 240 vs <40 091 (0.38-2.14) | 0.827
HR status (ref: positive) Negative vs positive 0.29 (0.10-0.80) | 0.017
Grade (ref: grade 3) Overall - 0.822
Menopausal status (ref: postmenopause) Premenopause vs postmenopause | |.10 (0.47-2.60) | 0.827
Ki-67, % (ref: >20%) <20% vs >20% 0.22 (0.07-0.70) | 0.010
Tumor dimension (ref: >2cm) <2cm vs >2cm 0.91 (0.32-2.58) | 0.079
Clinical LN status Negative vs positive 0.71 (0.28-1.82) | 0.480
Clinical stage (ref: stage 1) Overall - 0.259
Neoadjuvant pertuzumab therapy (ref: no) | Yes vs no 0.98 (0.41-2.30) | 0.953
CAIS5-3 Continuous 1.0l (0.99-1.02) | 0.326
Netrin-1 proportion (ref<75%) 275% vs <75% 1.47 (0.56-3.87) | 0.433
Netrin-1 intensity (ref absent-weak) Moderate-strong vs absent-weak 1.03 (0.43-2.49) | 0.940

Abbreviations: HR, hormone receptor; LN, lymph node; OR, odds ratio; Cl, confidence interval.

Table 5 Multivariate Analysis of Predictors of Pathological Complete Response

Variables Category OR (%95 CI) P value
Ki-67, % (ref: >20%) <20% vs >20% 0.17 (0.05-0.59) 0.006
HR status (ref: positive) Negative vs positive | 4.14 (1.15-14.86) | 0.029
Tumor dimension (ref: >2cm) | <2cm vs >2cm 4.64 (1.19-18.12) | 0.027

Abbreviations: HR, hormone receptor; OR, odds ratio; Cl, confidence interval.

Discussion

It is known that the expression level of netrin-1 varies in many cancer types. Our study is the first in the literature to
evaluate the relationship between netrin-1 expression and treatment. In our study, we examined the relationship between
netrin-1 expression level and pathological response after neoadjuvant treatment in HER2-positive locally advanced/
oligometastatic breast cancer patients. Consistent with the literature, the pathological complete response after neoadju-
vant treatment was correlated with Ki-67 (p=0.010), however no correlation was found with the staining proportion and
netrin-1 intensity (p=0.940; p=0.433, respectively).

Blocking netrin-1 as a therapeutic target with an anti-Netrin-1 antibody (NP137), alone or in combination with
different agents, is under investigation for various tumors. Reducing the risk of metastasis and progression through EMT
inhibition by NP137 may be a promising therapeutic target for HER2-positive breast cancer.'' '

Netrin-1 expression was evaluated immunohistochemically and interpreted as two parameters: staining proportion and
intensity. We did not evaluate the netrin-1 receptor expression in our study. The relative increase in Netrin-1 levels due to
decreased receptor expression may affect tumor aggressiveness and treatment response.

Fitamant et al evaluated the netrin-1 level by quantitative polymerase chain reaction (Q-PCR) and found that it was
expressed more in node-positive patients than in node-negative patients.® The detection of netrin-1 by PCR or the
measurement of receptor expression may be more helpful as regards treatment response. Chen et al evaluated Netrin-1
expression IHC in archived breast cancer tissues and classified cytoplasmic staining intensity using a 0-3+ scoring

system.'* In their cohort of 106 patients, Netrin-1 expression was not associated with estrogen receptor positivity, lymph
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node involvement, or tumor size. In contrast, our study focused on a biologically and clinically distinct population of
patients with HER2-positive breast cancer treated with neoadjuvant therapy and demonstrated a significant association
between higher Netrin-1 staining intensity and hormone receptor positivity. These discrepant findings may be explained
by differences in patient selection, treatment context, and study objectives. Importantly, as no standardized or outcome-
based cut-off values for Netrin-1 expression have been established in the literature, the cut-off values applied in the
present study were selected to enable meaningful group comparisons within a limited sample size and should be regarded
as exploratory rather than definitive clinical thresholds. Accordingly, our results should be interpreted as hypothesis-
generating and warrant validation in larger, prospective cohorts.

In our study, hormone receptor—positive tumors were significantly more frequent in the moderate-to-strong Netrin-1
staining intensity group compared with the absent—weak group (p = 0.028). Previous studies have demonstrated that high
expression of Netrin-1 receptors, particularly Down syndrome cell adhesion molecule (DSCAM) and UNCSB, is
associated with increased sensitivity to fulvestrant, a selective estrogen receptor degrader (SERD).">'® Taken together,
these findings suggest that Netrin-1 and its receptors may play a role in the mechanisms underlying endocrine sensitivity
and resistance in hormone receptor—positive tumors. Although direct causal relationships cannot be established in the
present study, the association between Netrin-1 signaling and hormone receptor status raises the possibility that this
pathway could be involved in modulating endocrine response and resistance.

Hormone receptor and HER2 discordance may be seen in primary tumors and synchronous lymph node metastases,
and this affects survival.'” The existence of a similar discordance of netrin-1 is unknown. In our study, netrin-1 levels in
breast biopsy tissues collected for diagnosis were examined; lymph node netrin-1 status was not evaluated. In our study,
no correlation was observed between primary tumor and axillary complete response rates, and Netrin-1 levels (p=0.44,
p=0.17 for staining proportion; p=0.93, p=0.08 for staining intensity, respectively).

The main limitations were the use of archival tissues due to the retrospective design, the detection of netrin-1 levels by
IHC, and the unknown expression level in the concomitant lymph node. Immunohistochemical evaluation was performed by
a single experienced pathologist to ensure scoring consistency; however, the absence of interobserver agreement analysis
represents a limitation of the study. Due to the limited sample size, survival endpoints such as progression-free survival
associated with pathological complete response could not be reliably evaluated. In addition, survival analyses were not
performed because of the retrospective design and the limited follow-up duration of the study cohort.

Conclusion

In our study, we investigated netrin-1 as a marker predicting response to standard neoadjuvant treatment in HER2-
positive breast cancer and found no correlation. However, netrin-1 is an essential marker in many cancers as a therapeutic
target. As the importance of netrin-1 as a therapeutic target increases, it will be practical to determine netrin-1 expression
through easily accessible methods such as IHC.
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