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Purpose: Our aim was to verify whether KIF20A has the potential to serve as a prognostic marker for female patients with estrogen
receptor (ER)-positive breast cancer (BC) and treated with tamoxifen (TAM).

Patients and Methods: Online tools were used to investigate the potential correlation between KIF20A gene expression and survival
of patients with ER-positive BC and TAM treatment. Furthermore, immunohistochemistry (IHC) was conducted to assess the
expression levels of KIF20A in patients included from our center. The prognostic value of KIF20A for disease-free survival (DFS)
and overall survival (OS) was further evaluated using Cox regression analysis.

Results: According to the results obtained from online tools, it was found that patients with low KIF20A expression exhibited
significantly better survival outcomes in terms of relapse-free survival (RFS), distant metastasis-free survival (DMFS), and OS
compared to those with high KIF20A expression (P < 0.001, P <0.001, and P = 0.008, respectively). Additionally, significantly lower
gene expression of KIF20A was found in patients who responded to TAM than in those who did not respond to TAM (P < 0.001). We
further included 203 patients with adjuvant TAM therapy, and IHC for KIF20A was performed on sections from paraffin-embedded
blocks. Patients with low KIF20A expression had significantly better DFS and OS (P = 0.001 and 0.002, respectively, log rank test),
and the expression of KIF20A was identified as an independent factor for predicting both DFS and OS (P = 0.001 and 0.008,
respectively).

Conclusion: KIF20A expression is an independent prognostic factor for survival in patients with ER-positive BC who received
adjuvant TAM therapy. In clinical practice, IHC evaluation of KIF20A expression in surgical samples before administering tamoxifen
may assist in predicting the treatment outcomes of these patients.
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Introduction
Breast cancer (BC) account for 24.5% of total number of newly diagnosed cancers in female population in 2020.'
Estrogen receptor (ER)-positive BC is the most common subtype, which makes up about 80% of all kinds of BC.2 1t is
generally assumed that ER-positive BC is less sensitive to chemotherapy than ER-negative BC.? Therefore, endocrine
therapy plays a critical role in the treatments for ER-positive BC.

Tamoxifen (TAM), a selective ER modulator, is the most commonly used endocrine drug for ER-positive BC.*¢
TAM can be used to treat patients with BC, including both pre- and postmenopausal female patients as well as male

patients, especially premenopausal female patients.”® TAM has been reported to reduce BC recurrence and mortality
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rates by 50% and 30%, respectively.” Moreover, a longer treatment duration of TAM can yield better outcomes in
reducing the recurrence and mortality of BC. Specifically, a 5-year treatment period is more effective than a 1-2-year
treatment period,'® and continuing TAM for up to 10 years is superior to stopping at a 5-year treatment period.'" Despite
its effectiveness, TAM therapy failure is still observed in some patients, and TAM resistance remains one of the primary
causes.'? Some studies have been dedicated to discovering novel biomarkers or models for predicting the prognosis of
patients with BC.">"'” However, in clinical practice, there is a lack of biological indicators that are cost-effective, easily
implementable, and effectively predict the prognosis of patients with ER-positive BC and receiving TAM therapy.
Therefore, the identification of novel markers for predicting TAM treatment outcomes is an urgent task that can inform
clinical practice.

Kinesin family member 20A (KIF20A) (also known as RAB6KIFL) consisting of 890 amino acids belongs to the
kinesin family which is a superfamily of microtubule-based motor proteins playing important roles in mitosis and
intracellular transport.'®'® KIF20A can bind to microtubules and generate mechanical force to accelerate the movement
of organelles.?’ It has been found to be highly expressed in almost all types of cancers,'® and a previous systematic
review has confirmed the association between high KIF20A expression and poor prognosis in human cancer.! KIF20A
has been reported to be involved in cell growth and the cell cycle regulation in BC, and suppression of endogenous
KIF20A expression can significantly inhibit the growth of BC cells.?? In colorectal cancer, KIF20A can activate the JAK/
STATS3 signaling pathway, thereby promoting carcinogenesis, and suppressing the expression of KIF20A can inhibit the
proliferation and migration of colorectal cancer cells.”> KIF20A peptides also have the ability to mediate the specific
cytotoxic effect of killer T cells and it can play a role as a tumor-associated antigen in multiple cancers, including biliary
tract cancer, gastric cancer, and pancreatic cancer.2*2¢ Besides, KIF20A can lead to resistance of multiple anticancer
drugs, such as paclitaxel,”’ docetaxel,” oxaliplatin,”® and 5-FU.*° Hence, KIF20A may be a potential marker for
predicting patients’ prognosis in patients with BC who are administered adjuvant TAM treatment. To evaluate the
value of KIF20A in predicting the survival of patients with ER-positive BC and TAM treatment, we utilized web-based
tools to evaluate the association between KIF20A expression and survival of this patient population, and further validated
it through immunohistochemistry (IHC) experiments based on samples from our center. IHC was performed to assess the
expression of KIF20A, and patients were grouped based on their expression levels. Furthermore, Cox regression analysis
was applied to identify independent predictors of patient survival based on the expression level of KIF20A and
clinicopathological factors.

Materials and Methods
This study complied with the Declaration of Helsinki and was approved by the Ethics Committee of the Fourth Hospital
of Hebei Medical University. Signed informed consent was obtained before sampling.

Exploration of Web Tools

The Kaplan-Meier Plotter online survival analysis tool (http://kmplot.com/analysis) was used to investigate the potential

association between KIF20A expression and survival in patients with ER-positive BC and receiving TAM treatment.”!
Moreover, the website tool of ROC Plotter (https://www.rocplot.org/) was used to assessed the difference in KIF20A

expression levels between TAM therapy responders and non-responders.’”> The visualization of the results and the
statistical analysis were both carried out using the web tools.

Patients and Clinicopathological Variables

To further verify the prognostic value of KIF20A expression on the survival of patients with ER-positive BC and
receiving TAM treatment, paraffin-embedded surgical samples, clinicopathological parameters, and follow-up data of
203 female patients with primary BC who underwent surgery for BC between January 2013 and December 2017 in our
center were collected. Follow-up began at the time of surgery, and the final follow-up time was set as December 2022. At
our center, patients initially diagnosed with BC would routinely undergo a series of imaging tests to rule out the
possibility of distant metastasis. Patients were scheduled for routine screening every three months during the first two
years after the operation, followed by every six months within the next three years. Subsequently, a routine annual
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screening was performed. Once the first site of recurrence or metastasis was identified, comprehensive screening was
conducted to detect potential recurrent or metastatic events at other sites.

Patients were eligible for inclusion in our study if they met the following criteria: (1) Female patients aged > 18
years; (2) Patients diagnosed with primary, unilateral, and operable invasive ductal carcinoma of the breast histolo-
gically, and ER-positive status was confirmed by IHC with a cut-off value of 1%; (3) Patients who underwent radical
surgery for BC and had no residual cancer after surgery; (4) Patients who did not receive any neoadjuvant therapy
prior to surgery; (5) Patients who could receive adjuvant chemoradiotherapy or not, but patients were included only if
they received TAM monotherapy as adjuvant endocrine therapy before the onset of the first recurrence or distant
metastasis; and (6) Patients who were not lost to follow-up before the final scheduled follow-up. The exclusion
criteria were as follows: (1) Patients who were initially diagnosed with recurrent or metastatic BC, or pure carcinoma
in situ; (2) Patients who only underwent cytoreductive surgeries for BC; and (3) Patients with contralateral BC
following the first BC were also excluded because it is controversial whether it was another primary BC or
a metastatic event.

Clinicopathological variables of interest for these patients were extracted: patient age, tumor size, lymph node (LN)
metastasis, human epidermal growth factor receptor 2 (HER2) status, lymphovascular invasion (LVI), Ki-67 expression
level, histological grades, chemotherapy, and radiotherapy. Disease-free survival (DFS) was defined as the interval from
surgery to first recurrence and/or distant metastasis at any site. Overall survival (OS) was defined as the duration between
diagnosis and death from any cause. Moreover, the sites involved were documented based on the results of the
comprehensive screening when recurrent or metastatic events first occurred. Visceral metastasis was defined as the
spread of BC to organs, such as the lungs, liver, and brain. Multiple-site involvement was defined as recurrence and/or
metastasis of BC to more than one site at the first failure.

Age was stratified into two groups: < 35 years and > 35 years. Tumor size was categorized as < 2 or > 2 cm. Lymph
node (LN) metastasis was classified as < 3 or > 3 LN metastases. HER2 expression status was considered positive if
membrane staining was scored as 3+ by IHC or if HER2 gene amplification was revealed by fluorescence in situ
hybridization (FISH). Ki-67 expression was categorized as low or high, with a cut-off value of 30%.

Pathological Evaluation

Tissue sections (4 pm) were obtained from paraffin-embedded blocks for IHC analysis. IHC experiments for KIF20A
expression were conducted following the manufacturer’s instructions (primary antibody: KIF20A monoclonal antibody,
67190-1-Ig, 1:400 dilution, Proteintech).

High-power field (HPF) images of five randomly selected invasive tumor fields were captured from each slide and
processed using (Fiji Is Just) ImageJ (version 2.3.0/1.53f51) software. The color deconvolution plugin was used to
extract positive staining, and the integrated optical density (IOD) values of immunostaining were calculated. The average
of the five IOD values based on the images captured from the same slide represented the KIF20A expression values for
each patient. The median of all patients’ KIF20A expression values was chosen as the cut-off point. Patients with
KIF20A expression values above the median were assigned to the high KIF20A expression group while the other patients
were assigned to the low KIF20A expression group.

Statistical Analysis

Categorical variables were expressed as frequencies (percentages). Differences in categorical variables between the
groups were evaluated using Fisher’s exact test. Kaplan-Meier curves were plotted to depict patient survival stratified by
KIF20A expression levels, with the log rank test to evaluate the difference in survival between patient groups. Univariate
and multivariate Cox regression analyses were used to identify the independent prognostic variables for DFS and OS.
Only variables with significant effects on DFS or OS in the univariate Cox regression were entered into the multivariate
Cox regression analysis. The hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated. Statistical

significance was defined as a two-tailed P value of < 0.05. All data were analyzed using the R software (version 4.1.3).
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Results

A brief flowchart was presented to illustrate main steps of our study (Figure 1).

Prognostic Value of KIF20A Based on Web Tools

For the web tool of Kaplan-Meier Plotter, we specifically selected patients with ER-positive BC who only received TAM
for endocrine therapy. A total of 760, 417, 150 patients were eligible for the evaluation of the association between
KIF20A expression and relapse-free survival (RFS), distant metastasis-free survival (DMFS), OS, respectively. The
median follow-up periods were 80 months for the RFS, 70.3 months for DMFS, and 66.6 months for OS. Each patient
cohort was divided into high and low KIF20A expression groups, using the median KIF20A expression as the cutoff
value. Kaplan-Meier curves depicting RFS, DMFS and OS of patients with ER-positive BC stratified by different
KIF20A expression levels were shown in Figure 2A—C. The curves demonstrated that the survival of patients with low
KIF20A expression was significantly better than those with high KIF20A expression for all prognostic outcomes, RFS,
DMEFS and OS (P < 0.001, P < 0.001 and P = 0.008, respectively).
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Figure | The flowchart illustrating the main steps of our study.
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Figure 2 Kaplan-Meier curves illustrating the RFS (A), DMFS (B), and OS (C) of ER-positive BC patients receiving TAM therapy, stratified by KIF20A expression levels using
the Kaplan-Meier Plotter (P < 0.001, P < 0.001, and P = 0.008, respectively, log rank test).
Abbreviations: RFS, relapse-free survival; DMFS, distant metastasis-free survival; OS, overall survival; ER, estrogen receptor; BC, breast cancer; TAM, tamoxifen.
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Moreover, In the web tool of ROC Plotter, patients with ER-positive BC who received TAM endocrine therapy were
included. In the settings of ROC Plotter web tool, we identified TAM treatment responders and non-responders based on
the RFS status at 5 years. In total, 870 patients were included in the analysis, including 126 TAM non-responders and 744
TAM responders. KIF20A expression was compared between patients who responded to TAM therapy and those who did
not respond (Figure 3A). Significantly lower KIF20A gene expression was found in TAM responders (P < 0.001, Mann—
Whitney test). Furthermore, the analysis demonstrated the potential of KIF20A as a predictor in determining the response
to TAM therapy, with an area under the curve (AUC) value of 0.63 (P < 0.001) (Figure 3B). These findings suggest that
KIF20A may be a promising marker for predicting TAM response and survival in patients receiving TAM endocrine
therapy. We further validated the potential prognostic value of KIF20A through IHC testing.

Prognostic Value of KIF20A Based on Results of Our Center
Correlation Between Expression Levels of KIF20A and Clinicopathological Variables

A total of 203 patients were selected from our center and were included in the analysis. The median follow-up period was
79 months, during which 67 patients experienced recurrence and/or distant metastasis, and 39 deaths occurred during the
follow-up period. Accordingly, in assessing the prognostic effect of KIF20A on DFS, a total of 67 patients experiencing
recurrence and/or metastasis were included in the event cohort, while the other 136 disease-free patients were included in
the non-event cohort. For the evaluation of KIF20A’s prognostic role on OS, the event cohort consisted of 39 deceased
patients, with the other 164 surviving patients included in the non-event cohort. With reference to the sites of recurrence
and metastasis identified during screening at first failure, 16 (23.88%) patients exhibited involvement at multiple sites.
Bone metastasis, LN metastasis, and locoregional recurrence were observed in 30 (44.78%), 14 (20.90%), and 6 (8.96%)
patients, respectively. Furthermore, there were 18 (26.87%) and 12 (17.91%) cases of metastasis in the lung and liver,
respectively. Among all visceral organs affected by metastasis, these two organs exhibited the highest susceptibility to
metastatic spread.

KIF20A staining was observed in both the cytoplasm and nucleus (Figure 4). Based on the IHC results for KIF20A,
101 patients were categorized as having the high expression level, while the remaining 102 patients had the low
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Figure 3 Predictive value of KIF20A in assessing the treatment outcome of TAM in ER-positive BC patients, evaluated using the ROC Plotter. (A) The comparison of
KIF20A gene expression between patients with ER-positive BC who responded and did not respond to TAM therapy (P < 0.001, Mann—Whitney test). (B) The ROC curve
depicting the predictive value of KIF20A expression for TAM treatment outcome in patients with ER-positive BC receiving TAM therapy (AUC = 0.63, P < 0.001).
Abbreviations: TAM, tamoxifen; ER, estrogen receptor; BC, breast cancer; ROC, receiver operating characteristic; AUC, area under curve.
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Figure 4 IHC analysis of KIF20A expression in tumor tissues of ER-positive BC patients. (A) Representative image showing low expression level of KIF20A (x200). (B)
Representative image showing high expression level of KIF20A (*200).
Abbreviations: IHC, immunohistochemistry; ER, estrogen receptor; BC, breast cancer.

expression level. Among the 67 patients with recurrent and/or distant metastatic events, 45 (67.16%) were diagnosed
with high KIF20A expression. We compared the KIF20A expression levels between patients with recurrent and/or
metastatic events and disease-free patients. A significantly higher proportion of patients with a high expression level of
KIF20A were identified in the patient cohort with recurrent and/or metastatic disease (45/67 vs 56/136, P = 0.001)
(Table 1). Additionally, a significantly higher proportion of patients with a high expression of KIF20A were observed in
the patient cohort with a deceased status compared to the patient cohort with an alive status at the final follow-up (28/39
vs 73/164, P = 0.002) (Table 1).

Clinicopathological variables were compared between patient groups with different KIF20A expression levels
(Table 1). Compared to low expression level of KIF20A, patients with high expression level of KIF20A exhibited
higher proportions of negative HER2 status, high Ki-67 level, more involved lymph nodes, and more advanced TNM
staging, despite not showing significant difference.

Prognostic Value of KIF20A Expression on Survival

The patients’” DFS and OS stratified by KIF20A expression levels was demonstrated by Kaplan—Meier curves in
Figures 5 and 6. The difference in survival between patients with different KIF20A expression levels was compared,
and patients with low KIF20A expression level had significantly better DFS and OS (P = 0.001 and 0.002, respectively,
log rank test).

To further verify the prognostic value of KIF20A expression in patient survival, Cox regression analysis was
conducted. In univariate Cox analysis, variables including LVI, Tumor size, LN metastasis, and KIF20A expression
level were significant predictors of DFS (Table 2) and OS (Table 3). These variables were entered into the multivariate
Cox analysis. Multivariate Cox analysis identified LVI and KIF20A expression level as independent factors for predicting
DFS (P =0.041 and 0.001, respectively). Moreover, LVI, LN metastasis, and KIF20A expression level were found to be
independent factors for predicting OS (P = 0.042, 0.035, and 0.008, respectively).

Discussion

Early identification of nonresponsive patients can aid in the implementation of alternative pharmacological interventions
or more aggressive therapeutic strategies, thereby improving survival rates. In clinical practice, evaluating the therapeutic
efficacy during neoadjuvant therapy can effectively assess a patient’s sensitivity to the medication. This is one of the
purposes of neoadjuvant therapy — to evaluate the individual’s sensitivity to the drug. Although some advantages of
neoadjuvant endocrine therapy (NET) have been observed, such as comparable breast conservation rates to neoadjuvant
chemotherapy with fewer adverse events,®® the clinical application of NET is still limited.** In addition, aromatase
inhibitor was shown to be more effective in NET when compared to tamoxifen.*®> Therefore, the current clinical use of
tamoxifen primarily focuses on adjuvant therapy. In the adjuvant therapy stage, patients have undergone curative surgery
and there are no residual lesions, making it impractical to utilize the evaluation methods employed in neoadjuvant
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Table | Relationship Between KIF20A Expression and Clinicopathological Features in Patients with
ER-Positive BC

Variables High KIF20A Expression (%) | Low KIF20A Expression (%) | P value

Age group 0.822
<35 10 (9.9) 12 (11.8)
>35 91 (90.1) 90 (88.2)

Tumor size 0.206
<2cm 50 (49.5) 60 (58.8)
>2cm 51 (50.5) 42 (41.2)

LN metastasis 0.105
<3 LNs 78 (77.2) 88 (86.3)
>3 LNs 23 (22.8) 14 (13.7)

TNM stage 0.074
(] 77 (76.2) 88 (86.3)

n 24 (23.8) 14 (13.7)

HER?2 status 0.111
Negative 79 (78.2) 70 (68.6)

Positive 19 (18.8) 31 (30.4)

Indeterminate 3 (3.0 1 (1.0)

Ki67 level 0.123
Low 45 (44.6) 57 (55.9)

High 56 (55.4) 45 (44.1)

Histologic grade 0.551
-l 66 (65.3) 71 (69.6)

1] 35 (34.7) 31 (30.4)

Lymphovascular invasion 0.668
Absent 59 (58.4) 63 (61.8)

Present 42 (41.6) 39 (38.2)

Chemotherapy 0.460
No 10 (9.9) 7 (6.9)

Yes 91 (90.1) 95 (93.1)

Radiotherapy 0.160
No 42 (41.6) 53 (52.0)

Yes 59 (58.4) 49 (48.0)

Disease status 0.001*
Disease-free 56 (55.4) 80 (78.4)
Recurrence/metastasis 45 (44.6) 22 (21.6)

Survival status 0.002*
Alive 73 (72.3) 91 (89.2)

Deceased 28 (27.7) 11 (10.8)

Note: *Statistically significant difference.
Abbreviations: ER, estrogen receptor; BC, breast cancer; HER2, human epidermal growth factor receptor 2; LN, lymph node.

therapy for assessing patients’ sensitivity to tamoxifen. However, the treatment outcomes of tamoxifen, such as DFS or
0OS, can provide some insights into its effectiveness. In a clinical setting, a shorter DFS can indicate an increased
likelihood for patients to develop resistance to TAM and experience recurrence and/or metastasis. In this study, we found
that KIF20A may be a novel marker for TAM response in patients receiving TAM therapy. However, we did not
investigate the specific mechanisms by which KIF20A impacts the treatment outcomes of tamoxifen. Therefore, although
KIF20A can serve as a prognostic indicator for ER-positive BC patients receiving adjuvant tamoxifen treatment, further
exploration and validation of its underlying mechanisms are warranted.

KIF20A has been reported as a marker for multiple drug resistance previously. However, in the literature, no
correlation has been established between KIF20A expression and the TAM response. KIF20A has recently been
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Figure 5 The Kaplan-Meier curve depicting the DFS of patients, stratified by KIF20A expression levels (P = 0.001, log rank test).
Abbreviation: DFS, disease-free survival.

identified as a ferroptosis inhibitor, and knockdown of KIF20A can enhance the sensitivity of cancer cells to antitumor
drugs by inducing ferroptosis.’>>> Inhibiting ferroptosis is a novel approach to induce drug resistance,’® and the
inhibition of ferroptosis is also reported to be a possible cause of TAM resistance.”’ Hence, KIF20A may induce
TAM resistance by inhibiting ferroptosis.

In our study, we investigated the correlation between KIF20A gene expression and the survival of patients with ER-
positive BC who received TAM treatment. We utilized online tools to explore this relationship. Furthermore, we
conducted THC to validate the prognostic value of KIF20A in terms of DFS and OS in ER-positive BC patients receiving
adjuvant TAM therapy. In the comparison of clinicopathological parameters between patients with high and low
expression levels of KIF20A, it was observed that individuals with high KIF20A expression were more likely to exhibit
certain characteristics in BC. These characteristics included negative HER2 status, higher Ki-67 level, more involved
LNs, and a more advanced TNM stage, when compared to patients with low expression level of KIF20A. In a previous
study, the authors also reported that higher KIF20A expression was associated with a higher likelihood of lymph node
metastasis.”” In addition, this study, a higher proportion of high KIF20A expression was observed in BC patients with
positive HER2 status. The discrepancies in the association between KIF20A expression levels and HER2 status warrant
further investigation. They found independent prognostic value of KIF20A expression for OS in patients with BC. The
conclusion of their study was based on the total BC patient population they recruited, but it is unknown whether their
conclusions remain valid for patient populations with specific molecular subtypes and under particular drug treatment
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Figure 6 The Kaplan-Meier curve depicting the OS of patients, stratified by KIF20A expression levels (P = 0.002, log rank test).
Abbreviation: OS, overall survival.

regimens. This could potentially limit the generalizability of their findings to real-world clinical settings where patients
with ER-positive BC may have different endocrine therapy regimens. Our study assessed the prognostic value of KIF20A
expression using IHC in patients with ER-positive BC who received adjuvant TAM therapy. We only included patients
with ER-positive BC who did not undergo neoadjuvant therapy, which led to a more homogeneous patient population,
more reliable conclusions, and a clearer scope of clinical application.

In the multivariate Cox analysis for DFS, KIF20A expression level and LVI were identified as independent prognostic
factors. However, pathological staging variables, tumor size and LN metastasis, did not demonstrated the ability to
predict DFS in patients with ER-positive BC receiving adjuvant TAM treatment. Similarly, a study conducted by Aogi
et al aimed to identify definitive predictive factors for prognosis of patients with luminal-type BC using both conven-
tional clinicopathological factors and maximum standardized uptake value (SUVmax) on 18F-fluoro-2-deoxy-glucose
positron emission tomography/computed tomography (FDG-PET/CT), and found that SUVmax was the only independent
predictor for RFS (P = 0.055 in multivariate Cox analysis). None of the conventional factors were found to have
significant prognostic value for RFS in their study.”® Besides, another study identified the marker CanAssist-Breast
(CAB) as the only independent predictor of DMFS among the endocrine therapy cohort in their study when incorporating
clinicopathological covariates in multivariate Cox analysis.'> These findings suggest that in specific patient populations
with ER-positive BC, newly developed markers may be advantageous in predicting DFS over conventional pathological
factors.
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Table 2 Univariate and Multivariate Cox Analysis Results of Clinicopathological Variables and Expression Levels of KIF20A for DFS of
ER-Positive BC Patients with TAM Therapy

Variables Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value
Age groups 0.293
<35 Reference
> 35 0.686 (0.340-1.385)
HER?2 status® 0.406
Negative Reference
Positive 0.772 (0.419-1.421)
Ki67 level 0.115
Low Reference
High 1.476 (0.909-2.396)
Histologic grades 0.974
1l Reference
1] 1.008 (0.606—1.679)
Lymphovascular invasion 0.018* 0.041*
Absent Reference Reference
Present 1.784 (1.104-2.883) 1.666 (1.021-2.719)
Tumor size 0.013* 0.068
< 2em Reference Reference
> 2cm 1.847 (1.136-3.002) 1.599 (0.965-2.649)
LN metastasis 0.014* 0.278
< 3 LNs Reference Reference
> 3 LNs 1.968 (1.146-3.381) 1.371 (0.776-2.422)
Chemotherapy 0.778
No Reference
Yes 1.140 (0.458-2.836)
Radiotherapy 0.529
No Reference
Yes 1.168 (0.720-1.895)
KIF20A expression 0.001* 0.001*
Low Reference Reference
High 2.347 (1.408-3.912) 2.323 (1.387-3.890)

Notes: “There were four patients with indeterminate HER2 status and thus were excluded from the analysis. *Statistically significant difference.
Abbreviations: DFS, disease-free survival; ER, estrogen receptor; BC, breast cancer; TAM, tamoxifen; HER2, human epidermal growth factor receptor 2; LN, lymph node;
HR, hazard ratio; Cl, confidence interval.

In addition to the expression level of KIF20A, the variables of LVI and LN metastasis were significant predictors of
OS in multivariate Cox analysis. In previous studies, LN metastasis has been found to correlate with poor survival in
patients with ER—positive BC. In a large-scale study including patients with ER—positive BC uniformly treated with
adjuvant TAM, LN status was found to be an independent prognostic factor for disease-specific survival (DSS) using
multivariate Cox analysis.*> Furthermore, LVI was reported to be significantly associated with LN metastasis and
identified as an independent prognostic factor for poor OS in the entire cohort of 77,425 patients with ER-—
positive BC from the National Cancer Database (NCDB).*

Readers should note the following. First, we found that KIF20A is a prognostic marker for patients with ER-positive
BC who received TAM treatment. However, the underlying mechanism by which high KIF20A expression negatively
impacts treatment outcomes in patients receiving TAM therapy was not investigated in our study. Therefore, additional
investigations are necessary to unravel this mechanism and provide further insights. Second, although the Cox analysis
did not reveal a significant association between HER2 status and prognosis in the enrolled patients, the utilization of

adjuvant targeted drugs might serve as an additional prognostic factor influencing patient outcomes. However, due to the
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Table 3 Univariate and Multivariate Cox Analysis Results of Clinicopathological Variables and Expression Levels of KIF20A for OS of
ER-Positive BC Patients with TAM Therapy

Variables Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value
Age groups 0.211
<35 Reference
> 35 0.573 (0.240-1.370)
HER2 status® 0.979
Negative Reference
Positive 0.990 (0.468-2.094)
Ki6é7 level 0.331
Low Reference
High 1.368 (0.727-2.573)
Histologic grades 0.691
[l Reference
1l 1.142 (0.593-2.199)
Lymphovascular invasion 0.008* 0.042*
Absent Reference Reference
Present 2411 (1.263—4.601) 1.992 (1.027-3.865)
Tumor size 0.019* 0.192
< 2em Reference Reference
> 2em 2.189 (1.137—-4.214) 1.573 (0.797-3.103)
LN metastasis 0.001* 0.035%
<3 LNs Reference Reference
> 3 LNs 3.002 (1.574-5.726) 2.069 (1.052—4.067)
Chemotherapy 0.927
No Reference
Yes 1.057 (0.325-3.434)
Radiotherapy 0.404
No Reference
Yes 1.317 (0.690-2.512)
KIF20A expression 0.003* 0.008*
Low Reference Reference
High 2.841 (1.413-5.713) 2.604 (1.289-5.260)

Notes: “There were four patients with indeterminate HER2 status and thus were excluded from the analysis. *Statistically significant difference.
Abbreviations: OS, overall survival; ER, estrogen receptor; BC, breast cancer; TAM, tamoxifen; HER2, human epidermal growth factor receptor 2; LN, lymph node; HR,
hazard ratio; Cl, confidence interval.

cost associated with targeted drugs, a significant number of patients did not receive such medications during the adjuvant
treatment stage. As a result, we did not gather data on the usage of adjuvant targeted drugs. Third, our study only
included patients who did not receive neoadjuvant therapy, and we verified the significant prognostic value of KIF20A in
this population. The reason for not including patients who received neoadjuvant therapy is because such treatment can
lead to tumor tissue regression, which may potentially influence the results of IHC detection of KIF20A expression
within the tumor tissue. Therefore, further confirmation is necessary to determine the generalizability of our findings to
patient populations in other clinical scenarios, such as patient populations undergoing neoadjuvant chemotherapy and
adjuvant tamoxifen treatment. Fourth, our study did not impose restrictions on the inclusion of other treatment modalities
apart from endocrine therapy in the patient population. This lack of restriction could potentially introduce bias to our
research findings, as other treatments, such as chemotherapy, can also impact patient prognosis. However, during the
study design phase, we faced challenges in recruiting a sufficient number of patients who received tamoxifen mono-
therapy exclusively, especially those who received tamoxifen monotherapy and experienced clinical events such as
recurrence or metastasis. This difficulty arises from the fact that early-stage patients who are suitable for tamoxifen
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monotherapy tend to have a very good prognosis.*' However, ER-positive BC patients generally exhibit lower sensitivity
to chemotherapy compared to ER-negative BC patients,” and the Cox analysis did not reveal a significant impact of
chemotherapy and radiation therapy on the prognosis of the patients included in our study. Therefore, we believe that our
research conclusions remain reliable. However, it would be necessary to conduct multi-center studies that include
a sufficient number of patients receiving tamoxifen monotherapy alone in order to validate our findings.

Conclusion

In patients with ER-positive BC who receive adjuvant TAM therapy, the level of KIF20A expression serves as an
independent predictor for both DFS and OS. Patients with high KIF20A expression level exhibit significantly inferior
DFS and OS compared to those with low expression level. Hence, monitoring KIF20A expression levels through IHC
may represent an effective and feasible clinical approach for prognosticating outcomes in this patient population.
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