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Background: The minichromosome maintenance protein-2 (MCM-2) is a more sensitive proliferation marker than Ki-67. This study 
aimed to evaluate the relationship between MCM-2 and Oncotype DX recurrence score (ODX-RS) and determine an MCM-2 cutoff 
value in high-risk patients according to TAILORx risk categorization.
Methods: Hormone receptor (HR) positive HER-2 negative early-stage breast cancer patients (pT1-2, pN0-N1, M0) who had ODX- 
RS were included in the study. According to the TAILORx trial, patients were divided into two groups with high (ODX-RS ≥26) and 
low risk (ODX-RS <26) in terms of ODX-RS. Formalin-fixed-paraffin-embedded tissues of patients were re-evaluated, and 3 µm 
sections were prepared for MCM-2 immuno-histochemical staining. The relationship between ODX-RS and the percentage of MCM-2 
staining was evaluated in two groups. The ROC curve analysis was performed to determine the MCM-2 cut-off value for the 
TAILORx high-risk group (ODX-RS ≥26).
Results: The mean MCM-2 value was significantly higher in the high-risk group [(60.2 ± 11.2 vs 34.4 ± 13.8, p < 0.001)]. In the 
multivariate analysis, MCM-2 (OR: 1.27, 95% CI: 1.08–1.49, p = 0.003) and progesterone receptor (PR) levels ≤10% (OR: 60.9, 95% 
CI: 4.1–89.7, p = 0.003) were found to be independent factors indicating a high-risk group. A one-unit increase in MCM-2 level 
increased the likelihood of being in the high-risk group by 1.27 times. In the ROC curve analysis, the optimal MCM-2 cut-off level 
was 50 (AUC: 0.921, sensitivity: 86.7%, specificity: 96.0%, p < 0.001).
Conclusion: Our study is the first study in the literature to investigate the relationship between ODX-RS and MCM-2 levels in HR- 
positive HER-2 negative early breast-cancer patients. In this study, MCM-2 was an independent risk factor in identifying high-risk 
patients according to TAILORx risk classification. MCM 2 cut-off value (50) may help the decision on adjuvant chemotherapy in 
patients where the Oncotype DX test cannot be performed.
Keywords: breast cancer, MCM-2, Oncotype DX recurrence score, TAILORx risk categorization

Introduction
Breast cancer has overtaken lung cancer as the most common cancer worldwide, with 2.3 million new cases in women, 
yearly.1 According to the latest GLOBOCAN 2020 data, it is the most common cancer in women, with 24,175 (23.9%) 
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cases in Turkey.2 As a result of the lack of community-based organized mammographic screening and low awareness, in 
a study we conducted with 20,000 patients, only 5% of the patients diagnosed were ductal carcinoma in situ (DCIS), 28% 
were Stage I and 48% were Stage II breast cancer.3 The hormone receptor (HR) positive HER-2 negative patient group 
constitutes ~70% of the early-stage breast cancer patients.4

The dysregulation of DNA replication has always been at the forefront of cancer research, and its inhibition is among 
the main targets of classical chemotherapeutic drugs. Minichromosome maintenance proteins (MCMs) are among the 
most well-known proteins initiating DNA replication and are crucial for genomic stability.5,6 Six MCM proteins (MCM- 
2-7) have a complex structure in hexameric rings and act like DNA helicase enzymes that dissolve the DNA double helix 
structure.7 Uncontrolled expression and the activation of MCM 2–7 proteins directly disrupt DNA replication, causing 
genomic instability and leading to tumorigenesis and cancer development.8,9 MCM-2 has an essential regulatory role in 
the initiation of DNA replication, and its dysfunction is known to correlate with progression and poor prognosis in many 
types of cancer, including lymphoma,10 lung11, and breast cancer.12–15 With the discovery of a small molecular inhibitor 
targeting MCM-2, and the anti-tumoral activity of this inhibitor in lung cancer,16 it seems that in addition to its 
prognostic and diagnostic roles, MCM-2 might be a molecular target that can be used to treat many cancer types.

The prognostic and predictive value of the 21-gene test Oncotype Dx (Genomic Health, Redwood City, CA, USA) 
were confirmed in hormone receptor-positive HER-2 negative breast cancer patients.17–19 The Oncotype Dx-Recurrences 
Score (ODx-RS) is used to determine the benefit of adjuvant chemotherapy. It has been approved by the American 
Society of Clinical Oncology (ASCO), the National Comprehensive Cancer Network (NCCN), and other guidelines.17–19 

In western countries especially, treatment decisions are made using this test. Trial Assigning Individualized Options for 
Treatment (TAILORx) study guides clinicians in making adjuvant treatment decisions by categorizing Odx-RS according 
to risk level (RS <11 low risk, RS 11–25 intermediate risk, RS ≥26 high risk) in early-stage breast cancer patients.20 

Giving adjuvant chemotherapy to patients in the high-risk group is also indicated in the guidelines.17,18 A benefit of 
chemotherapy was reported in patients with RS ≥26 based on the 12-year follow-up results of the TAILORx study 
presented at the last San Antonio Breast Symposium.21

Access to this genetic test is difficult due to its high cost in low-middle-income countries. Therefore, the decision for adjuvant 
treatment in early-stage breast cancer patients is often based on clinicopathological features. Many studies, including our previous 
studies, have shown that ODX-RS and some clinicopathological features are compatible.22–28 However, these correlations are 
often vague making clinicopathological features imprecise surrogates for ODx-RS. Therefore, we aimed to evaluate the 
relationship between ODx-RS and MCM-2, considered a more sensitive proliferation marker than Ki-67, and to define a cutoff 
value for MCM-2 to identify patients in the high-risk group according to the TAILORx risk categorization.

Methods
Study Design and Participants
A total of 72 patients with HR-positive HER-2 negative early-stage breast cancer (pT1-2, pN0-N1, M0) who were operated on in 
our clinic were included in the study. The demographic, clinical, and pathological characteristics of the patients (age, tumor 
diameter, histological grade, estrogen receptor [ER] and progesterone receptor [PR] levels, Ki67 index, and lymph node status) 
were recorded retrospectively. The ODX-RS was analyzed from surgically removed, formalin-fixed, paraffin-embedded tissue 
preparations from patients in a central laboratory. Using immunohistochemical methods, ER and PR were considered positive if 
≥1% of tumor cells showed moderate or strong nuclear staining. HER-2 expression was evaluated by immunohistochemical 
(IHC) staining, and HER-2 negative [IHC 0/1 + or IHC 2+ but FISH (fluorescence in situ hybridization) negative] patients were 
included in the study. The staging was performed according to the 8th TNM Staging of the American Joint Committee on Cancer 
(AJCC). The clinical risk was defined as low risk if the tumor was ≤3 cm in diameter and histological grade was low, or if the 
tumor was ≤2 cm in diameter and histological grade was intermediate, or if the tumor was ≤1 cm in diameter and histological grade 
was high; patients who did not meet the low-risk criteria were defined as high risk as a clinical risk29. According to the TAILORx 
trial, patients were divided into two groups with high (ODX-RS ≥26) and low risk (ODX-RS <26) in terms of ODX-RS.21 

Formalin-fixed-paraffin-embedded tissues of patients were re-evaluated, and 3 µm sections were prepared for MCM-2 immuno- 
histochemical staining. Patients were separated into two groups as having received only endocrine therapy and having received 

https://doi.org/10.2147/BCTT.S421535                                                                                                                                                                                                                                

DovePress                                                                                                                                            

Breast Cancer: Targets and Therapy 2023:15 660

Ünal et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


combined therapy [chemotherapy (taxane-based and/or adriamycin-based regimens) and endocrine therapy (tamoxifen or 
aromatase inhibitors ± LHRH analog)].

MCM 2 Immunohistochemical Staining
MCM-2 levels were evaluated by a pathologist with 30 years of experience in breast cancer pathology (FA). Formalin-fixed- 
paraffin-embedded tissues of patients were re-evaluated, and 3 µm sections were prepared for immunohistochemical 
examination from the most representative tumor area. Anti-MCM2 (phospho S53) (rabbit monoclonal, 1:100 dilution, 
Abcam) was used for immunohistochemical analysis. Positive (colon mucosa) and negative control (brain tissue) were 
used. Diaminobenzidine (DAB) was applied as a chromogen. It was stained with the appropriate immunohistochemistry 
staining according to the protocol in an automatic immunohistochemistry staining device (DAKO OMNIS).

Scoring of MCM2 Stained Preparations
Brown staining in invasive carcinoma cell nuclei was considered positive. Preparations were digitally scanned with 
Leica-Aperio at2, and examination was done via Sectra IDS7 (accessed online). The program developed by Sectra IDS7 
program for counting Ki67 was used to calculate positively stained cells. With the help of this program, the rate of 
positive cells in 1000 cells was determined (Figures 1 and 2).

Figure 1 Invasive breast carcinoma according to TAILORx risk categorization (ODX-RS: 32 and MCM-2 level: 75%). 
Notes: (A) Hematoxylin-eosin stained microscopic image; (B) MCM-2 antibody immunohistochemical stain and MCM-2 score.

Figure 2 Invasive breast carcinoma according to MCM-2 levels according to TAILORx risk categorization (ODX-RS: 9 and MCM-2 level: 14%). 
Notes: (A) Hematoxylin-eosin stained microscopic image; (B) MCM-2 antibody immunohistochemical stain and MCM-2 score.
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Statistical Analysis
We reviewed the patient files and electronic hospital registry between 2014 and 2022 to screen patients for study 
inclusion. We aimed at least 15 patients per group for the ODx-RS low- and high-risk groups to ensure adequate power. 
We conducted the power analysis with the following assumptions: Low-risk to high-risk patient ratio in the cohort would 
be three or four, and the mean MCM-2 expression difference would be around 10%. This assumption would require 
between 60 and 70 patients to ensure an 90% power and 0.05 type 1 error (https://riskcalc.org/samplesize/).

Our initial search retrieved a total of 72 patients with early breast cancer who had available ODx results and available 
tissue for MCM-2 evaluation. The number of patients in the groups (high vs low risk) was 15, and 57. This sample size 
and low-risk to high-risk ratio corresponded to a 92% power (https://riskcalc.org/samplesize/).

Data were analyzed using the SPSS 22.0 (IBM Corp., Armonk, N.Y., USA) program. The chi-square test was used to 
compare the categorical data (demographic and clinical characteristics) among groups. The Student’s t-test and Mann– 
Whitney U-tests were used for the evaluation of normally and non-normally distributed continuous variables. Boxplot 
analysis was used to evaluate the distribution of MCM-2 between the high-risk and non-high-risk groups. TAILORx 
scores were considered with the same analysis to assess distribution for risk classification purposes. Univariate and 
multivariate analyses were used to determine the factors affecting high-risk classification according to TAILORx 
categorization. Receptor operating characteristics (ROC) analysis was used to determine the MCM-2 cut-off value for 
identifying the high-risk group. A p-value of <0.05 was considered statistically significant in all tests.

Results
The median (min-max) values were as follows: age 46.5 (26–73), MCM level 41.5 (10–77), and ODX RS 17.5 (1–59) 
(Table 1). All patients were ER-positive (>10%), and the number of patients with a PR ≤ 10% was 14. Two of these 
patients were PR negative, and 12 had weak PR positive (1–10%). Pathological tumor diameter, histological grade (HG), 

Table 1 Characteristics of the Patients in Two Groups

Characteristics All Patients  
(n = 72)

Low-Risk Group  
(n = 57)

High-Risk Group  
(n = 15)

p value

Age ≤50 48 (66.7%) 41 (71.9%) 7 (46.7%) 0.06
Age ≥50 24 (33.3%) 16 (28.1%) 8 (53.3%)

pT stage
pT1a/b 10 (13.9%) 8 (14.0%) 2 (13.3%) 0.48
pT1c 29 (40.3%) 21 (36.8%) 8 (53.3%)

pT2 33 (45.8%) 28 (49.1%) 5 (33.3%)

The Histological subtype
IDC 59 (81.9%) 46 (80.7%) 13 (86.7%) 0.59
Other subtypes 13 (18.1%) 11 (19.3%) 2 (13.3%)

Menopausal status
Pre-menopausal 48 (66.7%) 41 (71.9%) 7 (46.7%) 0.06
Post-menopausal 24 (33.3%) 16 (28.1%) 8 (53.3%)

Histologic grade
Grade 1 5 (6.9%) 5 (8.8%) N/A 0.008
Grade 2 53 (73.6%) 45 (78.9%) 8 (53.3%)

Grade 3 14 (19.4%) 7 (12.3%) 7 (46.7%)

Ki-67 groups (≤20% vs >20%)
Ki-67≤20% 44 (61.1%) 39 (68.4%) 5 (33.3%) 0.01
Ki-67>20% 28 (38.9%) 18 (31.6%) 10 (66.7%)

(Continued)
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pathological stages, Ki-67 level, lympho-vascular invasion, and axillary involvement rates in two groups are shown in 
Table As expected, high group (ODX RS ≥ 26) had higher HG (p = 0.008), lower PR rate (p < 0.001), and higher 
pathological stage (p = 0.01). There was no significant difference between groups regarding clinical risk score, radio
therapy, and surgical treatment. While all patients in the ODX-RS ≥26 groups received chemotherapy, 28% of the 
patients in the ODX-RS <26 groups received chemotherapy and endocrine therapy (p < 0.001).

The mean MCM-2 level was significantly higher in the high-risk group than the other group (60.2 ± 11.2 vs 34.4 ± 
13.8, p < 0.00.1) (Table 2). Similarly, the mean age (47.2 ± 10.3 vs 55.4 ± 9.8, p = 0.009) and level of Ki-67 [15% (2–38) 

Table 1 (Continued). 

Characteristics All Patients  
(n = 72)

Low-Risk Group  
(n = 57)

High-Risk Group  
(n = 15)

p value

PR receptor expression
0–10% 14 (19.4%) 5 (8.8%) 9 (60.0%) <0.001
11–100% 58 (80.6%) 52 (91.2%) 6 (40.0%)

Clinical risk scores
Low 29 (40.3%) 25 (63.0%) 4 (26.7%) 0.12
High 37 (51.4%) 26 (37.0%) 11 (73.3%)

Adjuvant Therapy
ET 41 (56.9%) 41 (71.9%) N/A <0.001
CT+ET 31 (43.1%) 16 (28.1%) 15 (100%)

DCIS component
Absence 20 (27.8%) 15 (26.3%) 5 (33.3%) 0.58
Presence 52 (72.2%) 42 (73.7%) 10 (66.7%)

Radiotherapy
No 11 (15.3%) 10 (17.5%) 1 (6.7%) 0.08
Yes 61 (84.7%) 47 (82.5%) 14 (93.3%)

Lympho-vascular invasion
Negative 54 (75.0%) 43 (75.4%) 11 (73.3%) 0.86
Positive 18 (25.0%) 14 (24.6%) 4 (26.7%)

Pathological Stage (TNM 8th)
Stage 1a 63 (87.5%) 51 (89.5%) 12 (80.0%) 0.01
Stage 1b 7 (9.7%) 6 (10.5%) 1 (6.7%)
Stage 2a 2 (2.8%) N/A 2 (13.3%)

Surgery Type
Breast conserving surgery 59 (81.9%) 44 (77.2%) 14 (93.3%) 0.16
Mastectomy 13 (18.1%) 13 (22.8%) 1 (6.7%)

Pathological lymph node status
pN0 52 (72.2%) 41 (71.9%) 11 (73.3%) 0.35
pN1mic 14 (19.4%) 10 (17.5%) 4 (26.7%)

pN1 6 (8.3%) 6 (10.5%) N/A

Axillary surgery
SLNB 66 (91.7%) 52 (91.2%) 14 (82.5%) 0.89
Axillary dissection 6 (8.3%) 5 (8.8%) 1 (17.5%)

Notes: All the values presented as n(%), All patients (n=72) have 11–100% ER receptor status. Other subtypes: invasive lobular 
carcinoma, mucinous, metaplastic, micropapillary, cribriform, papillary. Six patients who have pN1 (1–3 pathologic lymph nodes) 
excluded from clinical risk score. 
Abbreviations: IDC, invasive ductal carcinoma; SLNB, Sentinel lymph node biopsy; ET, Endocrine Therapy; CT, Chemotherapy; 
DCIS, Ductal Carcinoma in situ.
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vs 26% (10–60), p < 0.001] were found to be high in the high-risk group. On the contrary, the level of PR [80% (3–100) 
vs 3% (0–90), p < 0.001] (Table 2). There was no difference between the groups in terms of estrogen receptor.

A distribution graph made according to the TAILORx risk classification indicates that MCM-2 levels were higher in 
the high-risk group than in the intermediate and low-risk groups (p < 0.001). When the patients were separated into two 
groups those in the high-risk group and those who were not, the MCM-2 levels were found to be significantly higher in 
the RS ≥26 group (p < 0.001) (Figure 3).

In the univariate analysis, there were significant associations between age, MCM-2 and Ki-67 levels, histological 
grade, low progesterone levels (PR ≤ 10%), and high-risk group (Table 3). In the multivariate analysis, only MCM-2 
(OR: 1.27, 95% CI: 1.08–1.49, p = 0.003) and low progesterone receptor levels (PR ≤ 10%, OR: 60.9, 95% CI: 4.1–89.7, 
p = 0.003) were found to be independent factors indicating the high-risk group (Table 3).

The ROC curve analysis was performed to determine the MCM-2 cut-off value in the high-risk group, and this value 
was found as 50 (Figure 4) (AUC: 0.921, sensitivity: 86.7%, specificity: 96.0%, p = <0.001, positive predictive value: 
95.5%, negative predictive value: 96.0%, validity of the test: 90.0%).

Table 2 Association Between Clinicopathological Characteristics According to Risk Groups

Characteristics Low-Risk Group (n = 57) mean 
±SD/Median (Min-Max)

High-Risk Group (n = 15) Mean 
±SD/Median (Min-Max)

p value

MCM-2 level (%) 34.4±13.8 60.2±11.2 <0.001t

Age 47.2±10.3 55.4±9.8 0.009t

Tumor size (cm) 2 (0.5–4.5) 1.5 (0.8–3.5) 0.26m

Ki-67 level (%) 15 (2–38) 26 (10–60) <0.001m

ER level (%) 95 (70–100) 95 (90–100) 0.88m

PR level (%) 80 (3–100) 3 (0–90) <0.001m

Note: t-test (t) or Mann–Whitney U-test (m) was used according to normal distribution or not.

Figure 3 Invasive breast carcinoma according to MCM-2 levels according to TAILORx risk categorization (ODX-RS: 9 and MCM-2 level: 14%) (p<0.001). 
Notes: (A) Hematoxylin-eosin stained microscopic image; (B) MCM-2 antibody immunohistochemical stain and MCM-2 score (p < 0.001).
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Discussion
Patients with early-stage breast cancer should be selected for treatment to avoid overtreatment and side effects of 
adjuvant chemotherapy.28 Therefore, tumor genetic assays have been used to make decisions on adjuvant therapy in 
patients with HR-positive HER-2 negative early-breast cancer.20,29,30 Oncotype DX, Mammaprint, Prosigna, 
Endopredict, and Breast Cancer Index are recommended in the NCCN guideline.31 The Oncotype Dx test is the most 
commonly used, and clinical trials have supported its prognostic and predictive value.32–34 In our patients, the oncotype 
recurrence score was considered when deciding on adjuvant therapy, similar to other guidelines.30,31 However, in patients 

Table 3 Regression Models of Potential Prognostic Variables Associated with the High-Risk Group

All Patients (n = 72) Univariate Analysis Multivariate Analysis

OR 95% CI p value OR 95% CI p value

MCM-2 1.20 1.08–1.33 0.001 1.27 1.08–1.49 0.003

Age 1.07 1.01–1.13 0.01 1.10 0.96–1.26 0.15

Tumor size 0.66 0.32–1.38 0.27

Ki-67 1.12 1.04–1.20 0.001 1.01 0.86–1.18 0.89

PR (≤10% vs >10%) 15.6 3.91–62.1 <0.001 60.9 4.1–89.7 0.003

İDC vs other subtypes 1.55 0.30–7.91 0.59

Grade 1–2 vs grade 3 6.25 1.72–22.6 0.005 1.21 0.04–30.03 0.90

LVI (yes vs no) 1.11 0.30–4.07 0.86

DCIS component (absence vs presence) 1.40 0.41–4.76 0.59

Premenopausal vs postmenopausal 0.34 0.10–1.09 0.07

Note: All patients (n=72) have 11–100% ER-positive receptor status. 
Abbreviations: IDC, Invasive ductal carcinoma; DCIS, Ductal carcinoma in situ; LVI, Lymphovascular invasion; PR, Progesterone receptor.

Figure 4 ROC curve analysis of MCM-2 levels for the high-risk group (cutoff MCM-2 level was found 50).
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where this test cannot be accessed, clinicians make the decision of adjuvant treatment by looking at the clinicopathologic 
characteristics of the patient.24 Although Ki-67 is a globally accepted proliferation marker, it is only expressed in part of 
the cell cycle from late G1 phase to M phase.35,36 On the other hand, MCM-2 protein is expressed in all phases of the cell 
cycle and is a more advantageous marker compared to Ki 67.37 Our primary goals in this study were to reveal the 
relationship between MCM-2 and ODX-RS and that the MCM-2 cut-off value may help in adjuvant therapy decisions in 
patients where the ODX test cannot be reached. The study results showed that each unit increase in the MCM-2 level 
increased the likelihood of being in the high-risk group by 1.27 times (OR: 1.27, 95% CI: 1.08–1.49, p = 0.003). In 
addition, the ROC curve analysis to find the cut-off value showed that this value is 50 (AUC: 0.921, sensitivity: 86.7%, 
specificity: 96.0%, p < 0.001, positive predictive value: 95.5%, negative predictive value: 96.0%, validity of the test: 
90.0%) (Figure 4).

Many studies in the literature, including our own, show the relationship between clinicopathological features and the 
ODX-RS.22,24,28,38,39 Although these studies have revealed a statistically significant correlation between tumor diameter, 
age, HG, receptor status, Ki-67 level, and lymph node involvement with the ODx-RS, an explicit treatment standardiza
tion has not been established based on these clinical features.22,24,28,38,39 Better proliferation markers are necessary to 
determine prognosis. It should be noted that five of the 21 genes on the Oncotype Dx test are proliferation genes. The test 
also highlights the importance of proliferation in prognosis and clinical treatment decision-making.40 The half-life of Ki- 
67 is approximately 90 minutes, and its concentration fluctuates due to synthesis and degradation stages.41 MCM-2 binds 
to chromatin reversibly, and its level remains unchanged, and it cannot be detected only when in the silent phase, which 
is the resting phase of the cell cycle.42 It should also be noted that eukaryotic cells cannot proliferate without MCM-2.42 

MCM-2 is a diagnostic and prognostic marker in many types of cancer, including breast cancer.10–15 MCM-2 levels can 
be determined via two different methods: mRNA expression level and immunohistochemical (IHC) staining percentage 
in breast cancer patients.42 In a large cohort, these two different determination methods were found to provide a high 
level of concordance of 0.97 (95% CI = 0.96–0.97, P < 0.0001).42 In our study, MCM-2 expression levels were 
determined by the IHC staining method. They were significantly higher in patients in the high-risk group according to 
the TAILORx risk classification (60.2 ± 11.2 vs 34.4 ± 13.8, p < 0.001). Moreover, by the literature,24,28,38,39 it was found 
that the age and PR level of patients in this group were significantly lower than that of the patients in the low-risk group 
(ODX-RS < 26), but the Ki-67 level was higher (Table 2). When the data were analyzed, patients were divided into three 
groups according to Taylor-X risk classification: [(low (0–10), intermediate (11–25)], and high risk (≥26)]; in all three 
groups, it was determined that there was an increase in the risk status of patients with a gradual rise in MCM-2 levels 
(Figures 3). Yousef et al found that the recurrence rate had a higher degree of significance with MCM-2 than with Ki- 
6743 (for ki-67 p = 0.045; for MCM-2, p = 0.0003) in breast cancer patients. As a result of the studies with MCM-2, it is 
known that there is a positive correlation between ki-67, histological grade, tumor diameter, NPI score, and MCM-2, and 
a negative correlation between ER and PR levels and MCM-2.13,44–46 MCM-2 has also been identified as a marker that 
predicts a complete pathological response, such as Ki-67, in breast cancer patients receiving neoadjuvant 
chemotherapy.47 In our multivariate analysis, MCM-2 and low PR levels (PR ≤ 10) were found to be independent 
factors affecting the high-risk group [(Table 3) (OR: 1.27, 95% CI: 1.08–1.49, p = 0.003; OR: 60.9, 95% CI: 4.1–89.7, 
p = 0.003; Forward: LR)]. Many studies have reported that PR negativity is a factor that increases the ODX-RS and 
decreases the survival rate.13,44–47 However, no study in the literature has investigated the relationship between MCM-2 
and ODX-RS.

In our study, ROC curve analysis was performed to determine the cut-off value for the high-risk group. The MCM-2 
cutoff value was 50 (AUC: 0.921, sensitivity: 86.7%, specificity: 96.0%, p < 0.001) (Figure 4). A study conducted by 
Gonzalez et al with 221 breast cancer patients showed that an MCM-2 value higher than 50 is an independent predictive 
risk factor for survival, disease-free survival, and distant and local recurrence, with an average of 140 months of follow- 
up. This study observed that ki-67, grade, and lymph node involvement were not independent factors affecting survival13 

A consensus in the literature could not be reached for a standard cut-off value for MCM-2.13,43,44,48,49 In another study by 
Joshi et al, MCM-2, Ki-67, and geminin proliferation markers were identified as factors affecting 15-year breast cancer- 
specific survival (BCSS). It was stated that MCM-2 had a higher significance level than Ki-67 and geminin. In this study, 
the cutoff for MCM-2 was established as 12 (MCM-2, p = 0.0004; Ki-67, p = 0.014; geminin, p = 0.007).44 Although the 
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standard cut-off value cannot be determined in the literature, studies on breast cancer typically use cut-off values between 
30 and 50 for low and high MCM-2 levels in early-stage breast cancer patients.13,42,44,46,48–50 In our study, by taking the 
patients aged ≤50 as a single group, when the patients were evaluated as ODX-RS≥21 and ODX-RS <21, the MCM-2 
cut-off score was found to be 40 (AUC: 742, p = 0.004, Sensitivity: 71.4%, Specificity: 70.4%). When patients in the 
high (ODX-RS≥26) and low-risk (ODX-RS <26) groups were compared by considering only patients over 50 years of 
age, the cut-off value was found to be 50 [(AUC: 0.859, p = 0.005, Sensitivity: 75.0%, Specificity: 75.0%)].

The most important limitation of our study was the number of patients. For this reason, subgroup analysis revealed 
lower sensitivity and specificity values (age ≤ 50 vs period > 50; ODX-RS ≥ 21 vs ODX-RS < 21). Studies with higher 
patient volumes are necessary to evaluate the relationship between MCM-2 and ODX-RS and to obtain higher sensitivity 
and specificity. It should be noted that although blood tests are frequently used in clinical practice because they are fast 
and simple, their sensitivity and specificity are not as high as pathological staining with tumor tissue.51,52

Our study is critical in the literature to investigate the relationship between ODX-RS and MCM-2 levels in HR- 
positive HER-2 negative early breast-cancer patients. Unlike Ki-67, MCM-2 was found to be an independent risk factor 
for identifying high-risk patients (ODX-RS ≥ 26). The MCM-2 proliferation marker could help clinicians in patients 
where an ODX-RS assay cannot be performed to determine adjuvant treatment due to economic reasons and other 
reasons. Accepting 50 as the cutoff value for MCM-2 might contribute to identifying patients who should receive 
adjuvant chemotherapy with high sensitivity and specificity.
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