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Objective: We have found that miR-381 can regulate the proliferation of breast cancer cells by regulating TWIST protein, it can serve 
as a potential marker for the tumor progression. Thus, we herein establishment and validation of a model for predicting disease 
progression in patients with breast cancer using a combination of microRNA-381 (miR-381) and clinical indicators.
Methods: Data from 160 breast cancer patients in the First People’s Hospital of Lianyungang were collected, The relationship 
between miR-381 expression and tumor subtype was analyzed. The Kaplan–Meier (K–M) curve method was used to investigate the 
disease-free survival rate, while multivariate Cox regression analysis was used to investigate the risk factors affecting the prognosis of 
the patients. A model for predicting disease progression was subsequently established and validated.
Results: The miR-381 was significantly higher in the stage I patients than stage II/III patients. The miR-381 level of triple-negative 
breast cancer (TNBC) type was significantly decreased. The miR-381 could be used to effectively predict the prognosis, using cut-off 
value of 0.2515, with a sensitivity of 65.38% (51.8–76.85%), specificity of 75.00% (46.77–91.11%). The K–M survival curve 
indicated that the patients with higher miR-381 expression had a better prognosis. The miR-381+Ki-67+TN model and TN (T and 
N in TNM staging) model were established and subsequently compared. The TN model had an area under the curve (AUC) of 0.479 
(95% CI 0.329, 0.629); in comparison, the our model had an AUC of 0.719 (95% CI 0.580, 0.857), showing better performance.
Conclusion: The miR-381 expression was correlated with different (TNM) stages and tumor subtypes. The higher the TNM stage, the 
lower the miR-381 expression in the tumor tissue, while it was significantly decreased in TNBC. A prediction model consisting of 
combination of miR-381 and Ki-67 and TN indicators could predict disease progression more effectively.
Keywords: miR-381, breast cancer, prognosis, nomogram, predictive model

Introduction
Breast cancer is the most common malignant tumor in women in China,1 surpassing lung cancer and accounting for 
approximately 25% of malignant tumors in females2 and 15% of related deaths.3 At present, the clinical treatment of 
breast cancer is based on a combination of multiple disciplines and individualized whole-process management.4 While 
prognosis has been improved to a certain extent, approximately 25–35% of patients continue to experience disease 
progression to the advanced stages, often losing any chance of a cure.5,6

The occurrence, development, and prognosis of breast cancer present dynamic processes of abnormal cell prolifera-
tion under the influence of multiple factors, multi-gene participation, multi-target regulation, and multi-step 
coordination.7 While the traditional tumor–node–metastasis (TNM) staging can effectively distinguish the overall 
survival (OS) rate in patients without distant metastasis at the early stage of diagnosis and treatment,8 however, the 
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use of TN to predict disease progression has not been reported. Clinicians need models that accurately distinguish 
patients to guide subsequent treatment.

Previous studies have demonstrated that microRNA-381 (miR-381) involves in the dynamic process of breast cancer 
cell proliferation,9–11 via inactivating mitogen-activated protein kinase signaling via Fyn down-regulation, thereby 
promoting the sensitivity of the breast cancer cells to doxorubicin,12 and long non-coding RNA small nucleolar host 
gene 1 promotes tumor progression and cisplatin resistance in breast cancer via epigenetic silencing of miR-381.13 In the 
present study, a predictive model involving the detection of miR-381 expression in tumor tissue in combination with the 
use of clinical indicators was established to determine the disease progression in patients with post-operative breast 
cancer with a view to guiding clinical decision making for adjuvant therapy.

Materials and Methods
Clinical Tissue Specimens and Data of Patients with Breast Cancer
A total of 160 patients with breast cancer who received surgical treatment from June 2016 to June 2018 were enrolled in 
the study. None of the patients were treated with chemotherapy or radiotherapy prior to surgery, and all had complete 
clinical and pathological data and follow-up results. Diagnosis and treatment plans were formulated according to the 
National Comprehensive Cancer Network and the Chinese Society of Clinical Oncology guidelines.14 The study was 
approved by the ethics committee, and every patient gave their informed consent. The follow-up was conducted until 
June 2020, with the duration ranging from 24 to 48 months.

Breast cancer staging analysis was conducted according to the TNM system issued by the International Union Against 
Cancer (T1 for <20 mm, T2 for 20–50 mm, T3 for >50 mm, and N0 for no lymph node metastasis; N1 for 1–3, N2 for 4– 
8, and N3 for ≥9). Cases with a >1% expression of estrogen receptor (ER) and progesterone receptor (PR) in the tumor 
cells were considered positive (1–30% = low expression, >30% = high expression), and a <1% expression was deemed to 
be negative. Human epidermal growth factor receptor 2 (HER2) positivity/negativity was determined according to the 
relevant detection guidelines issued by the American Society of Clinical Oncology and the College of American 
Pathologists. An HER2-positive result was defined as containing an immunohistochemistry (IHC) staining of 3+ (a 
strong expression in more than 30% of the infiltrating tumor cells), fluorescence in-situ hybridization (FISH) results with 
more than six copies of the HER2 gene per nucleus, or FISH ratios (chromosome 17/HER2 gene signal) of >2.2, while 
a negative result was defined in terms of an IHC staining of 0 or 1+, FISH results with an HER2 gene copy number per 
nucleus of less than 4.0, or a FISH ratio of <1.8.15,16 Breast cancer was classified into four subtypes,17,18 include luminal 
A, luminal B, human epidermal growth factor receptor 2 (HER-2), and basal-like or triple-negative types. The 
pathological stage was confirmed according to the AJCC System Seventh Edition TNM Staging System.

The breast tumor tissues were cryopreserved in a specimen bank within a specified period (30 mins, stored in liquid 
nitrogen at −80°C), with samples removed for analysis at the start of the experiment.

Expression of microRNA-381 in Breast Cancer Tissue as Detected via Reverse 
Transcription-Quantitative Polymerase Chain Reaction
Total RNA was extracted from the breast cancer tumor tissue and adjacent tissue using TRIzol™ reagent (Life 
Technologies, CA, USA) according to the instructions. After the frozen specimen is removed, the specimen is quickly 
cut into tissue blocks, and the breast cancer tissue and adjacent tissue blocks (about 5 cubic millimeters) are ground 
into powder, and 1mL TRIzol solution is added for grinding. Note that the total volume of the sample is less than 
10% of the used volume of TRIzol. The grinding solution was left at room temperature for 5 minutes, and then 
chloroform was added at a rate of 0.2mL per 1mlTrizol solution. The centrifuge tube was tightly capped and 
vigorously shaken by hand for 15 seconds. The supernatant was transferred to a new centrifuge tube, and isopropanol 
was added according to the ratio of 0.5mL isopropanol per milliliter of Trizol solution, placed at room temperature 
for 10 minutes, and centrifuged at 12000g for 10 minutes. The supernatant was discarded, 75% ethanol was added 
according to the ratio of at least 1mL of Trizol per milliliter, and the mixture was vortexed and centrifuged at 7500g 
for 5 minutes at 4 ° C. Discard the supernatant carefully. Then dry at room temperature or under vacuum for 5–10 
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minutes. The RNA was dissolved in DEPC water at 55 ° C to 60 ° C for 10 minutes. The concentration and purity of 
RNA were measured by ultramicrotome photometer.

A PrimeScript miRNA cDNA synthesis kit (Takara, Beijing, China) was used to transcribe cDNA from the total 
RNA, Reaction conditions: 37°C×15 minutes, 85°C×5 seconds, maintained at 4°C, while mRNA quantification was 
conducted using specific primers and TaqMan MicroRNA Assay (Applied Biosystems, USA), with RNA U6 used as the 
internal reference. At the end of the reaction process, the system automatically drew the melting curve. Data were 
analyzed using the 2−ΔCT method. The qPCR primers are listed in Supplementary Table 1.

KMplot (https://kmplot.com/) Was Searched to Explore the Relationship Between the 
Expression of miR-381 and the Prognosis in Breast Cancer Patients
Statistical Analysis
The correlation between the clinical characteristics and the prognosis was analyzed using Pearson’s x-test and 
Fisher’s exact test. GraphPad 8.0 was used to plot the Kaplan–Meier (K–M) survival curve and the receiver operator 
characteristic (ROC) curve, with R 3.6.3 software used for the statistical analysis. Univariate and multivariate 
regression analyses were conducted with the Cox regression method employed to confirm the relationship between 
miR-381 content and prognostic outcome. A regression model of miR-381 was then established and validated. The 
Akaike information criterion was used to select variables for the nomogram.19 The discrimination and calibration of 
the nomogram were evaluated using concordance index (C-index), area under receiver operating characteristic curve 
(AUC), time dependent ROC curve was conducted to further test the stability of the model,20 and calibration plots. 
NRI21 (Net Reclassification Improvement) was used to evaluate the differences between the different models. The net 
benefits of the nomogram were quantified and compared with those of the TN staging using decision curve analysis 
(DCA)22 and clinical impact curve analysis (CIC). The calibration plot was used for visualized comparison between 
prognosis predicted by nomogram and actual ones.

Results
The Characteristics and Pathological Indicators Among the Patients
The baseline characteristics showed that there were significant differences in miR-381 expression, pathological grade, 
and Ki-67 expression between patients with disease progression and those without disease progression (P<0.05), while 
the differences between other variables were not statistically significant (Table 1).

Differential Expression of miR-381 Across Different Subtypes and Different Stages of 
Breast Cancer Tissues
The expression of miR-381 had the lowest expression in tumor tissue in patients with triple-negative breast cancer, 
followed by human epidermal growth factor receptor 2 (HER-2) positive subtype, although the data showed that miR-381 
expression in TNBC was lower than that of HER-2 subtype without statistical significance, and miR-381 expression in 
luminal B patients was higher compared with HER-2 type. The expression of miR-381 in luminal A is the highest, the 
difference is statistically significant (P<0.05). The expression of miR-381 in the tumor tissues of patients with different 
TNM stages was also different, there was a statistical difference in the expression of miR-381 in the tumor tissues of 
patients between stage I and III, as well as stage II and III patients (P<0.05), see Figure 1. But no significant difference 
was seen between stage I and II patients.

miR-381 Was a Indicator for Survival in BC Patients Using KMPLOT from Public 
Database
We retrieved miR-381 in KMplot (https://kmplot.com/).23 In METABRICH data set, HR=0.7 (0.55–0.88), log rank 
P=0.0028, indicating that patients with different expression (median) had significant differences in OS. In the GSE19783 
dataset, although the prognosis of patients with high expression might be better, there was no statistical difference 
(HR=0.63 (0.27–1.47), Log rank P=0.28) (Figure 1).
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Expression and Survival Analysis of miR-381 in Breast Cancer Patients with Different 
Outcomes
The miR-381 content in the tumor tissue of patients with disease progression was lower than in patients without disease 
progression, and the difference was statistically significant (P < 0.05). The cut-off was 0.2515, with a sensitivity of 
65.38% (51.8–76.85%) and a specificity of 75.00% (46.77–91.11%) in the ROC curve. K–M analysis indicated that the 
patients with high miR-381 expression had better prognoses (Figure 1). We analyzed the expression and survival status in 
patients in different subtypes (Figure 2), and the results showed that the expression of miR-381 was was significantly 
downregulated in tumor tissues of patients with disease progression events (P <0.05) than the patients without disease 
progression in all the subtypes except for Luminal A. We use the cutoff = 0.2515 to distinguish the expression level of 
miR-381. In survival analysis, it showed no statistical difference.

Univariate Analysis versus Multivariate COX Regression Analysis
In the univariate analysis, miR-381, Ki-67, were the independent influencing factors. The Cox regression analysis results 
suggested that miR-381, T stage, and tissue grade were independent prognostic factors (P< 0.05) (Table 2).

Table 1 The Baseline Characteristics

The Baseline

Overall No Events Events P.value

n 160 114 46

miR-381 0.243 (0.011) 0.263 (0.009) 0.192 (0.182) < 0.05*
Age 48[43, 55] 48[43, 58] 48[42, 52] 0.573

Pathological_grade < 0.05*

G1 66 56 10
G2 64 46 18

G3 30 12 18

T_status 0.681
T1 58 38 20

T2 88 66 22

T3 14 10 4
N_status 0.844

N0 80 58 22

N1 70 50 20
N2 10 6 46

ER_status 0.057
Negative 52 28 24

Low 18 14 4

High 90 72 18
PR_status 0.069

Negative 66 38 28

Low 8 14 2
High 78 62 16

HER-2_status 0.318

Negative 120 82 38
Positive 40 32 8

Ki-67 30[14, 40] 20[10, 35] 45[30, 60] < 0.05*

TNM_status 0.78
I 40 30 10

II 102 70 32

III 18 14 4

Note: *Indicated that there existed a statistically significant difference between the group with the occurrence of the event and 
the group without the occurrence of the event.
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Figure 1 The miR-381 expression in the tumor tissue of patients with different TNM stages and molecular subtypes. (A) The miR-381 expression was significantly lower in 
the TNBC type than in the Luminal A/B of BC with P<0.05, but there is no significantly different between TNBC and Her-2 positive subtype with P=0.9. (B) The expression 
of miR-381 in the tumor tissues of patients between stage I and III, as well as stage II and III patients (P<0.05). (C) METABRICH data showed high expression indicate 
a better prognosis in BC with HR=0.7 (0.55–0.88), log rank P=0.0028. (D) In GSE19783 dataset, KMplot showed the similar value of MIR-381 but without significance 
(HR=0.63 (0.27–1.47), P=0.28). The miR-381 expression in the tumor tissues of patients with different disease progression states, along with the ROC curve and K–M curve. 
(E) The miR-381 content in the tumor tissue of the patients with disease progression was lower than those without disease progression (*Indicates p < 0.05, **Indicates p < 
0.01, ***Indicates p < 0.001, ****Indicates p < 0.0001). (F) The ROC curve suggested a cut-off of 0.2515, with a sensitivity of 65.38% (51.8%–76.85%), a specificity of 75.00% 
(46.77%–91.11%), and a p-value of 0.0359. (G) The K–M survival curve indicated that the patients with a high miR-381 expression had a better prognosis, with a p-value of 
0.019, a median no-events time of 37 m vs Un, and an HR of 2.146 (0.9258–4.976).
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Variable Screening and Model Establishment
For the establishment and validation of the miR-381 regression model, based on multivariate Cox analysis, the variance 
inflation factor (VIF) score was determined to assess the collinearity of each variable. Among the independent variables 
included in this study, the VIF scores of the pathological grade, ER status, PR status, Ki-67, and miR-381 were >5. Therefore, 

Figure 2 The miR-381 expression in patients with disease progression was lower than in patients without disease progression. (A–D) The results showed that the 
expression of miR-381 was was significantly downregulated in tumor tissues of patients with disease progression events (P <0.05) than the patients without disease 
progression in all the subtypes except for Luminal A. (E–H) The cut-off was 0.2515, with a sensitivity of 65.38% (51.8–76.85%) and a specificity of 75.00% (46.77–91.11%) in 
the ROC curve. K–M analysis indicated that the patients with high miR-381 expression had better prognoses. *Indicates p < 0.05, **Indicates p < 0.01.

Table 2 Univariate Regression and COX Multivariate Regression Analysis

Univariate Regression Multivariate Regression

β P OR (95%CL) β P OR (95% CI)

Intercept 0.457 0.809
Age 0.012 0.235 0.131 (−0.089–0.353) 0.014 0.120 0.156 (−0.044–0.357)

Ki-67 −0.009 0.036* −0.240 (−0.467–0.013) −0.009 0.665 −0.220 (−1.234–0.794)

miR_381 2.630 0.026* 0.3 (0.031–0.569) 6.857 0.014* 0.782 (−0.286–1.850)
Pathological_grade - G2:G1 −0.18 0.445 −0.184 (−0.662–0.295) 0.928 0.013* 0.928 (0.181–1.675)

Pathological_grade - G3:G1 −0.391 0.146 −0.391 (−0.926–0.144) 1.624 0.021* 1.624 (0.223–3.025)

T_status - T2:T1 0.209 0.303 −0.209 (−0.614–0.195) 0.408 0.047* −0.408 (−0.817–0.002)
T_status - T3:T1 0.143 0.692 −0.066 (−0.770–0.638) 0.074 0.834 −0.334 (−1.010–0.342)

N_status - N1:N0 −0.103 0.592 −0.1034 (−0.488–0.281) 0.133 0.522 0.133 (−0.282–0.549)

N_status - N2:N0 0.348 0.358 0.346 (−0.405–1.100) 0.882 0.038 0.882 (0.032–1.733)
ER_status - High:Negative 0.192 0.361 −0.113 (−0.803–0.577) −0.227 0.598 0.194 (−0.637–1.026)

ER_status - Low:Negative 0.079 0.823 −0.192 (−0.611–0.227) −0.194 0.641 −0.033 (−0.852–0.786)

PR_status - High:Negative 0.212 0.303 0.296 (−0.562–1.155) 0.373 0.407 −0.428 (−1.167–0.311)
PR_status - Low:Negative 0.508 0.238 −0.212 (−0.621–0.198) 0.428 0.247 −0.055 (−0.868–0.758)

HER.2_status - Positive:Negative 0.093 0.695 0.093 (−0.379–0.565) 0.237 0.367 0.237 (−0.288–0.762)

Note: *Indicated the independent influencing factor for the outcome in the COX regression (P<0.05).
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it was deemed that there could be some collinearity among the independent variables and that the concomitant inclusion of the 
above variables into the regression analysis could result in increased overfitting. Because of this, LASSO (Least absolute 
shrinkage and selection operator) regression analysis was adopted to further assess and filter the independent variables 
(Figure 3). This analytical method can be regularized, which helps in reducing high-dimensional data so as to pinpoint relevant 
factors with the best predictive features,24,25 and employing the LASSO regression model allowed for screening out features 
with non-zero coefficients.26

Figure 3 LASSO regression results. (A) When the lambda = 0.000394, the model converged to factor = 9, indicating that the included indicators were all statistically 
significant. The cross-LASSO multi-layer analysis indicated that, in the case of CV.LASSO_1se/CV.LASSO_min, Ki-67 and miR-381 were the significant factors. (B) The model 
was: βx = −1.2672 + 0.01598 × Ki-67 −0.7206 × miR-381.
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The results indicated that when the lambda function was continuously reduced to 0.000394, the model reached 
stability with the inclusion of all the variables, indicating that the variables and factors included in this study have good 
clinical significance. Following further stratified analysis, it was found that when the lambda was equal to cv.lasso_1se 
and cv.lasso_min, the coefficients of Ki-67 and miR-381 were 0.01598302 and −0.72061321, respectively, and the 
coefficients of the remaining variables returned to zero. This indicated that among all the variables, Ki-67 and miR-381 
were the significant factors, thus allowing for further simplification of the model.

Since distant metastases were not included in this study’s data, and the main purpose of the present modeling was not 
to address the prediction of OS but to explore the disease-free survival rate within a given period, an analytical model 
including miR-381, Ki-67, and TN were established for validation and comparison.

Model Comparison and Screening
We analyzed the prediction models containing different factors and compared the differences between the models. In this 
study, miR-381+Ki-67+T+N model has the highest prediction efficiency, followed by miR-381 model, Ki-67 model, and Ki- 
67+T+N model The T+N model has the lowest prediction efficiency and almost no prediction ability (Figure 4A). Draw ROC 
curves of different models and compare AUC between different models. The AUC of miR-381+Ki-67+T+N model is 0.719 
(0.580, 0.857), the AUC of miR-381 model is 0.713 (0.575, 0.848), the AUC of Ki-67 model is 0.698 (0.613, 0.742), the 
AUC of Ki-67+T+N model is 0.712 (0.575, 0.848), and the prediction efficiency of T+N model is the lowest, AUC is 0.479 
(0.329–0.629) The NRI index was used to further evaluate the improvement of the model (Figure 5). The AUC of miR-381 
+Ki-67+T+N model was the largest. We selected it as a reference to compare the improvement between different models. It 
was found that miR-381+Ki-67+T+N model was significantly improved compared with T+N model, while compared with 
miR-381 model, Ki-67 model, Ki-67+T+N model was slightly improved. The prediction efficiency and stability of miR-381 
+Ki-67+T+N model at different time nodes were further judged by the ROC curve of time dependence (Figure 4B). The 
results suggest that miR-381+Ki-67+T+N model has good prediction efficiency and stability at different time nodes (Table 3).

Visualization was conducted with a nomogram19 (Figure 6). Different variables were included in the nomogram, with 
scores assigned according to the weights of the variables. The total score could be obtained by adding the assignment of each 

Figure 4 (A) The AUC of miR-381+Ki-67+T+N model was the largest. The AUC of miR-381+Ki-67+T+N model is 0.719 (0.580, 0.857), the AUC of miR-381 model is 
0.713 (0.575, 0.848), the AUC of Ki-67 model is 0.698 (0.613, 0.742), the AUC of Ki-67+T+N model is 0.712 (0.575, 0.848), and the prediction efficiency of T+N model is 
the lowest, AUC is 0.479 (0.329–0.629). (B) The ROC curve of time dependence showed that the predictive performance at 1.5 year was AUC=0.9075, at 2 year was 
AUC=0.8468, at 2.5 year was AUC=0.8789, at 3 year was AUC=0.9066, at 3.5 year was AUC=0.7724.
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variable in detail to determine the possibility of disease progression in a specific patient at a three-year and five-year follow-up, 
with the aim of determining the prognosis.

Model Validation
Concordance Index
It is generally held that a model with a C-index exceeding 0.7 has clinical significance and that a C-index between 0.5 and 0.6 has 
limited predictive ability, while a model with a C-index exceeding 0.8 can be considered to exhibit good fitness.27 In the 
calculation of the models’ consistency, it was found that the concordance (C)-index of the miR-381+Ki-67+T+N model was 
0.719, with a 95% CI of (0.580, 0.857). We also measured the change of C index at different time of the model (Figure 7A). We 
found that the C-index of the model was relatively stable and had a high prediction efficiency.

Figure 5 The NRI was used to further evaluate the improvement of the model. (A) miR-381+Ki-67+T+N model was better than T+N model; (B–D) Ki-67+T+N model 
was slightly better than the miR-381, Ki-67 model.
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Calibration Curve
First, the nomogram was used to predict the target event probability of the study objects. The predicted probability and 
the corresponding actual probability of each group of the study objects were then calculated, which were used to evaluate 
the accuracy of the models. The calibration curves of the predicted and actual probabilities of disease progression events 
at three and five years were plotted, and it was found that the model had good consistency (Figure 7B and C).

False Positive Rate
The raw dataset was randomly divided into the training group and the test group with a ratio of 3:1, with the false- 
positive rates subsequently detected in terms of both groups. Here, it was found that the false-positive rate of the model 
containing miR-381 and Ki-67 was 3.6% in the training group and 3.2% in the test group, while the model without miR- 
381 and Ki-67 was 12.2% and 11.9%, respectively.

Clinical Benefit Analysis of the Model
Clinical benefit was assessed using decision curve analysis (DCA)22and clinical impact curve analysis (CIC). The DCA 
curve indicated that the clinical benefit of the miR-381+Ki-67+TN model was superior to the TN model, with a disease 
progression rate of 30% (Figure 7D). CIC also demonstrated good performance over the entire range of threshold 
probabilities. Among the 1000 patients, the number of high-risk patients (red solid line) and the number of high-risk patients 
with events (blue dotted line) are plotted. When HR = 0.6, the assessment of the clinical efficacy of the miR-381+Ki-67+TN 
model revealed that the risk assessment curve and the actual event curve essentially overlapped, which could be used as the 
clinical cut-off with a high prediction efficiency (Figure 7E). In the TN model, the red curve (the number of people classified 
as positive (high risk) by the model at each threshold probability) has a steep downward trend. When the HR is about 0.4, the 
two curves coincide, and the predictive performance is limited. The details are shown in (Figure 7F).

Table 3 NRI of Different Models Comparing with miR-381+Ki-67+T+N 
Model

Estimate Lower Upper

Model1-Modle2

NRI 0.4268463 −0.06139039 1.0651229

NRI+ 0.2906307 −0.26743728 0.6882118

NRI- 0.1362155 −0.09077721 0.7123597

Model1-Modle3

NRI 0.59069848 0.08820725 1.2763146

NRI+ 0.32050093 0.08807997 0.9594227

NRI- 0.27019756 −0.15420707 0.538707

Model1-Modle4

NRI −0.15895741 −0.345582 0.6365766

NRI+ −0.1146108 −0.2259688 0.4138864

NRI- −0.04434661 −0.2263172 0.2313481

Model1-Modle5

NRI 0.51179 0.06254669 1.3102241

NRI+ 0.388517 0.04768604 0.9655795

NRI- 0.123273 −0.08460222 0.5185801

Abbreviation: NRI, net reclassification improvement.
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Discussion
Breast cancer, as a heterogeneous disease, is classified into 4 genetic subtypes: luminal A, luminal B, human epidermal 
growth factor receptor 2 (HER-2) enriched, and basal-like or triple-negative. Molecular subtypes are associated with 
survival and response to therapy.28,29 In this study, miR-381 expression was detected in the tumor tissue, The expression of 
miR-381 was inconsistent in different subtypes. The results showed that the expression of miR-381 was the lowest in tumor 
tissues of patients with triple-negative breast cancer, followed by human epidermal growth factor receptor 2 (HER-2) 
enriched type. The expression of miR-381 in luminal B type was higher than that in HER-2 enriched type. The expression of 
miR-381 in luminal A was the highest, and the expression of miR-381 in tumor tissues of luminal A and B patients was 
significantly higher than that of TNBC type (P<0.05). The expression of miR-381 in tumor tissues of patients with different 
TNM stages is also inconsistent. There is no significant difference in the expression of miR-381 in tumor tissues of patients 
with stage I and II, while there is statistically significant difference in the expression of miR-381 in tumor tissues of patients 
with stage I and III, and patients with stage II and III (P<0.05). The expression of miR-381 varies in tumor tissues of breast 
cancer patients with different subtypes and stages, indicating that miR-381 is involved in the occurrence and development 
of breast cancer. Several studies have demonstrated that miR-381 is associated with tumor proliferation, drug resistance, 
and epithelial-mesenchymal transition (EMT),30–32 and that the up-regulation of miR-381 in breast cancer can inhibit cell 
proliferation and increase sensitivity to taxanes and platinum, as well as inhibit the EMT process,10,12,13,33 The expression 
level of miR-381 in breast cancer tissues is low, and it is negatively correlated with the expression of PTTG1. BPA can 
inhibit the expression of miR-381-3p, promote the high expression of PTTG1, change the cell cycle, and enhance the 

Figure 6 The nomogram of the miR-381+Ki-67+T+N models. The TN, miR-381, and Ki-67 model; For example, one patient was T1N0 with a miR-381 content of 2.9 and 
a Ki-67 of 40%. The model predicted that the risk of the occurrence of disease progression in three years was approximately 0.56, and the risk of the occurrence of a disease 
progression event in five years was approximately 0.25.
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proliferation of McF-7 cells,32 miR-381 regulated the Wnt, RB1, MYC pathway in TNBC,34,35 and it can participate in 
regulation of the expression of FAM234B to influence the survival of HR+patients. In hormone receptor-positive breast 
cancer, miR-381 is involved in the regulation of FAM234B and has an impact on the prognosis.36 FLVCR1-AS1 
regulates BC malignant behavior via sequestering miR-381-3p and then freeing CTNNB1.37 Different studies have 
shown that miR-381 is involved in the pathological process of breast cancer, which may have clinical significance.

miR-381 was retrieved in KMplot and found in METABRICH and GSE19783 data sets, The conclusion was similar 
with this study, miR-381 could effectively distinguish the prognosis of breast cancer patients. In METABRICH data set, 
HR=0.7 (0.55–0.88), log rank P=0.0028, indicating that patients with different expression (median) had significant 
differences in OS. In the GSE19783 dataset, although the prognosis of patients with high expression might be better, 
there was no statistical difference (HR=0.63 (0.27–1.47), Log rank P=0.28). This may be related to the small sample size 
in GSE19783, only 93 patients were enrolled in the study.

The multivariate Cox regression analysis results indicated that miR-381 had a statistically significant effect on 
prognosis. Meanwhile, the results of the LASSO regression screening of the variables suggested that Ki-67 and miR- 
381 were significant indicators. miR-381 is involved in multiple processes of breast cancer development and develop-
ment, and Ki-67 is also a prognostic indicator of invasive breast cancer patients.38,39 It can also be used as a marker of 
the proliferation ability of breast cancer cells.40 Ki-67 is also one of the indicators affecting local recurrence in early 
patients.41 Ki-67 has a strong ability to predict lymph node metastasis.42 The clinically important ER, PR, HER2, and 
other indicators were all masked by the miR-381 content and the Ki-67 expression, indicating that in the prediction of 
clinical prognosis, the original characteristics of tumor cells could be a more important factor. In the subsequent 
modeling and prediction, it was found that the miR-381+Ki-67+TN model was significantly superior to the TN model 
in terms of prognosis, with a p-value of <0.0001.

During real-world clinical practice, the following two scenarios may frequently arise. In the first, two patients 
(pT2N0cM0 stage IIa) at roughly the same disease stage and with a similar molecular type receive almost the same 
treatment but have very different prognoses. In the second scenario, two patients are in stage IIa, one with pT1N1cM0 

Figure 7 The calculation of the models’ consistency using the concordance (C)-index. (A) The concordance (C)-index of the miR-381+Ki-67+T+N model was 0.719, with 
a 95% CI of (0.580, 0.857); (B and C) The predicted and actual probabilities of disease progression events at three and five years showed the model had good consistency; 
(D) The DCA curve indicated that the clinical benefit of the miR-381+Ki-67+TN model was superior to the TN model, with a disease progression rate of 30%; (E) CIC of 
the miR-381+Ki-67+TN model, it demonstrated good performance over the entire range of threshold probabilities; (F) CIC of the TN model, the red curve has a steep 
downward trend, when HR is about 0.4, the two curves coincide.

https://doi.org/10.2147/BCTT.S383121                                                                                                                                                                                                                                

DovePress                                                                                                                                            

Breast Cancer: Targets and Therapy 2022:14 386

Shen et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

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


and the one with pT2N0cM0, but whether the prognosis will be exactly the same for each patient is unclear. In view of 
such scenarios, we can speculate that in the initial stage of tumor development, the patient experiences no discomfort, 
and medical instruments fail to detect the disease. In other words, it is impossible to know exactly when the patient 
developed a tumor (t0). The time point when the tumor is discovered in the patient (either through self-examination or 
a physical examination) is t1, and the period from t1 to t0 remains unknown. The treatment time point (t2) is the time of 
diagnosis, at which point the disease may be diagnosed according to the patient’s condition. TN staging was performed 
on patients at this time. We analyzed the prediction models containing different factors and compared the differences 
between the models. In this study, the prediction efficiency of miR-381 + ki-67 +T+N model was the highest, followed 
by miR-381 model, Ki-67 model and Ki-67+T+N model. However, T+N model has the lowest predictive efficiency and 
almost no predictive ability, We boldly hypothesized that TN staging could only represent the time factor of disease for 
a certain patient, which may be the reason for the low predictive performance of the TN model in this study, because the 
factors representing tumor characteristics were missing in this model.

The prognoses of the patients were determined according to TNM staging and molecular typing. A simple mathematical 
model was developed as follows: the tumor growth state = Σ∫ [time * (promoting growth–immune regulation of the body– 
tumor self-competition)]. Therefore, solely relying on the TNM staging and simple molecular typing may only allow a limited 
degree of tumor differentiation. Meanwhile, miR-381 may merely reflect the proliferation of tumor cells, and this proliferation 
creates a problem concerning the time point in TNM staging. For example, a tumor that proliferated rapidly and had a high 
degree of malignancy could be found through a physical examination during a visit, allowing early treatment and early 
intervention. There is a certain amount of trial and error in making predictions using simple TNM staging, which could explain 
the marked difference in the clinical outcomes between two patients with the same disease stage and molecular type. With the 
addition of miR-381 and Ki-67, the predictive power of the model will increase, thus presenting enhanced clinical guidance.

After confirming the advantages of the predictive ability of miR-381 +Ki-67+TN model, we further analyzed the stability 
of the model and used the time-dependent ROC curve for different time points. The results showed that the miR-381 +Ki-67 
+TN model had good predictive ability at different time points, which also reflected the good stability of the model. Finally, 
we tested the clinical benefit of the model, and found that the model has good clinical benefit, indicating that the model has 
a certain guiding role in clinical practice. The specific efficacy needs to be confirmed by further research design. The amount 
of data in our study is small, and the sample size needs to be further expanded for further research.

Conclusion
In this study, miR-381 expression was found to differ between different TNM stages and breast cancer subtypes. 
A combination of miR-381 and breast cancer-related indicators potentially provides higher efficacy in predicting disease 
progression, thereby providing a basis for clinical decision making. However, the research sample needs to be expanded 
for further verification of this study’s findings.
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