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Objective: To explore the validation of a disease-free survival (DFS) model for predicting disease progression based on the 
combination of ubiquitin-conjugating enzyme E2 C (UBE2C) levels and clinical indicators in breast cancer patients.
Methods: We enrolled 121 patients with breast cancer, collected their baseline characteristics and follow-up data, and analyzed the 
UBE2C levels in tumor tissues. We studied the relationship between UBE2C expression in tumor tissues and disease progression 
events of patients. We used the Kaplan-Meier method for identifying the disease-free survival rate of patients, and the multivariate Cox 
regression analysis to study the risk factors affecting the prognosis of patients. We sought to develop and validate a model for 
predicting disease progression.
Results: We found that the level of expression of UBE2C could effectively distinguish the prognosis of patients. In the Receiver 
Operating Characteristic (ROC) curve analysis, the Area under the ROC Curve (AUC) = 0.826 (0.714–0.938) indicating that high 
levels of UBE2C was a high-risk factor for poor prognosis. After evaluating different models using the ROC curve, Concordance index 
(C-index), calibration curve, Net Reclassification Index (NRI), Integrated Discrimination Improvement Index (IDI), and other 
methods, we finally developed a model for the expression of Tumor-Node (TN) staging using Ki-67 and UBE2C, which had an 
AUC=0.870, 95% CI of 0.786–0.953. The traditional TN model had an AUC=0.717, and 95% CI of 0.581–0.853. Decision Curve 
Analysis (DCA) and Clinical Impact Curve (CIC) analysis indicated that the model had good clinical benefits and it was relatively 
simple to use.
Conclusion: We found that high levels of UBE2C was a high-risk factor for poor prognosis. The use of UBE2C in addition to other 
breast cancer-related indicators effectively predicted the possible disease progression, thus providing a reliable basis for clinical 
decision-making.
Keywords: breast cancer, nomograms, prediction model, prognosis, UBE2C

Introduction
Breast cancer is the most common cancer among women and one of the leading causes of cancer deaths in women.1,2 

The occurrence of breast cancer is closely linked to gene mutation.3 Prognosis is a dynamic process of abnormal cell 
proliferation involving multiple genes, regulation of multiple targets, and multi-step coordination, influenced by 
several factors.4 The incidence of breast cancer in China is lower than that in Europe and the United States, but the 
cancer mortality rate is higher than that in the United States and Britain, and the burden of breast cancer is growing 
rapidly.5 At present, early diagnosis and treatment as well as standardized treatment are advocated in clinical 
treatment.6 Despite some improvement in prognosis, disease progression occurs in approximately 30% of patients, 
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who become advanced patients with poor prognosis.7 Tumor, node, metastasis (TNM) staging can effectively 
distinguish the overall survival of patients, but the prediction of disease progression by Tumor-Node (TN) staging 
among early patients without distant metastasis in the early stage of diagnosis and treatment is inaccurate.8 It is 
important to address how to effectively distinguish the risk of disease progression of patients to guide follow-up 
treatment decisions.

Relevant studies have shown that ubiquitin conjugating enzyme 2C (UBE2C) is a biomarker of poor prognosis of 
breast cancer,9 as UBE2C promotes proliferation of breast cancer cells by activating the AKT/mTOR signaling 
pathway.10 Inhibition of UBE2C reduces the proliferation of breast cancer cells.11 The use of UBE2C levels as 
a prognostic marker for lymph node-positive breast cancer has been validated,12 and UBE2C mRNA expression in high- 
risk early breast cancer has prognostic significance.13 In this study, we developed and validated a prediction model for 
disease progression in breast cancer patients after surgery by detecting the levels of expression of UBE2C mRNA in 
tumor tissues and immunohistochemistry along with patient clinical indicators, with the aim of constructing a model to 
guide clinical adjuvant treatment strategies.

Materials and Methods
Clinical Data and Specimen Tissue of Breast Cancer Patients
We included a total of 121 breast cancer patients who received surgical treatment from June 7 to June 2019. Surgery 
was the primary treatment in all the patients, and no chemotherapy or radiotherapy was given before the surgery. These 
patients had complete clinical and pathological data and follow-up results, with a diagnosis and treatment plan devised 
according to National Comprehensive Cancer Network (NCCN) guidelines and the Chinese Society of Clinical 
Oncology (CSCO) guidelines.14 The study was approved by the Ethics Committee and all patients gave informed 
consent. The patients were followed up until June 2021, with a follow-up period of 24–48 months. Breast cancer 
staging was done according to the American Joint Committee on Cancer (AJCC) Cancer Staging Manual, 8th 
edition.15 Detection of estrogen receptor (ER) and progesterone receptor (PR) in tumor cells and human epidermal 
growth factor receptor 2 (HER2) positive/negative was as per the American Society of Clinical Oncology (ASCO)/ 
College of American Pathologists (CAP) guidelines for HER2 testing in breast cancer.16,17 Fluorescence in situ 
hybridization (FISH) was used when HER2 status could not be determined.18,19 The breast tissue was frozen and 
stored in the specimen bank within the specified time (within 30 min, stored in −80 °C liquid nitrogen), and the 
samples were taken out for analysis when the trial began. All patients were given postoperative adjuvant therapy 
according to the CSCO guidelines, patients who met chemotherapy evidence were given postoperative adjuvant 
chemotherapy, patients with positive HER-2 were given targeted therapy, high-risk HR positive premenopausal 
patients were given tamoxifen combined with goserelin, the rest were given tamoxifen, and postmenopausal HR 
positive patients were given AI therapy.

Detection of mRNA-UBE2C Expression in Breast Cancer Tumor Tissue Using 
RT-qPCR
Total RNA was isolated from samples using Trizol reagent (TransGen Biotech, Beijing, China). RNA was reverse 
transcribed to cDNA using TransScript All-in-One - First-strand cDNA Synthesis Kit (TransGen Biotech). Using human 
GAPDH gene as the internal control, cDNA was detected by reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) using Applied Biosystems (USA). The final qPCR reaction mixture contained 10 μ L of Bestar® SYBR Green 
QPCR Master Mix. The amplification steps were as follows: denaturation at 94 °C for 5 min, amplification at 94 °C for 30s, 
amplification at 58 °C for 30s and amplification at 72 °C for 30s, 40 cycles in total. The reaction was stopped at 25 °C for 5 
min. ABI Prism 7900HT/FAST (Applied Biosystems, USA) was used to detect and analyze its relative expression, 
calculated using the formula 2−ΔΔct The RT-PCR primers were as follows. Reaction PCR primers (Supplementary 
Material 1):
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Immunohistochemical Analysis of UBE2C Expression
The specimen tissues were prepared into 3 mm thick sections, transferred to an adhesive slide (Thermo Fisher Scientific, 
CN), and analyzed by the fully automatic Immunohistochemistry staining system (dako Omins, BIOPIKE, CN). TRS 
with PH9.0 was repaired at 95 °C for 15 minutes, and Buffer (dako Omins, CN) was washed for 3 minutes. The Anti- 
UBE2C Mouse Monoclonal Antibody [5D-3F] kit (HUABIO, CN) was used for immunohistochemistry. The primary 
antibody of UBE2C (1:100 dilution) was incubated for 20 minutes, and the secondary antibody (1:100 dilution) was 
incubated for 20 minutes. UBE2C-stained sections were observed using high-resolution electron microscopy and protein 
expression levels were assessed using image software. The modified histochemistry score (H-score)20 was evaluated by 
the semi-quantitative evaluation method. We used double-blind scoring by two researchers to examine the consistency 
between the observers, as described in Supplementary Material 2.

Definition of Event Indicating Disease Progression
We defined an event of disease progression (endpoint event) as follows. 1. Soft tissue metastasis, recurrence, including 
lymph nodes and chest wall soft tissues, and the diagnosis by biopsy pathology was either recurrence or metastasis (both 
primary cancers should be excluded for the contralateral side). 2. Liver and lung metastasis: As confirmed by pathology. 
3. Bone metastasis: As confirmed by pathology, or ECT along with X-Ray/CT/MRI and others were determined as bone 
metastasis by experts. 4. Brain metastasis: As confirmed by the imaging diagnosis, brain metastasis was considered if 
accompanied by relevant symptoms such as headache and high intracranial pressure. 5. Bone marrow metastasis: As 
confirmed by bone marrow biopsy pathology. 6. Metastases were from other parts: As confirmed by pathology or PET- 
CT scan.

Statistical Methods
The comparison of clinical characteristics between groups was performed using the Student’s t-test and Wilcoxon rank 
sum test of continuous variables, categorical variables using the Chi-square test and Fisher’s exact test. We used R 4.0.2 
software for statistical analysis and to plot the Kaplan-Meier (K-M) survival curve and ROC curve. The univariate and 
multivariate regression analyses were performed using Cox regression to confirm the relationship between UBE2C levels 
and prognostic outcome. The relevant UBE2C regression model was developed, verified, and visualized, and the 
difference was statistically significant if P < 0.05. Variables were selected for nomogram using Akaike information 
criterion. The Concordance index (C-index), area under ROC curve (AUC) with the subject operating characteristic and 
time-dependent ROC curve (ROC) were used to identify and correct the model, and the correction curve was drawn. The 
differences between the different models were evaluated using the Net Reclassification Index (NRI). Nomogram was 
used for evaluating clinical benefit with the decision curve analysis (DCA) and clinical impact curve (CIC).

Results
Patient Status at Baseline
The baseline data showed that there were significant differences between the two groups in mRNA content of 
UBE2C, immunohistochemical expression of UBE2C, pathological grade (PG), N-stage, ER, PR, and Ki-67 
expression (P < 0.05). There were no significant differences in other variables, as shown in the baseline status 
table (Table 1).

Overexpression of UBE2C Predicted Poor Prognosis in Patients
There were statistical differences (P < 0.001) between the expressions of UBE2C mRNA, and ROC showed a cutoff 
value of 4.535, a sensitivity of 60.9%, a specificity of 100%, a positive predictive value of 100%, and a negative 
predictive value of 91.6%. K-M curve showed that the prognosis of high expression of UBE2C mRNA was poor, with 
median time to no disease progression (25 vs NA), and HR=12.39 (5.26–29.18) (P < 0.001). The immunohistochemical 
expression of UBE2C was positively correlated with the mRNA expression of UBE2C, and there was a statistical 
difference in the mRNA expression of UBE2C in the tumor tissue between the expression groups (P < 0.001). The 
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prognosis of patients with strong positive UBE2C immunohistochemistry was poor, while the prognosis of patients with 
negative and weak positive UBE2C immunohistochemistry was good. The prognosis of patients with moderate positive 
UBE2C immunohistochemistry was in-between the two, and the difference was statistically significant (P < 0.001) 
(Figure 1).

Cox Univariate and Multivariate Regression Analysis
In the univariate analysis, UBE2C mRNA level and expression of UBE2C IHC as well as some related indicators such as 
Pathological grade (PG), N stage, PR expression and Ki-67 expression were independent influencing factors. Cox 
regression analysis indicated that mRNA content of UBE2C, expression of UBE2C IHC and Ki-67 expression were 
independent prognostic factors (P < 0.05). (Table 2).

Variable Screening and Model Establishment
The variance inflation factor (VIF) score was determined based on multivariate Cox analysis to determine the multi-
collinearity of each variable. Among the independent variables included in the study, PG, T, N, ER, and PR had higher 
VIF scores, suggesting that there was possibility of collinearity between the independent variables, and the inclusion of 

Table 1 Patient Baseline Profile

Total n (%) No Event Group n (%) Event Group n (%) P

N 121 98 23
UBE2C_mRNA 4.168(0.312) 4.096(0.273) 4.473(0.284) <0.001***

UBE2C_IHC <0.001***

Neg 4(2.5) 2(2.0) 2(4.3)
Low 26(22.3) 24(26.5) 2(4.3)

Mid 65(53.7) 56(57.1) 9(39.1)

High 26(21.5) 14(14.3) 12(52.2)
Age 49.719(9.965) 50.184(9.814) 47.739(10.579) 0.292

BMI 22.021(1.778) 22.089(1.822) 21.731(1.581) 0.387
Operation 0.791

BCT 45(37.2) 37(37.8) 8(34.8)

MRM 76(62.8) 61(62.2) 15(65.2)
Pathological_grade 0.01**

G1 53(43.8) 48(49.0) 5(21.7)

G2 50(41.3) 41(41.8) 9(39.1)
G3 18(14.9) 9(9.2) 9(39.1)

T 0.321

T1 36(29.8) 32(32.7) 4(17.4)
T2 74(61.2) 58(59.2) 16(69.6)

T3 11(9.1) 8(8.2) 3(13.0)

N <0.001***
N0 56(46.3) 50(51.0) 6(26.1)

N1 48(39.7) 42(42.9) 6(26.1)

N2 17(14.0) 6(6.1) 11(47.8)
HR(+)HER-2(-)# 66(54.5) 58(59.2) 8(34.8) <0.001***

HR(+)HER-2(+)# 23(19.0) 21(21.4) 2(8.7) <0.001***

HR(-)HER-2(+)# 13(10.7) 11(11.2) 2(8.7) 0.13
TNBC 19(15.7) 8(8.2) 11(47.8) 0.49

Ki-67 38.711(18.758) 34.786(16.508) 55.435(18.884) <0.001***

Notes: Continuous variables conforming to normal distribution are described as mean (standard deviation), and categorical 
variables are described as n (%), **/***Indicates statistically significant difference between the two groups for that variable. 
(**P<0.01, ***P<0.001). #HR (+) means ER and/or PR are positive, and HR (-) means both ER and PR are negative. The reason 
why the sum of partial proportions is not equal to 100% is that due to rounding, the chi-square goodness of fit test is used for 
inter-group comparison.
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regression analysis at the same time may increase the possibility of over-fitting. Lasso analysis can reduce the high- 
dimensional data and screen the correlation factors with the best prediction features through regularization.21 Using 
Lasso regression analysis, we finally obtained two variables, namely, Ki-67 and UBE2C_mRNA. We created an inclusion 
model with all independent variables (Model 1), and another model that included Ki-67, UBE2C_mRNA, T, and 
N (Model 2). Our aim was to design a simple and convenient prediction model for clinical use. We included T staging 
and N staging in the process of selecting independent variables while developing the model to avoid the bias of included 
data, which could reduce the generalization ability of the model. At the same time, we compared the predictive ability of 
the simple T+N model (Model 3) in the occurrence of progression events and compared some other models including the 
model for commonly used clinical indicators PG, T, N, ER, PR, HER2, and Ki-67 (Model 4), the UBE2C_mRNA, T, 
N model (Model 5) and the model for Ki-67, T, and N (Model 6). (Figure 2).

Model Evaluation and Comparison
ROC Curve, Risk Score Curve and Time-Dependent ROC Curve
The ROC curves were plotted against each model to obtain the all-variable model, Model 1, AUC = 0.915, 95% CI = 
0.863–0.968, the model of TN combined with Ki-67 and UBE2C_mRNA, Model 2, AUC = 0.870, 95% CI = 0.786– 
0.953 and the traditional TN model (Model 3) AUC = 0.717, 95% CI = 0.581–0.853. There was no statistical difference 
between Model 1 and Model 2 (P > 0.05), but there was a statistical difference between Model 2 and Model 3 (P < 
0.0001), and Model 2 was superior to Model 3. Based on the trend of the ROC curve, we concluded that Model 1 and 
Model 2 were relatively stable in the overall prediction process, while the prediction performance of Model 3 was 
significantly decreased after the cutoff value. Model 4 had AUC = 0.838, 95% CI of 0.753–0.923, Model 5 had AUC = 
0.853, 95% CI of 0.776–0.943 and Ki-67, Model 6 had AUC = 0.811, and 95% CI of 0.709–0.914. The goodness of fit of 
Cox regression was further evaluated by plotting the risk score, and the relationship between Ki-67 and UBE2C_mRNA 

Figure 1 The expression of UBE2C mRNA in different subtypes showed that the expression of UBE2C was lower in HR(+)HER-2(-) patients, but there was no statistical 
difference compared with other groups. There was no statistically significant difference between the other groups (A). There was a statistical difference in UBE2C 
expression between the patients with disease progression events and those without disease progression events in HR(+)HER-2(-) patients, and the patients with disease 
progression events were clearly higher than those without disease progression events (p<0.05). A similar pattern was observed in the HR(-)HER-2(+) and TNBC breast 
cancer subtypes. In the HR(+)HER-2(+) subtypes, although the UBE2C expression in the group with no event was lower than that in the group with event, there was no 
statistical difference between the two groups (B–E). High expression of UBE2C predicted poor prognosis of patients. The tumor tissues with progression events had higher 
levels of UBE2C mRNA than those without progression events P < 0.001 (F). The immunohistochemical expression of UBE2C was positively correlated with the mRNA 
expression of UBE2C, and there was a statistically significant difference in mRNA expression of UBE2C mRNA different groups (P < 0.001) (G). The ROC curve showed an 
AUC of 0.826 and a CI of 0.714–0.938 (H). The K-M curve suggests that the prognosis of patients with high UBE2C mRNA expression was poor, whereas vice versa, the 
prognosis was good, HR=12.39 (5.26–29.18), and the difference was statistically significant (P < 0.001) (I). The K-M curve suggests a statistically significant difference 
between the different expressions of UBE2C IHC (P < 0.001) (J).(*P<0.05, ***P<0.001, ****P<0.0001).
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and prognosis was visually displayed. The ROC curves22 of time dependence of Model 1, Model 2, and Model 3 were 
drawn respectively, and the stability and prediction efficiency of different models at different time points were identified. 
The prediction stability of the three models at different time points was good, but the prediction efficiency of Model 3 
was low (Figure 3).

C Index, NRI, and IDI Index
The C-index, or Concordance index, was used to assess the model’s ability to predict. The net reclassification improve-
ment index (NRI) was used to determine the accuracy of the prediction model,23 and we compared the models to see if 
there were differences between them. We used the Integrated Discrimination Improvement Index (IDI) to make the 
overall judgment for the model relative to NRI for the evaluation of a certain time node,24 the results showed that from 
Model 1 to Model 2 to Model 3 the prediction performance and model complexity gradually reduced. The difference 
among the three models was further explored using the C index, NRI, and IDI together (Figure 4). There was no 
significant difference between Model 1 and Model 2 in predicting disease progression events at the 48th month. Model 2 
with an NRI of 0.1708, was slightly better than Model 1, and Model 2 was significantly better than Model 3, with an NRI 
of 0.6196. With respect to the IDI, it was also found that there was no significant difference in predictive efficacy 
between Model 1 and Model 2 (P = 0.358), and there was a statistical significance between the predictive efficacy of 

Table 2 Cox Univariate and Multivariate Regression Analysis

Single Factor Multiple Factors

β P OR 95% CI β P OR 95% CI

UBE2C_mRNAa 4.221 <0.001* 68.068 12.10–382.928 3.862 0.002* 47.56 4.263–530.627

UBE2C_IHC (Neg)b 0.096 0.030*
Low 0.975 0.227 2.651 0.546–12.881 0.321 0.783 1.378 0.141–13.442

Mid −1.795 0.025* 0.166 0.035–0.797 −2.891 0.004* 0.056 0.008–0.390

High 0.156 0.726 1.169 0.488–2.798 0.666 0.308 1.946 0.548–6.911
Age −0.13 0.577 0.987 0.943–1.033 0.008 0.819 1.008 0.945–1.075

BMI −0.122 0.347 0.885 0.686–1.442 −0.203 0.259 0.817 0.574–1.161

Operation (BCT)
MRM −0.26 0.953 0.974 0.407–2.329 0.400 0.556 1.491 0.394–5.640

Pathological_grade (G1) 0.132 0.234

G2 0.572 0.308 1.772 0.589–5.326 0.133 0.852 1.142 0.283–4.612
G3 1.156 0.046* 3.177 1.022–9.882 −1.499 0.241 0.223 0.018–2.736

T (T1) 0.477 0.392

T2 0.380 0.507 1.462 0.476–4.488 −0.262 0.735 0.769 0.169–3.508
T3 0.940 0.225 2.560 0.562–11.668 0.890 0.465 2.434 0.223–26.548

N (N0) 0.22 0.438

N1 0.118 0.840 1.125 0.357–3.541 −0.564 0.447 0.569 0.133–2.434
N2 1.269 0.018 3.558 1.246–10.161 0.501 0.637 1.650 0.206–13.208

ER (Neg) 0.058 0.792

Low −0.841 0.196 0.431 0.121–1.541 0.725 0.496 2.064 0.256–16.612
High −1.093 0.023* 0.335 0.131–0.858 0.419 0.629 1.520 0.192–12.055

PR (Neg) 0.084 0.333

Low −1.492 0.150 0.225 0.029–1.715 −2.142 0.139 0.117 0.007–2.733
High −0.905 0.062 0.405 0.156–1.047 −0.764 0.397 0.466 0.079–2.733

HER-2 (Neg)
Pos −0.409 0.468 0.664 0.220–2.004 −0.486 0.492 0.615 0.154–2.459

Ki-67 0.055 <0.001* 1.057 1.029–1.085 0.045 0.013* 1.046 1.009–1.083

Notes: a,bUBE2C_mRNA was not included in UBE2C IHC data in the COX multifactor regression analysis, and the COX regression calculated for 
UBE2C IHC was not included in UBE2C_mRNA data. *Indicates a statistically significant difference in the variable between the two groups. Variables in 
brackets are references to grouped variables.
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Model 2 and Model 3 (<0.05). The C-index of prediction of the models with different time nodes also showed that Model 
1 and Model 2 had good prediction performance, while Model 3 had poor prediction performance.

Calibration Curve
A calibration curve was used to evaluate the accuracy of the model. The results showed that the prediction performance 
of Model 1 and Model 2 was similar, while that of Model 3 was poor. Therefore, Model 3 is not discussed here. By 
plotting the calibration curves (Figure 5) of the 24 m and 48 m prediction of disease progression event probabilities and 
actual probabilities of Model 1 and Model 2, the results showed that Model 1 and Model 2 had high prediction ability and 
stability when the prediction ability was close to the actual ability.

Decision Curve Analysis (DCA), Clinical Impact Curve (CIC), and Model Visualization
Model 1 and Model 2 had higher prediction efficiency. The prediction efficiency of Model 1 was slightly higher than that 
of Model 2. There was no statistical difference between the two models, but the prediction efficiency of Model 3 was 
lower than that of Model 1 and Model 2, and the difference was statistically significant. However, Model 1 included more 

Figure 2 Screening of variables and model building, and correlation between independent variables included in the study (A). Lasso regression analysis shows that with the 
increase of log (λ), the regression coefficient gradually decreased and tended to zero, and the model kept converging (B). With the increase of interpretation deviation, the 
retrospective coefficient also gradually increased (C). When lambda values were lasso_1se and lasso_min, the variables included in the model were reduced to two, namely 
Ki-67 and UBE2C_mRNA (D), showing the VIF scores of each independent variable and the independent variables included in the model establishment (E). (*P < 0.05; ** p < 
0.01).
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Figure 3 ROC curve: Model 1, AUC=0.915, 95% CI 0.863–0.968, Model 2, AUC=0.870, 95% CI 0.786–0.953, Model 3, AUC=0.717, 95% CI 0.581–0.853. The efficacy of 
Model 1 and Model 2 was comparable, and Model 1 and Model 2 were superior to Model 3. Model 4, AUC=0.838, 95% CI 0.753–0.923, Model 5, AUC=0.853, 95% CI 
0.776–0.943, and Model 6, AUC=0.811, 95% CI 0.709–0.914 (A). Risk scores were plotted, suggesting that Ki-67 and UBE2C_mRNA were independent prognostic factors 
(B and C). According to the ROC curve of tolerance, the time to draw Model 1, Model 2, and Model 3 had good prediction stability at different time points. Model 1 and 
Model 2 had good prediction performance, while Model 3 had poor prediction performance (D, E and F).
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Figure 4 There was no significant difference between Model 1 and Model 2. NRI was 0.1708, Model 2 was slightly better than Model 1, while Model 2 was significantly 
better than Model 3, and NRI was 0.6196 (A and B). IDI showed that there was no significant difference in predictive efficacy between Model 1 and Model 2 (P = 0.358), and 
there was a statistical significance between the predictive efficacy of Model 2 and Model 3 (P < 0.05) (C and D). The C index of the prediction models with different time 
nodes also show that Model 1 and Model 2 had good prediction performance, while Model 3 had poor prediction performance (E, F and G).
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variables, and its clinical use was more complex, while Model 2 included fewer variables and its clinical use was 
relatively simple. Due to the low test efficiency of Model 3, it is not further discussed here. Model 1 and Model 2 were 
selected to further evaluate the clinical benefits25 by decision curve analysis (DCA) and clinical impact curve (CIC). By 
visualizing the model using the nomogram diagram (Figure 6),26 we found that the effectiveness of Model 1 and Model 2 
was very similar in DCA and CIC evaluation, but Model 1 was more complex than Model 2, so we chose Model 2 as the 
optimal model.

UBE2C_IHC Test Results and Model Validation
Clinically, protein expression is usually detected using immunohistochemistry. The immunohistochemical results of 
UBE2C (Figure 7A–D) confirmed a certain correlation between the immunohistochemical results of UBE2C and the 
expression of UBE2C_mRNA. We identified Model 2 in the selection and comparison of previous models, replaced the 
UBE2C_mRNA indicator with the more clinically available UBE2C_IHC, and re-evaluated the efficacy and stability of 
the model. When the ROC curve was plotted, the area under the curve was 0.835, and the 95% CI was 0.736 to 0.933, 
which indicated that it had a high prediction ability. To further evaluate stability, we used the time-dependent tolerance 
ROC curve and calibration curve for evaluation. We found that the model had good stability and was more convenient for 
clinical use (Figure 7E–I).

Data Verification
We divided the original data set into the training set and the verification set in a ratio of 7:3. The basic information of 
each data set is shown in Supplementary Material 3. We trained model 2 again in the training set and tested it in the 
verification set to draw ROC curve and calibration curve respectively. We found that the ROC curve of model 2 was 

Figure 5 Calibration curve. The predicted calibration curve of Model 1 at 24 and 48 months shows that the predicted performance of Model 1 was good at both 24 and 48 
months (A and B). The calibration curves of Model 2 were predicted at 24 months and 48 months, and it can be seen that Model 1 performed better at 24 months and there 
was a slight deviation of the curve from the middle dotted line at 48 months (C and D).
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AUC0.892 (0.805–0.980) in the training set and AUC0.872 (0.661–0.998) in the verification set. No matter in the 
training set or the verification set, the calibration curve of 24 months showed better predictive ability (Figure 8).

Discussion
Clinicians offer patients treatment suggestions according to treatment guidelines and corresponding to the stage of their 
disease. However, how two patients with similar disease stages and subtypes develop very different prognoses after 
receiving similar treatments is often a puzzle. The nature of TNM staging is a description of tumor burden at a time cut- 
off that does not reflect the biological characteristics of the tumor. This issue is increasingly being addressed, and in the 
Eighth Edition of the American Joint Committee on Cancer Staging Manual for Breast Cancer, the panel recognized the 
need to incorporate biological factors and gene expression prognosis into the staging system.27 However, this too cannot 
fully explain the above situation. We speculate that the biological factors incorporated into our graded treatment strategy 
based on our TNM staging system in combination with biological factors are insufficient to reflect the original 
characteristics of the tumor.

High levels of UBE2C_mRNA were found in tumor tissues of patients with disease progression events, and there was 
a statistical difference between the two. The expression level of UBE2C_mRNA effectively distinguished the prognosis 
of patients, and the ROC curve AUC = 0.826 95% CI of (0.714–0.938). High levels of UBE2C_mRNA is a high risk 
factor for poor prognosis,28 is an indicator of poor prognosis,29,30 and is one of the core genes associated with breast 

Figure 6 DCA, CIC, and nomogram plots. The performance of Model 1 and Model 2 was similar, but Model 1 was more complex than Model 2 (A–C), nomogram for 
Model 2 (D).
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Figure 7 Immunohistochemical results of UBE2C: Under 400x magnification, it was negative (A), weak positive (B), moderate positive (C), and strong positive (D). After 
UBE2C_mRNA index was replaced by UBE2C_IHC, which is more available clinically, and the calibration curve (E and F), ROC curve (G), time-dependent ROC curve (H) 
of Model 1 and nomogram diagram (I) were verified again.
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cancer progression.31 Increased UBE2C level is associated with poorer overall survival (OS) in breast cancer patients.32 

Analysis of our clinical data also revealed that UBE2C is involved in the regulation of breast cancer disease processes, 
and its overexpression is a prognostic risk factor. The expression of UBE2C in different subtypes is also different to some 
extent. In patients with HR(+)HER-2(-), the expression of UBE2C is lower, but there is no statistical difference compared 
with other groups. This may be related to the fact that we included fewer patients, but the results are consistent with 
clinical practice. However, high expression of UBE2C often predicts higher malignancy and poor prognosis. However, 
there was a statistical difference in UBE2C expression between HR(+)HER-2(-) patients with disease progression events 
and patients without disease progression events (p<0.05). However, in HR(-)HER-2(+) and TNBC breast cancer 
subtypes, A similar pattern was observed. In the HR(+)HER-2(+) subtype, although UBE2C expression in the group 
with no event was lower than that in the group with event, there was no statistical difference between the two groups.

Univariate and multivariate analysis indicated that UBE2C_mRNA and Ki-67 were independent prognostic indica-
tors. ROC curves were used to compare different models, Model 1, AUC=0.915, 95% CI = 0.863–0.968, Model 2, in 
which TN was combined with Ki-67 and UBE2C_mRNA, and AUC = 0.878, with a 95% CI of 0.791–0.966 versus 
a traditional TN model (Model 3) with AUC=0.717 and a 95% CI of 0.581–0.853; Model 1 was comparable to Model 2, 
with Model 1 and Model 2 outperforming Model 3. At the same time, we compared some other models and found that 
the prediction ability of Model 4 consisting of commonly used clinical indicators was not prominent in the model we 

Figure 8 In the ROC curve of model 2 in the training set, the cut-off value is 0.79, then the sensitivity is 81.2%, the specificity is 82.6%, and the AUC is 0.892 (0.805–0.980) 
(A). In the ROC curve of model 2 in the verification set, the cut-off value is 1.199, then the sensitivity is 85.7%. The specificity was 89.7% and the AUC was 0.872 (0.661– 
0.998) (B). The calibration curves of model 2 at 24 months of training set and verification set both showed good prediction efficiency (C and D).
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discussed, and the prediction ability was even lower than that of Model 5, which incorporated UBE2C_mRNA, T, and 
N. However, the prediction ability of the model was insufficient, and we speculated that it was due to the lack of factors 
representing tumor characteristics. Several earlier studies have demonstrated that the expression of UBE2C_mRNA was 
related to the prognosis of patients.13,33,34 Ki-67 is also a prognostic indicator in patients with invasive breast cancer35 

and can be used as a marker of the proliferation capacity of breast cancer cells.36 It was also found to be one of the 
predictors of local recurrence and lymph node metastasis.37 In our study, both UBE2C_mRNA and Ki-67 had a strong 
capacity to reflect tumor characteristics, and their prediction ability increased when the model incorporated both 
UBE2C_mRNA and Ki-67.

The molecular typing of a tumor reflects the characteristics of the tumor, which can help predict its growth in the 
human body based on specific conditions. We have summarized this into a formula: TNM stage = time × (tumor 
characteristics-environmental pressure), where “time” refers to the time from the occurrence of the tumor to diagnosis, 
and “tumor characteristics-environmental pressure” represents the survival rate of the tumor in a certain period. When 
a patient visits the doctor, the tumor is diagnosed in this manner and TNM staging is done at this time. As the time 
variable and the environmental pressure are unknown, the current clinical indicator model (Model 4) has no outstanding 
predictive ability. In the absence of these two variables in the equation, we can improve the predictive ability of the 
model only if we can increase the tumor characteristics. This also explains why the prediction ability of the model further 
improved after adding the factors that were able to strongly reflect the tumor characteristics. For example, a tumor that 
proliferates rapidly and is highly malignant can be detected by physical examination at presentation, leading to early 
treatment and early intervention. However, it is possible for some error to occur, leading to errors in the prediction using 
the simple TNM staging alone. This may explain the significant differences in clinical outcomes between two patients 
with the same disease stage and molecular type.

This study also has some limitations: 1. The sample size is relatively small; 2. We did not find the appropriate data set 
in the subsequent data screening, we conducted internal verification. We will further verify the reliability and stability of 
our results in future work.

Conclusion
In this study, our results again verified that high levels of UBE2C predicted a poor prognosis in patients. The combination 
of UBE2C expression levels and breast cancer-related indicators may be more effective in predicting disease progression 
and thus guide clinical decision-making. However, our findings need to be validated further by research studies with 
larger samples.
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