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A B S T R A C T   

Rationale and objectives: To develop a prognostic nomogram using mammography data and AJCC 
staging to predict breast cancer survival. 
Materials and methods: A prognostic nomogram was created using data from 1000 women diag-
nosed with breast cancer at a medical cancer center in Taiwan between 2011 and 2015. The 
variables included age at diagnosis (≤60 or > 60 years), mammography purpose (screening or 
diagnostic), mammography modality (digital mammogram or digital breast tomosynthesis), and 
the 7th American Joint Committee on Cancer (AJCC) stage. The outcome predicted was breast 
cancer-related mortality. The nomogram utilized Kaplan-Meier analysis for all subsets and Cox 
proportional hazards regression analysis for prediction. The nomogram’s accuracy was internally 
validated using the concordance index and receiver operating characteristic (ROC) curve analysis, 
focusing on 3-year and 5-year survival predictions. 
Results: Participants’ mean age at breast cancer diagnosis was 54 years (SD = 11.2 years). The 1- 
year, 3-year, and 5-year overall survival (OS) rates were found to be 99.7%, 95.3%, and 91.4%, 
respectively. The bootstrap-corrected concordance indices indicated the following: nomogram, 
0.807 and AJCC, 0.759. A significant difference was observed between the nomogram’s area 
under the curve (AUC) and the AJCC stage in predicting the probability of 5-year survival (p =
0.005). A nomogram, constructed based on mammography and AJCC, demonstrated excellent 
calibration through internal validation using bootstrapping. 
Conclusion: The utilization of a nomogram that incorporates mammography data and the AJCC 
registry data has been demonstrated to be a reliable predictor of breast cancer survival.   

Abbreviations: AJCC, American Joint Committee on Cancer; BI-RADS, Breast Imaging Reporting and Data System; OS, overall survival; CI, 
confidence interval; HR, hazard ratio; AUC, area under curves; ROC, receiver operating characteristic; DM, digital mammogram; DBT, digital breast 
tomosynthesis. 
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1. Introduction 

Breast cancer is a prevalent malignancy and the leading cause of cancer-related mortality globally, accounting for 25% of all cancer 
cases and 15% of all cancer deaths among women. In Taiwan, specific ethnic and age groups have been found to be disproportionately 
affected, contributing to over 2000 deaths annually, a number that has been rising in recent years according to local health records [1]. 
Several clinical and pathological features, as detailed in the nomogram, have been associated with the long-term prognosis of breast 
cancer [2,3]. Although the AJCC staging system is widely used, individual patient survival can still vary significantly due to other 
factors [4], such as the poor prognosis for young women under 40 and elderly women over 80 with axillary lymph node negative breast 
cancer [2]. To address the limitations of the AJCC staging system in capturing individual variations in breast cancer prognosis, so-
lutions could include personalized risk models [5,6], liquid biopsies [7], and age- and subgroup-specific guidelines [8]. Screening 
mammography has been shown to reduce breast cancer mortality by 41% in Sweden [1], and a study in Taiwan found a similar as-
sociation with population-based screening mammography [9]. Additionally, very low mammographic breast density has been iden-
tified as an independent prognostic feature associated with higher tumor grade and worse survival in newly diagnosed breast cancer 
patients [10]. Castellano et al. reported a decrease in breast cancer mortality in areas where digital breast tomosynthesis (DBT) 
screening was implemented compared to conventional digital mammography (DM) [11]. 

A nomogram has been developed as a statistical tool for estimating a patient’s 10-year survival and relapse probability based on 
factors such as age and comorbidity [12]. However, the potential of mammography data as a predictor of survival has not been 
extensively researched [13]. However, the use of mammography data as a predictor of survival has been less studied in Asia. 

We present a novel nomogram in this study, designed to combine detailed mammography data with existing AJCC staging, 
enhancing the accuracy of breast cancer survival predictions for patients. 

2. Material and methods 

The Institutional Review Board of Kaohsiung Veterans General Hospital approved this retrospective study and waived individual 
informed consent. (IRB number: KSVGH22-CT11-01, Clinical Trials: NCT05600257). 

2.1. Study patients and data collection 

This retrospective study accumulated data from a Cancer Registry Database provided by a Cancer Center of a recognized healthcare 
institution, as well as the mammography examination registry from the radiology department at a medical center situated in the 
southern region of an Asian country. A dedicated research assistant was responsible for collecting and collating the data, ensuring that 
each case from the Cancer Registry Database was accurately matched with corresponding records from the mammography exami-
nation registry. The collected data were then meticulously organized and managed in an Excel file, facilitating systematic analysis and 
data integrity. The analysis included 1517 breast cancer cases diagnosed between September 2011 and December 2015, with 178 cases 
excluded due to incomplete pathology data for staging in the breast cancer registry (n = 133) or a lack of preoperative mammography 
examinations (n = 45) (Fig. 1). The final cohort for survival analysis consisted of 1339 patients, with 1000 patients randomly selected 
for nomogram construction. This research compares two prediction techniques using repeated measurements within a single group of 
breast cancer patients, eliminating the need for a separate control group. 

Fig. 1. Flowchart of the model selection process.  
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2.2. Study variables 

The following patient clinical information was collected: age at diagnosis (categorized as ≤ 60 or > 60 years), vital status (alive or 
dead), American Joint Committee on Cancer 7th edition stage (stages 0-IV), mammography purpose (screening or diagnostic), 
mammography modality (DM or DBT), and BI-RADS category of breast density as determined by mammography using the 5th edition 
of the American College of Radiology (ACR). The study outcomes were the 3-year and 5-year survival rates of breast cancer patients. 
The data on breast cancer survival was updated in August 2021, providing up-to-date information on breast cancer outcomes with a 
maximum 9-year follow-up period. 

2.3. Nomogram build-up 

A breast cancer survival nomogram was developed using R software version 4.2.2 and RStudio 2022.07.1 build 554. Using uni-
variate and multivariate Cox proportional hazard regression models, variables were examined. The building of the nomogram involved 
analyzing the association between various predictor variables and time-to-event outcomes in survival analysis [14]. The nomogram 
aimed to predict the 3-year or 5-year survival rate of patients under two distinct scenarios: scenario 1 relied solely on the 7th AJCC 
staging system, whereas scenario 2 incorporated all variables under consideration. By comparing the predictions from both scenarios, 
researchers can better understand the potential impact of additional variables on the accuracy and utility of breast cancer survival 
predictions, ultimately providing a more comprehensive and informed approach to patient prognosis and management. 

2.4. Internal validation 

The calibration curves were used to examine the agreement between predicted and observed survival, and the nomogram’s 3-year 
and 5-year overall survival (OS) were internally validated using the concordance index (C-index) and receiver operating characteristic 
(ROC) curves. The differences in the accuracy of 3-year and 5-year survival predictions between the nomogram using all variables and 
the nomogram using only the AJCC staging variable were also evaluated. The calibration plot of the nomogram by bootstrapping with 
one thousand resamples, with the 45◦ line indicating excellent predictions [15]. The C-index of 1.0 indicates a perfect prediction 
model, whereas 0.5 indicates just a 50% possibility of accurate prediction [15]. Validation was performed with 1000 bootstraps to 
correct the C-index and demonstrate variation resulting from over-optimism. The sensitivity and specificity of two scenarios using the 
nomogram and AJCC system for OS prediction were compared using ROC curves and the area under the receiver operating charac-
teristic curve (AUC) values [16]. 

Table 1 
Demographic characteristics of the 1000 patients diagnosed with breast 
cancer.  

Characteristics Number N (%) 

Mean age ± SD, year 54.0 ± 11.2 
Mean survival month ± SD, month 73.71 ± 21.47 
Age group 

≤ 60 706 (70.2) 
> 60 298 (29.8) 

Purpose of mammography 
Screening 413 (41.3) 
Diagnosis 587 (58.7) 

Mammographic modality 
DM 638 (63.8) 
DBT 362 (36.2) 

Breast Density (BI-RADS 5th) 
Almost entirely fatty 58 (5.8) 
Scattered fibroglandular 126 (12.6) 
Heterogeneously dense 700 (70.0) 
Extremely dense 116 (11.6) 

Staging of diagnosis (AJCC 7th) 
0 222 (22.2) 
I 317 (31.7) 
II 329 (32.9) 
III 102 (10.2) 
IV 30 (3.0) 

Note. - Numbers in parentheses are the percentage. 
DM, Digital mammography; DBT, Digital breast tomosynthesis; AJCC, 
American Joint Committee on Cancer; BI-RADS, Breast Imaging-Reporting 
and Data System; SD, standard derivation; CI, confidence interval. 
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2.5. Statistical analysis 

Continuous variables were shown as means ± standard deviation (SD). The Kaplan-Meier method, accompanied by the log-rank 
test, was utilized to generate survival curves. Nomogram development was performed using the “rms” package in R software. A 
multivariable Cox regression model was developed using clinical and radiological data to predict survival outcomes [14]. To evaluate 
the predictive performance of a nomogram for survival outcomes in breast cancer patients, the AUC was compared. An AUC value of 
0.7 or higher was considered good. Statistical tools for data analysis and hypothesis testing included SPSS and R packages “survival”, 
“rms”, “ggplot 2”, and “timeROC”. All statistical tests conducted were two-sided, and a significance level of p < 0.05 was used. 

3. Result 

3.1. Clinicopathological characteristics 

The study cohort included 1000 women, of whom 41.3% (n = 413) were diagnosed with breast cancer through screening 
mammography, while 58.7% (n = 587) underwent diagnostic mammography for symptomatic breast lesions or pre-surgery evaluation 
(Table 1). The mean age at breast cancer diagnosis was 54 years (SD = 11.2 years). Among the patients, 63.8% (n = 638) received 
diagnostic mammography before surgery, while 36.2% (n = 362) underwent DBT. 

The most common breast density observed was heterogeneous density, accounting for 70.0% of cases, followed by scattered 
fibroglandular density at 12.6%. Regarding cancer stages, stage II was the most frequent at 32.9% (n = 329), followed by stage I at 
31.7%, stage 0 at 22.2%, stage III at 10.2%, and stage IV at 3.0%. During the study period, 119 patients died from breast cancer, with 
the maximum overall survival follow-up time reaching 111 months (mean = 73.3 months). Survival analyses were conducted to 
further evaluate the relationship between various factors, such as age at diagnosis, breast density, cancer stage, and imaging modality, 
and their impact on patient outcomes. 

The OS rates for 1-year, 3-year, and 5-year were 99.7% (95% confidence interval [CI] = [99.4%–100%]), 95.3% (95% CI =
[94.0%–96.7%]), and 91.4% (95% CI = [89.7%–93.2%]), respectively. The Kaplan-Meier curve analysis of OS in the study population 
revealed significant differences based on the AJCC pathological stage (stage 0–4, p < 0.001), as seen in Fig. 2. However, no association 
was found between OS and breast density categories (BI-RADS A-D, p = 0.394). 

3.2. Prognostic variables 

A univariate and multivariate analysis was conducted to identify factors influencing the OS of breast cancer patients (Table 2). The 
univariate analysis indicated that both screening mammography (hazard ratio [HR] = 0.25, 95% CI = [0.15–0.41], p < 0.001) and 
DBT (HR = 0.59, 95% CI = [0.39–0.90], p = 0.015) were significantly associated with increased OS. In contrast, age at diagnosis over 
60 (HR = 2.80, 95% CI = [1.88–4.17], p < 0.001) and AJCC stages II, III, and IV showed a significant correlation with decreased OS (e. 
g., stage II vs. stage 0, HR = 3.19, 95% CI = [1.62–6.32], p = 0.001). 

The multivariate analysis demonstrated that DBT might influence OS, although the effect was not statistically significant (HR =
0.76, 95% CI = [0.49–1.18], p = 0.220). Other variables, such as age over 60, screening mammography, and AJCC stages II, III, and IV, 
maintained their significant associations with OS in the multivariate analysis (all p < 0.05). These results indicate that the AJCC stage 
continued to have a significant impact on determining the outcomes for patients. 

Fig. 2. The figure displays Kaplan-Meier (K–M) curves that demonstrate the overall survival (OS) rates for various pathological stages according to 
the 7th edition of the American Joint Committee on Cancer (AJCC) staging system. 
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3.3. Build nomogram 

A nomogram was developed to facilitate the prediction of 3-year and 5-year OS for breast cancer patients by assigning scores to 
each subtype within the identified variables on a continuous scale. The assignment of scores was informed by the strength of the 
evidence linking each variable to the OS outcome. The weighted total score for each patient was then calculated by combining the 
scores for all relevant variables. This cumulative score enabled the generation of a predicted probability of 3-year and 5-year OS for 
individual patients (Fig. 3). 

Table 2 
Univariate and multivariate cox regression analyses of overall survival.  

Characteristics N Univariable Analysis Multivariable Analysis   

HR (95% CI) p HR (95% CI) p 
Age at diagnosis 

≤ 60 723 Reference    
> 60 277 2.60 (1.81–3.74) <0.001 2.80 (1.88–4.17) <0.001 

Mammography purpose 
Diagnosis 587 Reference    
Screening 413 0.25 (0.15–0.41) <0.001 0.48 (0.29–0.81) 0.006 

Mammographic modality 
DM 638 Reference    
DBT 362 0.59 (0.39–0.90) 0.015 0.76 (0.49–1.18) 0.220 

Breast Density (BI-RADS 5th) 
Almost entirely fatty 58 Reference    
Scattered fibroglandular 126 1.07 (0.45–2.56) 0.881 1.36 (0.56–3.28) 0.499 
Heterogeneously dense 700 0.93 (0.43–2.00) 0.845 1.36 (0.61–3.02) 0.447 
Extremely dense 116 0.55 (0.20–1.45) 0.229 1.21 (0.43–3.42) 0.716 
Staging (AJCC 7th) 

0 222 Reference    
I 317 0.80 (0.35–1.85) 0.604 0.70 (0.30–1.62) 0.400 
II 329 3.19 (1.62–6.32) 0.001 2.53 (1.27–5.02) 0.008 
III 102 6.49 (3.15–13.36) <0.001 5.30 (2.56–10.98) <0.001 
IV 30 25.83 (12.14–54.96) <0.001 19.93 (9.14–43.49) <0.001 

Note. - All variables in univariable analysis were included in multivariable analysis. 
DM, Digital mammography; DBT, Digital breast tomosynthesis; AJCC, American Joint Committee on Cancer; BI-RADS, Breast Imaging-Reporting and 
Data System; HR, Hazard ratio; CI, confidence interval. 

Fig. 3. A nomogram predicts 3- and 5-year survival rates for breast cancer patients, utilizing vertical lines from each factor to the corresponding 
point score. 
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3.4. Nomogram validation 

The calibration plot, which compared the predicted OS probabilities to actual observations, demonstrated a high degree of 
agreement between the nomogram’s predictions and real-world outcomes in both 3-year (Fig. 4A) and 5-year (Fig. 4B) analyses. To 
evaluate the internal validation, the C-index was calculated, resulting in a value of 0.807 (95% CI = [0.787–0.827]). This indicated 
strong suitability for predicting OS in this patient population. The calibration plots for both 3-year and 5-year OS predictions were 
well-aligned, further supporting the nomogram’s accuracy and reliability as a prognostic tool in clinical practice for breast cancer 
patients (Fig. 5A). 

The C-index utilizing only AJCC stage data was 0.759, lower than the nomogram’s C-index of 0.807. The ROC curves for 3-year and 
5-year OS demonstrated that the nomogram’s AUC values (3-year: 0.872, 95% CI = [0.818–0.925]; 5-year: 0.838, 95% CI =
[0.790–0.885]) were larger than those of the AJCC stage (3-year: 0.851, 95% CI = [0.789–0.911]; 5-year: 0.794, 95% CI =
[0.741–0.845]) (Fig. 5B). This comparison reveals the nomogram’s significantly higher AUC in predicting the probability of 5-year 
survival (p = 0.005) compared to the AJCC stage. However, no significant difference was found between the two predictive 
methods for 3-year survival (p = 0.227). 

4. Discussion 

The study focused on developing a prognostic nomogram for breast cancer by analyzing data from 1000 randomly selected cases, 
obtained from a Cancer Registry and correlated with mammography data from a medical center in Asia. The nomogram, which 
incorporated variables such as age, purpose and modality of mammography, and AJCC stage, was specifically designed to predict 
breast cancer-related mortality. Statistical analysis identified key factors-age over 60, AJCC stage, mammographic modality, and exam 
purpose - as significantly influencing 5-year OS rates in breast cancer patients. Consequently, a new nomogram was constructed using 
these determinants, and its predictive accuracy for 5-year OS was confirmed through calibration plots and ROC curves, demonstrating 
its efficacy. 

Previous research has established that biomarkers with AUC values ranging from 0.8 to 0.9 are considered to demonstrate good 
performance [16]. In this study, the nomogram developed for predicting 3- and 5-year survival yielded AUCs of 0.872 and 0.838, 
respectively, suggesting moderate accuracy [16]. The nomogram serves as a valuable tool for clinicians, enabling them to better 
comprehend the influence of each variable on breast cancer patients’ prognosis. Furthermore, this nomogram may facilitate the 
identification of patients at higher risk of mortality, warranting closer monitoring and more aggressive treatment strategies to improve 
patient outcomes. The integration of such predictive models in clinical practice could significantly enhance the overall management of 
breast cancer patients and contribute to personalized treatment approaches. 

Mammography data has been primarily used to predict malignancy risk, with fewer studies focusing on survival outcomes [17]. 
One study developed a nomogram to predict malignancy risk in microcalcifications detected on mammography, considering four 
variables such as menopausal status, maximum diameter, distribution, and morphology of malignant microcalcifications, with an AUC 
of 0.839 [18]. Another group of researchers made a nomogram to predict the risk of malignant upgrade in women diagnosed with 
atypical ductal hyperplasia (ADH) on core-needle biopsy, taking into account mammographic parenchymal density, the presence of a 
mass on ultrasound, and the number of ADH foci, with a C-statistic of 0.81, allowing low-risk women to avoid surgical excision [19]. 
The current study applied straightforward algorithm and clinical history data from mammography exams and pathological stages to 
create an accessible and easily understood nomogram for use in clinical practice, offering valuable information to both healthcare 
providers and cancer patients. 

For the past three decades, mammography has been the major tool implemented in breast cancer screening programs, as it is the 
only method proven to reduce breast cancer mortality rates [20]. Research indicates that mammography can decrease breast cancer 
mortality by 20–35% in women over 50 years of age [20]. In Taiwan, a nationwide biennial mammography screening program for 
women aged 40–69 was introduced in July 2004, leading to a decrease in breast cancer mortality [9]. 

An observational study reported a significant increase in breast cancer detection rates, from 4.0 to 5.4 per 1000 screenings, 

Fig. 4. Calibration curves for the nomogram model predict survival rates in breast cancer patients at 3 years (A) and 5 years (B). The nomogram- 
predicted probability of overall survival is plotted on the x-axis, and the actual overall survival estimated by the Kaplan-Meier method is plotted on 
the y-axis. The closer the points are to the 45-degree line, the higher the prediction accuracy. 
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following the introduction of breast tomosynthesis into clinical screening practice [21]. Previous research has also demonstrated the 
long-term benefits of DBT screening compared to DM [11]. In the present study, the purpose and modality of mammography emerged 
as important predictors for determining long-term outcomes, highlighting the importance of effective breast cancer screening methods 
in improving patient prognosis. 

The 8th AJCC staging system introduced a dual staging approach, incorporating both anatomical and prognostic staging systems for 
breast cancer patients [22]. The prognostic staging system considers various biological biomarkers, including estrogen receptor (ER), 
progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2) status, and nuclear grade, and recommends the routine 
use of the Oncotype multi-gene assay for patients with T1-2, N0, M0, ER+, and HER2-breast cancer [22]. The performance of these 
staging systems, assessed using the C-index, yielded values of 0.767 for the anatomical staging system (7th AJCC) and 0.814 for the 
prognostic staging system (7th edition AJCC with prognostic factors) [22]. 

Considering this, we launched a study using the 7th AJCC staging system, combined with clinical and mammography data, to 
enhance the prediction of survival outcomes for breast cancer patients. In our study, the performance of these staging systems, assessed 
using the C-index, yielded values of 0.759 for the 7th edition AJCC and 0.807 for the nomogram, indicating that incorporating 
prognostic factors like mammography data into the staging system can also improve its predictive capacity. 

The study’s theoretical strength is rooted in its innovative integration of traditional AJCC staging with detailed clinical and 
mammography data, creating a more comprehensive approach to improve breast cancer survival predictions and offering a nuanced 
assessment of prognosis. The study’s methodology is characterized by its rigorous analysis of a large, carefully compiled dataset from a 
Cancer Registry and mammography records, employing advanced statistical tools such as calibration plots and ROC curves for 
comprehensive validation. The C-index showed enhanced predictive capacity, with values of 0.759 for the 7th edition AJCC and 0.807 
for the nomogram, indicating the benefits of incorporating additional prognostic factors in patient management and treatment 
strategies. 

Incorporating mammography imaging and clinical characteristics into a nomogram for prognosis prediction offers advantages, 
such as increased accuracy and a comprehensive understanding of a patient’s health [23,24]. However, it also presents disadvantages, 
including increased complexity for interpretation, potential challenges in applying the nomogram in practice, and variability or 
discrepancies in data quality, which could affect overall reliability. 

There are limitations to using mammography imaging and clinical characteristics for prognosis prediction in a nomogram. 
Mammography may not be available or feasible for all patients, and its quality and interpretation accuracy can vary [25]. Including 
clinical characteristics may introduce bias due to varying patient information availability. Despite these limitations, mammography is 
widely used in breast cancer screening and evaluating pre-surgery conditions, with information easily accessible through patient 
records [26]. Future research can explore imaging patterns from mammography and integrate other imaging techniques, such as 
contrast-enhanced mammography, MRI, and ultrasound, to enhance the accuracy of breast cancer survival predictions. 

5. Limitation 

This retrospective study has potential limitations. Firstly, the 9-year study data came from a single medical center, possibly 
affecting the generalizability of the findings. However, our hospital has a well-established breast cancer registry, with dedicated 
screening program using DBT mammography since 2011 and regular patient follow-up, enhancing data quality and reliability. Sec-
ondly, the retrospective design of the study introduced inherent biases, such as incomplete or imprecise pathology data, resulting in the 
exclusion of some participants. Despite these limitations and a sample of 1000 patients, the study provides valuable insights into breast 
cancer survival prediction using a nomogram incorporating the AJCC staging system and additional variables. Thirdly, this study relied 
on the 7th edition of AJCC due to data available period (2011–2015). The more recent 8th AJCC includes additional prognostically 
relevant tumor features and molecular biomarkers. Subsequent research integrating mammography data with the 8th edition of AJCC 
staging system could better assess the nomogram’s value. Future studies in different healthcare settings and groups of people could 

Fig. 5. Comparisons of prediction performance using receiver operating characteristic (ROC) curves. (A) Model accuracy in predicting 3-year and 5- 
year survival rates using a nomogram. (B) Model accuracy in predicting 5-year survival rates using a nomogram and the 7th edition of the American 
Joint Committee on Cancer (AJCC) staging system. The x-axis represents 1-Specificity, while the y-axis represents Sensitivity. 
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confirm the nomogram’s accuracy and usefulness. These studies would combine mammograms with newer tumor details and markers 
to refine the nomogram and personalize breast cancer treatment. 

6. Conclusion 

Participants diagnosed with breast cancer showed a 5-year overall survival rate of 91.4%; the prognostic nomogram proved more 
accurate than the AJCC in predicting 5-year survival for breast cancer survival, evidenced by a significant difference in the AUC. 
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