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Abstract
Background The death rate of metastatic breast cancer in patients with mammary Paget's disease and
underlying cancer is 61.3%, with a 10-year cumulative survival rate of 33%. The aim of this investigation
was to develop a reliable nomogram to predict Female Paget’s Disease patient, thus helping clinical
diagnosis and treatment. 

Methods Date of patients diagnosed with Paget’s Disease between 2004 to 2014 were downloaded from
the Surveillance, Epidemiology, and End Results (SEER)database. Univariate and multivariate cox
analysis were used to identify independent prognostic factors, which were used to construct nomograms
to predict the probabilities of OS. The performance of the nomogram was assessed by C-indexes, receiver
operating characteristic (ROC) curves and calibration curve. Decision curve analysis (DCA) was used to
compare clinical usage between the nomogram and Adjusted AJCC staging system.

Results Based on the univariate and multivariate cox analysis, features that correlated with survival
outcomes were used to establish nomograms for OS prediction. The nomograms showed favorable
sensitivity at predicting 1-,3-, and 5-year OS, with a C-index of 0.795(95% con�dence interval (CI) 0.773-
0.818) for OS. Calibration curves and ROC curves revealed excellent predictive accuracy. Finally, the 3-
and 5-year DCA curves yielded larger net bene�ts than the Adjusted AJCC stage. 

Conclusions In conclusion, we have successfully established an effective nomogram to predict OS in
Paget’s Disease patient, which can help clinicians in determining the appropriate therapy strategies for
individual PD patients.

Background
Breast cancer is the most common malignancy in women worldwide [1]. Although the prognosis of breast
cancer patients is generally favorable due to early detection and the comprehensive treatment, 20%–30%
of patients would still develop distant metastases and cases with progressive stage only have a median
two-year survival time [2–4]. Paget’s disease (PD) of the breast is a relatively rare clinical manifestation
with a reported incidence of 1%–3% of all primary breast cancers (BCs)[5-8]. It is often present in ductal
carcinoma in situ (DCIS) and/or invasive ductal carcinoma (IDC) [9–11]. Clinically, patients with PD of the
breast typically present with nipple or areolar skin changes with or without associated with palpable
mass in the breast. Skin changes in the NAC may include itching, erythema, scaly or �aky skin, bloody
nipple discharge, nipple erosion or ulceration, and nipple retraction [12]. Because the inchoate symptoms
of PD are not standard and PD is commonly treated initially as a benign of dermatologic condition, the
diagnosis is often delayed for months or longer [13].

Nomograms, as reliable and convenient prognostic tools, have been widely used to predict speci�c
outcomes in clinical oncology. They can quantitatively predict the prognosis in certain patients with
known and vital prognostic factors, and illustrate the numerical probability of clinical outcomes[14,15]
The American Joint Committee for Cancer (AJCC) staging system is a tool commonly used by
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oncologists to predict disease progression and design therapeutic strategies [16,17]. However, given the
various factors that in�uence the course of cancer, prognosis based on the AJCC staging alone is
unreliable. This study aims to establish a comprehensive prognostic evaluation of PD by building a
nomogram to understand the risk factors and prognosis better. We also propose to compare the
prognostic value of the nomogram with that of the Adjusted AJCC staging system based on patient data
available in the Surveillance, Epidemiology, and End Results (SEER) database.

Methods

Patient eligibility and study variables
The present study was performed at the Yinchuan Women and Children’s Hospital and the Second
Hospital of University of South China. Ethics requirement was not required because of no direct
involvement with human participants or animals. Patients diagnosed with PD from 2004 to 2014 were
enrolled in from SEER database. Patients were included if they ful�lled the diagnosis of breast cancer,
and the histological type was con�rmed as PD (8040/3-8443/3) based on International Classi�cation of
Diseases for Oncology (ICD-O-3). A retrospective cohort research was performed using data from SEER
database. The SEER*Stat software (Version 8.3.6, National Cancer Institute, Washington DC, USA) was
used to access the database and a data-use agreement was signed for this study. Patients were enrolled
in this study according to the following inclusion and exclusion criteria. Inclusion criteria: (1) Patients
were diagnosed with Paget’s disease; (2) Breast cancer was the �rst primary malignancy;(3) Female
patient. Exclusion criteria: (1) Metastatic status was unknown; (2) Follow-up data was missing; (3)
Information about molecular subtype was unknown. Total 12 variables were selected in the present study,
including the race, Laterality, Grade, AJCC 6th Stage (1988–2015) I-IV, Hormone receptor status, human
epidermal growth factor receptor-2 (HER2) status, lymph node status, surgery, radiotherapy,
chemotherapy, Marital status.

Statistical analysis

Construction and validation of nomogram model
Cox proportional hazard (PH) regression model was used to calculate the hazard ratio (HR) along with
the corresponding 95% con�dence interval (CI) for each potential risk factor. Backward stepwise in Cox
PH regression model resulted in the successful identi�cation of all independent risk indicators. A
nomogram model was constructed based on these independent risk factors. The nomogram was
established for predicting 1-,3- and 5-year OS using the package of rms in R software version 3.6.1, which
included all independent prognostic indicators. A two-sided P < 0.05 was considered statistically
signi�cant. In validation, the concordance index (C-index) was used for the measurement of nomogram
between performance and predicted results. Calibration plots were constructed to validate the accuracy
and reliability of the nomograms for OS by comparing the nomogram-predicted and actual survival rates
determined in a Kaplan-Meier analysis with 1000 bootstrap samples [18]. Receiver operating
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characteristics (ROCs) curve was used for the sensitivity and speci�city of nomogram. Furthermore,
Decision curve analysis (DCA) was used to compare clinical usage between the nomogram and AJCC
staging system.

Results

Patient Characteristics
We evaluated 1,440 female patients with Paget ’s disease from 2004 to 2014. Among these populations,
the majority of patients were over 50-year-old (67.7%), white (76.5%), and married (51.9%). In addition, the
degree of differentiation of grade II and III tumors accounted for 28.3 and 60.8% of all cases, respectively.
Among these patients, lymph node invasion-positive patients were (37.4%). Among Paget's disease
patients, the corresponding rate is ER- / PR- (46.9%), ER + / PR- (17.9%), ER- / PR + (2.7%), ER + / PR +
(33%), and HER2 positive (19.4%). In addition, the vast majority of patients with PD underwent surgery,
and Table 1 showed the details.

Screening For Pd Prognostic Factors
Based on univariate and multivariate Cox proportional hazard regression analysis, we identi�ed several
independent prognostic factors. Age of Diagnosis [(51–70)( hazard ratio, HR = 1.95, P < 0.001), (> 70)
(hazard ratio, HR = 5.93, P < 0.001)];Race (None-white) (hazard ratio, HR = 1.29, P = 0.044), phase II AJCC
(HR = 2.4, P = 0.023), level III AJCC (HR = 6.33, P < 0.001), level IV AJCC (HR = 16.93, P < 0.001),
radiotherapy (HR = 0.76, P = 0.045) and receive surgery (HR = 0.47, P < 0.005), chemotherapy (HR = 0.48, P 
< 0.001) were related to OS in PD patients (Table 2) ).

Nomograms Construction
Based on the independent prognostic factors obtained from the Cox analysis, nomograms were
constructed to predict OS at 1 year, 3 years, and 5 years (Fig. 1). The nomograms demonstrated that
AJCC staging had the greatest impact on prognosis, followed by age, surgery, chemotherapy, marital
status, radiation therapy, and race. Each level of each variable was assigned a score of a score level. By
adding up the scores for each selected variable, we calculated the total score. The predictions
corresponding to this total score then helped to estimate the 1-, 3-, and 5-year OS for each patient.

Validation Of The Nomogram
The calibration plots for the probability of 1-, 3- and 5-year OS demonstrated good concordance between
the nomogram predictions and actual observations in the discovery set (Fig. 2)
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Performance of the nomogram
The C-indexes for OS were 0.795. The AUC values for nomogram (0.86, 0.83, and 0.82 for 1-, 3-, and 5-
year OS, respectively) and AJCC (0.72, 0.75, and 0.69) indicated the good discriminative ability of the
nomogram, as shown in Fig. 3. These results indicate that our nomogram has a greater potential for
accurately predicting prognosis compared to the AJCC stage model.

Clinical Application
DCA was performed to compare the clinical usability and bene�ts of the nomogram with that of the
traditional AJCC stage. As shown in Fig. 4, compared to the AJCC stage model, the new nomogram's 3-
and 5-year DCA curves showed larger net bene�ts across a range of death risk in the validation cohort.

Discussion
Paget’s disease (PD) of the breast is a relatively rare clinical manifestation with a reported incidence of
1–3% of all primary breast cancers (BCs) [5–8]. PD occurs mainly in women, but can also occur in men
much more rarely[19, 20]. Typical manifestations are pruritus, erythema, scaly skin, nipple hemorrhage,
nipple erosion, or ulcers in the nipple and areola area [21], and occasionally there are cases of nipple loss.
Delayed treatment often misdiagnosed as benign disease such as eczema affects prognosis [22–24].
There is no independent guideline for the treatment of PD, because it is often accompanied with diabetes,
and the treatment plan is based on the associated Tumor formulation. The current research on the total
sample size of PD complications replaces the clinical basis of the disease. There is not much data in this
case. However, owing to the low incidence, there has been no patient-controlled study that conducted
survival analysis of Paget's disease. Therefore, it is necessary to use Cox regression analysis and develop
line charts to provide a comprehensive predictive model that includes not only systematic demographic
information, but also surgical treatment and other clinical parameters to predict the risk of PD.

Although the AJCC staging system can help to predict the prognosis of PD patients [25], it ignores some
important risk factors, such as age, ethnicity, and marital status. A nomogram is a convenient graphical
representation of a mathematical model. It provides an intuitive way to combine important factors and
predict a speci�c endpoint. Nomogram is also a reliable tool for quantifying risk and widely used in
applied tumor prognosis. A well-developed clinical nomogram is a popular decision-making tool that can
be used to predict the outcome of an individual and bene�t both clinicians and patients [26]. Prognostic
nomograms are the visualization of complicated statistical model that were used to predicting individual
survival outcomes, and numerous advantages were observed in prognostic nomograms including good
accuracy, user-friendliness and comprehensibility, allowing for wide application in clinical practice [27–
29]. In our study, we built a more comprehensive model based on a combination of various risk factors to
better predict the prognosis of PD patients. Divided with the traditional AJCC staging system, based on
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the seven variables of age, race, AJCC stage, marital status, race, radiotherapy and surgery, and the
traditional AJCC staging system ranking, it can better predict and assess the prognosis of PD patients.

Paget's disease is almost always associated with an underlying in situ or invasive cancer or both [30]. In
previous study, increasing age and being unmarried (divorced, separated, and never married) were found
to be potential factors that increased the risk of Paget’s disease[31–33]. According to the previous study,
for PD alone and patients with intraductal ductal carcinoma and breast cancer, breast conserving surgery
combined with radiotherapy had a 5-year local recurrence rate of 5% [34], which hintingthat surgery
combined with radiotherapy could effectively affect the prognosis of Paget's disease. Our analysis was
consistent with these previous reports.

Based on the above-mentioned risk factors, and considering the limitations of the traditional AJCC
staging system, it may not be possible to predict the overall survival of Paget's disease better. Therefore,
we constructed a nomogram by combining seven independent prognostic factors to predict the overall
survival of Paget's disease. Our model found that the AJCC stage and age had a signi�cant effect on the
total score prediction. The C-index and calibration curve were satisfactory when veri�ed, indicating that
the model is reproducible and reliable. In our nomogram, age > 51 years and AJCC stage > II grades scored
higher, which indicated that patients with higher AJCC stage had worse prognosis as age increases after
age 51. By comparing it with the traditional AJCC stage, we evaluated the value of this novel nomogram
in predicting OS. Compared with the AJCC stage, our nomogram had better resolvability and accuracy in
predicting 3-year and 5-year OS. In addition, using DCA, it had been fully demonstrated that the
established nomogram could predict survival better than the AJCC staging system. Similarly, some
studies had used DCA to validate bene�ts and models (clinical applications of predictive power [35, 36]).
This was the �rst study to compare the newly established model with the traditional AJCC staging model
and proved its better predictive ability for PD patients. We believed that our model would directly help
clinicians to quantify the risk of cancer-speci�c deaths and to design more appropriate treatment
strategies for PD patients.

Limitation
Our research also had some limitations that should be acknowledged. First, this was a large sample
retrospective study based on the SEER database, which may have some inherent biases. Second, there
were few potentially important parameters and speci�c information related to prognosis in the SEER
database, such as family history of breast cancer, surgical margin status, vascular in�ltration,
radiotherapy and chemotherapy types. Third, we excluded patients who lacked data on collected
variables, which could lead to selection bias. Fourth, because there were fewer cases of male Paget's
disease in our screening, we did not include them in order to avoid confusion caused by imbalanced
gender ratios, but it may also bring limitations. Fifth, cases of Paget disease complicated with invasive
ductal carcinoma (PD-IDC) and Paget disease complicated with intraductal carcinoma (PD-DCIS) were
not included in the cohort, so the reliability of the results may be reduced. Sixth, in order to avoid analysis
bias due to missing cases, we chose to interval the cases from 1988 to 2015, but the complication cases
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in the SEER database began to distinguish HER2 subtypes after 2010, so in our study some of the
potential cases of HER2 proved to be unknown, which is one of the limitations of this study and has been
observed in other literature. But, in the end, our nomogram was veri�ed internally by Bootstrap resampling
analysis.

Conclusions
In summary, to predict the prognosis of PD patients more accurately, we constructed and validated a
nomogram that predicted 3-year and 5-year OS based on a large population-based cohort. The proposed
nomogram considered seven independent risk factors, namely age, race, AJCC staging, marital status,
chemotherapy, radiotherapy and surgery. By comparing it with the AJCC staging system, we con�rmed
the discriminative power and clinical utility of this nomogram.
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Figure 1

Nomogram predicts 1-, 3-, and 5-year PD overall survival rates for PD patients with six available factors,
including race, American Cancer Council (AJCC) staging, surgery, radiation therapy, chemotherapy, and
marital status.
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Figure 2

Calibration curves for predicting 1-, 3- and 5-year OS in patients with PD. The nomogram-predicted
probability of survival is plotted on the X-axis, and the actual survival rate is plotted on the Y-axis. Vertical
bars indicate 95% CIs measured by Kaplan-Meier analysis.
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Figure 3

ROCs curve demonstrates sensitivity and speci�city of nomogram VS AJCC. The AUC values used to
compare the sensitivity and speci�city between nomogram and AJCC predicted 1-, 3-, and 5-year OS of
PD patient

Figure 4

Decision curve analysis for the Nomogram and AJCC stage in prediction of prognosis of male patients at
3-year (A) and 5-year (B) point in the validation cohorts.
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