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Abstract
Paget disease of the breast is an uncommon malignant tumor with an inferior outcome.

Therefore, establishing nomograms to predict the survival outcomes of breast Paget dis-

ease patients is urgent. Clinicopathological and follow-up data of breast Paget disease

patients diagnosed between 2010 and 2016 were retrieved through the Surveillance,

Epidemiology, and End Result (SEER) database. The significant factors were screened

out, and then those factors were utilized to build two valuable nomograms. The discrimi-

native ability of nomograms was investigated using concordance-index (C-index), while the

predictive accuracy and benefits were evaluated using calibration curves and decision

curve analysis. Finally, a total of 417 breast Paget disease patients were enrolled. Tumor

grade, histological type, American Joint Committee on Cancer (AJCC) stage, surgery, che-

motherapy, and marital status were confirmed as independent overall survival (OS)-related

factors; tumor grade, histological type, AJCC stage, and age were associated with inde-

pendent cancer-specific survival (CSS)-related factors. The values of the C-index for OS

nomogram acquired were 0.827 and 0.745 for training and validation cohorts, respectively.

Meanwhile, the corresponding values of the C-index to CSS nomogram were 0.890 and

0.655, respectively. The calibration curves and decision curve analysis indicated that both

nomograms had an excellent performance. Finally, the nomogram-based risk stratification system indicated that all breast Paget

disease patients could be classified into low- and high-risk groups and showed distinct outcomes. In conclusion, two valuable

nomograms incorporating various clinicopathological indicators were established for breast Paget disease patients. These prog-

nostic nomograms provide accurate prognostic assessment for breast Paget disease patients and help clinicians select appro-

priate treatment strategies.
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Introduction

Breast cancer seriously affects the health of female patients,
and breast cancer-specific deaths in 2018 accounted for
approximately 15% of female cancer deaths.1 Among
them, Paget disease (PD) is extremely rare and accounts
for 0.5–5% of all breast cancer cases.2–5 The breast PD is

characterized by local erythema, scaling and ulcers of the
nipple and can even extend to the areola.6–8 It is usually
associated with carcinoma in situ or invasive carcinoma.9–11

Worse, breast PD showed poor prognosis than other types
of breast cancers, and the five-year relapse-free survival
rate is 52.2%.12–14

Impact statement
Breast Paget disease is a rare subtype of

breast cancer. Unfortunately, its prognosis

is worse than other types of breast can-

cers. Many risk factors and prognostic

variables have been identified, but there is

no thorough research focused on devel-

oping the prognostic prediction tools for

breast Paget disease, which indicates that

the probability of prognosis cannot be well

assessed. In this population-based study,

we established two effective nomograms

to qualify the OS and CSS of breast Paget

disease patients, and on this basis, we

further established a risk stratification

system. The nomogram scoring systems

had better discriminative power and clini-

cal application value compared with the

prognostic factors alone. Besides, the

results of the risk stratification system

confirmed the powerful role of nomograms

in distinguishing results and risk

stratification.
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Table 1. Clinical and pathological features of patients diagnosed as breast PD.

Characteristics Total cohort 417 Training cohort 292 (70%) Validation cohort 125 (30%) Statistical value P

Age, years 59.2� 15.2 59.2� 15.0 59.2� 15.6 –0.014 0.989

Tumor size, mm 26.5� 24.7 26.7� 25.9 26.0� 21.9 0.276 0.783

Race 0.217 0.897

White 326 (78.2%) 230 (78.8%) 96 (76.8%)

Black 48 (11.5%) 33 (11.3%) 15 (12.0%)

Other 43 (10.3%) 29 (9.9%) 14 (11.2%)

Grade 0.009 0.923

I–II 162 (38.8%) 113 (38.7%) 49 (39.2%)

III–IV 255 (61.2%) 179 (61.3%) 76 (60.8%)

Histological type 0.629 0.799

PD 7 (1.7%) 6 (2.1%) 1 (0.8%)

PD-IDC 396 (95.0%) 276 (94.5%) 120 (96.0%)

PD-DCIS 14 (3.4%) 10 (3.4%) 4 (3.2%)

AJCC 4.994 0.172

I 157 (37.6%) 115 (39.4%) 42 (33.6%)

II 119 (28.5%) 75 (25.7%) 44 (35.2%)

III 115 (27.6%) 81 (27.7%) 34 (27.2%)

IV 26 (6.2%) 21 (7.2%) 5 (4.0%)

T stage 0.569 0.903

T1 208 (49.9%) 148 (50.7%) 60 (48.0%)

T2 113 (27.1%) 76 (26.0%) 37 (29.6%)

T3 31 (7.4%) 22 (7.5%) 9 (7.2%)

T4 65 (15.6%) 46 (15.8%) 19 (15.2%)

N stage 0.595 0.898

N0 201 (48.2%) 142 (48.6%) 59 (47.2%)

N1 132 (31.7%) 92 (31.5%) 40 (32.0%)

N2 50 (12.0%) 36 (12.3%) 14 (11.2%)

N3 34 (8.2%) 22 (7.5%) 12 (9.6%)

M stage 1.525 0.217

M0 391 (93.8%) 271 (92.8%) 120 (96.0%)

M1 26 (6.2%) 21 (7.2%) 5 (4.0%)

Surgery 0.000 1.000

No 10 (2.4%) 7 (2.4%) 3 (2.4%)

Yes 407 (97.6%) 285 (97.6%) 122 (97.6%)

Radiotherapy 0.065 0.798

No 274 (65.7%) 193 (66.1%) 81 (64.8%)

Yes 143 (34.3%) 99 (33.9%) 44 (35.2%)

Chemotherapy 2.455 0.117

No 164 (39.3%) 122 (41.8%) 42 (33.6%)

Yes 253 (60.7%) 170 (58.2%) 83 (66.4%)

Breast subtype 5.923 0.115

HR�/HER2� 27 (6.5%) 22 (7.5%) 5 (4.0%)

HR�/HER2þ 131 (31.4%) 94 (32.2%) 37 (29.6%)

HRþ/HER2� 137 (32.9%) 100 (34.2%) 37 (29.6%)

HRþ/HER2þ 122 (29.3%) 76 (26.0) 46 (36.8%)

ER 0.131 0.718

Negative 169 (40.5%) 120 (41.1%) 49 (39.2%)

Positive 248 (59.5%) 172 (58.9%) 76 (60.8%)

PR 0.141 0.707

Negative 236 (56.6%) 167 (57.2%) 69 (55.2%)

Positive 181 (43.4%) 125 (42.8%) 56 (44.8%)

HER2 2.455 0.117

Negative 164 (39.3%) 122 (41.8%) 42 (33.6%)

Positive 253 (60.7%) 170 (58.2%) 83 (66.4%)

Marital status 0.616 0.433

No 189 (45.3%) 136 (46.6%) 53 (42.4%)

Yes 228 (54.7%) 156 (53.4%) 72 (57.6%)

PD: Paget disease; PD-IDC: PD with invasive ductal carcinoma; PD-DCIS: PD with ductal carcinoma in situ; AJCC: American Joint Committee on Cancer;

ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor 2-neu.
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Table 2. Univariate and multivariate Cox analysis of overall survival in breast PD patients.

Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age, years

<59
59–70 2.422 (1.119–5.244) 0.025
>70 4.354 (2.250–8.427) 0.001

Tumor size, mm
28.0

28.0–57.0 2.301 (1.144–4.629) 0.019
�57.0 6.431 (3.351–12.275) 2.018

Race
White
Black 0.831 (0.372–1.856) 0.652

Other 0.464 (0.120–1.797) 0.266
Grade
I–II

III–IV 2.576 (1.288–5.153) 0.007 2.697 (1.286–5.654) 0.009
Histological type

PD
PD-IDC 0.239 (0.074–0.772) 0.017 0.197 (0.054–0.726) 0.015
PD-DCIS 0.383 (0.077–1.906) 0.241 0.213 (0.036–1.251) 0.087

AJCC
I

II 1.529 (0.574–4.074) 0.396 1.124 (0.41–3.081) 0.821
III 3.950 (1.749–8.920) 0.001 7.308 (3.045–17.539) 0.001
IV 19.774 (8.020–48.756) 9.083 25.371 (9.56–67.33) 0.001

T stage
T1

T2 1.962 (0.881–4.367) 0.099
T3 3.442 (1.291–9.173) 0.013
T4 7.188 (3.504–14.745) 7.420

N stage
N0
N1 3.351 (1.615–6.951) 0.001
N2 4.041 (1.715–9.521) 0.001
N3 5.767 (2.318–14.352) 0.001

M stage
M0
M1 9.863 (5.090–19.112) 1.196

Surgery
No

Yes 0.235 (0.073–0.760) 0.016 0.265 (0.071–0.994) 0.049
Radiotherapy
No

Yes 0.787 (0.434–1.427) 0.430
Chemotherapy

No
Yes 0.603 (0.346–1.050) 0.074 0.279 (0.15–0.52) <0.001

Breast subtype

HR–/HER2–
HR–/HER2þ 1.241 (0.359–4.286) 0.733
HRþ/HER2– 1.331 (0.388–4.570) 0.649

HRþ/HER2þ 1.726 (0.503–5.926) 0.385
ER

Negative
Positive 1.314 (0.738–2.342) 0.354

PR

Negative
Positive 0.670 (0.373–1.204) 0.181

HER2
Negative
Positive 1.148 (0.648–2.032) 0.637

Marital status
No

Yes 0.388 (0.214–0.704) 0.002 0.354 (0.186–0.674) 0.002

PD: Paget disease; PD-IDC: PD with invasive ductal carcinoma; PD-DCIS: PD with ductal carcinoma in situ; HR: hazard ratio; CI: confidence interval; AJCC:

American Joint Committee on Cancer; ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor 2-neu.
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Table 3. Univariate and multivariate Cox analysis of cancer-specific survival in breast PD patients.

Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age, years

51
51–80 2.667 (1.009–7.050) 0.048 3.766 (1.326–10.694) 0.013
>80 4.637 (1.412–15.224) 0.011 8.161 (2.246–29.65) 0.001

Tumor size, mm
28.0

28.0–57.0 5.139 (1.955–13.505) 0.001
�57.0 16.606 (6.815–40.465) 6.284

Race
White
Black 0.763 (0.293–1.988) 0.580

Other 0.451 (0.087–2.325) 0.341
Grade
I–II

III–IV 3.542 (1.368–9.175) 0.009 5.019 (1.758–14.329) 0.003
Histological type

PD
PD-IDC 0.157 (0.048–0.519) 0.002 0.093 (0.024–0.356) 0.001
PD-DCIS 0.266 (0.044–1.597) 0.148 0.285 (0.043–1.887) 0.193

AJCC
I

II 2.322 (0.388–13.896) 0.356 1.745 (0.287–10.608) 0.545
III 11.390 (2.604–49.815) 0.001 13.82 (3.098–61.662) 0.001
IV 69.977 (15.556–314.793) 3.077 64.62 (13.859–301.293) 0.001

T stage
T1

T2 5.222 (1.385–19.685) 0.015
T3 11.614 (2.775–48.611) 0.001
T4 23.599 (6.901–80.700) 0.001

N stage
N0
N1 8.774 (2.539–30.315) 0.001
N2 13.232 (3.581–48.897) 0.001
N3 15.616 (3.902–62.488) 0.001

M stage
M0
M1 15.972 (7.715–33.065) 8.414

Surgery
No

Yes 0.166 (0.051–0.546) 0.003
Radiotherapy
No

Yes 0.972 (0.478–1.977) 0.938
Chemotherapy

No
Yes 0.788 (0.397–1.565) 0.497

Breast subtype

HR–/HER2–
HR–/HER2þ 2.701 (0.349–20.925) 0.341
HRþ/HER2– 2.764 (0.357–21.415) 0.330

HRþ/HER2þ 3.208 (0.411–25.064) 0.266
ER

Negative
Positive 1.303 (0.641–2.648) 0.465

PR

Negative
Positive 0.765 (0.376–1.555) 0.459

HER2
Negative
Positive 1.212 (0.596–2.464) 0.595

Marital status
No

Yes 0.540 (0.269–1.085) 0.084

PD: Paget disease; PD-IDC: PD with invasive ductal carcinoma; PD-DCIS: PD with ductal carcinoma in situ; HR: hazard ratio; CI: confidence interval; AJCC:

American Joint Committee on Cancer; ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor 2-neu.
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According to the degree of malignancy, breast PD can be
grouped into three groups: PD with invasive ductal carci-
noma (PD-IDC), PD with ductal carcinoma in situ
(PD-DCIS), and PD of the nipple without concurrent
breast cancer.2 Considering that the prognosis of breast
PD patients with different histological types is significantly
different, and the traditional American Joint Committee on
Cancer (AJCC) stage system cannot effectively predict the
prognosis of patients, a robust prognostic biomarker and
model is urgently needed. Recent work reported that
many biomarkers and prognostic factors could effectively
predict the prognosis of breast cancer, including c-erbB-2,
Ki-67, Cyclin D1, Bcl-2, age, marital status, tumor size, and
lymph node status.15–17 However, it is regrettable that no

prognostic prediction model was established for breast PD
patients.

Therefore, this study aimed to build two prognostic
models to understand the prognosis of patients by analyz-
ing a population-based breast PD cohort.

Materials and methods

Patients’ selection

Patients’ data were obtained using the SEER*Stat 8.3.6.
Female patients who were diagnosed as all three kinds of
breast PD (ICD-O-3: 8540/3, 8541/3, and 8543/3) between
2010 and 2016 were obtained. The exclusion criteria were
shown as follows: (1) breast PD is not first primary tumor;

Figure 1. Nomograms estimating one-year, three-year, and five-year OS (a) and CSS (b) rates of breast PD patients.
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(2) died but the cause of death is unclear; (3) unclear clin-
icopathological information, including age, tumor size,
race, grade, histological type, AJCC TNM stage, surgery,
radiotherapy, chemotherapy, breast subtype, estrogen
receptor (ER) status, progesterone receptor (PR) status,
human epidermal growth factor 2-neu (HER2) status, and
marital status. All patients were randomly assigned to a
training cohort (70%) and a validation cohort (30%). The
training cohort and the validated cohort were used for
internal development and external validation, respectively.

Data collection

Variables were classified according to demographic, cancer,
and treatment data. Demographic variables included age,
race, and marital status. The cancer characteristics included

tumor size and grade, histological type, AJCC TNM stage,
breast subtype, ER status, PR status, and HER2 status.
Treatment characteristics included surgery, chemotherapy,
and radiotherapy. Age and tumor size were recorded as
continuous variables, but in our study, the X-tile software
was utilized to confirm the optimal cutoff values of these
two variables based on the prognostic data.18 The optimal
cutoff values of age for OS were 59 and 70 years, the best
cutoff values of age for CSS were 51 and 80 years, and the
best cutoff values of tumor size for OS and CSS were both
28 and 57mm.

Statistical analysis

All statistical methods were employed using SPSS 25.0
(IBM) and R software (version 3.6.1). P< 0.05 (two-sided)

Figure 2. The calibration curves of OS nomogram for one-year, three-years, and five-years in the training cohort (a–c) and validation cohort (d–f). (A color version of

this figure is available in the online journal.)
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was considered as statistically significant. Then, the opti-
mal cutoff values of age and tumor size were obtained by
performing X-tile software. Multivariate Cox analyses were
used to screen factors that significantly affected the surviv-
al of breast PD patients and to construct predictive models
further. The discriminative ability and the consistency were
estimated using Concordance-index (C-index) and calibra-
tion curves, respectively. Furthermore, the range of thresh-
old probabilities and the magnitude of benefit were
identified by decision curve analysis (DCA). To verify the
accuracy of comprehensive nomograms, we generated
time-dependent receiver operating characteristic (ROC)
curves of the prognostic nomograms and the areas under
the ROC curves (AUCs) of the independent prognostic

factors, and the nomograms were further compared.
Finally, patients were roughly categorized into two risk
groups based on the X-tile determined cutoff values, and
then the value of nomograms for predicting prognosis was
verified by survival curve and log-rank test.19

Results

Patients’ baseline characteristics

The baseline information of 417 breast PD patients is listed
in Table 1. The mean age of 417 patients was 59.2� 15.2
years old, and 326 (78.2%) were white. The majority
grade is III–IV (61.2%), while 93.8% were in the M0 stage.

Figure 3. The calibration curves of CSS nomogram for one-year, three-years, and five-years in the training cohort (a–c) and validation cohort (d–f). (A color version of

this figure is available in the online journal.)
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The largest proportion of histological type was PD-IDC
(95.0%), and most breast PD patients underwent surgery.
A total of 292 and 125 patients were incorporated into the
training and validation cohort, respectively.

Identifying prognostic factors for PD patients

Through univariate Cox analyses, we determined that age,
tumor size, grade, histological type, AJCC stage, T stage,
N stage, surgery, and marital status were OS-related factors
(Table 2), and the age, tumor size, grade, histological type,
AJCC stage, T stage, N stage, and surgery were CSS-related
factors (Table 3). Then, by integrating all OS- or CSS-related
factors into the multivariate Cox analyses, grade, histolog-
ical type, AJCC stage, surgery, chemotherapy, and marital
status were determined as independent OS-related factors

(Table 2). In addition, age, grade, histological type, and
AJCC stage were confirmed as independent CSS-related
factors (Table 3).

Construction and verification of the OS and CSS

nomograms

By incorporating corresponding independent prognostic
factors, we established prognostic nomograms of OS and
CSS (Figure 1). The OS and CSS nomograms were validated
both internally and externally. In the training cohort, the
values of the C-index were 0.827 and 0.890 for OS and
CSS nomogram, respectively. In the validation cohort, the
corresponding values of the C-index were 0.745 and 0.655,
respectively. Meanwhile, the calibration curves indicated
that the predicted outcome was close to the observed

Figure 4. The decision curve analyses of OS nomogram for one-year, three-years, and five-years in the training cohort (a–c) and validation cohort (d–f). (A color version

of this figure is available in the online journal.)
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outcome (Figures 2 and 3). Besides, the DCA curves dis-
played that the nomograms have satisfactory clinical utility
(Figures 4 and 5).

Comparison of discrimination between nomograms
and independent prognostic factors

To further show the superior discrimination of our nomo-
grams in assessing the survival of breast PD patients, we
also generated the ROC curves of the nomograms and all
independent prognostic factors. Collectively, the results
verified that the AUCs of all prognostic factors alone
were higher than 0.500, which means that all individual
factors can serve as a reliable prognostic factor. AJCC
stage has the largest AUCs, indicating that the AJCC
stage is the most effective single indicator. However, all
prognostic factors got lower AUCs than nomograms,

including OS and CSS nomograms (Figure 6). Generally,
we confirmed that the discrimination of the two nomo-
grams were superior to all the independent prognostic
factors.

Nomogram-based risk stratification system for

breast PD patients

The total prognostic scores of all patients were calculated
by the nomograms. Then, the Kaplan-Meier survival curves
were further plotted for two groups based on the risk score
and illustrated that nomograms had an excellent ability to
distinguish (Figure 7). The cutoff values determined in the
training cohort were used in the validation cohort.
The prognosis of the two risk groups is significantly
different. Generally, these results showed that our

Figure 5. The decision curve analyses of CSS nomogram for one-year, three-years, and five-years in the training cohort (a–c) and validation cohort (d–f). (A color

version of this figure is available in the online journal.)
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nomogram-based risk stratification system effectively
stratifies patients into different prognostic groups.

Discussion

Due to the low incidence of breast PD, no studies explored
the prognostic model of these patients, which means that
the prognosis of breast PD patients cannot be estimated.
This study constructed two prognostic nomograms incor-
porating corresponding independent prognostic clinical
factors to better predict OS and CSS, respectively, for
breast PD patients. Both nomograms performed well in dis-
crimination and calibration. More importantly, the
nomogram-based risk stratification systems were

constructed to guide clinicians in decision making and dis-
ease monitoring.

In our research, age was confirmed as an independent
prognostic factor for breast PD patients. As a clinical indi-
cator not incorporated into the AJCC stage system, age is
strongly associated with patients’ prognosis, including
breast cancer.20 The poor outcomes of elderly patients are
related to the clinical course of the disease and related to
comorbidities. In addition, due to poorly characterized
functional status or weakened immune response, less
active treatment was performed, resulting in a relatively
poor prognosis.21,22 Marital status was confirmed as anoth-
er independent prognostic factor for breast PD patients.
Married breast PD patients showed a better prognosis.23

Additionally, previous studies had also found that married

Figure 6. The receiver operating characteristic curves of OS nomogram for one-year, three-years, and five-years in the training cohort (a–c) and validation cohort (d–f).

(A color version of this figure is available in the online journal.)
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cancer patients have a survival advantage and a reduced
risk of death.19,24,25 This relationship may be attributed to
the vital role of marital status in regulating the function of
the endocrine system and immune system.26

In terms of cancer characteristics, histological type,
grade, and AJCC stage were related to the prognosis of
breast PD patients. Zhao et al.16 had reported that PD-IDC
had the worst prognosis than other histological breast can-
cers. Conversely, unlike the previous study, our study
showed that PD-IDC patients had the best prognosis, and
PD patients had the worst prognosis. The reason for this
result may be that almost all PD patients have underlying
breast cancers and may be related to ductal carcinoma in
situ or invasive cancer.14 In the present study, compared
with PD-IDC, PD-DCIS have a high-histological grade,
advanced AJCC stage, and high HER2-positive ratios,
which may lead to poor prognosis and reduce survival.
Previous studies had identified that high grade is an indi-
cator of a poor prognosis for breast cancer.27 Higher grade
showed the higher the degree of malignancy and the higher
risk of metastasis and correlated with the poor prognosis.28

In our study, the AJCC stage was confirmed as a strong
predictor in breast PD patients, no matter OS or CSS.

AJCC stage is a widely accepted prognostic factor for
cancer patients.29 Several studies had shown that the accu-
racy of the prognostic model can be significantly improved
by integrating the AJCC stage and other clinical prognostic
indicators.30,31 In this study, nomograms incorporated the
AJCC stage and other prognostic clinicopathological
parameters. We have observed that the AUCs of the nomo-
grams were higher after integrating other indicators.

Regarding treatment factors, surgery and chemotherapy
were independent prognostic factors for breast PD patients.
Traditionally, mastectomy is the standard surgical treat-
ment for breast PD patients.32,33 It is estimated that about
two-thirds of PD patients have tumors confined to the cen-
tral quadrant of the breast, and with the advancement of
diagnostics, breast-conserving therapy has become a
widely accepted treatment option.34 Scholars had found
that patients who underwent partial mastectomy had a
better prognosis than patients who underwent a complete
mastectomy, and the operation risk is lower.28,35,36

Most cases of breast PD can be classified as HER2 over-
expression subtype.37,38 Therefore, considering this, che-
motherapy and hormone therapy can be used as adjuvant
therapy,17 which can reduce cancer-related complications

Figure 7. The Kaplan-Meier survival curves of OS nomograms for one-year, three-years, and five-years in the training cohort (a) and validation cohort (b). The

Kaplan-Meier survival curves of CSS nomograms for one-year, three-years, and five-years in the training cohort (c) and validation cohort (d). (A color version of this

figure is available in the online journal.)
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by killing or inhibiting cancer cells, thereby delaying dis-
ease recurrence and prolonging survival time. According to
NCCN guidelines, chemotherapy can improve the progno-
sis of PD-IDC patients. However, chemotherapy is not rec-
ommended for PD-DCIS patients.39 This may be one of the
factors leading to a better prediction of chemotherapy. In
general, our nomograms show that surgery and
chemotherapy are beneficial to the survival of breast PD
patients. Therefore, efforts to determine independent prog-
nostic factors may help select high-risk patients and estab-
lish specific monitoring programs.

Inevitably, there are some limitations to our work. First,
this was a retrospective study with a large sample, so
potential selection bias was inevitable. Secondly, the SEER
database lacked information, especially hormone therapy
and HER2-targeted therapy, and could not fully cover the
clinical situation. Thirdly, the construction and validation
of the prognostic nomogram were carried out in a single
institution, which may affect its clinical application to a
certain extent. Therefore, it is necessary to calibrate the
nomogram in the future further.

Conclusions

In summary, we used routine clinical data to construct and
validate nomograms of PD patients at one year , three-, and
five years. Compared with individual prognostic factors,
the nomogram scoring systems had better distinguishing
ability and clinical application value. This is very useful for
promoting individualized therapy and management of
breast PD patients.
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