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Prevalence of mammary Paget’s 
disease in urban China in 2016
Lu Xu1,7, Shilu Yin2,7, Shengfeng Wang1*, Jingnan Feng1, Lili Liu1, Guozhen Liu3, Jinxi Wang4, 
Siyan Zhan1,5,6*, Zhenmin Zhao2* & Pei Gao1*

No national data have been available on descriptive epidemiology of mammary Paget’s disease (MPD) 
in China. This population-based study aimed to estimate the prevalence of MPD and its pattens by 
sex, age and area in China. We conducted a population-based study using data in 2016 from China’s 
Urban Employee Basic Medical Insurance and Urban Resident Basic Medical Insurance, covering 
approximately 0.43 billion residents. MPD cases were identified based on the diagnostic names and 
codes in claim data. A total of 825 patients of confirmed diagnosis of MPD were found during the 
study period. The prevalence of MPD in 2016 was 0.42 per 100,000 population (95% CI 0.19 to 0.73), 
with marked female predominance. The prevalence rates peaked at 40–59 years and ≥ 80 years in 
females and males, respectively. The prevalence rates varied among different regions, ranging from 
0.06 (95% CI 0.00 to 0.23) in Northeast China to 1.21 (95% CI 0.07 to 3.72) in Northwest China. MPD 
showed marked female predominance in China. Chinese female patients were much younger, with 
lower prevalence than that in the United States. Obvious sex difference in the age pattern of MPD 
prevalence was also observed in China.

Mammary Paget’s disease (MPD) is an uncommon clinical entity characterized by eczematous changes and 
ulceration, which usually affect the nipple or areola1,2. It has different clinical presentations from other pathologic 
subtypes of breast cancer3,4. Symptoms of MPD such as itching, skin ulcer and bleeding, often persist over a 
long period of time and lead to a decrease of quality of life5. However, epidemiological information of MPD was 
limited by the paucity of published data, especially in the developing countries including China.

MPD was reported to account for 0.7–4.3% of all breast cancers2,6, and approximately 82–100% of cases 
were associated with underlying in situ or invasive breast cancer2,6,7. In China, female patients with MPD was 
reported to account for 1.6% of all female patients with primary breast cancers in multi-center hospital-based 
study during 1999–20088. The incidences of MPD were reported in two studies based on analysis of the Surveil-
lance, Epidemiology, and End Results (SEER) database in the United States, which ranged from 0.44 per 100,000 
woman-years to 1.31 per 100,000 woman-years between 1988 and 20119. In western literatures, MPD is reported 
to be most commonly occurred in postmenopausal women during the sixth decade of life, but it has also been 
reported in adolescents (≥ 13 years) and oldest-old patients (≥ 90 years)5,7,10,11. By contrast, in Asian countries 
including Iran, India, South Korea, Turkey, Saudi Arabia and China, the female patients with MPD were much 
younger, with reported mean age mostly under 60 years old3,8,12–19. Men can also be affected, which accounts 
for 1.45% of all male breast cancers20, and the clinical characteristics are similar to those occurring in women21. 
To date, no epidemiological studies have been available to estimate the prevalence of MPD in mainland China.

This study was conducted to provide recent estimates of the prevalence of MPD in mainland China and to 
investigate its patterns across sexes, age groups and geographical areas, using a nationally representative sample 
in 2016.
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Results
Approximately 0.43 billion individuals were included in this study (Table 1). A total of 825 patients with MPD 
were observed in the database (Table 2). The mean age of the observed patients with MPD was 55.63 (SD = 12.17) 
years.

Table 1.   Characteristics of the urban population from 23 provinces in China in 2016. SD, standard deviation. 
Note: East area contains Jiangsu, Zhejiang, Anhui, Jiangxi, and Shandong (five provinces). North area contains 
Shanxi, Inner Mongolia (two provinces). Northeast contains Liaoning, Jilin, Heilongjiang (three provinces). 
Northwest contains Shaanxi, Qinghai, Gansu, and Xinjiang (four provinces). Southcentral contains Henan, 
Hubei, Hunan, Guangdong, Guangxi and Hainan (six provinces). Southwest contains Chongqing, Guizhou and 
Yunnan (three provinces).

Characteristic Total Male Female

Total number (million) 425.83 221.86 203.97

Age (years)

Mean (SD) 37.68 (20.00) 37.21 (14.31) 38.20 (13.96)

Age groups, n (%, million)

0–17 68.3 (16.04) 36.8 (16.59) 31.5 (15.44)

18–39 167.2 (39.26) 87.7 (39.53) 79.48 (38.97)

40–59 123.1 (28.91) 63.79 (28.75) 59.31 (29.08)

60–69 37.89 (8.90) 19.42 (8.75) 18.47 (9.05)

70–79 19 (4.46) 9.51 (4.29) 9.48 (4.65)

 ≥ 80 10.35 (2.43) 4.63 (2.09) 5.72 (2.80)

Area, n (%, million)

East 171.30 (40.24) 88.68 (39.97) 82.67 (40.53)

North 18.92 (4.44) 9.63 (4.34) 9.28 (4.55)

Northeast 42.87 (10.07) 21.51 (9.69) 21.36 (10.47)

Northwest 21.60 (5.07) 11.25 (5.07) 10.35 (5.07)

Southcentral 123.60 (29.02) 66.18 (29.83) 57.41 (28.15)

Southwest 47.50 (11.15) 24.61 (11.09) 22.89 (11.22)

Table 2.   Characteristics of patients with mammary Paget’s disease in Chinese 23 provinces in 2016. SD, 
standard deviation. Note: a total of one patient had missing information in sex and age. East area contains 
Jiangsu, Zhejiang, Anhui, Jiangxi, and Shandong (five provinces). North area contains Shanxi, Inner Mongolia 
(two provinces). Northeast contains Liaoning, Jilin, Heilongjiang (three provinces). Northwest contains 
Shaanxi, Qinghai, Gansu, and Xinjiang (four provinces). Southcentral contains Henan, Hubei, Hunan, 
Guangdong, Guangxi and Hainan (six provinces). Southwest contains Chongqing, Guizhou and Yunnan (three 
provinces).

Characteristic Total Male Female P value

Number 825 79 745

Age, years

Mean (SD) 55.63 (12.17) 68.80 (14.09) 54.23 (11.08)  < 0.001

Age group, n (%)

0–17 1 (0.12) 0 (0) 1 (0.13)  < 0.001

18–39 61 (7.40) 5 (6.33) 56 (7.52)

40–59 478 (58.01) 11 (13.92) 467 (62.68)

60–69 172 (20.87) 14 (17.72) 158 (21.21)

70–79 84 (10.19) 32 (40.51) 52 (6.98)

 ≥ 80 28 (3.40) 17 (21.52) 11 (1.48)

Area, n (%)

East 399 (48.36) 28 (35.44) 371 (49.80)  < 0.001

North 42 (5.09) 0 (0) 42 (5.64)

Northeast 32 (3.88) 1 (1.27) 31 (4.16)

Northwest 136 (16.48) 23 (29.11) 113 (15.17)

Southcentral 193 (23.39) 20 (25.32) 173 (23.22)

Southwest 23 (2.79) 7 (8.86) 15 (2.01)
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Prevalence.  The prevalence of MPD in urban China in 2016 was 0.42 per 100,000 population (95% CI: 0.19 
to 0.73) (Fig. 1). Based on the Chinese census data in 2016, there were 0.79 billion urban population, therefore in 
2016, approximately 3,318 patients with MPD in China. The female prevalence (0.74, 95% CI 0.32 to 1.34) was 
higher than the male prevalence (0.08, 95% CI 0.04 to 0.13). As for the age trend of MPD prevalence, the preva-
lence peaked at 40–59 years old (1.63, 95% CI 0.72 to 2.90) among females, but among males, the prevalence 
kept rising with age, reaching the highest point at ≥ 80 years (0.75, 95% CI: 0.29 to 1.43). The MPD prevalence 
varied among different regions, ranging from 0.06 (95% CI 0.00 to 0.23) in Northeast China to 1.21 (95% CI 0.07 
to 3.72) in Northwest China (Table 3).

Age‑adjusted prevalence.  The age-adjusted national prevalence based on 2010 Chinese census data, the 
European, US and Australian populations were 0.30 per 100,000 population (95% CI 0.28 to 0.32), 0.36 (95% CI 
0.34 to 0.38), 0.32 (95% CI 0.30 to 0.34) and 0.32 (95% CI 0.30 to 0.34), respectively. The age-adjusted prevalence 
rates of MPD were lower than the crude prevalence.

Sensitivity analysis.  The prevalence calculated by setting a stricter algorithm to identify target patients 
was 0.41 per 100,000 population (95% CI 0.19 to 0.73). By only considering the observed patients, we calculated 
the lower bound of the national prevalence as 0.20 (95% CI 0.09 to 0.35). Through excluding the top 10% of 
provinces with missing diagnostic information (i.e., Shandong and Xinjiang), the prevalence was 0.43 (95% CI 
0.17 to 0.79).

Figure 1.   Prevalence of mammary Paget’s disease in urban China in 2016. Note: the standardized prevalence is 
based on 2010 Chinese census data.
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Discussion
In this population-based study of MPD, we elucidated three primary findings. First, MPD was significantly more 
prevalent in Chinese females, with a female to male ratio of around 9.4:1, and the prevalence in females was 
approximately nine times higher than that in males. This female predominance in our current study was consist-
ent with previous studies7,22,23. A systematic review of published literatures using MEDLINE/PubMed and Google 
Scholar conducted in 2016 showed that only 24 cases of male MPD were identified in the published literatures 
since 199720. In some previous studies, this discrepancy was directly attributed to the absolute predominance of 
breast cancer in females (male to female ratio 1:50–1:200)2. And the relatively better prognosis of female patients 
with MPD might also responsible for the higher prevalence in females20,24.

In our study, the prevalence of MPD in females was significantly lower than that in South Korea, which 
reported a prevalence of 0.091% between 1995 and 201925. However, the hospital-based design in South Korea 
study could contribute to this evident discrepancy. The incidence rates of MPD were reported to range from 
0.44 per 100,000 woman-years to 1.31 per 100,000 woman-years in the United States based on analysis of the 
SEER data between 1988 and 20119,26. Considering the relatively good female prognosis of MPD4,26,27, the esti-
mated prevalence in the United states during that period could be much higher than our current rate. Similar 
discrepancy also occurred in breast cancer studies. Although the population of China was approximately four 
times larger than that of the United States, the number of breast cancer cases among Chinese females per year 
was only 77% of that in the United States, and the prevalence in China was around one-fifth of that in the United 
States28. The ethnic difference between Chinese and American patients might be a possible explanation for the 
discrepancy. The overexpression of some essential factors in MPD, such as human epidermal growth factor 
receptor 2 (HER-2), was relatively lower in Chinese patients than that in the American patients8. And distribu-
tions in pathological characteristics of female breast cancer were also reported to be different between East Asian 
countries and the United States29. As for China, ductal carcinoma, lobular carcinoma and other types of breast 
cancer accounted for 78%, 4.99% and 17%, respectively30. It was reported that the five-year prevalence of breast 
cancer for Chinese females aged 15 years and older was 129 per 100,000 women28; therefore, the prevalences of 
ductal carcinoma, lobular carcinoma and other types of breast cancer were estimated to be 100.62 per 100,000 
women, 6.44 per 100,000 women and 21.93 per 100,000 women. Given the MPD prevalence of 0.42 per 100,000 
population we estimated, MPD is a very rare subtype of breast cancer; therefore, the statistics regarding MPD 
were not reported in the previous annual report, thus leading to the lack of basic epidemiological evidence of 
MPD, which further suggests the significance of this study.

Second, 62.68% of female patients were between 40 and 59 years old, with a mean age of 54.23. This was 
consistent with previous single- or multi-center hospital-based studies in mainland China3,8,15, but significantly 
younger than those of patients in the United States and Western Europe9,23,26,31–34. The relatively longer life 
expectancy in these developed western countries might have an impact on this difference35. However, racial 
disparity might also play a role, considering that patients with MPD in other Asian areas including the South 
Korea, Iran, Turkey, Saudi Arabia, Thailand and Taiwan of China were also much younger than those in Western 
populations12–14,16–18,25,36. A similar age discrepancy was observed in breast cancer between Chinese women and 
women from Western countries28. Previous studies have demonstrated the difference of tumour marker expres-
sion and tumour immune microenvironment between Asian and Western patients with breast cancer, which 
to some extent confirmed the existence of racial disparity29,37. However, detailed mechanisms concerning age 
discrepancy in patients with MPD is unknown and further studies are needed. Since the large proportion of 
female patients of MPD, the younger mean age of MPD patients in China compared with the United states and 
Western Europe implied that earlier mammographic screening for Chinese females is necessary38.

Table 3.   Unadjusted prevalence of mammary Paget’s disease in urban population from 23 provinces in China 
in 2016 (unit: /100,000 population).

Total (95% CI) Male (95% CI) Female (95% CI)

Total 0.42 (0.19 to 0.73) 0.08 (0.04 to 0.13) 0.74 (0.32 to 1.34)

Age group

0–17 0.02 (0.01 to 0.03) 0.02 (0.00 to 0.03) 0.02 (0.01 to 0.04)

18–39 0.11 (0.05 to 0.19) 0.02 (0.01 to 0.04) 0.26 (0.11 to 0.49)

40–59 0.57 (0.26 to 1.00) 0.04 (0.02 to 0.06) 1.63 (0.72 to 2.90)

60–69 0.65 (0.32 to 1.09) 0.15 (0.07 to 0.26) 1.44 (0.58 to 2.70)

70–79 0.80 (0.44 to 1.27) 0.67 (0.28 to 1.21) 0.95 (0.35 to 1.83)

 ≥ 80 0.52 (0.29 to 0.83) 0.75 (0.29 to 1.43) 0.36 (0.16 to 0.64)

Area

East 0.31 (0.06 to 0.76) 0.08 (0.04 to 0.12) 0.68 (0.05 to 2.08)

North 0.46 (0.02 to 2.23) 0.01 (0.00 to 0.03) 1.65 (0.00 to 6.74)

Northeast 0.06 (0.00 to 0.23) 0.01 (0.00 to 0.03) 0.17 (0.01 to 0.54)

Northwest 1.21 (0.07 to 3.72) 0.45 (0.00 to 1.68) 2.32 (0.02 to 10.16)

Southcentral 0.29 (0.02 to 0.87) 0.08 (0.01 to 0.19) 0.64 (0.00 to 2.58)

Southwest 0.10 (0.04 to 0.18) 0.05 (0.03 to 0.09) 0.15 (0.05 to 0.30)
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We also observed a clear difference between males and females for the patterns of MPD prevalence in China. 
The prevalence increased dramatically after the age of 39 in females, and decreased quickly after 60. By contrast, 
the rate in men increased with age, peaked after the eighth decade of life, and was more than twice the prevalence 
of females in the same age group. The exact reason for the discrepancy in China was unclear. In recent years, an 
increasing number of evidence suggested that male breast cancer might be a heterogeneous disease different from 
female breast cancer at molecular level39. The immunohistochemical profiles were significantly different between 
male and female breast cancers40,41. And some gene mutations found in female breast cancer, such as BRIP1 and 
RAD51C, were not associated with male breast cancer42–44. These were all possible reasons for the differences in 
prevalence patterns between sexes. Moreover, a premenopausal female predominance was observed in Chinese 
patients with MPD8, which suggest a role of estrogen in the prevalence pattern of Chinese female patients. In 
addition, by taking Chinese medical policies into consideration, the following three points may explain this 
phenomenon as well. First, the Chinese government attaches great importance to maternal and child health, and 
China has a well-developed health care system for women and children, with medical insurance covering nearly 
all prefecture-level districts and counties45. Second, China implements the policy of annual physical examina-
tion among urban residents, and breast examination is included in it for women but not for men46. Also, the 
Two Cancer Screening Program (for screening breast cancer and cervical cancer among women)47 and National 
Urban Cancer Screening Program48 carried out in China further help improve the screening and detection rate 
of MPD for women but not for men. Third, annual mammograms for women between the ages of 40 and 60 were 
recommended in China’s national guidelines since 200749. Also, men’s attitudes toward breast disease might also 
play a role to some extent. Compared with women, men’s awareness of breast disease and their active in medical 
treatment are generally lower, even if symptoms occur, patients are not willing to go to the hospital on time, which 
may lead to delayed diagnosis and relatively older patient group50,51. But the effects of males’ attitudes may be 
little and further studies were still required to explore the reasons for this phenomenon. The sex difference in age 
pattern of prevalence suggested that middle-aged females, the marjority of whom are in menopause, should pay 
more attention to the health status of their breasts, and require more detailed diagnosis when they suffer from 
eczematoid, erythematous, moist or crusted, itching lesions, and even accompanied by long-term recurrence of 
bleeding and skin ulcers of the breast and etc52, while for males especially those elder, it is also very important 
to keep an eye on the changes in their breast53, and doctors should also pay more attention to their breast during 
physical examination or surgical chest examination54.

Thirdly, the prevalence of MPD varied by the geographic areas of China, with the highest rate in Northwest 
China. It is noteworthy that Northwest China is the main dwelling area of ethnic minorities. A previous study 
in China have found different genotypes of BRCA​ germline mutation in breast cancer between multiple ethnic-
ity region in Northwest China and ethnic Han Chinese in other regions, and suggested that this difference was 
caused by the interaction of genetic background and environmental factors55. But the relationship between BRCA​ 
germline mutation and MPD remained unclear, and information on mutations specifically predisposing MPD 
was also limited. Based on current data, it is difficult for us to determine the exact reason for the high MPD 
prevalence in Northwest China. However, to some extent, the influence of socioeconomic level and medical level 
on the prevalence of MPD could be excluded, as the Northwest China was relatively underdeveloped area in 
mainland China. The obvious regional disparities as the prevalence highest in Northwest China implies that the 
screening and control strategies regarding MPD should be adapted to local conditions56,57. Since the quality of 
medical service in economically disadvantaged Northwest China is lower, the local clinicians should be notified 
about MPD to fill the possible gaps in their knowledge, and further reduce missed diagnosis and misdiagnosis. 
Also, for better preventing and controlling MPD etiologically, carrying out etiological research in Northwest 
China to identify the potential risk factors is necessary.

We used a large, nationally representative sample of the Chinese urban population which ensured the overall 
estimation of the prevalence of a rare disease like MPD. This nationally representative data also enabled us to 
explore age and sex patterns of the prevalence as well as regional differences in China. This study also has several 
limitations. First, the basic medical insurance database lacks some detailed information, such as tumour stage, 
clinical characteristics, results of pathological examination and laboratory results, which limits the possibility 
to stratify the diagnosis in greater detail and analyze the data in more depth, similar to other previous studies 
based on claim data58,59. Second, rural inhabitants and certain urban populations, such as military soldiers are 
not included in the UEBMI and URBMI system because they have different types of medical insurance. The 
exclusion of these groups could have affected the estimates.

This population-based study investigated the prevalence of MPD in urban China based on the basic medical 
insurance database. The prevalence of MPD showed a significant female predominance in China, and the rate in 
females was much lower than that in the United States. Female patients with MPD in China was much younger 
than those in developed western countries. In males, MPD were more prevalent at an older age after 80. These 
findings add to our understanding of the epidemiologic characteristics of MPD in China, and at the same time, 
provide important implications for further epidemiological studies of MPD worldwide.

Materials and methods
National medical insurance database.  Two main medical insurance schemes for Chinese urban popu-
lation are Urban Employee Basic Medical Insurance (UEBMI) and Urban Residence Basic Medical Insurance 
(URBMI). UEBMI is for employees no matter working or retired (i.e., employers and employees in government 
agencies and institutions, social organizations, state enterprises, as well as other private businesses. URBMI is for 
unemployed urban citizens (i.e., children, students, the elderly, etc.) The data in UEBMI and URBMI is updated 
at the city level monthly. No matter the proportion the insured people paid for the medical service, their reim-
bursement records will be kept in the database. Information including the sociodemographic characteristics (i.e., 
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ethnicity, sex, birth date, place of residence, etc.), diagnostic information (i.e., disease names, disease codes, etc.), 
as well as medical expenses can be found in the database. The two medical insurance schemes covered more than 
95% of Chinese urban population in 201660,61. The detailed introduction of the two medical insurance schemes 
can be found in previous studies62–64. This study is registered with the Chinese Clinical Trial Registry (ChiCTR), 
number ChiCTR1800018217.

Study population.  UEBMI and URBMI data of 23 provinces between January 1st, 2016 and December 31st, 
2016 were used to conduct this retrospective population-based study. Consistent with our previous work64,65, we 
excluded the data of eight provinces due to absence or abnormality of crucial information such as diagnostic 
information (Beijing, Shanghai, Sichuan, Ningxia, Hebei), only containing one insurance type (Tianjin), report-
ing policy exemptions (Fujian and Tibet). We kept all claim records de-identified to protect subjects’ privacy. The 
study protocol was approved by the ethical review committee of the Peking University Health Science Center 
(IRB. No.: IRB00001052-18012), and the informed consent requirement was waived.

Case identification.  Target patients were identified using the diagnostic information in the database (i.e., 
the diagnostic text and International Classification of Diseases (ICD) code). We applied the natural language 
processing to normalize the diagnostic information with a dictionary of potential MPD defined by prestigious 
clinicians. Potential patients with MPD were selected by ICD-10 (M85400/3, M85400/6, C50.903, M85410/3, 
C50.904, M85410/6, M85430/3, M85430/6) and Chinese medical terms of diseases including MPD, mammary 
eczematoid carcinoma. Diagnostic information of each potential target patient was then judged by two pres-
tigious clinicians independently to identify actual patients with MPD. Any disagreements between them were 
solved by another senior clinician. The detailed case identification process can be seen in the Supplementary 
file. Since the reimbursement records of the insured population will be kept in the databases if they provide the 
national insurance card for the medical service (even though no medical expense was reimbursed), almost all 
patients with MPD in 2016 data can be identified.

Statistical analysis.  To calculate the national prevalence of MPD in 2016, we adopted a two-stage approach, 
which was described in detail in our previous studies for calculating the prevalence of other rare diseases64,65. In 
the first stage, we calculate the prevalence of MPD in each province. In the second stage, the national or regional 
prevalence was calculated by pooling the prevalence of each province via random effects meta-analysis. To sta-
bilize the variance of province-level prevalence, the Freeman-Tukey double arcsine transformation was used.

Based on the 2010 Chinese national census data, the Revised European Standard Population (RESP) 2013, 
the 2010 US population and the 2011 Australian population, we calculated the age-adjusted prevalence rates. 
We also performed subgroup analyses by sex, age, and geographical area (East, North, Northeast, Northwest, 
Southcentral, and Southwest). We used sensitivity analyses to assess the robustness of the main results by setting 
a stricter algorithm (not considering the patients with diagnostic information containing eczematoid carcinoma) 
to identify actual target patients, by only considering the observed target patients to estimate the lower bound 
of the prevalence, and by excluding the top 10% of provinces with missing diagnostic information. Poisson dis-
tribution was used to estimate the 95% CIs of prevalence. We used Student’s t-test for continuous variables and 
the chi-squared test for categorical variables. All statistical analyses were done by Stata 15.0 (StataCorp, College 
Station, TX, USA), and a two-sided P < 0.05 was considered as statistically significant.

Ethical statement
The study protocol was approved by the ethical review committee of the Peking University Health Science Center 
(IRB. No.: IRB00001052-18012), and the informed consent requirement was waived. All methods were carried 
out in accordance with the Declaration of Helsinki.

Availability of data and materials
The data that support the findings of this study are available on request from the corresponding author. The data 
are not publicly available due to privacy or ethical restrictions.

Received: 22 June 2020; Accepted: 11 January 2021

References
	 1.	 Ashikari, R., Park, K., Huvos, A. G. & Urban, J. A. Paget’s disease of the breast. Cancer 26, 680–685 (1970).
	 2.	 Kanitakis, J. Mammary and extramammary Paget’s disease. J. Eur. Acad. Dermatol. Venereol. 21, 581–590 (2007).
	 3.	 Zhou, H. et al. Prognostic significance of mammary Paget’s disease in Chinese women: a 10-year, population-based, matched 

cohort study. Onco. Targets Ther. 11, 8319–8326 (2018).
	 4.	 Chen, S. et al. Comparative study of breast cancer with or without concomitant Paget disease: an analysis of the SEER database. 

Cancer Med. 8, 4043–4054 (2019).
	 5.	 Shibata, K., Nozu, S., Tanaka, T. & Kimura, W. Gigantic mammary Paget’s disease of a very elderly woman. Surg. Case Rep. 4, 134 

(2018).
	 6.	 Caliskan, M. et al. Paget’s disease of the breast: the experience of the European Institute of Oncology and review of the literature. 

Breast Cancer Res. Treat. 112, 513–521 (2008).
	 7.	 Lopes Filho, L. L. et al. Mammary and extramammary Paget’s disease. An. Bras. Dermatol. 90, 225–231 (2015).
	 8.	 Zheng, S. et al. Characteristics of mammary Paget’s disease in China: a national-wide multicenter retrospective study during 

1999–2008. Asian Pac. J. Cancer Prev. 13, 1887–1893 (2012).
	 9.	 Wong, S. M. et al. Modern trends in the surgical management of Paget’s disease. Ann. Surg. Oncol. 22, 3308–3316 (2015).
	10.	 Karakas, C. Paget’s disease of the breast. J. Carcinog. 10, 31 (2011).



7

Vol.:(0123456789)

Scientific Reports |         (2021) 11:2572  | https://doi.org/10.1038/s41598-021-82146-y

www.nature.com/scientificreports/

	11.	 Martin, V. G., Pellettiere, E. V., Gress, D. & Miller, A. W. Paget’s disease in an adolescent arising in a supernumerary nipple. J. 
Cutan. Pathol. 21, 283–286 (1994).

	12.	 Arafah, M. et al. Molecular subtyping of mammary Paget’s disease using immunohistochemistry. Saudi Med. J. 40, 440–446 (2019).
	13.	 Thirasastr, P., Sriuranpong, V., Poovorawan, N., Atikankul, T. & Parinyanitikul, N. Associated malignancy in extra-mammary 

and mammary Paget’s disease: a retrospective analysis of single institute experience. Ann. Oncol. https​://doi.org/10.1093/annon​
c/mdx66​8 (2017).

	14.	 Challa, V. R. & Deshmane, V. Challenges in diagnosis and management of Paget’s disease of the breast-a retrospective study. Indian 
J. Surg. 77, 1083–1087 (2015).

	15.	 Song, Q., Jin, Y., Huang, T. & Zhang, J. H. Diagnosis and treatment of Paget’s disease of the breast: an analysis of 72 cases. Int. J. 
Clin. Exp. Med. 8, 19616–19620 (2015).

	16.	 Lee, H. W. et al. Invasive Paget disease of the breast: 20 years of experience at a single institution. Hum. Pathol. 45, 2480–2487 
(2014).

	17.	 Meibodi, N. T., Ghoyunlu, V. M., Javidi, Z. & Nahidi, Y. Clinicopathologic evaluation of mammary Paget’s disease. Indian J. Der-
matol. 53, 21–23 (2008).

	18.	 Günhan-Bilgen, I. & Oktay, A. Paget’s disease of the breast: clinical, mammographic, sonographic and pathologic findings in 52 
cases. Eur. J. Radiol. 60, 256–263 (2006).

	19.	 Liu, N., Wang, C. & Shao, Y. Breast cancer accompanied by Paget’s disease: an anlysis of 34 cases. Zhonghua Zhong Liu Za Zhi 22, 
64–66 (2000) (in Chinese).

	20.	 Adams, S. J. & Kanthan, R. Paget’s disease of the male breast in the 21st century: a systematic review. Breast 29, 14–23 (2016).
	21.	 Desai, D. C., Brennan, E. J. & Carp, N. Z. Paget’s disease of the male breast. Am. Surg. 62, 1068–1072 (1996).
	22.	 Yao, Y. et al. Breast-conserving surgery in patients with mammary Paget’s disease. J. Surg. Res. 241, 178–187 (2019).
	23.	 Wachter, D. L. et al. Characterization of molecular subtypes of Paget disease of the breast using immunohistochemistry and in situ 

hybridization. Arch. Pathol. Lab. Med. 143, 206–211 (2019).
	24.	 Leibou, L., Herman, O., Frand, J., Kramer, E. & Mordechai, S. Paget’s disease of the male breast with underlying ductal carcinoma 

in situ. Isr. Med. Assoc. J. 17, 64–65 (2015).
	25.	 Kim, Y. J. et al. Clinicopathological characteristics of mammary Paget’s disease: A single-center 25-year experience in Korea. Breast 

J. 26, 806–808 (2020).
	26.	 Chen, C. Y., Sun, L. M. & Anderson, B. O. Paget disease of the breast: changing patterns of incidence, clinical presentation, and 

treatment in the U.S. Cancer 107, 1448–1458 (2006).
	27.	 Zhao, Y. et al. Clinicopathological characteristics and survival outcomes in Paget disease: a SEER population-based study. Cancer 

Med. 7, 2307–2318 (2018).
	28.	 Li, T., Mello-Thoms, C. & Brennan, P. C. Descriptive epidemiology of breast cancer in China: incidence, mortality, survival and 

prevalence. Breast Cancer Res. Treat. 159, 395–406 (2016).
	29.	 Lin, C. H. et al. Contrasting epidemiology and clinicopathology of female breast cancer in Asians vs the US population. J. Natl. 

Cancer Inst. 111, 1298–1306 (2019).
	30.	 National Cancer Center. Annual Report of Cancer Registration in China 2018 (ed. He, J.) (Beijing, 2019) (in Chinese).
	31.	 Merrill, A. Y., White, A. & Howard-McNatt, M. Paget’s disease of the breast: an institutional review and surgical management. Am. 

Surg. 83, e96–e98 (2017).
	32.	 Dalberg, K., Hellborg, H. & Wärnberg, F. Paget’s disease of the nipple in a population based cohort. Breast Cancer Res. Treat. 111, 

313–319 (2008).
	33.	 Fu, W., Mittel, V. K. & Young, S. C. Paget disease of the breast: analysis of 41 patients. Am. J. Clin. Oncol. 24, 397–400 (2001).
	34.	 Dixon, A. R., Galea, M. H., Ellis, I. O., Elston, C. W. & Blamey, R. W. Paget’s disease of the nipple. Br. J. Surg. 78, 722–723 (1991).
	35.	 Wang, H. Global, regional, and national under-5 mortality, adult mortality, age-specific mortality, and life expectancy, 1970–2016: 

a systematic analysis for the Global Burden of Disease Study 2016. Lancet 390, 1084–1150 (2017).
	36.	 Sheen-Chen, S. M. et al. Paget disease of the breast—an easily overlooked disease?. J. Surg. Oncol. 76, 261–265 (2001).
	37.	 Chen, C. H. et al. Disparity in tumor immune microenvironment of breast cancer and prognostic impact: Asian versus Western 

populations. Oncologist 25, e16–e23 (2020).
	38.	 Fan, L. et al. Breast cancer in China. Lancet Oncol. 15, e279–e289 (2014).
	39.	 Rizzolo, P. et al. Gene-specific methylation profiles in -mutation positive and -mutation negative male breast cancers. Oncotarget 

9, 19783–19792 (2018).
	40.	 Muir, D., Kanthan, R. & Kanthan, S. C. Male versus female breast cancers. A population-based comparative immunohistochemical 

analysis. Arch. Pathol. Lab. Med. 127, 36–41 (2003).
	41.	 Kanthan, R., Fried, I., Rueckl, T., Senger, J.-L. & Kanthan, S. C. Expression of cell cycle proteins in male breast carcinoma. World 

J. Surg. Oncol. 8, 10 (2010).
	42.	 Senger, J. L., Chandran, G. & Kanthan, R. Is routine pathological evaluation of tissue from gynecomastia necessary? A 15-year 

retrospective pathological and literature review. Plast. Surg. 22, 112–116 (2014).
	43.	 Ruddy, K. J. & Winer, E. P. Male breast cancer: risk factors, biology, diagnosis, treatment, and survivorship. Ann. Oncol. 24, 

1434–1443 (2013).
	44.	 Orr, N. et al. Genome-wide association study identifies a common variant in RAD51B associated with male breast cancer risk. 

Nat. Genet. 44, 1182–1184 (2012).
	45.	 Guo, Y., Bai, J. & Na, H. The history of China’s maternal and child health care development. Semin. Fetal Neonatal Med. 20, 309–314 

(2015).
	46.	 Wu, T. Y., Liu, Y. L. & Chung, S. Improving breast cancer outcomes among women in China: practices, knowledge, and attitudes 

related to breast cancer screening. Int. J. Breast Cancer 2012, 921607 (2012).
	47.	 Health, C. Two cancer screening. Chinese Health 10, 54 (2019) (in Chinese).
	48.	 Yang, L. et al. Breast cancer screening in urban Beijing, 2014–2019. Zhonghua yu fang yi xue za zhi 54, 974–980 (2020) (in Chinese).
	49.	 Committee of Breast Cancer Society, China Anti-Cancer Association. [China Anti-Cancer Association guidelines for breast cancer 

diagnosis and treatment]. China Oncology 19, 410–428 (2007) (in Chinese).
	50.	 Nemchek, L. Male breast cancer: examining gender disparity in diagnosis and treatment. Clin. J. Oncol. Nurs. 22, E127–E133 

(2018).
	51.	 Wang, W. et al. Clinical features of patients with male breast cancer in Shanxi province of China from 2007 to 2016. J. Investig. 

Med. 67, 699–705 (2019).
	52.	 National Health Commission Of The People’s Republic Of, C. Chinese guidelines for diagnosis and treatment of breast cancer 

2018 (English version). Chin. J. Cancer Res. 31, 259–277 (2019).
	53.	 Niewoehner, C. B. & Schorer, A. E. Gynaecomastia and breast cancer in men. BMJ 336, 709–713 (2008).
	54.	 Yalaza, M., Inan, A. & Bozer, M. Male breast cancer. J. Breast Health 12, 1–8 (2016).
	55.	 Ou, J. et al. Prevalence of BRCA1 and BRCA2 germline mutations in breast cancer women of multiple ethnic region in Northwest 

China. J. Breast Cancer 16, 50–54 (2013).
	56.	 Li, H. et al. Incidence and mortality of female breast cancer in China, 2014. Zhonghua Zhong Liu Za Zhi 40, 166–171 (2018) (in 

Chinese).

https://doi.org/10.1093/annonc/mdx668
https://doi.org/10.1093/annonc/mdx668


8

Vol:.(1234567890)

Scientific Reports |         (2021) 11:2572  | https://doi.org/10.1038/s41598-021-82146-y

www.nature.com/scientificreports/

	57.	 Naishadham, D., Lansdorp-Vogelaar, I., Siegel, R., Cokkinides, V. & Jemal, A. State disparities in colorectal cancer mortality pat-
terns in the United States. Cancer Epidemiol. Biomarkers Prev. 20, 1296–1302 (2011).

	58.	 Tyree, P. T., Lind, B. K. & Lafferty, W. E. Challenges of using medical insurance claims data for utilization analysis. Am. J. Med. 
Qual. 21, 269–275 (2006).

	59.	 Tian, H. et al. Estimating cancer incidence based on claims data from medical insurance systems in two areas lacking cancer 
registries in China. EClinicalMedicine 20, 100312 (2020).

	60.	 Shan, L. et al. Perceived challenges to achieving universal health coverage: a cross-sectional survey of social health insurance 
managers/administrators in China. BMJ open 7, e014425 (2017).

	61.	 Xiong, X. et al. Impact of universal medical insurance system on the accessibility of medical service supply and affordability of 
patients in China. PLoS ONE 13, e0193273 (2018).

	62.	 Tian, Y. et al. Association between temperature variability and daily hospital admissions for cause-specific cardiovascular disease 
in urban China: a national time-series study. PLoS medicine 16, e1002738 (2019).

	63.	 Xu, L. et al. Incidence and prevalence of amyotrophic lateral sclerosis in urban China: a national population-based study. J. Neurol. 
Neurosurg. Psychiatry 91, 520–525 (2020).

	64.	 Wang, S. et al. Prevalence and incidence of multiple myeloma in urban area in China: a national population-based analysis. Front. 
Oncol. 9, 1513 (2019).

	65.	 Xu, L. et al. Incidence of gastrointestinal stromal tumor in Chinese urban population: a national population-based study. Cancer 
Med. 00, 1–8 (2020).

Author contributions
L.X. contributed to study design, data collection, data analysis, data interpretation, and manuscript writing. S.Y. 
contributed to study conception, study design, data analysis, data interpretation, and manuscript writing. S.W. 
contributed to study conception, study design, administrative support, data analysis, data interpretation, and 
manuscript writing. J.F. contributed to data collection. L.L. contributed to data collection. G.L. contributed to 
data collection. J.W. contributed to provision of study materials, and data collection. S.Z. contributed to study 
conception, study design, administrative support, data analysis, and data interpretation. Z.Z. contributed to 
study conception, data analysis, and data interpretation. P.G. contributed to study design, data analysis, and data 
interpretation. All authors read and approved the final manuscript.

Funding
This study was funded by the National Natural Science Foundation (grant numbers 91646107 and 81973146). 
The funders had no role in the design of the study and collection, analysis, and interpretation of data and in 
writing the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material availlable at https​://doi.
org/10.1038/s4159​8-021-82146​-y.

Correspondence and requests for materials should be addressed to S.W., S.Z., Z.Z. or P.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

© The Author(s) 2021

https://doi.org/10.1038/s41598-021-82146-y
https://doi.org/10.1038/s41598-021-82146-y
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Prevalence of mammary Paget’s disease in urban China in 2016
	Results
	Prevalence. 
	Age-adjusted prevalence. 
	Sensitivity analysis. 

	Discussion
	Materials and methods
	National medical insurance database. 
	Study population. 
	Case identification. 
	Statistical analysis. 

	Ethical statement
	References


