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epidermal growth factor receptor 2 (HER-2). Due to damage and loss of speci-

of 36 pathological specimens (83.3%), we obtained a complete molecular subtype.
Cause the other 6 pathological specimens have missing immunohistochemistry
items. For patients with bilateral breast cancer, only information on the side with
PDB is listed. For patients with recurrence, only information on the first onset
was included. We finally compared and studied the molecular subtype of 26 sam-
ples. We calculated the relative frequencies of molecular subtypes including lu-
minal A, luminal B, HER-2-enriched, and basal-like and compared them between
PDB and general breast carcinomas in other studies.

Results: The luminal A and B subtype were found, respectively, in 3 (11.5%) and
6 (23.1%) of all patients, and 15 cases of HER-2-enriched subtype was detected
(57.7%). In addition, 2 (7.7%) showed a basal-like subtype.

Conclusion: The molecular subtypes of common breast cancer and PDB-
associated breast cancer differ. Luminal subtypes are the most common in the
former, while within our samples HER-2 positive subtype was the highest in
PDB-associated breast carcinoma. With further understanding of this disease, ra-
tional therapies will be applied in different patients and cures for PDB and PDB-

associated carcinoma will be achieved.
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1 | INTRODUCTION 2 | MATERIALS AND METHODS
Paget's disease of the breast (PDB) is a rare skin malig- 2.1 | Patients information

nancy first described in 1874 by James Paget as “an ec-
zematous nipple changes before latent invasive breast
cancer”.! Among all primary breast cancer, PDB only
epidemiologically accounts for 0.7%-4.3% and is histo-
logically characterized by a Paget cells (PCs) infiltration
with abundant pale cytoplasm and nuclei located cen-
trally in the epidermal layer of the nipple-areolar com-
plex (NAC).? The clinical presentation of PDB is usually
eczematous changes or ulceration of NAC, with scaling,
bleeding, crusting, or oozing often with pain or pruritus
in most patients.*> PDB can be divided into the follow-
ing categories: (1) PDB with invasive ductal carcinoma
(IDC); (2) PDB with underlying ductal carcinoma in situ
(DCIS); (3) PDB alone without IDC or DCIS.® According
to previous analyses of (SEER) data conducted between
1973 and 1987, more than half of PDB patients had con-
current underlying IDC.”®

There are two theories about pathogenesis of PDB:
the epidermotropic and the transformation theories.” The
Epidermotropic theory postulates that ductal cancer cells
that migrate along the basal membrane of the nipple are
the origin of Paget's cells.'” In contrast, the latter suggests
that Paget cells originate from malignant transforma-
tion of keratinocytes, which would give rise to PDB.”'2
Currently surgery is performed as the basic therapy for
PDB in clinical settings. Mastectomy with sentinel lymph
node biopsy or axillary lymph node dissection has been
the standard of care for decades.” Breast-conserving sur-
gery is a good option for patients with no palpable mass
and benign mammogram or low microvessel density
(MVD).'*3"1% In addition, the use of chemotherapy and
hormone therapy as adjuvant treatment is based on tumor
subtypes and tumor staging.'®'” In short, PDB progno-
sis ultimately depends on its molecular subtype, com-
monly HER-2+ which has poorer prognosis than luminal
subtype.'”

Immunohistochemistry is a powerful tool in detecting
the molecular subtypes of PDB contributing to the stag-
ing, therapy selection and prognosis prediction of this
disease, meanwhile in differentiated from other nipple-
associated lesions including nipple adenoma, malignant
melanoma, pagetoid Spitz nevus, florid papillomatosis of
the nipple, and so on."®*! In our study we use a immuno-
histochemical profile including ER, PR, Ki-67, and HER-2
to exam thoroughly the molecular subtypes of PDB which
can deep our understanding of this rare disease. Based on
classifying different subtypes of PDB, rational therapies
will be applicated in clinical cases and a better cure for the
disease can be achieved.

Through the pathology retrieval system of Beijing
Friendship Hospital Affiliated to Capital Medical
University, we analyzed PDB cases diagnosed and ar-
chived from 2011 to 2020.We collected 42 PDB patients
from more than 2000 breast cancer patients. We ob-
tained relevant information of the patients by consulting
the medical record system and follow-up, including the
patient's gender, age, tumor location in the left or right
breast, lesion size, lymph node metastasis, etc. PDB diag-
nosis was validated by two pathologists (Xiaodan Zheng
and Shuhong Zhang) specialized in breast pathology.
Tissues were collected from surgically excised specimens
from patients, embedded in paraffin, sectioned using a mi-
crotome, and stained using hematoxylin and eosin.

2.2 | Immunochemistry

The surgically resected specimens are fixed with 4% neu-
tral formaldehyde fixative, and then routinely dehydrated,
embedded in paraffin, and sectioned. These were sectioned
(1pm) for immunostaining using a Ventana-automated im-
munohistochemistry system (BenchMark ULTRA Roche
Diagnostics, USA). Sections were stained for ER, PR, Ki-
67, and HER-2. The reagents for HER-2 were procured
from Roche Diagnostics. The antibodies of ER, PR and
Ki-67 were purchased from Fuzhou Maixin Biotechnology
Development Co., Ltd. All primary antibodies are of rab-
bit origin. Regarding the ER and PR, more than 1% of cells
with nuclear staining was considered positive. Record the
percentage of HER-2 membrane staining positive tumor
cells. The HER-2 grade was interpreted according to the
intensity of staining and the percentage of stained cells. No
staining or <10% of infiltrating cancer cells exhibiting in-
complete, weak membrane staining are negative (0); The
staining was interpreted as mild (1+) when >10% of infil-
trating cancer cells present with incomplete and weak cell
membrane staining; There are two cases when the stain-
ing was graded as moderate (2+). The first is that >10% of
infiltrating cancer cells show weak to moderate intensity
of intact cell membrane staining; The second is that <10%
of infiltrating cancer cells show strong and complete cell
membrane staining. The staining was graded as strong (3+)
when >10% of infiltrating cancer cells show strong, com-
plete and uniform cell membrane staining. Cases with 3+
scores were considered positive, HER-2 cases scored + or
0 were assessed to be negative. Cases scored 2+ need to be
performed fluorescence in situ hybridization (FISH).
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2.3 | Lymph node status

The specimens were fixed with 4% neutral formaldehyde
fixative, routinely dehydrated, embedded in paraffin, sec-
tioned and then stained with HE, and observed under
light microscope. Cancer cells visible in the pathological
section of the lymph nodes are considered to be positive
for lymph node tumor metastasis. Also, lymph nodes con-
taining isolated tumor cells are also judged as positive. On
the contrary, if there is no tumor cell in the pathological
section of the lymph node, it is considered that the lymph
node has no metastasis. Using lymph node status positive
or negative to mention that.

2.4 | Molecular subtypes

Molecular subtypes were grouped as follows: luminal A
subtype (ER+ or PR+, HER-2—, and Ki-67 index [percent-
age of Ki-67 tumor cells] <15%), luminal B subtype (ER+
or PR+, HER-2+, and Ki-67 index >15%); HER-2 subtype
(ER— and PR—, HER-2 +), basal-like subtype (ER—, PR—,
and HER-2—).%

2.5 | Statistical analysis

Statistical analysis was performed by the IBM SPSS
Statistics for Windows, Version 23.0 (Armonk, NY: IBM
Corp.). Calculate the frequency and percentage of all
nominal variables. Summary statistics are provided in
Table 1. Categorical variables for molecular subtypes were
compared using the chi-square test. A p-value of <0.05
was considered statistically significant.

HER2- Basal-
Luminal enriched like

Characteristic (n=9) (n=15) (n=2)
Age (years)

<50 2 6 0

>50 7 9 2
Breast carcinoma

DCIS 2 9 0

IDC 7 6
Lymph node status

Positive 6 2 1

Negative 3 13 1

3 | RESULTS

Forty-two patients (all women) with PDB were included
in our study. The average patient age at the time of medi-
cal treatment was 57years (range, 39-80years). Initially,
46 pathology reports were identified, because there were
two patients with bilateral breast cancer and 2 with recur-
rent lesions. Because of technical problems (e.g., tissue
blocks were unavailable, or an absence of PCs on the im-
munohistochemistry sections), 6 patients were excluded.
Therefore, 36 patients were included in final analysis. The
tumors in 11 patients (31.4%) were located in the right
breast, and the tumors in 22 patients (61.1%) were located
in the left breast. Two patients (5.7%) had bilateral breast
cancer, and in another 1 (2.9%) case the location was un-
determined. Of the two relapsed patients, one patient with
DCIS relapsed as ipsilateral Invasive ductal carcinoma
(IDC) after 6 years; in another patient, the disease relapsed
in the form of ipsilateral DCIS after 1year.

Four of 36 patients had tumors confined to the nipple,
and no breast mass was found. 32 patients had tumors
with a palpable breast mass. 15 (46.9%) cases of breast le-
sions were associated IDC, including two cases of bilat-
eral breast cancer and 1 associated with a recurrent mass.
There were 17 (53.1%) cases of breast lesions associated
with DCIS. There are two special cases are associated with
DCIS, pathological primary and recurrent tumors in 1 re-
lapsed patient, and a primary tumor in another relapsed
patient. 5 of the 15 IDC s (33.3%) were high-grade.

Of the 32 patients with a palpable breast mass, we ob-
tained 36 pathological specimens. Cause there are two
patients with bilateral breast cancer and two patients
are recurring tumors.15 of 36 tumors (41.7%) expressed
ER, and 8 (22.2%) expressed PR. 28 patients (77.8%) had

TABLE 1 Clinicopathological
characteristics of molecular subtypes of

Total Paget's di f the breast (PDB)
(n=26) p-value age S disease O € breas .
7 0.553
19
11 0.087
15
9 0.020
17

Note: For patients with bilateral breast carcinoma, the frequency of axillary lymph node metastasis of
PDB in different molecular subtypes was significantly different only information on the side with PDB is
listed. For patients with recurrence, only information on the first onset was included.



CAIET AL.

a Ki-67 index greater than or equal to 15%. In 17 of 36
tumors (47.2%), the PCs were immunohistochemically
strongly positive for HER-2, while 12 (19.4%) exhibited
negative HER-2 expression. Another 7 of 36 showed not
typical HER-2 expression and were deleted in subsequent
studies. One case of bilateral breast cancer, 1 tumor on the
left breast showed high-level HER-2 amplification, and
1 tumor on the right breast showed weak HER-2 expres-
sion. The other one case of bilateral breast cancer, both
tumors showed negative HER-2 expression. Two patients
with unilateral breast cancer recurrence were included in
the study. One of the two patients showed positive HER-2
expression at first onset and negative HER-2 expression at
the time of recurrence.

For 30 of 36 pathological specimens (83.3%), we ob-
tained a complete molecular subtype through its immu-
nohistochemical reports. Cause the other 6 pathological
specimens have missing immunohistochemistry items.
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Out of the 30 PDB samples, 4 (13.3%) were classified as
luminal A (Figure 1), 8 (26.7%) were classified as luminal
B (Figure 2), 15 (50.0%) as HER-2-enriched (Figure 3), and
3 (10%) as basal-like sub-type (Figure 4).
Clinicopathological characteristics of the differ-
ent molecular subtypes of PDB are listed in Table 1.
Information is listed for only one side of the PDB in
patients with bilateral breast cancer. For patients with
recurrence, only information on the first onset was in-
cluded. The table compares the molecular subtypes of
26 specimens. Because we try to avoid the discrepan-
cies affecting the final research, which are the different
pathological types of bilateral breast carcinoma and
the different pathological types of recurrent breast car-
cinoma from the original lesion. In 9 patients (34.6%),
lymph node status was positive; two of these samples
were also HER-2-enriched. In 17 patients (65.4%), lymph
node status was negative. Thirteen out of 17 samples

©5 ! o () IR

FIGURE 1 Luminal A-type PDB positive for ER and PR with weak expression of HER-2. (A) ER, (B) PR, (C) HER-2, (D) Ki-67.

Magnification 200 X.

FIGURE 2
ER, (B) PR, (C) HER-2, (D) Ki-67. Magnification 200 X.
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FIGURE 3 Examples of HER-2-type PDB negative for ER and PR and showing expression of HER-2. (A) ER, (B) PR, (C) HER-2, (D)

Ki-67. Magnification 200 X.
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FIGURE 4 Triple-negative subtype PDB negative for ER and PR with weak expression of HER-2. (A) ER, (B) PR, (C) HER-2, (D) Ki-67.

Magnification 200 X.

were HER-2-enriched. The frequency of axillary lymph
node metastasis of PDB in different molecular subtypes
was significantly different (p=0.020<0.05). However,
There was no significant difference in the age distribu-
tion (<50years or >50years) of PDB patients with differ-
ent molecular subtypes. (p>0.05).

4 | DISCUSSION

In our study lymph node status is relevant to the molec-
ular types of breast cancer, 9 (34.6%) PDB patients had
positive lymph nodes, and 17 (65.4%) were negative. The
luminal type included more cases with positive lymph
nodes. On the contrary, 15 HER-2 enriched cases usually
have 2 cases with positive lymph nodes. This conclusion is
different from the study of Arain.*® The frequency of axil-
lary lymph node metastasis of PDB in different molecu-
lar subtypes was not significantly different in their study.
This difference may be due to bias caused by insufficient
sample size. This problem is unavoidable, because PDB
patients are rare. By retrieving 10-year records, we only
collected 42 PDB patients from more than 2000 breast
cancer patients. Due to the imperfections of previous im-
munohistochemistry projects, we only collected the com-
plete molecular subtypes of 26 specimens.

Consistent with a recent study,12 HER-2 amplification
was more prevalent in our cohort of PDB patients than it
was in breast carcinoma. Triple-negative PDB cases exist
but are very rare. We found two cases (7.7%) of triple nega-
tive PDB phenotype in our research. In another large PDB
study that identified PDB molecular subtypes, no triple-
negative cases were observed, but They found that 86%
of the cases were the HER-2 subtype.'? In our study, the
HER-2 subtype accounted for 57.7% of the patients, and
both cases of triple-negative PDB were accompanied by
invasive carcinoma.

Diagnosis of PDB should prompt a thorough examina-
tion of the breast, since in many cases PDB is accompa-
nied by DCIS and/or ICB. The breast should be thoroughly
checked for other lesions to avoid incomplete excision of
skin tumor in situ. In this study, 17 (53.1%) PDB specimens

had DCIS and 15 (46.9%) had IDC. In another study of 55
patients, Onoe identified 23 DCIS patients (42%) and 32
(58%) IDC patients.24 Song's team found breast cancer in
57 of 66 patients with PDB.12 (21%) out of 57 breast can-
cers were DCIS, while 45 (79%) were IDC.*

In our study, two patients with bilateral breast can-
cer had different molecular types on both sides, and only
one side had Paget's disease. Meanwhile, there are two
patients with recurrence. The molecular classification of
primary tumor and recurrent tumor in one case was also
different. Several mechanisms have been proposed for
changes in biomarker expression between primary and
recurrent BC: intratumoral heterogeneity’®*’ and selec-
tion pressure from prior therapy.”** Also, changes in in-
dividual genes may occur.***' The primary tumor is PDB,
which recurred after surgical removal of NAC. Therefore,
we think that the margins of surgical resection of tumors
may require finer standards to avoid tumor recurrence for
PDB patients.

93% of PDB-related cancers in Lester's group were high
nuclear grade,* whereas all IDC cases in Kothari's study
were high grade.”® In their studies, PDB was highly cor-
related with high-grade IDC, consistent with its aggressive
clinical behavior.**** In our study, 5 of the 15 ICDs (33.3%)
were high-grade. Our research results do not seem to be
similar to the results of Kothari's research.>* We are not
sure whether this difference is due to genetic differences
in the populations sampled or bias caused by the small
sample size.

Overall, breast cancer is HER-2 positive in 13%-30% of
cases®* and HER-2 positivity is higher in PDB and related
breast cancers, ranging from 60% to 80%.>*"*® In our study,
15 (57.7%) PDB samples were HER-2 positive (score 3+).

The distribution of the molecular subtypes in PDB and
breast cancer in general from this and other studies are de-
picted (Figure 5).Comparison of the studies reveals signif-
icant differences in the molecular subtypes between PDB
and breast cancer in general. The luminal subtype is the
most common molecular subtype of common breast can-
cer. In contrast, the HER-2-positive subtype is more com-
mon in two PDB studies. HER-2-positive subtype is more
aggressive and has a worse prognosis. A high proportion
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FIGURE 5 Distribution of the molecular subtypes of PDB in
this study and of PDB and breast carcinoma® according to the
literature.

of HER-2-positive subtype is associated with worse prog-
nosis in PDB.**** A limitation of our study was the small
number of cases due to the rarity of PDB. Due to the rar-
ity of PDB, our study was limited by the small number of
cases. Fortunately, this sample size was able to assess sta-
tistical significance, and our results clearly show a higher
frequency of HER-2-positive subtype.

5 | CONCLUSION

Our study showed that the HER-2-positive subtype was
the most common molecular subtype of PDB, which was
related with breast cancer and was more likely to be re-
lated with high-grade IDC. Molecular subtypes vary be-
tween PDB and general breast carcinomas. In contrast to
the most common luminal subtype in nonspecific breast
cancer, the HER-2-positive subtype is the most common
subtype in PDB and related breast cancer. The frequency
of axillary lymph node metastasis of PDB in different
molecular subtypes was significantly different (p <0.05).
Recognizing the HER-2 as the dominant subtype of PDB
and related breast cancer should prove useful as a diag-
nostic tool and may assist in development of therapeutic
protocols and cures for this disease will be achieved.

AUTHOR CONTRIBUTIONS

Yujiao Cai: Conceptualization (equal); data curation
(equal); formal analysis (equal); methodology (equal);
project administration (equal); supervision (equal); valida-
tion (equal); visualization (equal); writing — original draft
(equal); writing - review and editing (equal). Zhongquan
Cheng: Data curation (equal); formal analysis (equal);

. e 14109
Cancer Medicine _ “WI LEYJ—

software (equal); supervision (equal); writing - review
and editing (equal). Jiarui Nangong: Data curation
(equal); formal analysis (equal); writing — review and edit-
ing (equal). Xiaodan Zheng: Conceptualization (equal);
data curation (equal); project administration (equal);
resources (equal); supervision (equal). Zhu Yuan:
Conceptualization (equal); resources (equal); software
(equal); supervision (equal); writing - review and editing
(equal).

ACKNOWLEDGMENTS

This work was supported by Department of General
Surgery and Department of Pathology, Capital Medical
University, Beijing Friendship Hospital.

FUNDING INFORMATION
None.

CONFLICT OF INTEREST STATEMENT
We have no conflict of interest with the products or com-
panies described in this article.

DATA AVAILABILITY STATEMENT
The data used in this study can be obtained from the cor-
responding author under reasonable request.

ETHICAL APPROVAL

This study was reviewed and approved by Ethics
Committee of Beijing Friendship Hospital, Capital
Medical University. All participants signed informed con-
sent. Our research follows the Declaration of Helsinki.

CONSENT
All authors agree to publish.

ORCID
Zhu Yuan © https://orcid.org/0000-0003-2838-6235
REFERENCES

1. Seetharam S, Fentiman IS. Paget's disease of the nipple. Womens
Health (Lond). 2009;5(4):397-402. d0i:10.2217/whe.09.23

2. Kanitakis J. Mammary and extramammary Paget's dis-
ease. J Eur Acad Dermatol Venereol. 2007;21(5):581-590.
doi:10.1111/j.1468-3083.2007.02154.x

3. Wong SM, Freedman RA, Sagara Y, et al. The effect of Paget
disease on axillary lymph node metastases and survival in
invasive ductal carcinoma. Cancer. 2015;121(24):4333-4340.
doi:10.1002/cncr.29687

4. Lohsiriwat V, Martella S, Rietjens M, et al. Paget's disease as
a local recurrence after nipple-sparing mastectomy: clini-
cal presentation, treatment, outcome, and risk factor anal-
ysis. Ann Surg Oncol. 2012;19(6):1850-1855. do0i:10.1245/
$10434-012-2226-5


https://orcid.org/0000-0003-2838-6235
https://orcid.org/0000-0003-2838-6235
https://doi.org//10.2217/whe.09.23
https://doi.org//10.1111/j.1468-3083.2007.02154.x
https://doi.org//10.1002/cncr.29687
https://doi.org//10.1245/s10434-012-2226-5
https://doi.org//10.1245/s10434-012-2226-5

MWI LEY_Cancer Medicine

5.

10.

11.
12.
13.

14.
15.

16.

17.

18.
19.

20.

21.

CAIET AL.

Adams SJ, Kanthan R. Paget's disease of the male breast in
the 21st century: a systematic review. Breast. 2016;29:14-23.
doi:10.1016/j.breast.2016.06.015

Chen CY, Sun LM, Anderson BO. Paget disease of the breast:
changing patterns of incidence, clinical presentation, and treat-
ment in the U.S. Cancer. 2006;107(7):1448-1458. d0i:10.1002/
cncr.22137

Vielh P, Validire P, Kheirallah S, Campana F, Fourquet A, Di
Bonito L. Paget's disease of the nipple without clinically and
radiologically detectable breast tumor. Histochemical and
immunohistochemical study of 44 cases. Pathol Res Pract.
1993;189(2):150-155. doi:10.1016/s0344-0338(11)80085-3
Giinhan-Bilgen I, Oktay A. Paget's disease of the breast: clin-
ical, mammographic, sonographic and pathologic findings
in 52 cases. Eur J Radiol. 2006;60(2):256-263. doi:10.1016/j.
ejrad.2006.06.010

Lim HS, Jeong SJ, Lee IS, et al. Paget disease of the breast: mam-
mographic, US, and MR Imaging Findings with Pathologic
Correlation. Radiographics. 2011;31(7):1973-1987. doi:10.1148/
1g.317115070

Sandoval-Leon AC, Drews-Elger K, Gomez-Fernandez
CR, Yepes MM, Lippman ME. Paget's disease of the nip-
ple. Breast Cancer Res Treat. 2013;141(1):1-12. doi:10.1007/
$10549-013-2661-4

Karakas C. Paget's disease of the breast. J Carcinog. 2011;10:31.
doi:10.4103/1477-3163.90676

Sek P, Zawrocki A, Biernat W, Piekarski JH. HER2 molecular
subtype is a dominant subtype of mammary Paget's cells. An
immunohistochemical study. Histopathology. 2010;57(4):564-
571. doi:10.1111/§.1365-2559.2010.03665.x

Dominici LS, Lester S, Liao GS, et al. Current surgical approach
to Paget's disease. Am J Surg. 2012;204(1):18-22. doi:10.1016/j.
amjsurg.2011.07.010

Marshall JK, Griffith KA, Haffty BG, et al. Conservative man-
agement of Paget disease of the breast with radiotherapy: 10-
and 15-year results. Cancer. 2003;97(9):2142-2149. doi:10.1002/
cncr.11337

Ellis PE, Maclean AB, Wong Te Fong LF, Crow JC, Perrett CW.
Angiogenesis in Paget's disease of the vulva and the breast: cor-
relation with microvessel density. J Oncol. 2012;2012:651507.
doi:10.1155/2012/651507

Kawase K, Dimaio DJ, Tucker SL, et al. Paget's disease of the
breast: there is a role for breast-conserving therapy. Ann Surg
Oncol. 2005;12(5):391-397. doi:10.1245/as0.2005.05.026
Ettinger D, Akerley W, Borghaei H. NCCN Clinical Practice
Guidelines in Oncology. 2013.

Barnes PJ, Dumont RJ, Higgins HG. Acinar pattern of mam-
mary Paget's disease: a case report. Breast J. 2007;13(5):520-526.
doi:10.1111/§.1524-4741.2007.00477.x

Lloyd J, Flanagan AM. Mammary and extramammary Paget's
disease. J Clin Pathol. 2000;53(10):742-749. doi:10.1136/
jcp.53.10.742

MobiniN. Acantholyticanaplastic Paget'sdisease.J Cutan Pathol.
2009;36(3):374-380. doi:10.1111/j.1600-0560.2008.01053.x
Mrhalova M, Kodet R. Paget's disease of the nipple: a copy
number of the genes ERBB2 and CCNDI1 versus expres-
sion of the proteins ERBB-2 and cyclin D1. Neoplasma.
2003;50(6):396-402.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

34.

35.

36.

37.

Goldhirsch A, Winer EP, Coates AS, et al. Personalizing the
treatment of women with early breast cancer: highlights of the
St Gallen international expert consensus on the primary ther-
apy of early breast cancer 2013. Ann Oncol. 2013;24(9):2206-
2223. doi:10.1093/annonc/mdt303

Arafah M, Arain SA, Raddaoui EMS, Tulba A, Alkhawaja FH,
Al Shedoukhy A. Molecular subtyping of mammary Paget's dis-
ease using immunohistochemistry. Saudi Med J. 2019;40(5):440-
446. d0i:10.15537/smj.2019.5.23967

Onoe S, Kinoshita T, Tamura N, et al. Feasibility of breast con-
serving surgery for Paget's disease. Breast. 2011;20(6):515-518.
doi:10.1016/j.breast.2011.05.010

Song Q, Jin Y, Huang T, Zhang JH. Diagnosis and treatment of
Paget's disease of the breast: an analysis of 72 cases. Int J Clin
Exp Med. 2015;8(10):19616-19620.

Bertos NR, Park M. Breast cancer—one term, many entities? J
Clin Invest. 2011;121(10):3789-3796. d0i:10.1172/jci57100
WulJM, Fackler MJ, Halushka MK, et al. Heterogeneity of breast
cancer metastases: comparison of therapeutic target expression
and promoter methylation between primary tumors and their
multifocal metastases. Clin Cancer Res. 2008;14(7):1938-1946.
doi:10.1158/1078-0432.Ccr-07-4082

Pectasides D, Gaglia A, Arapantoni-Dadioti P, et al. HER-2/
neu status of primary breast cancer and corresponding meta-
static sites in patients with advanced breast cancer treated with
trastuzumab-based therapy. Anticancer Res. 2006;26(1b):64
7-653.

Mittendorf EA, Wu Y, Scaltriti M, et al. Loss of HER2 amplifica-
tion following trastuzumab-based neoadjuvant systemic therapy
and survival outcomes. Clin Cancer Res. 2009;15(23):7381-7388.
doi:10.1158/1078-0432.Ccr-09-1735

Shah SP, Morin RD, Khattra J, et al. Mutational evolution in a
lobular breast tumour profiled at single nucleotide resolution.
Nature. 2009;461(7265):809-813. doi:10.1038/nature08489
Dieci MV, Barbieri E, Piacentini F, et al. Discordance in recep-
tor status between primary and recurrent breast cancer has a
prognostic impact: a single-institution analysis. Ann Oncol.
2013;24(1):101-108. d0i:10.1093/annonc/mds248

Lester T, Wang J, Bourne P, Yang Q, Fu L, Tang P. Different pan-
els of markers should be used to predict mammary Paget's dis-
ease associated with in situ or invasive ductal carcinoma of the
breast. Ann Clin Lab Sci. 2009;39(1):17-24.

Kothari AS, Beechey-Newman N, Hamed H, et al. Paget disease
of the nipple: a multifocal manifestation of higher-risk disease.
Cancer. 2002;95(1):1-7. doi:10.1002/cncr.10638

Dai X, Xiang L, Li T, Bai Z. Cancer hallmarks, biomarkers and
breast cancer molecular subtypes. J Cancer. 2016;7(10):1281-
1294. doi:10.7150/jca.13141

Ling H, Hu X, Xu XL, Liu ZB, Shao ZM. Patients with nipple-
areola Paget's disease and underlying invasive breast carcinoma
have very poor survival: a matched cohort study. PLoS One.
2013;8(4):e61455. doi:10.1371/journal.pone.0061455

Wachter DL, Wachter PW, Fasching PA, et al. Characterization
of molecular subtypes of paget disease of the breast using im-
munohistochemistry and in situ hybridization. Arch Pathol Lab
Med. 2019;143(2):206-211. doi:10.5858/arpa.2017-0578-0A
Liegl B, Horn LC, Moinfar F. Androgen receptors are fre-
quently expressed in mammary and extramammary Paget's


https://doi.org//10.1016/j.breast.2016.06.015
https://doi.org//10.1002/cncr.22137
https://doi.org//10.1002/cncr.22137
https://doi.org//10.1016/s0344-0338(11)80085-3
https://doi.org//10.1016/j.ejrad.2006.06.010
https://doi.org//10.1016/j.ejrad.2006.06.010
https://doi.org//10.1148/rg.317115070
https://doi.org//10.1148/rg.317115070
https://doi.org//10.1007/s10549-013-2661-4
https://doi.org//10.1007/s10549-013-2661-4
https://doi.org//10.4103/1477-3163.90676
https://doi.org//10.1111/j.1365-2559.2010.03665.x
https://doi.org//10.1016/j.amjsurg.2011.07.010
https://doi.org//10.1016/j.amjsurg.2011.07.010
https://doi.org//10.1002/cncr.11337
https://doi.org//10.1002/cncr.11337
https://doi.org//10.1155/2012/651507
https://doi.org//10.1245/aso.2005.05.026
https://doi.org//10.1111/j.1524-4741.2007.00477.x
https://doi.org//10.1136/jcp.53.10.742
https://doi.org//10.1136/jcp.53.10.742
https://doi.org//10.1111/j.1600-0560.2008.01053.x
https://doi.org//10.1093/annonc/mdt303
https://doi.org//10.15537/smj.2019.5.23967
https://doi.org//10.1016/j.breast.2011.05.010
https://doi.org//10.1172/jci57100
https://doi.org//10.1158/1078-0432.Ccr-07-4082
https://doi.org//10.1158/1078-0432.Ccr-09-1735
https://doi.org//10.1038/nature08489
https://doi.org//10.1093/annonc/mds248
https://doi.org//10.1002/cncr.10638
https://doi.org//10.7150/jca.13141
https://doi.org//10.1371/journal.pone.0061455
https://doi.org//10.5858/arpa.2017-0578-OA

CAIET AL.

38.

39.

disease. Mod Pathol. 2005;18(10):1283-1288. doi:10.1038/
modpathol.3800437

Bianco MK, Vasef MA. HER-2 gene amplification in Paget dis-
ease of the nipple and extramammary site: a chromogenic in
situ hybridization study. Diagn Mol Pathol. 2006;15(3):131-135.
doi:10.1097/01.pdm.0000213456.30151.5b

Tan PH, Schnitt SJ, van de Vijver MJ, Ellis 10, Lakhani SR.
Papillary and neuroendocrine breast lesions: the WHO stance.
Histopathology. 2015;66(6):761-770. d0i:10.1111/his.12463

. . 14111
Cancer Medicine _ “WI LEYJ—

How to cite this article: Cai Y, Cheng Z,
Nangong J, Zheng X, Yuan Z. Using
immunohistochemistry to classify the molecular
subtypes of Paget's disease of the breast. Cancer
Med. 2023;12:14104-14111. doi:10.1002/cam4.6066



https://doi.org//10.1038/modpathol.3800437
https://doi.org//10.1038/modpathol.3800437
https://doi.org//10.1097/01.pdm.0000213456.30151.5b
https://doi.org//10.1111/his.12463
https://doi.org/10.1002/cam4.6066

	Using immunohistochemistry to classify the molecular subtypes of Paget's disease of the breast
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Patients information
	2.2|Immunochemistry
	2.3|Lymph node status
	2.4|Molecular subtypes
	2.5|Statistical analysis

	3|RESULTS
	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICAL APPROVAL
	CONSENT
	REFERENCES


