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Abstract
Purpose  Contrast-enhanced magnetic resonance imaging (CE-MRI) is an essential imaging modality for planning breast 
cancer surgical procedures. However, CE-MRI findings in Paget’s disease of the breast (PD) have not been studied extensively. 
This study aimed to elucidate the CE-MRI findings of PD and assess their role in surgical treatment planning.
Methods  Twelve patients with PD who underwent surgery between 2011 and 2023 were retrospectively analyzed.
Results  The average patient age was 73.8 ± 14.3 years. CE-MRI detected enhanced areas in the nipple-areola complex 
(NAC) and/or surrounding skin in all patients. Additionally, 6 patients showed enhanced areas within the breast, suggesting 
ductal spread into the breast. Of these, 1 patient underwent breast-conserving surgery (BCS), and 5 opted for mastectomy. 
Pathology confirmed the extent of ductal spread of PD, as indicated by CE-MRI. Among the 6 patients who did not have an 
enhanced area in the breast, 3 underwent BCS or central lumpectomy including NAC, and 3 chose mastectomy based on the 
patient's preference, and no malignant foci were observed in the breast.
Conclusion  CE-MRI effectively evaluated the ductal spread of PD in the breast, demonstrating its utility in guiding the 
selection of surgical procedures.
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Introduction

Paget’s disease of the breast (PD) is a rare malignancy origi-
nates from epithelial cells in the nipple and accounts for 
0.5% of all breast cancers [1]. This disease has a unique 
characteristic: it widely spreads to the skin around the 

nipple-areola complex (NAC) and presents as erosion 
around the NAC. Additionally, PD can cause ductal spread-
ing within the breast [1]. However, detecting the skin and 
ductal spread of PD with conventional imaging studies, 
including mammography and ultrasonography (US) [2–4]. 
Another characteristic feature of PD is the high incidence of 
multicentric or multifocal breast cancer [1]. Given the clini-
cal characteristics of PD and the limitations of conventional 
imaging modalities, mastectomy has traditionally been the 
standard surgical procedure for treating PD [5].

In the preoperative imaging workup for breast cancer, 
contrast-enhanced magnetic resonance imaging (CE-MRI ), 
which provides detailed information on the extent of breast 
cancer, is essential to determine the surgical procedure 
(mastectomy or BCS). CE-MRI has proven useful in ductal 
carcinoma, the most common histological type of breast 
cancer, enabling the visualization of invasive lesions and 
intraductal spread [6, 7]. However, the potential of CE-MRI 
to detect the accompanying ductal spread in PD has not been 
well studied. Skin spread is also a critical determinant of the 
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surgical procedure, and the extent of skin excision is usually 
determined on the basis of visible skin erosion. However, 
the ability of CE-MRI to estimate the extent of PD in skin 
erosion remains unknown.

This study aimed to evaluate the role of CE-MRI in deter-
mining the surgical procedure for patients with PD. We 
retrospectively analyzed the outcomes of 12 consecutive 
patients with PD who underwent CE-MRI before surgery, 
and examined the correlation between CE-MRI findings and 
physical and histopathological examination results.

Methods

Patients and study design

We retrospectively examined a cohort of 2052 patients with 
breast malignancies who underwent surgery at Shinshu Uni-
versity Hospital between January 2011 and September 2023. 
From these patients, those who underwent preoperative CE-
MRI and who were diagnosed with PD based on histopatho-
logical examination of the resected specimens were selected. 
Twelve patients (0.6%) were included in this study.

CE‑MRI protocol

CE-MRI was performed preoperatively to assess the skin 
and ductal spread of PD and any additional underlying breast 
cancers. From January 2011 to April 2022, CE-MRI was 
performed using a 1.5 T Signa EXCITE HDxt system (GE 

Healthcare), equipped with a dedicated breast coil. From 
April 2022, we used the 3 T MAGNETOM Prisma Sys-
tem (SIEMENS). The whole breast on the affected side was 
imaged with the patient in prone position. Dynamic stud-
ies were performed before and 7 min after the intravenous 
administration of gadolinium-diethylenetriamine pentaac-
etate. The post-processing procedure included obtaining 
maximum-intensity projections.

A rapid initial enhancement with washout or a rapid-pla-
teau enhancement pattern on NAC was considered as a PD 
lesion in the skin. These enhancement patterns in the breast 
that were continuous with NAC were interpreted as sugges-
tive of ductal spread of PD.

Surgical treatment

Mastectomy is recommended for patients in whom wide 
ductal spread of PD or other multifocal breast cancer is 
suspected based on CE-MRI findings. Patients assessed as 
having a limited extent of PD underwent BCS or central 
lumpectomy including NAC. BCS was defined as resec-
tion of the skin around the NAC with a margin of 20 mm 
of healthy skin and breast tissue, including the NAC 
vertically down to the pectoralis major fascia (Fig. 1a). 
Patients eligible for BCS also underwent mastectomy if 
they preferred it. Central lumpectomy, including NAC, 
involves resection of the tumor and subareolar breast tis-
sue, including the skin around the NAC, with a margin 
of 20 mm of healthy skin (Fig. 1b). General anesthesia 
was chosen except for patients who were considered 

Fig. 1   Surgical procedure for PD a Breast-conserving surgery 
removes the skin around the NAC with a margin of 20 mm of healthy 
skin. It also involves to remove breast tissue, including the NAC, ver-
tically, down to the pectoralis major fascia. b Central lumpectomy, 
including the NAC removes the tumor and subareolar breast tis-

sue, including the skin around the NAC with a margin of 20 mm of 
healthy skin. The resection line is indicated as red line in both pro-
cedures. The extent of the PD lesion is indicated by the blue line in 
both procedures. PD Paget’s disease of the breast, NAC nipple-areola 
complex
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intolerant to general anesthesia because they were older 
or had comorbidities. Local anesthesia with 1% lidocaine 
was administered to patients who could not tolerate gen-
eral anesthesia. Sentinel lymph node biopsy (SNB) was 
performed using the dual radioisotope and dye methods.

Pathological diagnosis

The diagnosis of PD was confirmed via a histopathologi-
cal examination. Breast tissue samples, including NAC, 
were fixed in 10% buffered formalin for 24–48 h and sub-
sequently embedded in paraffin. Serial Sects. (3 µm in 
thickness) were cut from the paraffin blocks and stained 
with hematoxylin and eosin  (HE). The microscopic 
assessment was performed by a pathologist (H.M.). PD 
was diagnosed based on the identification of character-
istic large, pale-stained Paget cells within the epidermis, 
exhibiting abundant cytoplasm and prominent nucleoli. 
Immunohistochemical (IHC) staining of estrogen recep-
tors (ERs) and progesterone receptors (PgRs) was per-
formed to evaluate the hormone receptor status.

Adjuvant therapy

Whole-breast irradiation at 50 Gy is recommended for 
patients undergoing BCS or central lumpectomy, includ-
ing NAC. Breast reconstruction was performed according 
to patient preference for patients who underwent mas-
tectomy. Patients positive for ER or PgR in PD or other 
underlying breast cancers were treated with tamoxifen 
5 years after surgery.

Data collection

Clinical information, including age, sex, estimated extent 
of PD skin spread by visual assessment, CE-MRI findings, 
surgical procedure, reasons for surgical choice, anesthesia 
type, extent of pathological skin and ductal spread of PD, 
ER and PgR status, and adjuvant therapy, were retrospec-
tively collected from medical records.

Ethics statement

This study complied with the provisions of the Declara-
tion of Helsinki (64th WMA General Assembly, Fortaleza, 
Brazil; October, 2013). The local ethics committee also 
approved this study for clinical investigation at Shinshu Uni-
versity (no. 5350). Our institution uses a form on its website 
to enable patients to opt out of using their clinical data for 
research purposes. The requirement for written informed 
consent was waived. All patient data were anonymized.

Results

Patient characteristics

Table 1 presents the clinical characteristics of the patients 
included in this study are presented in Table 1. The mean 
age at the diagnosis was 73.8 ± 14.3 years. Of these, 91.7% 
(11 patients) were female, and 8.3% (one patient) were male. 
All patients exhibited clinical findings on NAC: 75.0% (9 
patients) presented with eczema and 25.0% (3 patients) 
had erythema. None of the patients had any palpable breast 
masses. All patients were preoperatively diagnosed with PD 

Table 1   Clinical presentations 
of 12 patients

MMG mammography, US ultrasonography, NAC nipple-areola complex

No Age Sex Chief complaints Palpable mass in 
the breast

Abnormal find-
ings in MMG

Abnormal find-
ings in US at 1st 
visit

1 94 f Eczema at NAC None None None
2 89 f Eczema at NAC None None None
3 48 f Erythema at NAC None None None
4 69 f Eczema on NAC None None None
5 80 f Eczema on NAC None None None
6 81 m Erythema on NAC None None None
7 56 f Eczema on NAC None None None
8 76 f Erythema on NAC None None None
9 77 f Eczema on NAC None None None
10 82 f Eczema on NAC None None None
11 79 f Eczema on NAC None None None
12 54 f Eczema on NAC None None None
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using nipple-skin biopsy. The median follow-up period was 
48 months (range: 3–129 months).

Preoperative imaging workup

All patients underwent preoperative imaging examinations 
using mammography, ultrasonography, and CE-MRI. None 
of the patients had abnormal mammographic findings. Addi-
tionally, US revealed no abnormal findings in the breast dur-
ing the first examination in any patient (Table 1). Patients 
4 and 10 underwent 3 T MRI, while the others underwent 
1.5 T MRI.

All patients had visible PD skin lesions on the NAC and 
adjacent skin, with erosive lesion sizes ranging from 5 to 
65 mm. The extent of these lesions closely corresponded 
with the enhanced areas observed on CE-MRI; the maxi-
mum deviation was 7 mm in Patient 7 (Table 2). Half of the 
patients (6 patients) had additional enhanced lesions in the 
affected breast on CE-MRI, in addition to those on the NAC 
and surrounding skin. Of these, 1 patient (Patient 12) had 
another enhanced area in the upper outer quadrant of the 
affected breast unrelated to the PD lesion (Fig. 2a, b). This 
was confirmed to be ductal carcinoma in situ (DCIS) by 
core needle biopsy following second-look ultrasonography, 
which revealed a hypoechoic lesion consistent with the CE-
MRI-enhanced area (Fig. 2c). The other 5 patients (Patients 
4 and 8–11) showed enhanced areas contiguous with NAC, 
suggesting a possible ductal spread of PD (Fig. 3). However, 
no such spread was detected in these patients on second-look 
ultrasonography after CE-MRI.

Surgery

Table 2 outlines the surgical procedures and histopathologi-
cal findings of resected specimens. BCS or central lumpec-
tomy, including NAC, was performed in 25.0% of patients 
(Patients 1–4), while the remaining 75.0% (Patients 5–12) 
underwent mastectomy. Mastectomy was selected because 
of the suspected wide ductal spread of PD (Patients 10 and 
11), the presence of another breast cancer (Patient 12), and 
patient preference (Patients 5–9). BCS or central lumpec-
tomy, including NAC, was selected for Patients 1–3 in 
whom CE-MRI indicated no ductal spread of PD (Fig. 4a). 
For Patient 4, BCS was chosen because complete excision 
was deemed feasible despite the suspicion of ductal spread 
based on CE-MRI. Central lumpectomy, including NAC 1 
and 2 was performed under local anesthesia in Patients 1 
and 2, and these patients did not undergo SNB. The remain-
ing ten patients (Patients 3–12) who underwent surgery 
under general anesthesia also underwent SNB. Two patients 
(Patients 7 and 9) underwent two-stage implant-based breast 
reconstruction.

Histopathological findings

All 12 patients were histopathologically confirmed to have 
PD, consistent with the preoperative biopsy findings. Senti-
nel lymph node metastases were absent in all the 10 patients 
who underwent SNB. The histopathological extent of the 
skin spread, ranging from 8 to 64 mm, was almost congru-
ent with visible lesions (Table 2). Furthermore, the extent 
of the histopathological spread of PD on the NAC or the 
surrounding skin closely corresponded to the CE-MRI esti-
mates; the greatest discrepancy was 10 mm in Patient 8. The 
HE findings of patient 3 showed angiogenesis and infiltration 
of inflammatory cells in the dermis under the PD lesions, 
unlike the dermis under the normal epidermis (Fig. 4b–d).

In terms of the extent of PD within the breast, in the 3 
patients who underwent BCS or central lumpectomy, includ-
ing NAC (Patients 1–3), no ductal spread of PD was found on 
histopathological examination, which was concordant with 
the CE-MRI findings; hence, the margins in the breast were 
negative, and margins of more than 20 mm were achieved 
(Table 2). Conversely, the enhanced areas on CE-MRI con-
tinuous with NAC in Patients 4 and 8–11 were identified 
as ductal PD spread, with the pathological extent closely 
matching the CE-MRI estimates; the greatest discrepancy 
was 6 mm in Patient 11. Patient 4, who underwent BCS 
despite ductal spread, had a negative margin of > 20 mm. 
Furthermore, the histopathological extent of DCIS in Patient 
12, which was unrelated to PD, corresponded to the CE-MRI 
enhancement area (Table 2). In the other 3 patients (Patients 
5–7) treated with mastectomy and did not show an enhanced 
area in the breast on CE-MRI, malignant foci other than PD 
were not identified in the breast. ER was weakly positive in 
4 patients (≥ 1% in Patients 1,4 and 5; 40% in Patient 11, 
and 60% in Patient 8), whereas PgR was positive in only 1 
patient (60% for patient 7) (Table 2).

Postoperative course

Three patients (25.0%) received adjuvant tamoxifen therapy 
(Patients 8, 11, and 12). Patients 8 and 11 were administered 
tamoxifen because of ER-positivity in their PD lesions. In 
Patient 12, tamoxifen was prescribed despite the PD being 
ER-negative, as the DCIS component was ER-positive. 
Patients 3 and 4 underwent whole-breast irradiation (50 Gy). 
Throughout the follow-up period, none of the patients expe-
rienced local recurrence or distant metastases (Table 3).

The potential of CE‑MRI to estimate the extent 
of the skin or ductal spread of PD

Table 4 summarizes the differences between the extent of 
skin or ductal spread of PD based on the histopathologi-
cal and CE-MRI findings. The discrepancy was calculated 
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as the extent of histopathological findings minus that of 
CE-MRI findings. The skin and ductal spread of PD were 
both underestimated by CE-MRI by up to 6 mm (Patient 
7 for skin spread and Patient 11 for ductal spread). The 
mean difference was 0.6 ± 5.0 mm for skin spread and 
2.6 ± 2.7 mm for ductal spread.

Discussion

The present study demonstrates that CE-MRI can accu-
rately depict not only the extent of PD spread on the 
skin but also its ductal spread. Hence, information from 

Fig. 2   CE-MRI and histopatho-
logical (HE stain × 200) find-
ings of Patient 12. a CE-MRI 
showing an enhancement area 
of 5 mm (arrow) on the NAC 
diagnosed as limited PD. b 
Another enhancement area in 
the upper outer quadrant of the 
breast is detected (arrow). c The 
enhancement area shown in b 
was diagnosed as DCIS. Scale 
bar = 100 μm. CE-MRI contrast-
enhanced magnetic resonance 
imaging, HE hematoxylin and 
eosin, NAC nipple-areola com-
plex, PD Paget’s disease of the 
breast, DCIS ductal carcinoma 
in situ 

Fig. 3   CE-MRI, and histopathological (HE stain × 200) findings of 
Patient 11. a CE-MRI shows a segmental enhancement area in the 
upper section of the breast, which is continuous with the enhance-
ment area on the NAC (arrow). b The enhanced area in the breast 
was diagnosed as a ductal component of PD. Infiltration of inflamma-

tory cells (arrow) in the stroma around the ductal component of PD. 
Scale bar = 100  μm. CE-MRI contrast-enhanced magnetic resonance 
imaging, HE hematoxylin and eosin, NAC nipple-areola complex, PD 
Paget’s disease of the breast
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Fig. 4   CE-MRI and histopathological findings of Patient 3. a CE-
MRI shows an area of enhancement that is 30  mm in diameter 
(arrow) on the NAC with no evidence of ductal spread or other sus-
picious foci. b Histopathological findings (HE stain × 40) reveal PD 
extending 26  mm on the NAC (arrows showing the extent of PD), 
Scale bar = 500  μm. c The black arrow shows the histopathological 
border of PD and normal epidermis (HE staining × 100). The white 
arrow shows angiogenesis and infiltration of inflammatory cells in 

the dermis under PD. Scale bar = 800 μm. d Comparison of the histo-
pathological findings (HE staining × 100) between PD and the normal 
dermal and epidermal layers. Angiogenesis and infiltration of inflam-
matory cells (white arrows) are observed in the dermis under PD. CE-
MRI contrast-enhanced magnetic resonance imaging, HE hematoxy-
lin and eosin, NAC nipple-areola complex, PD Paget’s disease of the 
breast

Table 3   Clinical course after surgery

TAM tamoxifen

No Adjuvant
therapy

Follow-up 
period
(months)

Recurrence

Endocrine 
therapy

Irradiation

1 None None 104 –
2 None None 22 –
3 None  + 

(whole breast 50 Gy)
129 –

4 None  + 
(whole breast 50 Gy)

3 –

5 None None 21 –
6 None None 52 –
7 None None 56 –
8 TAM None 38 –
9 None None 44 –
10 None None 3 –
11 TAM None 92 –
12 TAM None 117 –

Table 4   Discrepancy between CE-MRI and histopathological find-
ings in the skin or ductal spread of PD

CE-MRI contrast-enhanced magnetic resonance imaging, PD Paget's 
disease of the breast, NA not applicable

No Skin spread
(mm)

Ductal spread
(mm)

1 −1 NA
2 2 NA
3 −4 NA
4 1 2
5 5 NA
6 4 NA
7 6 NA
8 −10 0
9 3 5
10 0 0
11 0 6
12 3 NA
Mean ± SD 0.6 ± 5.0 2.6 ± 2.7
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CE-MRI is useful for determining the appropriate surgical 
procedure for PD.

Historically, mastectomy has been the recommended 
surgical procedure for treating PD [5]. However, BCS has 
recently been accepted as a proper surgical procedure in 
patients with PD to a limited extent [8]. Bijker et al. demon-
strated a relatively low 5-year local recurrence rate of 5.2% 
after central lumpectomy, including NAC and irradiation, 
suggesting its feasibility for limited-extent PD [9]. Consist-
ent with this report, Marshall et al. recommended local exci-
sion and subsequent breast irradiation as alternatives to mas-
tectomy, particularly for patients with no palpable mass or 
abnormal mammographic density, with a 5-year local con-
trol rate of 91% [10]. Subsequent studies have highlighted 
the role of CE-MRI in the surgical planning of PD. Siponen 
et al. reported that BCS was performed in 18 (31.0%) of 58 
patients with PD and that only 1 patient (5.6%) developed 
local recurrence. They suggested that CE-MRI might be ben-
eficial when considering BCS. However, in their study, only 
14 patients underwent CE-MRI, while 18 underwent BCS 
[5]. Similarly, Dominici et al. demonstrated the usefulness 
of CE-MRI in surgical planning of PD. However, in their 
study of 51 patients with PD, CE-MRI was performed in 
27 (52.9%) patients, while 37 (72.5%) patients underwent 
BCS. Thus, it is possible that CE-MRI findings were not 
sufficiently used when BCS was chosen, and it was unclear 
whether CE-MRI was truly useful in determining the sur-
gical procedure for PD based on the results of their study. 
To date, no reports have described the association between 
CE-MRI and histopathological findings in patients with PD. 
Our study fills this gap by providing detailed information on 
the association between CE-MRI findings and histopatho-
logical findings of PD. Although the clinical practice guide-
lines from the National Comprehensive Cancer Network for 
breast cancer recommend a preoperative imaging work-up 
using CE-MRI, the primary goal of this recommendation is 
to identify otherwise clinically occult breast cancer rather 
than to assess the extent of ductal spread or skin involvement 
in PD [11]. In this regard, the results of this study showed 
that CE-MRI accurately predicts the extent of spread on the 
skin and ductal spread of PD, providing novel insights into 
treatment strategies for PD. When CE-MRI does not suggest 
widespread ductal spread of PD, BCS or central lumpec-
tomy, including NAC, may be sufficient. Conversely, mas-
tectomy was preferred when CE-MRI indicated extensive 
ductal spread or mammographically occult independent 
breast cancer.

Central lumpectomy, including NAC, is less invasive 
than BCS and can be safely performed under local anes-
thesia with minimal invasion. In an aging society in Japan, 
there is an increasing demand for minimally invasive sur-
geries in elderly patients. In this regard, central lumpec-
tomy, including NAC, as a less volumetric procedure may 

be preferable if the tumor can be completely resected. In 
line with this context, in PD of the breast, the possibility of 
axillary lymph node metastasis is extremely low because 
PD is a malignancy in situ, and omission of axillary sur-
gery is acceptable. Indeed, in our patient cohort, none of 
the patients had metastases to sentinel lymph nodes. Thus, 
a complete cure can be achieved if complete tumor resec-
tion is achieved using central lumpectomy including NAC 
alone. Furthermore, patients with PD experience symp-
toms such as eczema during NAC, necessitating surgical 
intervention [12]. Hence, central lumpectomy, including 
NAC, under local anesthesia may be a viable and mini-
mally invasive option, particularly in elderly patients with 
limited ductal spread of PD. This was evidenced in our 
cohort, in which patients of > 85 years of age underwent 
curative operations under local anesthesia guided by pre-
operative CE-MRI.

In the present study, CE-MRI accurately evaluated not 
only the ductal spread of PD but also skin spread, with a 
mean discrepancy of 0.6 mm between CE-MRI and his-
topathological findings. The mechanisms underlying skin 
lesion enhancement in PD on CE-MRI are not fully under-
stood. Dissecting these mechanisms may offer new insights 
into PD pathology. Generally, the enhanced area of breast 
cancer on CE-MRI is attributed to angiogenesis and inflam-
matory cell infiltration into the stroma surrounding the ducts 
affected by cancer [13–15]. As shown in Fig. 3b and Fig. 4c, 
d, such histopathological changes were observed in both 
the stroma around the ductal spread of PD and the dermis 
beneath the PD lesions, potentially leading to skin enhance-
ment on CE-MRI in patients with PD.

The present study was associated with several limita-
tions. First, the small sample size (12 patients) limits the 
generalizability of our findings. More extensive studies 
are needed to validate the utility of CE-MRI in the surgi-
cal planning of PD. However, one strength of this study is 
that we reported a detailed association between CE-MRI 
findings and histopathological findings in PD in each case, 
in contrast to previous studies [5, 8–10]. This information 
enabled us to evaluate the role of CE-MRI in planning surgi-
cal procedures. Second, the retrospective nature of the study 
may have introduced selection bias, as only patients who 
underwent surgery and preoperative CE-MRI were included. 
These limitations highlight the need for more comprehensive 
studies to fully establish the role of CE-MRI in the manage-
ment of PD. Furthermore, although 83.3% of the patients 
(10 of 12) included in this study were examined using 1.5 T 
MRI, 3 T MRI is becoming increasingly common. 3 T MRI 
provides images with higher resolution and enhanced tis-
sue contrast, and hence may have the potential to improve 
diagnostic accuracy in PD by better detecting subtle ductal 
spread or skin involvement. With 3 T MRI, central lumpec-
tomy, including NAC or BCS, with even smaller margins 
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(< 20 mm) may be achievable. Future studies using 3 T MRI 
are warranted.

In conclusion, CE-MRI is useful for evaluating the extent 
of PD, including ductal and skin spread, around the NAC. 
Mastectomy should be considered when CE-MRI findings 
suggest extensive ductal spread of the PD. However, in 
patients with limited ductal spread, as predicted by CE-MRI, 
BCS, or central lumpectomy including NAC, it may be the 
preferred surgical option.
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