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Case Report

Paget disease of the breast with underlying invasive ductal cancer
in neurofibromatosis type 1: a case report
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Background: Neurofibromatoses (NFs) are a group of rare autosomal dominant genetic disorders
characterized by tumors growing in the nervous system. Neurofibromas, which are soft noncancerous
tumors, have been found on or under the skin in patients with NF1. Furthermore, patients with NF1 are
susceptible to various cancers, including breast cancer. Neurofibromas under the skin of the breast can delay
the diagnosis of breast cancer, which severely reduces life expectancy. Paget disease of the breast (PDB) is a
rare type of breast cancer that causes eczema-like changes of the nipple.

Case Description: Here, we present a rare case of a 50-year-old woman who was diagnosed with NF1
and an invasive ductal breast carcinoma accompanied by PDB. The patient underwent mastectomy, sentinel
lymph node biopsy, and adjuvant therapies, including chemotherapy, anti-human epidermal growth factor
receptor 2 (HER2) therapy, and endocrine therapy. No local recurrence or distance metastasis was found at
3 years of follow-up.

Conclusions: NF1 patients aged <50 years have a higher risk of breast cancer and a worse prognosis.
Moreover, neurofibroma in the breast can easily mask signs of breast cancers. Therefore, early breast cancer
screening is crucial for patients with NF1. Radiotherapy should be avoided because of potential carcinogenicity
to the neurofibromas. Mastectomy, and not breast-conserving surgery, is the optimal choice. Patients should

undergo regular postoperative follow-up so that contralateral breast cancer can be detected early.
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Introduction (1,2). The most common signs and symptoms of NF1 are

Neurofibromatoses (NFs) are a group of rare genetic coffee-colored café-au-lait spots on the skin, Lisch nodules

disorders that cause tumors to form on nerve tissue (1). on the iris, and neurofibromas mostly under the skin. The

There are 3 NF subtypes: NF1, NF2, and schwannomatosis.
NF1, also called Von Recklinghausen disease, accounts for

NF1 gene is also a tumor-suppressor gene, and thus NFI

mutations are associated with several malignancies, the

96% of cases of NF and is inherited from a parent or caused
by spontaneous neurofibromin 1 (NFI) gene mutation

most common being intracranial gliomas and malignant

peripheral nerve sheath tumors (MPNSTs) (3). Other

A ORCID: Taiyuan Liu, 0000-0001-9906-2727; Yingchao Zhang, 0000-0002-8078-3142.

© Translational Cancer Research. All rights reserved.

Transl Cancer Res 2023;12(3):638-645 | https://dx.doi.org/10.21037/tcr-22-1783


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr-22-1783

Translational Cancer Research, Vol 12, No 3 March 2023

malignancies, such as breast cancer, pheochromocytoma,
gastrointestinal stromal tumors, and malignant fibrous
histiocytoma, are also related to NFI mutations (3).

Paget disease of the breast (PDB) is a rare type of
cancer that is characterized by inflammatory eczema-like
changes of the nipple (4). PDB is usually associated with
an underlying invasive breast cancer or develops alone (5).
Many genes responsible for breast cancer have been
identified, such as BRCA1 DNA repair associated (BRCAI)
and BRCA2 DNA repair associated (BRCA2) (6). Numerous
studies have suggested that NFI mutations may lead to a
higher incidence of breast cancer (3,7). However, reports
of patients with NF1 and Paget disease accompanied by
invasive breast cancer are rare (8).

Both NF1 and breast cancer have the same sign: a lump
in the breast. This makes it difficult to detect breast cancer
in patients with NF1, thereby delaying treatment. At
present, guidelines for the treatment for patients with NF1
and breast cancer are scarce (9), but in many recognized
NF1-related cancers, surgical intervention is routinely
used. Uusitalo er a/. reported that breast cancer subtypes
with NF1 were more often associated with estrogen
receptor (ER) and progesterone receptor (PR) loss, human
epidermal growth factor receptor 2 (HER2) amplification,
and a higher tumor grade, all of which are indicators of
a poor prognosis (10). We present the following case in
accordance with the CARE reporting checklist (available
at https://tcr.amegroups.com/article/view/10.21037/tcr-
22-1783/r0).

Highlight box

Key findings
e We present a rare case of a patient with neurofibromatosis type 1
(NF1) and Paget disease accompanied by invasive breast cancer.

What is known and what is new?

* Patients with NF1 are more likely to develop breast cancer
compared to the general population.

* Paget disease of the breast is an unusual observation in patients
with NF1 and breast cancer.

What is the implication, and what should change now?

e Early breast cancer screening should be performed for patients
with NF1.

® Breast-conserving surgery should be chosen carefully to avoid the
risk of carcinogenesis from postoperative radiotherapy.

* Regular follow-up should be performed to detect cancers early
in the contralateral breast for those who have already had breast
cancer on one side.
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Case presentation

All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or
national research committee and with the Declaration of
Helsinki (as revised in 2013). Written informed consent was
obtained from the patient for publication of this case report
and accompanying images. A copy of the written consent is
available for review by the editorial office of this journal.

A 50-year-old woman with a palpable mass in her
right breast was admitted to the Second Hospital of Jilin
University on March 25, 2019. The patient had been
diagnosed with NF1 when she was 16 years old. Her father
had NF1, but her mother, brother, and sister did not.
Physical examinations revealed a firm and immobile mass in
the upper quadrant of the right breast; the skin of the breast
showed no edema, redness, or pitting. However, eczematous
changes of the nipple and areola were found. The skin all
over the patient’s body had large amounts of light-brown
(café-au-lait) spots of various sizes and pea-sized bumps
(neurofibromas) even on her breasts (Figure 1A4,1B). The
patient did not feel skin discomfort.

Enlarged axillary and supraclavicular lymph nodes were
not palpable on either side.

Ultrasound examinations revealed multiple hypoechoic
masses in the upper outer quadrant of the right breast.
The biggest mass measured 2.2 cm x 1.0 cm and had an
unclear boundary, irregular shape, and spot-like strong echo
calcifications inside. The mass was categorized as Breast
Imaging-Reporting and Data System (BI-RADS) category
4C (Figure 2). No enlarged lymph nodes were seen in the
bilateral axillae. Radiographs detected no metastatic lesions.

An ultrasound-guided core needle biopsy was performed.
Pathology results revealed invasive breast cancer. The
patient underwent right breast mastectomy and sentinel
lymph node biopsy on March 29, 2019.

Postoperative pathology confirmed the previous diagnosis:
invasive ductal carcinoma grade III (1.5 c¢m in diameter;
Figure 34) without vessel infiltration. Moderate- to high-
grade ductal carcinoma iz situ (DCIS) was found among the
interstitium below the nipple, involving the skin of the nipple
(Figure 3B). Paget cells were also observed in the nipple of
the right breast (Figure 3C). Sentinel lymph node biopsy
revealed there was no metastasis in the right sentinel lymph
node (0/3). Immunohistochemical staining results were as
follows: ER, 90% with strong intensity; PR, 90% with strong
intensity; HER2, 3+; E-cadherin positive; P53 negative; and
a Ki67 labeling index of 60% (Figure 3D-3H).
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Figure 1 Anterior (A) and posterior (B) views of the patient’s skin after mastectomy. The patient was diagnosed with neurofibromatosis type

1 and Paget disease of the breast with underlying invasive ductal cancer and ductal carcinoma in situ.

Figure 2 Ultrasound image showing a hypoechoic mass with an
indistinct boundary and punctate calcification in the right breast.

The size of the mass was approximately 2.2 cm x 1.0 cm.

Pathology of the cutaneous neurofibromas under the skin
of the breast was also performed. We observed hypocellular
proliferation of spindle cells with interspersed collagen
bundles, as well as mast cells. Immunohistochemistry
revealed that the nodule was S100 positive and CD34
positive (Figure 4).

The final diagnosis was PDB with underlying invasive
ductal cancer and NF1. Subsequently, the patient
underwent adjuvant chemotherapy with epirubicin and
cyclophosphamide every 3 weeks for 4 cycles, followed
by docetaxel every 3 weeks for 4 cycles. Trastuzumab was
given concomitantly with docetaxel once every 3 weeks for
1 year. When chemotherapy ended, the patient started
S5-year endocrine therapy with tamoxifen. As of this writing,
the patient has not exhibited any severe side effects and
is being followed up. Up to 44 months after surgery (last
follow-up November 25, 2022), no local recurrence or
metastases have been found by physical and imaging
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examinations. Figure 5 shows a timeline of the diagnosis,
treatment, and follow-up in this patient.

Discussion

According to the diagnostic criteria developed by the
National Institutes of Health and revised in 2021 (11),
an individual who does not have a parent diagnosed with
NF1 and meets at least 2 of the following criteria can be
diagnosed with NF1: (I) 26 café-au-lait macules with a
greatest diameter >5 mm in prepubertal individuals and
>15 mm in postpubertal individuals; (I) freckling in the
axillary or inguinal region; (III) >2 neurofibromas of any
type or 1 plexiform neurofibroma; (IV) optic pathway
glioma; (V) =22 Lisch nodules (iris hamartomas) or
>2 choroidal abnormalities; (VI) a distinctive osseous lesion,
such as sphenoid dysplasia, anterolateral bowing of the tibia,
or pseudarthrosis of a long bone; and (VII) a heterozygous
pathogenic NF1 variant with a variant allele fraction of 50%
in apparently normal tissue, such as white blood cells.

Some individuals with NF1 have barely noticeable
neurological problems, whereas others are profoundly
affected. The life span of patients with NF1 is significantly
shortened (by 16.5 years in men and by 26.1 years in women)
compared with the general population primarily because
patients with NF1 are likely to have malignant peripheral
nerve sheath tumors that are very aggressive (12,13).

Although the incidence of NF1 with breast cancer is
extremely low, current data show that the incidence of
malignancy in individuals with NF1 is higher than in the
general population (14). Uusitalo ez 4l. conducted a cohort
study to assess the incidence and mortality of cancer among
1,404 (737 women) Finnish patients with NF1, 31 of whom
(4.2%) had breast cancer. They found the breast cancer
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Figure 3 Staining of the breast cancer samples. (A-C) Hematoxylin and eosin (HE) staining revealed invasive ductal carcinoma (A) with
moderate-to-high-grade intraductal carcinoma (B) and Paget disease of the breast (C). Immunohistochemical results of invasive breast
cancer: (D) estrogen receptor (ER), 90%+; (E) progesterone receptor (PR), 90%+; and (F) human epidermal growth factor receptor 2 (HER2),
3+. (G) E-cadherin positive. (H) The Ki-67 labeling index was 60.0%. The length of the scale bar is 100 pm.

- -
Figure 4 Hematoxylin and eosin (HE) and immunohistochemical staining of samples of the cutaneous neurofibroma. (A) HE staining of the

neurofibroma from the patient’s breast skin. (B) Immunohistochemical staining was positive for S100 (C) and CD34. The length of the scale
bar is 100 pm.
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A palpable mass was diag-
nosed with breast cancer
using core needle biopsy in
her right breast. Radiographs
revealed no matastases

Mastectomy and sentinel
lymph node biopsy were
performed

The patient had been
diagnosed with NF1

I

Pathology revealed an
invasive ductal carcino-
ma with Paget disease of
the breast
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No local recurrence or metas-
tases were found at time of
last follow-up

The patient started to receive
chemotherapy and anti-HER2
therapy. Started 5-year tamoxifen
as endocrine therapy after chemo-
therapy

1985 March 25,2019 March 29, 2019 April 4, 2019  April 8, 2019

>

November 25, 2022

Figure 5 Timeline showing the diagnosis, treatment, and follow-up in our patient. NF1, neurofibromin 1; HER2, human epidermal growth

factor receptor 2.

incidence of NF1 in women aged <40 years to be 10-fold that
of the control population (10). A meta-analysis conducted
by Suarez-Kelly et 4/. found that women with NF1 have
a 3-fold increased risk of developing breast cancer than
did the general population [standardized incidence ratio
(SIR) 3.07; 95% confidence interval (CI): 2.16-4.38) (15)].
Compared with the general population, women with NF1
aged <50 years had a 5-fold increased risk of breast cancer
(SIR 5.08; 95% CI: 3.77-6.81) (15). Furthermore, breast
cancer is the second most frequently diagnosed cancer in
patients with MPNST (16). Breast cancer patients with
NF1 also have a worse prognosis (10). A retrospective study
from Japan showed that these patients were likely to have
a younger age at onset and advanced clinical stage, and
to be hormone receptor negative (17). These features are
indicative of a worse prognosis.

NF1 is an autosomal dominant genetic disorder caused by
an NFI gene germline mutation, with an approximate birth
incidence of 1 in 2,500-3,500 individuals; however, half of all
patients have new NFI mutations (18,19). McPherson et al.
found independent somatic NFI mutations in 3 separate
tumor specimens from a patient who was diagnosed with
breast cancer, MPNST, and neurofibroma, indicating that
a "second hit” of NFI (somatic mutation after a germline
mutation) may be important in tumorigenesis (20). The
NF1 gene encodes for neurofibromin, which activates RAS-
GTPase (21). Breast cancer is considered to be the result
of the accumulation of mutations in epithelial cells, and the
NF1 gene is considered a tumor-suppressor gene in breast
cancer, with mutations in NFI potentially enhancing the
frequency of breast cancer malignant transformation (22).
Abnormalities in the NFI gene may be related to genes
classically associated with breast cancer. The BRCAI,
erb-b2 receptor tyrosine kinase 2 (ERBB2), P53, and NF1
genes are located in the long arm of chromosome 17. This
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can potentially explain the relationship between NF1 and
breast cancer (23). The tumor in our patient had high ER
and PR expression. A previous study showed that frameshift
and nonsense mutations in NFI are associated with a poor
prognosis in ER-positive breast cancer patients (24).

Neurofibromas are usually found on or under the skin.
They can also be found in the breast (25). Therefore,
it is important to distinguish neurogenic tumors
from breast cancer in the breast area to avoid delayed
detection. Moreover, considering the higher risk of breast
cancer morbidity among patients with NF1, healthcare
professionals should encourage individuals, especially
those in high-risk populations, to perform breast self-
examinations and to undergo regular early mammogram
screening, which could help with the detection of early
breast cancer (26). In addition to women with NF1 having
an increased risk of a first primary breast cancer, they have a
higher rate of contralateral breast cancer, with a cumulative
risk of 26.5% in 20 years (27). Thus, a contralateral
mastectomy could be considered a preventive measure.

In our patient, the remarkable finding was that Paget
disease developed with an invasive cancer. PDB is a rare
type of breast cancer, accounting for only 0.5-5% of all
breast cancers (4). PDB has the appearance of eczema within
the skin involving the nipple and areola. The hallmark of
PDB is Paget cells within the epidermis; these are large
cells with a pale cytoplasm, atypical nuclei, and prominent
nucleoli. One theory to explain the pathogenesis of the
PDB is the “epidermotropic” theory, which proposes that
Paget cells are ductal carcinoma cells that have migrated to
the epidermis of the nipple Another theory explaining the
pathogenesis of PDB is the transformation theory, which
proposes that epidermal keratinocytes are transformed
into malignant Paget cells (28). However, there is more
evidence supporting the epidermotropic theory, as ductal
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involvement immediately below the nipple and the same or
similar immunohistochemical markers as the primary site
have been reported (4,29). The main pathological type of
these underlying cancers is HER2 positive (4). PDB with
underlying invasive cancer or DCIS is commonly seen, but
only a few cases of PDB with NF1 have been reported (8,30).
Because of its rarity, there is currently insufficient evidence
to prove the relationship between PDB and NF1. However,
neurofibromas are more likely to develop in the nipple-
areolar zone, which is the most common site of PDB (31).
Findings from genetic studies may provide clues as to the
links among invasive breast cancer, DCIS, PDB, and NF1,
and to identifying new therapeutic targets.

Zheng et al. reported that neurofibromin, the product of
the NFI gene, is an ERa transcriptional corepressor (32).
NFI depletion enhanced ER transcription and acquired
resistance to endocrine therapy. Mitogen-activated protein
kinase kinase (MEK) inhibitors have shown potential in the
treatment of NF-deficient ER-positive breast cancer (29).
However, there is no clear evidence of the clinical efficacy of
MEK inhibitors. Pearson et a/. found that NF1 may mutate
during metastasis, inducing the resistance to endocrine
therapy, and that combined palbociclib and fulvestrant
may overcome this resistance (21). In our patient, adjuvant
therapy was administered according to the guidelines for
breast cancer (33). The association between NFI and the
pathogenesis of breast cancer is obscure, and there are no
available drugs targeting NF1. To determine the adequacy
of conventional treatments for breast cancer patients with
NF1, extensive data validation is required. NF1 may be an
important prognostic factor to guide treatment.

Mastectomy may be a better choice for patients with NF1
breast cancer because there is a chance that radiotherapy
after breast-conserving surgery may lead to cancer (34).
In addition, according to the postoperative pathological
classification of breast cancer, systemic treatments, such as
chemotherapy, endocrine therapy, and anti-HER2 therapy,
should follow existing breast cancer treatment guidelines (32).

In this paper, we report on a case of NF1 and PDB with
underlying invasive ductal cancer. Other than our case, only
3 cases of breast cancer accompanied by PDB with NF1
have been reported in the literature (8,30).

Conclusions

Patients with NF1 have a higher risk of developing breast
cancer. However, definite proof of the association between
NF1 and breast cancer is still required. Key points are as
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follows: (I) mutations of NFI, as a tumor-suppressor gene,
may increase tumor susceptibility, including to breast
carcinoma and PDB; (II) patients with NF1, especially those
who have numerous neurofibromas in their breast, should
undergo early screening for breast cancer to avoid delays
in detection; (III) treatment of breast cancer with NF1
should be conducted according to the current breast cancer
guidelines, with breast-conserving surgery chosen carefully
to avoid the risk of carcinogenesis from postoperative
radiotherapy; and (IV) patients who have already had breast
cancer on one side should undergo regular follow-up to
detect cancers early in the contralateral breast.
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