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Metachronous bilateral triple-negative breast cancer
associated with neurofibromatosis type 1: A case report
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Abstract. The present study reports a case of metachronous
bilateral breast cancer associated with neurofibromatosis
type 1 (NF1). A 67-year-old female, who had undergone a
radical mastectomy of the left breast 34 years ago due to breast
cancer, presented with a tumor of the right breast. The clinical
stage of the original breast cancer was T2NOMO stage ITA and
adjuvant chemotherapy had not been not administered. With
regard to the right-sided breast tumor, on physical examina-
tion, multiple neurofibromas and café-au-lait spots were found
to be scattered over the skin. A 2-cm tumor was palpable. The
preoperative histopathological diagnosis of the right-sided
breast tumor was invasive ductal carcinoma, T2NOMO stage
ITA, with negative results for hormone receptors and human
epidermal growth factor receptor 2. The patient underwent
a modified radical mastectomy and axillary node dissection,
and received adjuvant chemotherapy. The bilateral tumors
were similar in histology and immunophenotype, each being
histological grade 3, triple-negative and with a basal-like
subtype. Based on a literature review of 90 breast cancers in
84 patients with NF1 (84 patients, 90 breasts), younger age
onset, advanced clinical stage and hormone receptor nega-
tivity were characteristic features. Bilateral cancer occurred
in 8.3% of patients and was characterized by ER negativity,
earlier stage and younger age compared with patients with
unilateral cancer.

Introduction

Neurofibromatosis type 1 (NF1), also known as von
Recklinghausen disease, is an autosomal dominant disorder
that manifests as a number of symptoms, including
pigmentary changes (café-au-lait spots, skin fold freckling
and Lisch nodules) and neurofibromas (1). NF1 is known
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to occur by heterozygous germ-line mutation of the NFI
gene, which is located on the pericentromeric region of the
long arm of chromosome 17 and encodes the 327-kd protein
known as neurofibromin (2,3). The function of neurofibromin
remains unknown. Patients with NF1 have an increased risk
for the development of malignancies, particularly malignant
peripheral nerve sheath tumors, optic and other glioma
types, including cerebellar astrocytomas, ependymomas
third-ventricle astrocytomas, cerebral astrocytomas, brain
stem gliomas and spinal cord tumors, and leukemia and breast
cancer (4). The characteristics of patients with breast cancer
with NF1 have been reported to include negative estrogen
receptor (ER), negative progesterone receptor (PgR), amplified
human epidermal growth factor receptor 2 (HER2), higher
tumor grade, and low 5-year survival rate compared with
the control group (5). As the NFI gene and the breast cancer
susceptibility gene 1 (BRCAI) DNA repair-associated gene
are located on the long arm of chromosome 17, an association
between the two genes has been reported (6).

The present study reports the case of a female patient who
exhibited typical NF1 and was diagnosed with metachronous
bilateral breast cancer. In addition, a literature review is
presented of reported Japanese cases.

Case report

A 67-year-old female was referred to the National Defense
Medical College Hospital (Saitama, Japan) due to a palpable lump
in the right breast in December 2016. The past medical history
of the patient included NF1 at the age of 25 years and a Halsted
radical mastectomy for left-sided breast cancer (T2NOMO stage
ITA) at the age of 33 years. Following this original surgery, the
patient did not receive adjuvant chemotherapy.

During the present physical examination, a 2-cm tumor
was palpated in the upper-outer quadrant of the right
breast. The patient presented with classical NF1, indicated
by neurofibromas over the trunk (Fig. 1). A high-density
microlobulated mass with microcalcifications was observed
in the right breast on a mammogram (Fig. 2). The mass was
1.8x1.7 cmin size on ultrasound. Core needle biopsy specimens
from the mass revealed invasive ductal carcinoma. Under the
clinical diagnosis of T2NOMO right-sided breast cancer, the
patient underwent a modified radical mastectomy and sentinel
node biopsy. As the sentinel node was intraoperatively
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diagnosed as positive for cancer, an axillary dissection was
also performed.

The histopathological diagnosis of the surgically-resected
specimens was invasive ductal carcinoma of no special type,
nuclear grade 3 (Fig. 3A and B). The right-sided breast tumor
was negative for ER, PgR and HER2. The Ki-67 labeling index
was 26.5% (Fig. 3C-F). On histological review of the surgical
specimens from the left-sided breast cancer obtained 34 years
ago, the invasion range of the tumor was 5.0 cm, and the tumor
was diagnosed as an invasive, ductal, solid-tubular carcinoma,
nuclear grade 3 (Fig. 4A and B). The pathological features of
these bilateral types of breast cancer were similar. The left-sided
breast cancer was also negative for ER, PgR and HER2, with
a Ki-67 labeling index of 74.0% (Fig. 4C-F). The tumors were
positive for the basal-like markers epidermal growth factor
receptor (EGFR) and cytokeratin 5/6, and partially positive for
vimentin. The patient is currently undergoing adjuvant therapy
with epirubicin and cyclophosphamide, and treatment with
docetaxel, with no evidence of recurrence in the 20 months
following the most recent surgical treatment, according to the
patient's 3 month follow-ups.

Materials and methods

Histological examination and immunohistochemistry.
Histological examination was performed on the surgi-
cally-resected specimens fixed with 10% formalin for 24 h
at room temperature. Paraffin-embedded sections (thick-
ness, 4-um) was performed using hematoxylin-eosin (H&E)
staining. For H&E staining, sections were stained with
0.12 g/v% hematoxylin solution produced by Hematoxylin
(C.I. 75290) cryst. (cat. no. 104302; Merck KGaA, Darmstadt,
Germany) three times for 3 min/stain at room temperature,
and with eosin Y (cat. no. 058-00062; Wako Pure Chemical
Industries, Ltd., Osaka, Japan) two times for 1.5 min/stain at
room temperature. The sections were treated with 5% hydrogen
peroxide for 5 min, followed by incubation with 0.4% block
ace (cat. no. UK-B80; DS pharma, Japan) for 10 min at room
temperature. The following commercially available primary
antibodies were used: ER (cat. no. IRO84; dilution, 1:100);
PgR (cat. no. IR068; dilution, 1:100); HER2 (cat. no. A0485;
dilution, 1:100); Ki-67 (cat. no. M7240); Cytokeratin 5/6
(CK5/6; cat. no. M7237; dilution, 1:50) and Vimentin (cat.
no. M0725; dilution, 1:500; all Dako; Agilent Technologies,
Inc., Santa Clara, CA, USA) at 4°C overnight, and subsequently
incubated with Histofine Simplestain Max PO (cat. no. 424151,
Nichirei Biosciences, Inc. Tokyo, Japan) as the secondary
antibody for 1h at room temperature. Immunohistochemical
staining for EGFR was performed using the EGFR pharmDx™
kit (Dako; Agilent Technologies, Inc., Santa Clara, CA, USA).
Sections were deparaffinized in three sequential xylene baths
for 5 min at room temperature, 100% ethanol for 3 min and
95% ethanol for 3 min, followed by a 5-min single wash in
wash-buffer solution (Dako; Agilent Technologies, Inc.).
Subsequently, at room temperature, the section was rinsed
in wash-buffer for 5 min, incubated in proteinase K solution
(Dako; Agilent Technologies, Inc.) for 5 min, rinsed again in
the wash-buffer for 5 min, incubated in peroxidase blocking
agent for 5 min at room temperature, rinsed, incubated with
the primary EGFR antibody (clone 2-18C9, mouse mono-
clonal, prediluted) for 30 min at room temperature, rinsed,
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Figure 1. Multiple neurofibromas on the skin. The left-sided breast cancer
was resected by radical mastectomy 35 years prior.

Figure 2. Mammogram of a 67-year old female patient, indicating a
high-density microlobulated mass with microcalcifications and neurofi-
bromas (Arrows).

incubated with visualization reagent for 30 min, rinsed twice
with the buffer, incubated with 3,3'-Diaminobenzidine for
5 min at room temperature and finally rinsed again with the
buffer. Slides were counterstained with 0.12 g/v% hematoxylin
solution produced by Hematoxylin cryst. (C.I. 75290; cat.
no. 104302; Merck KGaA, Darmstadt, Germany) three times
for 3 min/stain at room temperature, and rinsed gently in
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Figure 3. Histopathological features of the right-sided breast cancer. (A and B) The histological diagnosis was invasive ductal carcinoma, scirrhous carcinoma,
grade 3, as observed by hematoxylin and eosin staining at magnification (A) x40 and (B) x400. Immunohistochemical features of (C) ER, (D) PgR and
(E) HER2. Stains for ER, PgR and HER?2 were all negative. (F) The Ki-67 labeling index was 26.5% [(C-F) x200 magnification; immunoperoxidase staining].
ER, estrogen receptor; PgR, progesterone receptor; HER2 human epidermal growth factor receptor 2.

Figure 4. Histopathological features of the previous left-sided breast cancer. The histological diagnosis was invasive ductal carcinoma, solid-tubular carci-
noma, grade 3, as observed by hematoxylin and eosin staining at magnification (A) x40 and (B) x400. Immunohistochemical features of (C) ER, (D) PgR and
(E) HER2. ER, PgR and HER?2 staining results were all negative. (F) The Ki-67 labeling index was 74.0% [(C-F) magnification, x200; immunoperoxidase
staining]. ER, estrogen receptor; PgR, progesterone receptor; HER2 human epidermal growth factor receptor 2.

reagent quality water. Slides were observed under a fluorescent
microscope (magnification, x40, x200, and x400).
Histological study. ER and PgR were assessed by immuno-
histochemistry and defined as positive when =1% of constituent
carcinoma cells were immunoreactive (7). Judgment of HER2
was made according to the American Society of Clinical

Oncology/College of American Pathologists guideline 2013 (8).
Ki-67 was evaluated according to the recommendation of
Breast Cancer Working Group (9). Histological diagnosis and
pathological stage were determined by the clinical and patho-
logical recording of breast cancer by Union for International
Cancer Control (UICC) (10).
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Table I. Comparison of clinicopathological features between patients with breast cancer with neurofibromatosis type 1 (11) and

patients with breast cancer surgically resected in Japan in 2015.

NF1 patients

General population

Parameter (n=84; n=90 affected breasts) (n=86,478; n=86,478 breasts) P-value
Laterality, n (%) 0.8532
Unilateral 77 (91.7) 78,173 (90 .4)
Bilateral 7(8.3) 8,305 (9.6)
Age, years <0.0001
Median, range 53, 25-88 60, unknown
<35,n (%) 10 (11.9) 1,579 (1.8)
>35,n (%) 72 (85.7) 84,775 (98.0)
Unknown, n (%) 224 124 (0.2)
UICC pStage, n (%) (10) <0.0001
0,1 15 (16.7) 46,662 (53.9)
IL, III, IV 61 (67.8) 37,334 (43.2)
Unknown 14 (15.6) 2,482 (2.9)
Histological type, n (%) <0.0001
DCIS 444 10,908 (13.2)*
IDC 58 (64.4) 59,941 (72.3)*
Special type 18 (20.0) 10,212 (12.3)*
Unknown 10 (11.1) 1,781 2.2)*
ER,n (%) <0.0001
Positive 14 (15.6) 60,768 (73.4)*
Negative 22 (24.4) 12,021 (14.5)*
Unknown 54 (60.0) 10,053 (12.1)*
PgR, n (%)
Positive 11 (12.2) 52,997 (64.0)* <0.0001
Negative 23 (25.6) 19,330 (23.3)*
Unknown 56 (62.2) 10,515 (12.7)*
HER2, n (%) >0.999
Positive 1(1.1) 9,817 (11.9)*
Negative 5(5.6) 54,702 (66.0)*
Unknown 84 (93.3) 18,323 (22.1)*

“Denominator of 82,842 breast cancer cases. ER, estrogen receptor; PgR, progesterone receptor; HER2, human epidermal growth factor
receptor 2; DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma of no special type; UICC, Union for International Cancer Control.

Statistical analysis. A total of 90 previously reported cases of
breast cancer in 84 Japanese patients with NF1 were assessed.
Furthermore, the 90 cases of breast cancer associated with NF1
were compared with the 86,478 cases of the Breast Cancer
Registry of the Japanese Breast Cancer Society in 2015 as a
reference population (11). The compared parameters were later-
ality, age, UICC pStage, histological type, ER, PgR, HER2. A
total of 82,842 patients without distant metastasis, histological
type, ER, PgR, and HER2 were examined. The ¥ test or Fisher's
exact test was used to determine the association between
patients with NF1 and the general population, for bilateral and
unilateral breast cancer, and other parameters, in patients with
NFI. Differences were considered statistically significant when
P<0.05. All statistical analyses were performed using JMP® Pro
12 (SAS Institute Inc., Cary, NC, USA). Results are discussed in
Tables I and II and the Discussion section.

Discussion

NF1 is an autosomal dominant genetic disorder caused by
germline mutation of the NFI gene, with an estimated birth
incidence of 1 in 2,000-5,000 individuals (12). In total, 40,000
people are estimated to be affected in Japan (1). The diagnosis
of NF1 is made based on the presence of >6 café-au-lait
spots and multiple neurofibromas. In patients with NFI1,
half do not present with a family history, and therefore, the
disease is considered to be caused by a de novo germline NF1
mutation (13).

Patients with NF1 have an increased risk of developing
malignant peripheral nerve sheath tumors, optic and other
gliomas, including cerebellar astrocytomas, ependymomas
third-ventricle astrocytomas, cerebral astrocytomas, brain
stem gliomas, and spinal cord tumors, and leukemia (4).
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Table II. Comparison of clinicopathological factors between bilateral breast cancer and unilateral breast cancer in patients with

neurofibromatosis type 1.

Bilateral breast cancer

Unilateral breast cancer

Parameter (n=7; n=13 affected breasts) (n=77; n=77 affected breasts) P-value
Age at first breast cancer, years 0.1542
Median, range 45, unknown 53, unknown
<35,n (%) 2 (28.6) 8(104)
=35,n (%) 4(57.1) 68 (88.3)
Unknown, n (%) 1(14.3) 1(1.3)
UICC pStage, n (%) (10) 0.1178
0,1 5(38.5) 10 (13.0)
IL, I, IV 8 (61.5) 53 (68.8)
Unknown 0 (0) 14 (18.2)
Histological type, n (%) 0.1030
DCIS 2(154) 2 (2.6)
IDC 9(69.2) 49 (63.6)
Special type 1(7.7) 17 (22.1)
Unknown 1(7.7) 9 (11.7)
ER, n (%) 0.0625
Positive 0(0) 14 (18.2)
Negative 6 (46.2) 16 (20.8)
Unknown 7(53.8) 47 (61.0)
PgR, n (%) 0.6379
Positive 1(7.7) 10 (13.0)
Negative 5(38.5) 18 (23.4)
Unknown 7(53.8) 49 (63.6)
HER2, n (%) >0.9999
Positive 0(0) 1(1.3)
Negative 2(154) 3(3.9)
Unknown 11 (84.6) 73 (94.8)

ER, estrogen receptor; PgR, progesterone receptor; HER2, human epidermal growth factor receptor 2; DCIS, ductal carcinoma in situ; IDC,
invasive ductal carcinoma of no special type; UICC, Union for International Cancer Control.

Epidemiological studies have demonstrated that patients with
NF1 are 4-times more likely to develop malignant tumors
compared with the general population (14,15). Furthermore, the
risk of breast cancer in younger patients with NF1 (<50 years
old) has been reported to be 2.68- to 4.9-times higher compared
with that in the general population (16-18). Screening
mammography is recommended for women =40 years old who
are affected by NF1 (16). The number of ductal carcinoma in
situ (DCIS) cases has risen with the recent increase in breast
cancer screening. Uusitalo ez al (5) reported that 32 out of 1,404
patients with NF1 were diagnosed with breast cancer. In this
study, the characteristics of patients with breast cancer with
NF1 included negative ER, negative PgR and amplified HER2
results, higher tumor grade and a low 5-year survival rate
(68.1% in patients with NF1 vs. 82.0% in the control group).

A total of 90 previously reported cases of breast cancer in
84 Japanese patients with NF1 were assessed (Table I) (11). In
one case of bilateral breast cancer, the details of the initial breast
cancer were unknown. The mean age of these patients with breast
cancer was 52.6 years (range, 25-88 years). Only in one case was

the patient male. The rate of bilateral breast cancer was 8.3%
(7/84). When the 90 cases of breast cancer associated with NF1
were compared with the 86,478 cases of breast cancer resected
in Japan in 2015 as a reference population, the NF1-associated
breast cancers were characterized by a younger age (P<0.0001),
a more advanced clinical stage (P<0.0001), and ER and PgR
negativity (P<0.0001). Among the patients with breast cancer
associated with NF1, the percentage of patients <35 years was
11.9%, which was higher compared with that in the reference
group (1.8%). Nakamura et al (19) similarly reported that the rate
of patients with breast cancer and NF1 who were <35 years was
18.5%. Among the 90 cases of breast cancer, only 16.7% (15/90)
were diagnosed as early-stage breast cancer (UICC; stage O or
I). Therefore, the majority of cases were diagnosed at stage II or
at a more advanced stage. Murayama et al (20) considered that
breast tumors were overlooked until they increased in size due
to the symptoms of systemic neurofibromatosis. In the present
case, only following an extensive amount of time (2 years) did
the patient realize that the breast tumor may be different from
a skin tumor. In addition, the present case verified that another
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characteristic of NF1-associated breast cancer is ER (22/36,
61.1%) and PgR (23/34, 67.6%) negativity. With regard to HER?2,
Uusitalo er al (5) reported that HER2 was positive in 30.8% of
NFl-associated breast cancers. However, in the present literature
review, the HER2-positive rate was only 16.7% (1/6).

Following the division of the 84 patients into two groups
representing unilateral and bilateral cancer, it was observed
that the clinicopathological characteristics slightly differed.
The rate of ER-negative tumors was higher among the bilateral
NF1 cases compared with that among the unilateral NF1 cases
(100% vs. 53%; P=0.063), although there was no statistical
difference. Likewise, bilateral cases had a higher percentage
of stage 0 or I breast cancer, DCIS and patients <35 years old
compared with unilateral cases, although these results were
not statistically significant (Table II). There was no significant
difference in PgR or HER?2 status between the unilateral and
bilateral groups.

The NFI gene is located on the pericentromeric region of
the long arm of chromosome 17. This gene encodes neuro-
fibromin, which is composed of 59 exons, spanning 350 kD
of genomic DNA; it inhibits Ras activity by facilitating the
conversion of active Ras-GTP to inactive Ras-GDP (21).

The NF1 and BRCAI genes are located on the long arm of
chromosome 17, and are topologically relatively close to each
other with a genetic distance of 20 cM. Ceccaroni et al (6)
reported that two linked mutations at NF/ and BRCAI
caused concurrent NF/, and hereditary breast and ovarian
cancer (HBOC) in the same family. In addition, previous
reports have examined single germline mutations in NF/
and BRCAI genes in the same individual (22,23). In these
reports, examination of a BRCAI gene mutation as an early
screening method for patients with NF1 was indicated to aid
the early detection of breast cancer, thus reducing morbidity
and mortality rates.

In the National Comprehensive Cancer Network guidelines
for genetic/familial high-risk assessment of breast and ovarian
cancer, detailed genetic risk assessment is recommended
for patients <50 years old, for patients <60 years old with
triple-negative breast cancer and for patients with a history of
two primary types of breast cancer (24). Based on the afore-
mentioned criteria, the present patient had a high genetic risk
for HBOC, and genetic testing for BRCA1/2 may have been
beneficial for early detection of the second breast cancer.

In summary, the present study reports the case of an NF1
patient with metachronous bilateral breast cancer. The two
breast cancers were diagnosed as triple-negative and basal-like
subtype by immunohistochemistry. Based on a literature
review of 84 patients, a younger age onset, an advanced clinical
stage and hormone receptor negativity were indicated to be
characteristic features of breast cancer in patients with NF1.
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