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Ductal Carcinoma in situ Detected during Prospective MR Imaging
Screening of a Woman with a BRCA2 Mutation:
The First Case Report in Japan

Mitsuhiro Tozaki'", Seigo Nakamura?, Dai Kitagawa®, Takuji Iwase’,

Rie Horii*, Futoshi Akiyama?, and Masami Arai®

The present case is the first report in Japan in which a breast cancer was discovered as a result of prospective
magnetic resonance imaging (MRI) screening study for BRCA 1/2 mutation carriers who were free of breast or
ovarian cancer. This case is significant and it verifies the importance of MRI screening in breast or ovarian cancer-
free BRCA1/2 mutation carriers who do not exhibit positive mammographic or ultrasonographic findings.

Keywords: hereditary breast and ovarian cancer syndrome, BRCA2, magnetic resonance imaging, ductal

carcinoma in situ

Introduction

Hereditary breast cancer generally accounts for approxi-
mately 5% to 10% of all cases of breast cancer, and BRCA1/2
are widely known as representative genes that can cause
hereditary cancer.!? Since the occurrence of BRCA1/2 patho-
genic mutations in the germline is strongly related to the
development of breast cancer or ovarian cancer, the condi-
tion is referred to as hereditary breast and ovarian cancer
(HBOC) syndrome. Currently, attempts aimed at optimizing
the clinical management of HBOC are being made by regis-
tering data on HBOC-related Japanese women.

We recently treated a patient with breast cancer whose
tumor was discovered during a prospective magnetic reso-
nance imaging (MRI) screening study for BRCA /2 mutation
carriers who were free of breast or ovarian cancer. The pres-
ently reported case is significant in that it verifies the impor-
tance of MRI screening in breast or ovarian cancer-free
BRCA1/2 mutation carriers who do not exhibit positive mam-
mographic or ultrasonographic findings.
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Case Report

A 48-year-old woman presented with no particular chief
complaints and no right nipple discharge.

Family History: Her sister (second daughter) had devel-
oped breast cancer at the age of 30 years, another sister
(third daughter) also had breast cancer at the age of 36 years
and had tested positive for a BRCA2 mutation, her mother
had suffered breast cancer at the age of 53 years, and her
mother’s sister (second daughter) also had breast cancer at
the age of 52 years and ovarian or uterine cancer at the age
of 58 years (Fig. 1).

Past History: No cancer and no particular disease.

Present Illness: After her younger sister was diagnosed
as having breast cancer, the patient sought medical advice at
the Department of Clinical Genetic Oncology, Cancer Insti-
tute Hospital, where she underwent a genetic checkup; the
results revealed a BRCA2 pathologic mutation (in exonl0,
1506delA, c. 1278delA, p. Lys426KfsX4). She provided
informed consent and participated in a prospective study
regarding the usefulness of MRI screening, among other
studies aided by a Health Labour Sciences Research grant,
and underwent imaging examinations at an entrusted clinic.
She also underwent mammography (MicroDose mammog-
raphy SI; Philips Digital Mammography Sweden AB), breast
ultrasonography (US) (ACUSON S2000 US system; Sie-
mens Medical Solutions, Mountain View, CA, USA), and
contrast-enhanced dynamic MRI on the same day. All MRI
images were acquired using a 3-T system (MAGNETOM
Skyra 3T, Siemens Healthcare GmbH, Erlangen, Germany).
A body coil was used for transmission and a double breast
coil (16-channel breast array coil) for receiving. Dynamic MRI
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using a three dimensional (3D) fat-suppressed volumetric
interpolated breath-hold examination (VIBE) sequence with
parallel acquisition was performed before and three times
after injection of a bolus of gadoterate meglumine (0.1 mmol/
kg; Magnescope, Terumo) at a rate of 2 mL/s, followed by a
20 mL saline flush administered using an automatic injector.
Both breasts were examined in the coronal plane on the first-,
second-, and third-phase dynamic images acquired at 30 sec-
onds, 1.5 minutes, and 4.5 minutes after contrast injection,
respectively. The parameters for dynamic MRI were as fol-
lows: 4.1/1.7; flip angle, 10°; field of view, 33 cm; matrix,
480 x 384; receiver bandwidth, 390 Hz per pixel; interpolated
slice thickness, 1.5 mm; partitions, 128; and time of acquisi-
tion, 61 seconds. The right and left breasts were examined in
the sagittal plane using the VIBE sequence at 2.5 and 3.5
minutes after contrast injection—that is, between the
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Fig 1. Pedigree of a proband individual with a BRCA2 mutation.
The arrow indicates outpatient (proband). E+ represents BRCA2
mutation positive. The numbers represent age and organs repre-
sent the site of cancer origin. Roman numerals on the left edge
represent generations. Squares, males; circles, females; oblique
line, deceased. Open circle is a mutation carrier with no onset
of cancers.
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second- and third- phase images, respectively (4.3/1.8; flip
angle, 10°; field of view, 16 cm; matrix, 256 x 256; receiver
bandwidth, 430 Hz per pixel; interpolated slice thickness,
1.2 mm; partitions, 88; time of acquisition, 60 seconds).

The mammograms (Fig. 2) and ultrasonograms (Fig. 3)
were negative, but contrast-enhanced dynamic MRI scans
disclosed an extensive segmental non-mass lesion primarily
involving the 12 o’clock position of the right breast that was
visualized even during the first-phase scan (Fig. 4a). The
internal enhancement of the lesion showed branching ductal
patterns (Fig. 4b) suggestive of ductal carcinoma in situ
(DCIS). The lesion continuously extended directly to the
nipple. The final diagnosis is Category 4 according to the
breast imaging reporting and data system (BI-RADS).3

At 1 month after the MRI examination, she underwent a
second look US examination at the original facility, where an
irregular-shaped hypoechoic area with ductal dilation was

Fig 3. Ultrasonographic image of the right breast. There were no
suspicious findings on the upper portion of the right breast.

Fig 2. No abnormal findings
were detected on these bilat-
eral mediolateral oblique
(MLO) (A) and craniocaudal
(CC) (B) mammograms.
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Fig 4. (A, B) Magnetic Resonance (MR) image of both breasts. Back-
ground parenchymal enhancement (BPE) is minimal. Coronal
first contrast-enhanced fat-suppressed T,-weighted MR image
showed segmental non-mass lesions (arrows) located at the
upper portion of the right breast. (C) MR image of the right
breast. Sagittal contrast-enhanced fat-suppressed T,-weighted
MR image showed branching ductal patterns (arrows) located at
the upper portion of the right breast.

noted on the upper portion of the right breast (Fig. 5). There-
fore, a checkup was performed using fine needle aspiration to
identify changes in cellular atypia, but the results were uncer-
tain; hence malignancy could not be ruled out. Within the
next month, a US-guided vacuum-assisted biopsy was per-
formed, leading to a diagnosis of DCIS (Fig. 6).
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Fig 5. Second look ultrasonographic image of the right breast.
There was an irregular-shaped hypoechoic area with ductal dila-
tion (arrows) on the upper portion of the right breast.

Fig 6. Hematoxylin and eosin staining sections showed ductal
carcinoma in situ (DCIS), micropapillary type, intermediate grade
nuclei (NG2).

At 3 months after the MRI examination, she underwent a
right-sided mastectomy plus a sentinel lymph node biopsy.
The lesion was pathologically diagnosed as DCIS, micropap-
illary type, intermediate grade nuclei (NG2), Estrogen
receptor (ER) negative, progesterone receptor (PgR) nega-
tive, human epidermal growth factor receptor—2 (HER2)
score 3+, with no evidence of lymph node metastasis. The
extent of the lesion coincided with that depicted by the MRI
study. At present, 3 months after the operation, the patient is
healthy and has been progressing satisfactorily without the
development of any other malignancy.

Discussion

Until relatively recently, the incidence of hereditary breast
cancer in Japan was thought to be lower than that in Europe
and the United States. The prevalence of BRCA1/2 germline
mutations in Japanese patients was initially reported by
Sugano et al. in 2008.* They examined 135 cases using a full
sequence analysis of the BRCA1/2 gene and found 28 types
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of deleterious mutations among 36 cases (26.7%), including
13 types of BRCAI mutations in 17 cases (12.6%) and 15
types of BRCA2 mutations in 19 cases (14.1%). They reported
that the prevalence of such mutations in Japanese subjects
was significantly higher than that among non-Ashkenazi
individuals (P = 0.005; odds ratio, 1.87; 95% confidence
interval, 1.22-2.88). Accordingly, a study group entitled
“Research on countermeasures for patients with hereditary
breast cancer and disease-free carriers in Japan” was estab-
lished by the Japanese Breast Cancer Society in 2010, leading
to the subsequent inauguration of the Japanese HBOC Con-
sortium. Through these activities, the results of an analysis of
data on 320 subjects at 8 medical institutions were reported
in 2015.° They found that HBOC may have nearly the same
prevalence in Japan as in the US or Europe. Thus, a nation-
wide database of HBOC is thought to be very important for
developing risk models for BRCA1/2 carriers in Japan.

It had been presumed that mammographic screening
might not be sufficient for the early detection of breast
cancer, since the age at the onset of breast cancer is relatively
low among BRCA mutation-positive individuals and since
dense breasts are more frequently observed among young
subjects. As well, because breast tissue harboring a BRCA
mutation might be more vulnerable to ionizing radiation than
genetically intact parenchyma, non-ionising radiation
imaging techniques, such as MRI, are thought to be the main
tool for surveillance in BRCA 1/2 mutation carriers. In Europe
and the United States, a vast amount of research on breast
MRI screening in high-risk groups has been performed, with
a paper published by Kuhl et al.® in 2000 providing
momentum.’"'% An analysis of data obtained in 3818 subjects
(52 centers in the United States, Canada, UK, Holland, Ger-
many, and Italy) revealed that the breast cancer detection rate
for MRI was overwhelmingly higher (77-100%) than that
for mammography (16-40%) or US (16-40%).% In a pro-
spective multicenter cohort study conducted to compare
breast cancer detection rates for mammography, US and MRI
in high-risk individuals whose blood relatives had breast
cancer (the EVA trial),’ 687 high-risk women underwent
screenings using mammography, US, and MRI once yearly
(1679 occasions). The significance of semi-annually ultra-
sonographic screening was assessed in 371 women. The
combination of MRI and mammography yielded the highest
diagnosis rate with a 100% sensitivity, whereas the sensi-
tivity was 92.6% (25/27) for MRI alone and 92.6% (25/27)
for a combination of MRI and US. Furthermore, for mam-
mography alone, US alone, and a mammography-US combi-
nation, the diagnostic sensitivities were 33.3% (9/27), 37%
(10/27), and 48.1% (13/27), respectively; these results were
not considered satisfactory. Riedl et al. reported similar results
demonstrating that the combination of MRI with mammog-
raphy yielded the highest diagnosis rate of 95% (38/40); the
authors concluded that additional US examinations did not
contribute significant results.'°
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Furthermore, the EVA trial report’ furnished several lessons
concerning MRI screening. The most important matter was the
term “quality-assured breast MRI.” This term refers to three key
points: performing Magnetic Resonance (MR) imaging using
an appropriate method, the feasibility of an MRI-guided biopsy,
and a sufficient skill in interpreting images using BI-RADS.3
In the EVA trial report, Kuhl et al. cited past reports concerning
the high rates of false-negative cases obtained with MRI and
the low sensitivity for DCIS detection, and they commented that
the standardization of BI-RADS-MRI terms and methods for
MRI image interpretation would improve these drawbacks.

Meanwhile, under the general recognition that we have
already entered an era where breast MRI is needed as a man-
datory tool for screening high-risk women in Japan, a guide-
line was released by the Japan Association of Breast Cancer
Screening in 2013!! The guideline provides descriptions with
primary references to appropriate imaging methods for breast
MRI and includes a description stressing the importance of
image interpretation using BI-RADS. The usefulness of
breast MRI screening for women bearing BRCA1 or BRCA2
gene mutations has been newly adopted as a clinical question
(CQ) in the Japanese Breast Cancer Society Clinical Practice
Guideline.'?

The present case is the first report in Japan in which a
breast cancer was discovered as a result of prospective MRI
screening in a BRCAI/2 mutation gene carrier who was
considered to be free of breast or ovarian cancer. It is clearly
stated in the European and US guidelines that an environ-
ment amenable to the practice of MRI-guided biopsy is
essential for MRI screening.®!* MRI-guided biopsy is gen-
erally thought to be essential because MRI is utilized to
detect early breast cancer that is undetectable using mam-
mography or US. In Japan, however, MRI-guided biopsy is
not covered by national health insurance. Therefore, such
biopsies must be performed at the patients’ own expense or
as part of clinical trials at a limited number of facilities.'* In
the present case, an MRI-guided biopsy should have been
performed. Instead, a US-guided biopsy was performed
while referring to the MRI findings, leading to an accurate
diagnosis.

The experience we gained in this case suggests that an
accurate histologic diagnosis may be achieved using a US-
guided biopsy even if an MRI-guided biopsy is not per-
formed insofar as a detailed second look US can be performed.
Using such an approach, a vacuum-assisted biopsy, which
yields a greater volume of harvested tissue, might be prefer-
able to fine needle aspiration.

In conclusion, we reported a case of breast cancer that was
discovered as a result of prospective MRI screening study for
BRCA1/2 mutation carriers who were free of breast or ovarian
cancer. Further examination of accumulated cases is needed to
verify the significance of MRI screening for BRCA 1/2 mutation
gene carriers who are considered to be free of breast cancer or
ovarian cancer. Verifying the significance of MRI screening
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according to the type of breast cancer susceptibility gene
(BRCA1 vs. BRCA2), patient age, cost performance, and
frequency/interval of MRI scanning will also be important.
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