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Abstract

In April 2018, the national health insurance coverage of MRI-guided vacuum-assisted breast biopsy (VAB) was instituted with
the application of the Japan Breast Cancer Society. Although MRI-guided VAB has been considered as a special procedure
for a long time, having an access to this procedure should be recommended for facilities performing breast MRI as in
Western countries. From now on, relevant societies should make efforts in data collection and quality control of MRI-guided
VAB in Japan. We must avoid the following. To delay the early diagnosis of breast cancer in the judgment of an inaccurate
indication, perform unnecessary biopsy due to overestimation of diagnosis, and reduce the success rate of MRI-guided VAB
with immature techniques. This review explains the current status of MRI-guided VAB in Japan and shares procedure and

biopsy data as a future reference from an experienced facility.
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Background

MRI-guided vacuum-assisted breast biopsy (VAB) began to
be covered by the national health insurance in Japan in April
2018, as a result of an application made by the Japanese
Breast Cancer Society alone. Earlier to that, MRI-guided
VAB was a special examination not covered by health insur-
ance, and performed at a dedicated special hospital. There-
fore, only a limited number of institutions have reported the
usefulness of MRI-guided VAB in Japan [1-3]. However,
at present, with MRI-guided VAB being covered by health
insurance, if performing breast MRI, it would also be neces-
sary to be equipped to perform MRI-guided VAB or to coop-
erate with an institution that can perform MRI-guided VAB,
as recommended in the guidelines from the United States
[4]. MRI-guided VAB is considered as an indispensable
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procedure, particularly when conducting MRI surveillance
of high-risk women.

Necessity of MRI-guided VAB in Japan

In general, lesions detected by MRI are called MRI-detected
lesions. After a lesion is detected by MRI, ultrasonography
(US) is performed in the area where the lesion was detected
by MRI. This examination is generally called second-look
US, but at present, use of the term MRI-targeted US is rec-
ommended. If MRI-targeted US detects a lesion consist-
ent with that on MRI, it is desirable to perform US-guided
biopsy. On the other hand, if an MRI-detected lesion cannot
be visualized by MRI-targeted US (i.e., MR-only visible
lesion), MRI-guided biopsy would be indicated.

So far in Japan, if a lesion cannot be visualized by MRI-
targeted US, follow-up MRI was performed. If the lesion
was malignant, follow-up would have had to be continued
until the lesion grew sufficiently as to be detected by US [5].
LaTrenta et al. [6] concluded that although the incidence of
cancer is higher in patients whose lesions can be visualized
by MRI-targeted US than in those whose lesions cannot be
visualized by this method (43% vs. 14%), it would be dif-
ficult to assert that patients whose lesions cannot be detected
by MRI-targeted US do not require biopsy.
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In Japan, a report by Sakamoto et al. [7] provides useful
information. The success rate of US-guided VAB for
MRI-detected lesions was 91% (144/159) [7], which was
clearly inferior to that of MRI-guided needle localization
or MRI-guided VAB in overseas studies (95-100%) [8—17].
In addition, considering that 9.4% (15/159) of the lesions
could not be accurately resected using US-guided VAB
and that additional MRI is required to determine whether
the biopsy procedure is successful or not, MRI-guided
VAB is considered as an indispensable procedure in Japan.
Furthermore, Sakamoto et al. [18] additionally reported that
of the 986 lesions that were examined by US-guided VAB,
the initial US-guided VAB could not correctly diagnose
breast cancer in 26% (8/31) of the MRI-detected lesions.
Namely, there is a risk that 26% of breast cancers may be
misdiagnosed as benign and left untreated. Moreover, the
problem is that the diagnosis of a benign lesion give a false
relief to both the patient and the physician. Therefore, when
performing US-guided VAB for MRI-detected lesions, this
risk must always be borne in mind.

Recently, several studies have been reported by Japan
[19, 20]; however, no comparison with MRI-guided VAB
procedures has been made. Comparison with MRI-guided
VAB is considered to be essential for the development of
new procedures that could replace MRI-guided VAB.

MRI-guided VAB procedure in our hospital

We started to perform MRI-guided VAB at our hospital soon
after the procedure began to be covered by health insurance.
Currently, the number of cases is increasing and there are
3—4 biopsy cases per month, including post-operative
follow-up for hereditary breast and ovarian cancer (HBOC)
syndrome and surveillance of BRCA /2 mutation carriers.
As a result, Showa University Hospital has the largest
number of MRI-guided VAB cases in Japan after covering
by health insurance.

All biopsies were performed by two radiologists (N.T.
and M.T.) specializing in breast imaging. The biopsies were
performed on a 1.5-T MR scanner (Signa HDxt Ver.16; GE).
The VAB units used were a 10-gauge breast biopsy system
(EnCor Enspire Breast Biopsy System; BD (C.R. Bard, Inc.),
Tempe, AZ) or a 9-gauge breast biopsy system (ATEC®
Breast Biopsy System; Hologic, Inc., Marlborough, MA,
USA).

The procedure consisted of the following steps.

1. Compression plate and marker placement
The patient was positioned prone on the breast coil,
and the affected breast was compressed moderately by
two compression plates. A grid-type compression plate
was used. Two markers (vitamin E capsule) were placed
in the block near the predicted puncture site. A grid and

markers were drawn on a transparent sheet, and the sheet
was fixed on the monitor of the workstation, referring to
a sagittal image. The scale of enlargement was adjusted
to make the size of the blocks on the monitor screen the
same as that of the blocks on the sheet.
Contrast-enhanced MRI

In this position, the patient was moved into the
magnet, and MRI was performed before and after
intravenous injection of 10 ml of Gd-DOTA from a
10-ml syringe (Magnescope; Guerbet Japan, Tokyo,
Japan). A contrast agent was injected to obtain a pre-/
post-biopsy dose ratio of about 8:2. Transverse and
sagittal three-dimensional (3D)-VIBRANT sequences
with fat suppression (TR/TE 5.6/2.7 or 4.0/1.5; flip
angle 12°; field of view 20 or 23cm; matrix 320 x 192;
slice thickness 1 mm; time of acquisition 60-71s) were
obtained.
Estimation of the puncture site

The target lesion was confirmed by contrast-enhanced
MRI. The puncture site was detected according to the
positional relationships among the grid line, markers,
and the lesion on the sagittal image. The depth was
measured on the transverse image, as the distance from
the skin to the lesion.
Sterilization and anesthesia

The skin within the block to be punctured was
sterilized. After an anesthetic was injected into the
subcutaneous tissue and around the lesion, an incision
of about 4 mm was made in the skin, and an introducer
was inserted.
Insertion of the introducer

The introducer was inserted so as to set the lesion at
the center of the opening of the VAB needle (Fig. 1).
After the introducer was inserted into the target site,
the block was fixed moderately, and the introducer
was removed (Fig. 2). Then, an obturator was inserted
into the introducer cannula (Fig. 3), and images were
obtained for confirmation.
Insertion of the VAB needle: tissue sampling

After confirming that the lesion was set at the
appropriate position, the obturator was removed, and
the VAB needle was inserted. After obtaining several
samples, the obturator was inserted again, and the
images were obtained again for confirmation. Additional
tissue sampling was performed as needed. After the
tissue sampling was completed, in many of the cases,
markers (UltraClip Dual Trigger Breast Tissue Marker;
BD (C.R. Bard, Inc.), Tempe, AZ, or TriMark® Biopsy
Site Marker; Hologic, Inc., Marlborough, MA, USA)
were retained in the breast.
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Fig. 1 Insertion of the introducer. The introducer is inserted so as to set the lesion at the center of the opening of the VAB needle

Fig.2 Removal of the intro-
ducer. After the introducer is
inserted into the target site, the
block is fixed moderately, and
the introducer is removed

Results of MRI-guided VAB in our hospital years) were judged as being suitable candidates for MRI-
guided VAB.
Patient selection
1. High-risk surveillance (n = 5; 3 carriers of BRCAI
The initial consecutive biopsy data are introduced below. mutation and 2 carriers of BRCA2 mutation): Among the
Between April 2018 and July 2019, a total of 31 patients 5 patients, MRI was performed for surveillance of the
(32 lesions) with a mean age of 52 years (range, 29-77 contralateral breast in 3 patients who already had breast
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Fig. 3 Insertion of the obturator.
After an obturator is inserted
into the introducer cannula,

MR images are obtained for
confirmation

cancer. In one of the patients, who had newly diagnosed
breast cancer, preoperative MRI suggested a lesion
in the contralateral breast. The fifth patient had never
previously been diagnosed as having breast cancer; the
MRI, performed for surveillance, suggested the presence
of a lesion in this patient.

2. Preoperative staging (n = 14)

3. Postoperative follow-up (n = 2; one patient had bilateral
lesions, and bilateral MRI-guided VAB was performed
on separate days.)

4. Diagnostic (n = 9; mammographic calcification, 3
patients; mammographic mass, 1 patient; bloody nipple
discharge, 5 patients)

5. Follow-up after neoadjuvant chemotherapy (n = 1;
for placing a clip before the breast cancer lesions
disappeared)

In this study, the data of 30 patients (31 lesions) (mean
age 53 years; range 29-77 years), excluding the case
mentioned above in category 5, were analyzed. Both
screening US and MRI-targeted US failed to visualize the
lesion in all of the 30 patients.

Frequency of cancelation on the day
of the scheduled biopsy

In two (6.7%) of the 30 patients, the target lesion failed
to be visualized on the MRI performed on the day of
the scheduled biopsy in our study, and the biopsy was
postponed. Both of these patients were BRCAI mutation
carriers. One of these two patients underwent preoperative
MRI for newly diagnosed breast cancer, and the other,
who had never previously been diagnosed as having breast
cancer, underwent MRI for the purpose of surveillance.
The frequency of cancelation in our study was lower
than that in a multicenter study conducted in Europe
(12%:80/649) [17]. However, Tozaki et al. [3] reported that

the frequency of cancelation is only 1% (1/102 cases). The
probable reason for cancelation in our cases was background
parenchymal enhancement (BPE) due to the menstrual cycle
mimicking a suspicious non-mass lesion rather than the
lesion itself, and another follow-up MRI might have been
necessary before an MRI-guided biopsy was scheduled.
Both the patients in whom the biopsy was canceled were
BRCAI mutation carriers and in their 30s. Both data from
Japan and overseas have shown a relatively high likelihood
of occurrence of triple-negative breast cancer in BRCA I
mutation-positive women [21, 22]. Therefore, MRI-guided
biopsy was scheduled without performing follow-up MRI
in these patients.

At our hospital, when performing MRI-guided biopsy in
cases where BPE is possible, we do not open the biopsy
kit until the target lesion is identified on contrast-enhanced
MRI. If the lesion is not confirmed on the day of the
scheduled biopsy, we cancel the MRI-guided biopsy, and
claim insurance only for the contrast-enhanced MRI. The
above information is given verbally to the patient just before
the biopsy. However, it is considered that the frequency of
cancelation on the day of the scheduled biopsy should be
reduced by having a precise understanding of the patient’s
menstrual cycle status, and more accurate differentiation
between BPE and significant lesions.

Histopathological characteristics

According to Tozaki et al., based on studies conducted in
Japan, the rate of malignancy was 35% (36/102) in a series
of 102 cases [3] and 38% (115/301) in a series of 301 cases
(Fig. 4) [23]. Our results were the similar frequency. The his-
topathological examination of the biopsy specimens revealed
11 (38%) malignant lesions, 5 (17%) high-risk lesions, and
13 (45%) benign lesions in our study. The malignant lesions
comprised 3 cases of invasive ductal carcinoma, 1 case of
invasive lobular carcinoma, and 7 cases of ductal carcinoma
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Fig.4 Chronological changes
of frequencies (proportion,
percentage) of invasive cancer
and DCIS among the patients
undergoing MR-guided VAB.
The average proportion of
breast cancers is 38% (115/301),
and that of DCIS lies between
70% and 90%

in situ (DCIS). In addition, the high-risk lesions comprised
4 cases of papilloma and 1 case of intraductal proliferative
lesion. The benign lesions comprised 3 cases of fibroad-
enoma, 4 cases of mammary ductal epithelial hyperplastic
changes, 1 case of adenosis, 1 case of screlosing adenosis, 1
case of capillary hemangioma, and 3 cases of other lesions.

After surgery following the biopsy, 2 cases were
upgraded from DCIS to invasive ductal carcinoma. The
patients with the high-risk lesions were followed up without
surgery performed after the biopsy. The underestimation
rate was 6.9% (2/29). Finally, 11 (38%) of the 29 biopsied
lesions were malignant: in situ carcinoma, n = 5; invasive
carcinoma, n = 6. All DCIS was classified as low grade (n
=5).

The reported frequency in a review article of high-risk
lesions was 3%—21% [24], and these frequencies are similar
to that in our study (17%; 5/29). Thus, we believe that our
indications for MRI-guided VAB were appropriate, and
these data are considered to be very important reference
values for facilities commencing MRI-guided VAB.

Incidence of malignancies in various groups

The incidences of malignancies in relation to the indications
were as follows: 67% (2/3) in BRCA1/2 mutation-positive
cases, 67% (2/3) in cases that underwent biopsy as post-
operative examination, 36% (5/14) in cases that underwent
biopsy for preoperative staging, and 22% (2/9) in cases that
underwent biopsy for other indications. This trend toward
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decreasing incidence of malignancies was consistent with
the results of other studies [3, 17].

However, the very important differences between our
study and the study reported in Japan previously [3] were the
candidates for biopsy including high-risk patients who were
BRCA1/2 mutation carriers (17%; 5/30). As described previ-
ously, the biopsy was canceled in 2 patients. Two patients
had invasive ductal carcinoma measuring 5 mm in diameter
(Fig. 5), and the remaining one case is benign result (Fig. 6).
Therefore, the importance of MRI-guided VAB in high-risk
patients with BRCAI/2 mutations should be recognized,
even though the number of subjects was limited.

Conclusion

An application by the Japanese Breast Cancer Society led
to MRI-guided VAB being covered by the national health
insurance in Japan, and medical services covered by health
insurance have to be provided by institutions related to the
society. In the future, data from the whole country have
to be scientifically examined and quality control needs
to be properly performed, mainly by the Japanese Breast
Cancer Society. Delayed diagnosis of breast cancer due
to inaccurate determination of the indications of MRI-
guided VAB in high-risk surveillance, unnecessary biopsy
due to overestimation of diagnosis, and a reduction in the
success rate of MRI-guided VAB due to inexperience
in performing the procedure must be avoided as much
as possible. Sharing experience of MRI-guided VAB
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Fig.5 A 52-year-old female
with a BRCAI mutation after
the right mastectomy. a Sagittal
contrast-enhanced T1-weighted
MR image before VAB shows a
5-mm enhancing mass (arrow)
of the left breast. b Sagittal
contrast-enhanced T1-weighted
MR image after VAB shows
complete removal of the
enhancing lesion. Histologic
evaluation of the VAB speci-
mens revealed invasive ductal
carcinoma, triple-negative

Fig.6 A 50-year-old female
with a BRCA2 mutation after
the left mastectomy. a Sagittal
contrast-enhanced T1-weighted
MR image during follow-up
after surgery shows a 3-mm
enhancing focus (arrow) of

the right breast. b Transverse
contrast-enhanced T1-weighted
MR image before VAB shows
an enhancing focus (arrow) of
the right breast. Histopatho-
logical examination of the
biopsy specimens revealed the
fibroadenoma

including detailed procedure and biopsy results will be
helpful to those involved in breast MRI and breast cancer
management in the era of high-risk screening.
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