
lable at ScienceDirect

The Breast 59 (2021) 135e143
Contents lists avai
The Breast

journal homepage: www.elsevier .com/brst
Ten years follow-up of histologically benign calcifications in the breast
after vacuum-assisted stereotactic biopsy (VASB): Is additional
mammographic follow-up warranted?

Sara van Bekkum a, Francina E.M. Dams b, Pieter J. Westenend c, Joost van Rosmalen d,
Marian B.E. Menke-Pluijmers a, Marc C.J.M. Kock b, *

a Department of Surgery, Albert Schweitzer Hospital, Dordrecht, Netherlands
b Department of Radiology, Albert Schweitzer Hospital, Dordrecht, Netherlands
c Department of Pathology, Laboratory of Pathology, Dordrecht, Netherlands
d Department of Biostatistics, Erasmus MC, Rotterdam, Netherlands
a r t i c l e i n f o

Article history:
Received 10 February 2021
Received in revised form
19 June 2021
Accepted 22 June 2021
Available online 26 June 2021

Presented at the annual meeting of Euro-
pean Society of Radiology at the Voice of
EPOS, Vienna, February 2019.

Keywords:
Clustered calcifications
Breast
Benign pathology
Follow-up
Vacuum-assisted stereotactic biopsy
* Corresponding author. Department of Radiology
Dordrecht P.O. Box 444, 3300, AK, Dordrecht, Netherl

E-mail address: kockm@asz.nl (M.C.J.M. Kock).

https://doi.org/10.1016/j.breast.2021.06.008
0960-9776/© 2021 Published by Elsevier Ltd. This is
a b s t r a c t

Objective: This study assessed the short-term and the long-term breast cancer rate in patients with
benign histopathologic results after a vacuum-assisted stereotactic biopsy (VASB) for calcifications.
Methods: In a retrospective cohort study, all consecutive patients who had a benign diagnosis after VASB
to analyze breast calcifications. Data of breast cancer development at short-term (four years) and long-
term follow-up was gathered. Breast cancer rates in our cohort were compared to the breast cancer
incidence in the general population.
Results: Of 1376 patients who underwent VASB to analyze breast calcifications, 823 had a benign his-
topathologic diagnosis. During short-term follow-up, eight patients developed breast cancer. During the
mean long-term follow-up period of 9.3 ± 3.1 years, 22 patients were diagnosed with ipsilateral breast
cancer. The incidence rate of breast cancer after benign biopsy was comparable to the rate in the general
population.
Conclusion: In patients with VASB-confirmed benign calcifications of the breast, we found no excess
incidence of ipsilateral breast cancer during ten years follow-up. Therefore, in patients with an increased
risk of breast cancer (due to a history of breast cancer or familial risk) annual mammography should be
sufficient. Patients with a population-based risk may be monitored via biennial mammography by the
national screening program. More frequent screening would provide no benefit.
© 2021 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The introduction of full-field digital mammography (FFDM)
resulted in an increase in the detection of suspect calcifications
compared to conventional screen-film mammography (SFM) [1,2].
Themorphologic presentation of calcifications onmammography is
not reliable for predicting malignancy. Consequently, these calcifi-
cations require histologic evaluation, since they may be the sole
indication for the presence of breast cancer [3,4]. Over the years,
vacuum-assisted stereotactic biopsy (VASB) has become the stan-
dard diagnostic tool for the analysis of clustered calcifications
, Albert Schweitzer Hospital,
ands.

an open access article under the C
[5e7].
The majority of these subclinical calcifications are benign on

histologic examination [4,6e8] and the management varies from
(additional short-term) mammographic follow-up to no additional
follow-up at all [9,10]. However, some studies found an association
between the presence of calcifications and the development of
breast cancer [11e13]. Therefore, the aim of this study was to assess
both the short-term and the long-term breast cancer rate inwomen
with a benign VASB histopathologic result for clustered breast
calcifications and to compare that rate with the breast cancer
incidence in the general population.
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. Methods

2.1. Study design

The present studywas a single center retrospective cohort study
of all consecutive patients who presented at a large teaching hos-
pital in the Netherlands between August 2004 and May 2014 for
vacuum-assisted stereotactic biopsy (VASB) to analyze breast cal-
cifications, and received a benign diagnosis. The institutional re-
view board approved the study and granted a waiver of informed
consent, since data was retrospectively collected and anonymized.

2.2. Patient selection

Patients had been referred via the national screening program
or by their general practitioner for breast-related symptoms or
familial risk, or they were already in hospital follow-up (Table 2 for
specific reasons for follow-up). The diagnostic work-up consisted of
physical breast examination, digital mammography, ultrasound
examination of the breast and, if necessary, also of the axilla.
Diagnostic outcomes of all patients were discussed in a multidis-
ciplinary consultation with a breast surgeon, a plastic surgeon, a
radiologist, a pathologist, and an oncologist. The radiologic-
pathologic concordance was determined. Management was based
on the histopathologic result and the radiologic results.

Patients were included if they had received VASB to analyze
breast calcifications, and if the histopathologic result was benign.
Patients were excluded if they had a malignant result, a high-risk
histopathologic result, or a radiologic-pathologic discordant
result. Lesions classified as high-risk based on the histopathologic
result included flat epithelial atypia, atypical ductal hyperplasia,
atypical lobular hyperplasia, lobular carcinoma in situ, papillary
lesions, radial scar or phyllodes tumor. The Radiologic and patho-
logic findings were considered to be concordant if the pathologic
result provided an acceptable explanation for the imaging feature
and discordant if they did not.

Patient-related variables were gathered from electronic medical
records of our institutional database. All cases were reviewed based
on the clinical conclusions.

2.3. Imaging and vacuum-assisted stereotactic biopsy

Mammographic lesions were classified based on the Breast
Imaging Reporting and Data System (BI-RADS) classification, and
ACR-criteria for calcifications were applied, which means that at
least five calcifications had to be present within 1 cm of each other
[14]. VASB was performed if no accompanying signs were detected
that could be used for ultrasound-guided biopsy.

Biopsies were executed with 9G-needles, except for the biopsies
taken before January 15, 2008, for which only 10G-needles were
available. All stereotactic core biopsies were accomplished with the
VACORA vacuum-assisted stereotactic breast device (10G biopsies)
or the Hologic Eviva vacuum-assisted stereotactic breast device (9G
biopsies). Before core needle biopsy, informed consent had been
obtained from and time-out procedure had been performed on
each patient. Patients were placed in prone position. Prior to VASB a
local field anesthesia with lidocaine was administered. Routinely,
six to twelve specimens were obtained with each core biopsy. After
each procedure, the presence of calcifications was confirmed with
specimen radiographs. If no calcifications were visible in the
specimen, additional biopsies were obtained.

All core biopsies were performed by a board-certified breast
radiologist (with at least six years of experience) or by a resident
under supervision of an experienced board-certified breast
radiologist.
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2.4. Short- and long-term follow-up of benign breast calcifications
after biopsy

All data concerning the development of breast cancer subse-
quent to VASB was collected from the local institutional database
(mammographic follow-up). To prevent overlooking any relevant
data, the possible development of breast cancer was also verified
until the end of 2018, using data from the national registry of his-
topathology and cytopathology, which covers data of all hospitals
in the Netherlands. In this way, the course subsequent to the time of
biopsy could be identified for each patient, even for patients
without local treatment or follow-up data. Data concerning
contralateral breast cancer was also collected.

The short-term follow-up was defined as the four-years subse-
quent to biopsy. If ipsilateral breast cancer developed within these
four-years subsequent to biopsy, it was conservatively classified as
breast cancer related to the lesion that had been originally biopsied.
The long-term follow-up was defined as the complete period from
the first biopsy until the final check for breast cancer at the end of
2018 or the date of diagnosis of ipsilateral breast cancer. To calcu-
late accurate follow-up time, all patients were checked to be alive at
the end of 2018. If patients were deceased, the date of death was
used as last follow-up date. If it was not possible to confirm that a
patient was alive, the moment of last contact registered in the
institutional database was used as the last follow-up date.

2.5. Data analysis

Patient demographics and biopsy variables were analysed using
descriptive analyses, presented as means with standard deviation
or as numbers with percentages. Differences between patients who
developed breast cancer within four years after biopsy and those
who did not were identified with univariate analyses using Fisher's
exact tests and non-parametric tests for categorical and continuous
variables.

The risk for developing breast cancer after a diagnosis of benign
calcifications was estimated with a Kaplan-Meier cumulative inci-
dence analysis and compared with the corresponding breast cancer
incidence in the general population. The incidence rates of ipsi-
lateral and contralateral breast cancer were calculated for a four-
year period subsequent to biopsy. The age-dependent breast can-
cer incidence in the general population of the Netherlands was
calculated based on the incidence rate among women per age
category in 2010, which was published on www.cijfersoverkanker.
nl (for invasive breast cancer and DCIS). To specify the incidence
rate for one breast, the total incidence was divided by two. The
increase of age during follow-up was accounted for in the calcu-
lation of breast cancer incidence in the general population.

No imputations were made for missing data. Two-sided p-
values of p < 0.05 were considered statistically significant. All sta-
tistical analyses were performed using the statistical software of
IBM SPSS version 24.

3. Results

3.1. Patient characteristics

In total, 1376 patients were identified who had undergone VASB
to analyze breast calcifications, 823 of whom met the inclusion
criteria (Fig. 1). The mean age at first presentation was 55.7 ± 10.3
years. In 51% of the included patients, mammography had been
performed after recall by the national screening program, in 23%
after referral by a general practitioner, and in 26% during hospital
follow-up. Overall, 79% of the patients had a BI-RADS 4
mammography, 87% had no history of breast cancer, and 3% were

http://www.cijfersoverkanker.nl
http://www.cijfersoverkanker.nl


Fig. 1. Patient selection and management flowchart for patients with clustered calcifications. VASB ¼ Vacuum-Assisted Stereotactic biopsy; High risk lesion ¼ The histopathologic
result included flat epithelial atypia, atypical ductal hyperplasia, atypical lobular hyperplasia, lobular carcinoma in situ, papillary lesions, radial scar or phyllodes tumor; Radiologic-
pathologic. discordant lesion ¼ the pathologic result provided not an acceptable explanation for the imaging feature.
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diagnosed with contralateral breast cancer synchronous to the
benign calcifications (Table 1).
3.2. Short-term follow-up (possible missed diagnosis)

Within four-years after biopsy, eight of 823 (1%) patients
developed ipsilateral breast cancer, the median interval being 2.4
years after biopsy (range 1.1e2.7). In five of these patients, the
breast cancer manifested at the biopsy site (i.e., in the same breast
quadrant as the initial biopsy). In the other three patients, breast
cancer was not located at the biopsy site but in another quadrant of
the ipsilateral breast. The mean age at first biopsy was 59.4 ± 10.2
years. Of these eight patients, six (75%) were already in follow-up at
the time of VASB due to a medical history of breast cancer. This
differed significantly from the patients who did not develop ipsi-
lateral breast cancer within four years after biopsy (See Table 2 for
more details).

Fig. 2 compares Kaplan-Meier estimates of breast cancer in the
ipsilateral breast after benign biopsy with the background risk of
breast cancer in one breast. The cumulative incidence of developing
breast cancer in the first four years of follow-up in the study pop-
ulation was 0.0098 and in the general population 0.00704 (Fig. 2).
3.3. Long-term follow-up (late development of breast cancer)

After a mean follow-up period of 9.3 ± 3.1 years, 44 of 823 (5%)
patients were identified who had developed invasive breast after a
benign histopathologic diagnosis of clustered calcifications.

Of these 44 patients, 22 (3%) were diagnosed with contralateral
breast cancer after a median interval of 8.5 (range 1.9e13.7) years.
The other 22 (3%) developed breast cancer ipsilateral to the biopsy
site after a median interval of 6.1 years after biopsy (range 1.1e12.4)
(See Table 3 and Table 4 for more details).
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In total, 152 (18%) patients did not return for local follow-up. All
events of developing breast cancer of all 823 patients were checked
in the national histopathologic database. Of the 22 patients diag-
nosed with ipsilateral breast cancer, two patients diagnosed in
another hospital. In one patient breast cancer was detected after 4.0
years and in one patient breast cancer was detected after 6.4 years
after the diagnosis of benign clustered calcifications.
4. Discussion

To our knowledge, this is the first study that focused on the
long-term follow-up after histopathologic proven benign breast
calcifications after VASB without any loss to follow-up. When
reviewing the literature on VASB of calcifications of the breast,
follow-up time ranged from 3 to 67 months [4,6,10,15e20].
Furthermore, studies show included lesions other than benign
calcifications, a large heterogeneity of the outcomemeasures, and a
considerable loss to follow-up (Table 5 [4,15,21e27]). The current
study showed that during short-term follow-up 8 patients (1%)
were diagnosedwith breast cancer, after amedian interval between
biopsy and diagnosis of 2.4 years. During 10 years of follow-up,
ipsilateral breast cancer was diagnosed in 22 (3%) patients, after a
median interval to diagnosis of 8.3 years. The majority of these
patients (14 out of 22) were already in annual hospital follow-up at
the time of benign VASB result for breast calcifications.

Multiple studies have shown that there would be no benefit of
follow-up within a year after benign ultrasonic, radiographic and
MRI-guided breast biopsies [10,16,17,19,20,28]. Present analysis is
focused solely on VASB breast calcifications. Our results are
consistent with the previously published results on biopsy with
VASB of breast lesions in general. The median interval to diagnosis
of breast cancer was 6.1 years. No breast cancers were detected in
the first year of follow-up. After two years post-biopsy, breast



Table 1
Patient characteristics of 823 patients with benign histology after VASB of clustered calcifications.

Number of patients (n) Percentage (%) Mean ± std

Age at first presentation, in years 823 55.7 ± 10.3
Referral
National screening program 416 50.5
General practitioner 188 22.8
Follow-up 215 26.1
Biopsy for other hospital 4 0.5
In case of referral by follow-up, specification of reason for follow-up
History of breast cancer 96 11.7
History or analysis of other malignancy than breast cancer 7 0.9
Family history of breast cancer 42 5.1
Benign breast lesion 65 7.9
Hormonal drug therapy 4 0.5
Preoperative screening 1 0.1
History of breast cancer
No 719 87.4
Yes 97 11.8
Missing 7 0.9
In case of history of breast cancer, side of cancer compared to calcifications
Ipsilateral 41 5.0
Contralateral 56 6.8
BI-RADS classification at the moment of VASB
BI-RADS 3 166 20.2
BI-RADS 4 649 78.9
BI-RADS 5 1 0.2
Missing 6 0.7
Breast with clustered calcifications
Left 431 52.4
Right 392 47.6
Histopathologic findings
Breast tissue without abnormalities 223 27.1
Mastopathy 287 34.9
Fibroadenoma 73 8.9
Fibrosis/fibrocystic breast changes 75 9.1
(Sclerosing) Adenosis or sclerosis 34 4.1
Hyperplasia 27 3.3
Apocrine metaplasia 19 2.3
Inflammation/necrosis 19 2.3
Epitheliosis or epithelial proliferation 11 1.3
Lactational changes 3 0.4
Combination of different benign pathologic findings 23 2.8
In case of a combination of different benign pathologic findings, specification
Fibroadenoma þ adenosis 1 0.1
Fibroadenoma þ fibrosis 1 0.1
Fibroadenoma þ mastopathy 12 1.5
Mastopathya þ mucocele like lesion 1 0.1
Mastopathy þ inflammation 3 0.4
Mastopathy þ PASHb 1 0.1
Inflammation þ epitheliosis/fibrosis 2 0.2
Radiation therapy induced changes þ fibrosis þ necrosis 1 0.1
Synchronous contralateral breast malignancy
No 779 97.1
Yes 24 2.9
Follow up, in years 823 9.3 ± 3.1
Development of breast cancer over complete follow-up period
No 779 94.7
Yes, ipsilateral to clustered calcifications 22 2.7
Yes, contralateral to clustered calcifications 22 2.7

a Mastopathy ¼ combination of (sclerosing) adenosis, epitheliosis, and or apocrine metaplasia.
b PASH ¼ pseudoangiomatous stromal hyperplasia.
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cancer was detected in two patients. Thus, in our cohort, a short
observation period less than two years would not have detected a
false negative case. When calcifications are due to a low-grade
intraductal carcinoma, they may be falsely diagnosed as benign.
The follow-upwithin a yearmay identify false negative cases due to
sampling error or procedural failure. However, breast calcifications
without the presence of a mass or architectural distorsion progress
138
slowly over a longer period [29]. So follow-up with a frequency of
annual or biennial screening would be appropriate to observe false
negative lesions over time. When imaging features change over
time at the biopsy site, a biopsy needs to be performed regardless of
the finding and the timing.

The current study showed a relatively low breast ipsilateral
cancer rate at short-term follow-up (1%) and at long-term follow-



Table 2
Short-term follow-up; Patients who did not develop breast cancer ipsilateral to the biopsy site (n ¼ 815) compared to patients who did develop breast cancer ipsilateral to the
biopsy site (n ¼ 8).

No breast cancer
subsequent to
biopsy (n ¼ 815)

Breast cancer
subsequent to
biopsy (n ¼ 8)

p-value

Mean age ± sd, in years, at moment of first biopsy 55.7 ± 10.3 59.4 ± 10.2 0.243
Referrer 0.004
National screening program 416 (51.0%)
General practitioner 186 (22.8%) 2 (25.0%)
Follow up 209 (25.6%) 6 (75.0%)
Biopsy for other hospital 4 (0.5%)
In case of referral by follow-up, specification reason for follow-up 0.129
History of breast cancer 90 (11.0%) 6 (75.0%)
History/analysis of other malignancy than breast cancer 7 (0.9%)
Family history of breast cancer 42 (5.1%)
Detected benign lesion 65 (8.0%)
Hormonal drug therapy 4 (0.5%)
Preoperative screening 1 (0.1%)
History of breast cancer <0.001
No 717 (88.0%) 2 (25.0%)
Yes 91 (11.2%) 6 (75.0%)
Missing 7 (0.9%)
In case of history of breast cancer, side cancer compared to calcifications 1.000
Ipsilateral 39 (4.9%) 2 (25.0%)
Contralateral 52 (6.4%) 4 (50.0%)
Median time to diagnosis, in years 2.4 (1.1e2.7)
Spatial relationship between future development of ipsilateral breast cancer and previous biopsy site
Biopsy site (biopsied quadrant) 5 (62.5%)
Other quadrant 3 (37.5%)

Fig. 2. Cumulative incidence of the development of ipsilateral breast cancer with 95% confidence intervals compared to the general background risk in ten years subsequent to
biopsy.
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up (3%). Our survival analysis indicated that the risk for breast
cancer in our cohort following biopsy is comparable to the risk in
the general population. However, it is important to bear in mind
that breast cancer is the most frequently detected malignancy in
women; in the general population one out of eight women develop
breast cancer, and the risk for breast cancer increases with age [30].
In the present study, majority of patients who developed ipsilateral
breast cancer were already in hospital follow-up (6 out of 8 at
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short-term follow-up, and 14 out of 22 at long-term follow-up; see
Table 2 for reasons for follow-up). At short-term follow-up, none of
the patients who had been recalled by the national screening
program had developed ipsilateral breast cancer after a benign
histopathologic result.

The risk for developing breast cancer in our patient population
appeared not statistically different to the general background risk.
Therefore, there seems no need for additional mammography after



Table 3
Long-term follow-up: Interval from biopsy to diagnosis of ipsilateral breast cancer.

No breast cancer subsequent to
biopsy

Diagnosis of breast cancer subsequent
to biopsy

Median interval to diagnosis of
ipsilateral breast cancer, in years
(minimum, maximum)

Complete study cohort 801 22 6.1 (1.1e12.4)
Primary referral
National screening program 410 6 8.3 (5.9e12.4)
General practitioner 186 2 2.3 (2.3e2.4)
Follow-up 201 14a 4.6 (1.1e9.1)
Biopsy for other hospital 4

a 9 patients with a history of breast cancer, 3 patients with a family history of breast cancer and 2 patients with a benign lesion which required follow-up.

Table 4
Characteristics post-biopsy ipsilateral breast cancer (n ¼ 22).

History of
breast
cancer

Years to
detection
breast
cancer

Surgical
treatment

Tumor size (mm) Histopathologic result Receptor status Nodal
status

1 Yes 2.55 Mastectomy 30 Invasive lobular carcinoma grade 2 ERþ, PRþ, Her2Neu- N0
2 Yes 2.61 BCS No tumor found in surgical

specimen
DCIS grade 2 e Nx

3 Yes 1.63 Mastectomy 50 DCIS grade 3 ERþ, PR-, Her2Neu- Nx
4 No 2.39 Mastectomy 20 Invasive ductal carcinoma grade 2 ERþ, PR-, Her2Neu- N1
5 No 2.34 Mastectomy 16 Invasive ductal carcinoma grade 3 ER-, PR-, Her2Neu- N1
6 Yes 1.09 Mastectomy 20 DCIS grade 3 e Nx
7 Yes 2.0 Mastectomy DCIS grade 3 e N0
8 Yes 2.68 Mastectomy 4 Invasive ductal carcinoma ERþ, PRþ, Her2Neu- N0
9 No 7.29 Mastectomy 25 Invasive ductal carcinoma grade 1 þ DCIS ERþ, PRþ, Her 2þ N0
10 No 6.39 BCS 11 Invasive ductal carcinoma grade 2 ERþ, PRþ, Her2Neu- N0
11 No 5.91 BCS 6 DCIS grade 3 e N0
12 No 9.08 Mastectomy 10 DCIS grade 2 e Nx
13 No 6.20 Mastectomy 38 Invasive ductal carcinoma grade 3 ERþ, PR-, Her2Neuþ N0
14 No 7.28 BCS 11 Invasive ductal carcinoma grade 1 ERþ, PRþ, Her2Neu- N1
15 No 10.28 BCS 17 Invasive ductal carcinoma grade 1 þ DCIS ERþ, PRþ, Her2Neu- N0
16 No 6.21 Mastectomy 9 Invasive ductal carcinoma grade 1 ERþ, PRþ, Her2Neu- N0
17 Yes 9.10 Mþ, no surgical

treatment
18 Yes 5.14 Mastectomy 12 Invasive ductal carcinoma grade 1 ERþ, PR-, Her2Neu- N0
19 No 12.43 Mastectomy 11 Invasive ductal carcinoma grade 3 þ DCIS ER-, PR-, Her2Neu- N0
20 No 12.11
21 No 6.37 BCS 26 Invasive ductal carcinoma grade 2 ERþ, PRþ, Her2Neu- N1
22 Yes 4.04 Mastectomy 39 Invasive ductal carcinoma grade 3 ER-, PR-. Her2Neu- N1

DCIS ¼ ductal carcinoma in situ; Nx ¼ all cases were DCIS.
* In case of multiple tumors, the tumor with the biggest diameter is noted.
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just six months or one year. So, patients with a population-based
risk may be monitored via biennial mammography by the na-
tional screening programs. For patients with an increased familial
breast cancer risk or for patients who were previously treated for
breast cancer, the applicable annual mammographic follow-up
seems to be sufficient to cover the risk for developing a breast
malignancy.

The strengths of our study are the breast lesion location char-
acteristics, the relatively large sample size, and the complete and
long-term follow-up as compared to other publications. Because of
the access to the national histopathologic archives, there was no
loss to follow-up. However, a limitation was that our study may
have been limited by its retrospective design. Also, due to the small
140
number of events, the study was underpowered for the reliable
analysis of potential predictors for the development of breast
cancer.

5. Conclusion

In patients with VASB-confirmed benign calcifications of the
breast, we found no excess incidence of ipsilateral breast cancer
during ten years follow-up. Therefore, in patients with an increased
risk of breast cancer (due to a history of breast cancer or familial
risk) annual mammography should be sufficient. Patients with a
population-based risk may be monitored via biennial mammog-
raphy by the national screening program. More frequent screening



Table 5
Literature overview of articles concerning benign calcifications of the breast.

Study Number of patients Study design Lesions Modality (X-ray
guided,
stereotactic,
US)

Management of benign
result after VASB

Development
malignancy after biopsy
without surgery

duration
follow-up

lost-to-
follow-up

Main conclusion

Cangiarella et al.,
2000 [21].

142 (160 biopsies
whereof 132 benign)

retrospective Mammographic
calcifications

Stereotactic
VASB biopsy;
11G

Surgical excision or
mammographic follow-
up

0 6e36 months
(mean 20,5
months)

40 (34%) A diagnosis of atypia on
Mammotome biopsy
warranted excision of the
atypical area, yet the
underestimation rate for
the presence of carcinoma
remained low. The
likelihood of an invasive
component at excision was
low for microcalcification
diagnosed as DCIS on
Mammotome biopsy.
Mammotome biopsy
proved to be an accurate
technique for the sampling
and diagnosis of mammary
microcalcification.

M. Kikruchi et al.,
2007 [22].

51 Retrospective
study

calcifications on
mammogram

stereotactic
guided
vacuum-
assisted breast
biopsy; 11G

n/a n/a n/a n/a Attention should be paid to
prevent unnecessary MMT
procedures. Heterogeneity
in the density and size of
calcifications is a reliable
criterion for clinical
decision-making.

V. Kumaroswamy
et al., 2008 [23].

100 (benign þ without
excision ¼ 17)

Retrospective; microcalcifications Stereotactic
biopsy; 11G

Excision or follow-up n/a n/a n/a MMT biopsy is particularly
useful for further
assessment of an
inadequate (B1) or
suspicious (B4) CNB
diagnosis. Diagnostic
surgical excision remains
the method of choice for
managing atypical/
uncertain lesions (B3).

B. Sigal-Zafrani
et al., 2008 [15].

1009 (529 ¼ benign) Retrospective
study

ACR IV-V
microcalcifications

Stereotactic
biopsy; 11G

Benign
result ¼ Surveillance
(95%)

n/a for benign lesions n/a for benign
lesions

n/a for
benign
lesions

VLNB constitutes an
alternative to surgical
biopsy. This procedure
avoids surgery for most
benign lesions and reduces
the number of surgical
procedures in malignant
lesions

N. Cho et al., 2009
[24].

75 (benign ¼ 45) prospectively
evaluated

suspicious
calcifications on
screening
mammography

US-guided
VASB

n/a n/a n/a n/a US-guided 11-G vacuum-
assisted biopsy retrieved
calcifications from 71% (53/
75) of lesions. Successful
calcification retrieval was
found to be related to the
visibility of associated
masses or dilated ducts by
US, and to lesion depth,

(continued on next page)
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Table 5 (continued )

Study Number of patients Study design Lesions Modality (X-ray
guided,
stereotactic,
US)

Management of benign
result after VASB

Development
malignancy after biopsy
without surgery

duration
follow-up

lost-to-
follow-up

Main conclusion

size, and distribution, and
level of suspicion at
mammography

K. Suzuki et al.,
2009 [25].

39 (lesions) Retrospective
study

segmental
calcifications

MMT biopsy
with screen-
film
mammography
system

FU of lesion using
mammography and
ultrasonography

n/a n/a n/a Lesions with heterogeneous
calcifications are frequently
malignant, and biopsy
should be considered.

S. Bae et al., 2015
[26].

406 Retrospective
review

BI-RADS 4,5 lesions
- only
microcalcification

US-CNB, US-
VAB, S-VAB

Mammographic follow-
up

0 1173.8 days
(range, 385
e1924 days).

15 (4%) Ultrasonography-guided
vacuum-assisted biopsy is
more accurate than US-CNB
when suspicious
microcalcifications are
detected on US.
Calcifications with
malignant pathology are
significantly more visible
on US than benign lesions

M.M. Atasoy et al.,
2015 [4].

63 patients (66 lesions
whereof 51 benign)

Retrospective
study

BI-RADS 4
microcalcifications-
only lesions

Stereotactic
vacuum-
assisted core
needle breast
biopsy; 10G

follow-up - first FU at
6th month after biopsy

0 mean ¼ 21.2
months (at
least 10
months)

3 (6%) VASB should be the
standard method of choice
for BI-RADS 4
microcalcifications. This
method obviates the need
for a surgical procedure in
73% of BI-RADS 4
microcalcifcation-only
patients.

R. Yonekura et al.,
2019 [27].

594 (371 ¼ benign) Retrospective
study

breast calcifications SVAB
procedure;
11 G

annual follow with
mammography, US and
examination

4 71.5 months
(range 5.6
e119.3
months)

63 patients
(17%)

When SVAB results in non-
malignant, patients may be
followed by annual
screening, while re-biopsy
needs to be performed for
the patients with a
discordant result of SVAB
and with changes in an
imaging finding during a
follow-up

VASB ¼ Vacuum-Assisted Stereotactic Biopsy; G ¼ Gauge; VB ¼ vacuum biopsy; VLNB ¼ Vacuum-assisted large-core needle biopsy; FU ¼ follow-up; US ¼ ultrasound; FEA ¼ flat epithelial atypia; VABB ¼ vacuum-assisted
breast biopsy; ADH ¼ Atypical ductal hyperplasia; MMT ¼ mammatome; CNB ¼ Core Needles Biopsy; SIFU ¼ Short-Interval Follow-Up; RTAS ¼ Return To Annual Screening.

S.van
Bekkum

,F.E.M
.D

am
s,P.J.W

estenend
et

al.
The

Breast
59

(2021)
135

e
143

142



S. van Bekkum, F.E.M. Dams, P.J. Westenend et al. The Breast 59 (2021) 135e143
would provide no benefit.

Declaration competing interest

None.

References

[1] Bluekens AMJ, Karssemeijer N, Beijerinck D, et al. Consequences of digital
mammography in population-based breast cancer screening: initial changes
and long-term impact on referral rates. Eur Radiol 2010;20(9):2067e73.

[2] Fischmann A, Siegmann KC, Wersebe A, Claussen CD, Müller-Schimpfle M.
Comparison of full-field digital mammography and film-screen mammog-
raphy: image quality and lesion detection. Br J Radiol 2005;78(928):312e5.

[3] O'Grady S, Morgan MP. Microcalcifications in breast cancer: from patho-
physiology to diagnosis and prognosis. Biochim Biophys Acta Rev Canc
2018;1869:310e20.

[4] Atasoy MM, Tasali N, Çubuk R, et al. Vacuum-assisted stereotactic biopsy for
isolated BI-RADS 4 microcalcifications: evaluation with histopathology and
midterm follow-up results. Diagnostic Interv Radiol 2015;21(1):22e7.

[5] O'Flynn EAM, Wilson ARM, Michell MJ. Image-guided breast biopsy: state-of-
the-art. Clin Radiol 2010;65(4):259e70.

[6] Rotter K, Haentschel G, Koethe D, et al. Evaluation of mammographic and
clinical follow-up after 755 stereotactic vacuum-assisted breast biopsies. Am J
Surg 2003;186(2):134e42.

[7] Verkooijen HM. Diagnostic accuracy of stereotactic large-core needle biopsy
for nonpalpable breast disease: results of a multicenter prospective study
with 95% surgical confirmation. Int J Canc 2002;99(6):853e9.

[8] Sickles EA, Ominsky SH, Sollitto RA, Galvin HB, Monticciolo DL. Medical audit
of a rapid-throughput mammography screening practice: methodology and
results of 27,114 examinations. Radiology 1990;175(2):323e7.

[9] March DE, Raslavicus A, Coughlin BF, Klein SV, Makari-Judson G. Use of breast
core biopsy in the United States: results of a national survey. Am J Roentgenol
1997;169:697e701.

[10] Maldonado S, Gandhi N, Ha T, et al. Utility of short-interval follow-up
mammography after a benign-concordant stereotactic breast biopsy result.
Breast 2018;42:50e3.

[11] Castells X, Tora-Rocamora I, Posso M, et al. Risk of Breast cancer in women
with false-positive results according to mammographic features 1. Radiology
2016;280(2):379e86.

[12] Alsheh Ali M, Czene K, Hall P, Humphreys K. Association of microcalcification
clusters with short-term invasive breast cancer risk and breast cancer risk
factors. Sci Rep 2019;9. 14604.

[13] Rom�an M, Castells X, Hofvind S, von Euler-Chelpin M. Risk of breast cancer
after false-positive results in mammographic screening. Cancer Med
2016;5(6):1298e306.

[14] D'Orsi CJ, Sickles EA, Mendelson EB, Morris EA, et al. ACR BI-RADS® atlas,
breast imaging reporting and data System. Reston, VA: American College of
143
Radiology.; 2013.
[15] Sigal-Zafrani B, Muller K, El Khoury C, et al. Vacuum-assisted large-core

needle biopsy (VLNB) improves the management of patients with breast
microcalcifications - analysis of 1009 cases. Eur J Surg Oncol 2008;34:377e81.

[16] Johnson JM, Johnson AK, O'Meara ES, et al. Breast cancer detection with short-
interval follow-up compared with return to annual screening in patients with
benign stereotactic or US-guided breast biopsy results. Radiology
2015;275(1):54e60.

[17] Salkowski LR, Fowler AM, Burnside ES, Sisney GA. Utility of 6-month follow-
up imaging after a concordant benign breast biopsy result. Radiology
2011;258(2):380e7.

[18] Adams MC, Falcon S, Mooney BP, Laronga C, Chau A, Drukteinis JS. Short-term
imaging follow-up of patients with concordant benign breast core needle
biopsies: is it really worth it? Diagnostic Interv Radiol 2014;20:464e9.

[19] Daroles J, Borget I, Suciu V, Mazouni C, Delaloge S, Balleyguier C. Value of a
short-term imaging follow-up after a benign result in a one-stop breast unit:
is it still useful? Eur J Canc 2017;85:23e30.

[20] Manjoros DT, Collett AE, Alberty-Oller JJ, Frazier TG, Barrio AV. The value of 6-
month interval imaging after benign radiologic-pathologic concordant mini-
mally invasive breast biopsy. Ann Surg Oncol 2013;20:3163e8.

[21] Cangiarella J, Waisman J, Symmans WF, et al. Mammotome core biopsy for
mammary microcalcification: analysis of 160 biopsies from 142 women with
surgical and radiologic followup. Cancer 2001;91(1).

[22] Kikuchi M, Tsunoda-Shimizu H, Kawasaki T, et al. Indications for
stereotactically-guided vacuum-assisted breast biopsy for patients with
category 3 microcalcifications. Breast Cancer 2007;14(3).

[23] Kumaroswamy V, Liston J, Shaaban AM. Vacuum assisted stereotactic guided
mammotome biopsies in the management of screen detected micro-
calcifications: experience of a large breast screening centre. J Clin Pathol
2008;61(6).

[24] Cho N, Moon WK, Cha JH, et al. Ultrasound-guided vacuum-assisted biopsy of
microcalcifications detected at screening mammography. Acta Radiol
2009;50(6).

[25] Suzuki K, Shiraishi A, Arakawa A. Analysis of stereotactic vacuum-assisted
breast biopsy for patients with segmental calcifications. Jpn J Radiol
2009;27(10).

[26] Bae S, Yoon JH, Moon HJ, Kim MJ, Kim EK. Breast microcalcifications: diag-
nostic outcomes according to image-guided biopsy method. Korean J Radiol
2015;16(5).

[27] Yonekura R, Horii R, Iwase T, et al. A diagnostic strategy for breast calcifica-
tions based on a long-term follow-up of 615 lesions. Jpn J Radiol 2019;37(3).

[28] Ouldamer L, Poisson E, Arbion F, et al. All pure flat atypical atypia lesions of
the breast diagnosed using percutaneous vacuum-assisted breast biopsy do
not need surgical excision. Breast 2018;40:4e9.

[29] Grimm LJ, Miller MM, Thomas SM, et al. Growth dynamics of mammographic
calcifications: differentiating ductal carcinoma in situ from benign breast
disease. Radiology 2019;292(1):77e83.

[30] Siegel RL, Miller KD, Jemal A. Cancer statistics. CA Cancer J Clin 2018;68(1):
7e30. 2018.

http://refhub.elsevier.com/S0960-9776(21)00403-3/sref1
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref1
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref1
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref1
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref2
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref2
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref2
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref2
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref3
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref3
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref3
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref3
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref4
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref4
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref4
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref4
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref5
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref5
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref5
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref6
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref6
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref6
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref6
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref7
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref7
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref7
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref7
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref8
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref8
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref8
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref8
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref9
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref9
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref9
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref9
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref10
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref10
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref10
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref10
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref11
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref11
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref11
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref11
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref12
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref12
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref12
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref13
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref13
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref13
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref13
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref13
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref14
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref14
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref14
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref15
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref15
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref15
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref15
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref16
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref16
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref16
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref16
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref16
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref17
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref17
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref17
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref17
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref18
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref18
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref18
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref18
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref19
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref19
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref19
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref19
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref20
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref20
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref20
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref20
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref21
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref21
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref21
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref22
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref22
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref22
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref23
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref23
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref23
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref23
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref24
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref24
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref24
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref25
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref25
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref25
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref26
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref26
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref26
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref27
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref27
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref28
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref28
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref28
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref28
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref29
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref29
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref29
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref29
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref30
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref30
http://refhub.elsevier.com/S0960-9776(21)00403-3/sref30

	Ten years follow-up of histologically benign calcifications in the breast after vacuum-assisted stereotactic biopsy (VASB): ...
	1. Introduction
	2. Methods
	2.1. Study design
	2.2. Patient selection
	2.3. Imaging and vacuum-assisted stereotactic biopsy
	2.4. Short- and long-term follow-up of benign breast calcifications after biopsy
	2.5. Data analysis

	3. Results
	3.1. Patient characteristics
	3.2. Short-term follow-up (possible missed diagnosis)
	3.3. Long-term follow-up (late development of breast cancer)

	4. Discussion
	5. Conclusion
	Declaration competing interest
	References


