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Abstract
Purpose

We determined the failure rate of stereotactic core needle biopsy (SCNB) and its causes and �nal
outcome in women recalled for calci�cations at screening mammography.

Methods

We included a consecutive series of 624,039 screens obtained in a Dutch screening region between
January 2009 and July 2019. Radiology reports and pathology results were obtained of all recalled
women during two-year follow-up. 

Results

A total of 3,495 women (19.6% of 17,809 recalls) were recalled for suspicious calci�cations. SCNB was
indicated in 2,818 women, of whom 12 had incomplete follow-up and another 12 women refused biopsy.
DCIS or invasive cancer was diagnosed in 880 of the remaining 2,794 women (31.5%). SCNB failed in 62
women (2.2%, 36/2,794). These failures were mainly due to a too posterior (n=30) or too super�cial
location (n=17) of the calci�cations or calci�cations too faint for biopsy (n=13). Of these 62 women, 10
underwent surgical biopsy, yielding one DCIS (intermediate grade) and two invasive cancers (one
intermediate grade and one high grade) and another two women were diagnosed with DCIS (both high
grade) at follow-up. Thus, the malignancy rate after SCNB failure was 8.1% (5/62). Calci�cations were
neither depicted at SCNB specimen radiography nor at pathology in 16 women after (repeated) SCNB
(0.6%, 31/2,732). None of them proved to have breast cancer at 2 year follow-up.

Conclusion

The failure rate of SCNB for suspicious calci�cations is low but close surveillance is warranted, as breast
cancer may be present in up to 8% of these women.

Introduction
Many countries have implemented regional or nation-wide screening mammography programmes. These
programmes aim to detect breast cancer at an early stage, and signi�cant improvements in breast cancer
morbidity and mortality have been achieved though this early detection and improved breast cancer
treatment [1–2]. The Netherlands has a long history of screening mammography; a nation-wide screening
programme, offering free biennial screening mammography to women aged 50–75 years, was fully
implemented in 1998.

Calci�cations at mammography may be a sign of the presence of ductal carcinoma in-situ (DCIS) or
invasive breast cancer and comprise a substantial proportion of recalls at screening mammography [3].
Digital mammography has a higher sensitivity for the detection of suspicious calci�cations than screen-
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�lm mammography [4]. Screen-�lm mammography was replaced by full-�eld digital screening
mammography in the Dutch screening programme in 2009 and 2010 and this transition came along with
higher calci�cation recall rates and higher DCIS detection rates [5]. The standard of reference for
pathological analysis of suspicious calci�cation is surgical biopsy. However, this type of biopsy is costly
and invasive and it may have a negative impact on cosmetic outcome. Percutaneous, minimally invasive
vacuum-assisted biopsy has been proven to be a reliable alternative to surgical biopsy and it has largely
replaced surgical biopsy for the assessment of suspicious calci�cations seen at mammography [6, 7].

The reported technical success rate and the sensitivity for the detection of (pre)malignant breast
abnormalities of vacuum-assisted biopsy is high [6]. There are, however, very sparse data on the policy to
follow in case of a failure to obtain a representative vacuum-assisted biopsy of calci�cations and the
probability of breast malignancy in these women. In a multi-institutional observational follow-up study
we therefore determined the failure rate of stereotactic core needle biopsy and the causes of these
failures in women recalled for suspicious calci�cations at screening mammography, as well as the
further management and the risk of breast malignancy in these women.

Methods
Study population and design of the screening mammography programme

All women who underwent biennial screening mammography in a southern screening region of the
Netherlands between January 1, 2009 and July 1, 2019 were eligible for inclusion. Prior to participation,
women gave informed consent that their data may be used for quality assurance of the screening
programme and for scienti�c purposes. An opt-out construction enables the women to refrain from this
consent. Only three recalled women used this opt-out and they were excluded from analysis. Ethical
approval was not required for the current study, according to the Dutch Central Committee on Research
involving Human Subjects (CCMO).

Women aged 50–75 years were offered free, biennial screening mammography. A transition from screen-
�lm to full-�eld digital mammography took place in 2009 and 2010. The screening mammograms were
obtained at four screening units (one �xed unit and three mobile units) by trained mammography
radiographers. The examinations were then double read by a team of certi�ed screening radiologists,
each reading more than 6000 screening mammograms yearly. Suspicious mammographic abnormalities
were categorized as follows: 1) mass; 2) calci�cations; 3) mass with calci�cations; 4) asymmetry; 5)
architectural distortion or 6) other. Women without mammographic abnormalities (BI-RADS 1) or benign
mammographic lesions (BI-RADS 2) were not recalled, whereas BI-RADS 0 lesions (low probability of
malignancy), BI-RADS 4 lesions (intermediate probability of malignancy) and BI-RADS 5 lesions (high
probability of malignancy) were recalled for further analysis [8, 9].

Assessment after recall and follow-up
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Recalled women underwent further assessment of their mammographic abnormality at a specialized
breast unit of a surgical department, mostly at one of the regional hospitals. The majority of these recalls
was performed in six hospitals (97.7%, 3,412/3,494 recalls). From 2017, BI-RADS 0 recalls were initially
evaluated at a radiology department and, if indicated, by surgical oncologists as well. The diagnostic
results of recalled women and their consequences were discussed at multidisciplinary meetings. The
screening organization routinely received the initial follow-up data from the hospitals were the women
were analyzed after recall. To complete 2-year follow-up (until the next biennial screen) one of the
radiologists (LD) and several radiology residents collected additional reports on radiological, surgical and
biopsy procedures, that were not received by the screening organization, through visits at these
departments. All data were then entered into a database, created for quality control of the screening
programme and scienti�c purposes, by the radiologist.

Stereotactic core-needle biopsy of calci�cations

In the six hospitals that handled the majority of recalls, the vacuum-assisted stereotactic core-needle
biopsy of calci�cations was done using 9–11 Gauge needles (9G, 4 hospitals; 10G, 1 hospital; 11G, 1
hospital). Prone stereotactic biopsy was performed in �ve hospitals and one hospital could use both an
upright or prone biopsy approach. The number of biopsies taken was at the discretion of the radiologist
(usually 6–12 biopsy specimen). Specimen radiography of the biopsies was routinely obtained to assess
the presence of calci�cations in the biopsies and a marking clip was placed at the biopsy site at the end
of the procedure. Additional mammographic images were acquired to con�rm that the target lesion was
sampled and the marking clip was in appropriate position. Both radiologists and pathologists routinely
mentioned in their reports whether or not calci�cations were present in the biopsy specimen.

Data analysis

Descriptive statistics are given and no statistical analysis was performed.

Results
Overall screening outcome

We included a consecutive series of 624,039 screens (67,960 initial screens and 556,079 subsequent
screens), of which 17,809 were recalled (recall rate: 2.9%). Breast cancer was diagnosed in 4,172 recalled
women (875 DCIS and 3,297 invasive cancers), yielding a cancer detection rate of 6.69 per 1,000 screens
and a positive predictive value of recall of 23.4% (4,172/17,809).

Target population

Recall for suspicious calci�cations at screening mammography occurred in 3,495 women (19.6% of all
recalls, Fig. 1). Stereotactic core needle biopsy (SCNB) for further analysis of the calci�cations was
indicated in 2,818 women. Follow-up was incomplete in 12 of these women and another 12 women
refused SCNB, leaving 2,794 women for �nal analysis. A unilateral, single SCNB procedure was indicated
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in 2,582 women. Another 157 women were scheduled for two or more ipsilateral SCNB procedures and 55
women for bilateral SCNB, totaling 3,020 stereotactic biopsies indicated in the 2,794 women available for
�nal analysis. Mostly at immediate histology and eventually at 2-year follow-up, DCIS (668 women, low
grade: 113; intermediate grade: 246; high grade: 309) or invasive breast cancer (211 women, B&R grade I:
89; grade II: 89; grade III: 25; grade unknown: 8) was diagnosed in 879 women (31.5%, 879/2,794).

SCNB was not considered necessary in 677 of the women recalled for suspicious calci�cations. A total of
301 women were assigned BI-RADS 1 or BI-RADS 2 after additional breast imaging and they were advised
to re-attend the biennial screening programme (Fig. 2). Another 164 women were categorized BI-RADS 3,
of which 126 received mammographic surveillance and 38 underwent ultrasound guided percutaneous
biopsy (yielding two DCIS and four invasive cancers). The remaining 212 women underwent US guided
biopsy for a BI-RADS 4 or BI-RADS 5 lesion, yielding 49 DCIS and 101 invasive cancers.

Failed stereotactic biopsy procedures

SCNB was initially unsuccessful in 65 women. In three of these cases, SCNB was performed successfully
at second instance in another hospital where an upright approach was used rather than the prone
position, leaving 62 �nal SCNB failures in 62 women (2.2%, 62/2,794; Fig. 3). The most frequently
encountered reasons for technical failure were non-visualization of the calci�cations at SCNB due to a
too deep location of the calci�cations (48.4%, 30/62), followed by a too super�cial location of the
calci�cations hampering the creation of vacuum (27.4%, 17/62) and calci�cations of a too low density to
allow a proper localization (21.0%, 13/62). The remaining two failures were patient related and included
severe Bechterew disease (1 woman) and immobility (1 woman). Wire-guided, surgical biopsy was
performed in 10 women (16.1%, 10/62), yielding one DCIS (intermediate grade) and two invasive cancers
(one intermediate grade and one high grade). Two women underwent ultrasound guided, vacuum -
assisted biopsy after stereotactic placement of a marking clip at the calci�cations, with benign pathology
outcome. Another 34 women underwent mammographic surveillance of their calci�cations, with two high
grade DCIS (35 mm and 15 mm, respectively) diagnosed at follow-up. Two women did not comply with
the recommended mammographic follow-up and 14 other women received breast MRI, followed by
mammographic surveillance. Breast cancer was not diagnosed in any of these 16 women within two
years after their SCNB failure. Thus, the overall malignancy rate was 8.1% (5/62) among women who
experienced a failure of their SCNB procedure.

Absence of calci�cations at pathology

In 29 women (1.1%, 29/2,732), of whom two underwent a repeated SCNB procedure, no calci�cations
could be identi�ed in the SCNB specimen at pathology. In 13 of them calci�cations were present at
specimen radiography and pathological analysis of the core biopsies revealed three cases of DCIS (of
which two intermediate grade and one high grade). No breast cancer was diagnosed in the other 10
women (of whom three underwent additional surgical biopsy, three received follow-up mammography
and four returned to the screening programme without further examinations after their SCNB). In 16
women no calci�cations could be identi�ed, neither at specimen radiography of the biopsies nor at
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pathology (0.6%, 16/2,732). None of these women was diagnosed with breast cancer during the 2-year
follow-up period (three women underwent surgical biopsy, nine received mammographic surveillance of
the calci�cations, one did not adhere to mammographic follow-up and three returned to the screening
programme without additional examinations following SCNB).

Discussion
In this multi-institutional study we found that 2.2% of women experienced a technical failure of their
SCNB procedure. The most frequent reasons for failures were a too posterior or a too super�cial location
of the calci�cations and calci�cations too faint for biopsy. The approach after failed stereotactic biopsy
was various and included surgical biopsy, ultrasound guided vacuum-assisted biopsy after stereotactic
placement of a marking clip, breast MRI or mammographic follow-up. At histology (second attempt) or
after 2-year follow-up, the eventual malignancy rate among women with an initially unsuccessful
stereotactic biopsy was 8.1% (5/62).

Several studies report on retrieval failure of calci�cations during stereotactic biopsy, despite a good
visibility of the calci�cations and a proper needle localization, but very few data is available on other
causes of SCNB failure. In a single centre study from the US that included 99 SCNB failures for
calci�cation lesions out of a series of 1,874 stereotactic biopsies for various mammographic lesions,
Brennan et al. report that three quarter of these cancellations were due to calci�ed foci that were too faint
for visualization during biopsy [10]. This percentage is much higher than we observed, which may partly
be explained by differences in the study populations. Brennan et al. only included women with
calci�cations seen at digital mammography whereas our study population also comprised screen-�lm
mammograms. Moreover, our series was limited to screened women whereas the US study also included
younger women with denser breasts. Many studies have shown that full-�eld digital mammography is
superior to screen-�lm mammography for the detection of small calci�cations [4,11]. This improved
detection by digital mammography likely increases the probability of SCNB failures as the system that
provides the diagnostic images may be superior to the one used for stereotactic biopsy. In another single
center study that included 439 prone SCNB procedures, Bahl et al. reported a failure rate of 4.9%, with a
majority of these failures caused by calci�cations that could not be targeted [12]. In only 0.5%, 2 out of
439 failures, SNCB was unsuccessful due to a very low density of the calci�cations.

We encountered different approaches in case of a cancelled SCNB procedure for suspicious
calci�cations. It may be worthwhile to repeat the biopsy procedure using an upright digital breast
tomosynthesis-guided approach when the calci�cations cannot be targeted with the patient in prone
position, as was done successfully in three women in our series. The upright biopsy technique has a
higher technical success rate than prone stereotactic biopsy as posterior lesions are more easily
accessible and some patients are not able to tolerate a prone position [12]. A disadvantage of the upright
approach, however, is a higher probability of fainting. One out of six women in our series underwent
surgical biopsy after SCNB failure, yielding 3 malignancies in the 10 diagnostic, surgical biopsies (30%).
Sometimes a marking clip can be placed at the site of the calci�cations under stereotactic guidance
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when stereotactic biopsy itself is not possible. In two women the calci�cations could successfully be
biopsied through ultrasound guided localization of the clip, followed by vacuum-assisted biopsy. Other
women underwent mammographic follow-up of their calci�cations or received breast MRI. Biopsy is
mandatory when progress of the calci�cations is seen at mammographic surveillance. The rationale to
perform MRI is the ability of this imaging technique to improve DCIS detection, especially DCIS with high
nuclear grade [13].

Literature on the probability of malignancy after SCNB failure is very sparse. In a small series of 20
surgical biopsy procedures in 19 women with suspicious calci�cations that were too faint for stereotactic
core biopsy, Jeffries et al reported 5 malignancies, including 2 DCIS [14]. These �ndings are in line with
another study reporting a malignancy rate of 17% in women with such calci�cations [10]. Our 8.1%
malignancy rate in women who experienced a failure of their stereotactic biopsy of calci�cations for a
variety of reasons, including too faint calci�cations, implies that the threshold for surgical biopsy should
be low. One the other hand, since only one of the surgical biopsies showed a high grade invasive cancer,
the can be made for shared decision making between close surveillance and surgical biopsy.

The number of biopsies taken at SCNB may vary according to the radiologist’s discretion. One study,
reporting on the use of 11G needles, found that the highest diagnostic yield was achieved with 12
specimen [15]. Fewer specimen were usually obtained in our series (routinely 6 to 12 specimen). On the
other hand, most hospitals used a 9G needle that yields more tissue than the smaller 11G needle. SCNB
may fail to retrieve calci�cations in the biopsy specimen, as we found in just more than 1% of the women
undergoing SCNB, and this percentage is in line with the 1%-5% retrieval failure rates reported in two
studies that used 11G needles [16, 17]. Although none of the 16 women in our series, whose SCNB yielded
no calci�cations at specimen radiography nor at pathology were ultimately diagnosed with breast cancer,
a repeated SCNB procedure or at least strict radiological follow-up should be performed as cores without
calci�cations may fail to show a malignant lesions [18].

Our study has several strengths and limitations. Strengths are the large size of the study population, the
multi-institutional design and the virtually complete follow-up. To our knowledge, this study is the �rst
that reports on the overall failure rate of stereotactic biopsy for suspicious calci�cations and its �nal
outcome. A limitation is the likely presence of different levels of experience among different radiologists
performing SCNB. The latter, on the other hand, re�ects routine clinical practice. Since follow-up was
limited to the next screening mammography (2 years), malignancies appearing afterwards were not
included, resulting in a possible underestimation of the risk.

In summary, we conclude that the failure rate of SCNB for calci�cations is very low, but a close
surveillance with a low threshold for surgical biopsy is recommended as breast cancer may be present in
a substantial number of these women. There are several options to choose from when one encounters
SCNB failure urging for a well-informed shared decision making process. The development of evidence
based guidelines, supported by large studies, may help clinicians and patients alike to decide which
further steps to take in these cases.
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Figure 1

Study population. SCNB = stereotactic core needle biopsy; FU = follow-up
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Figure 2

Management and outcome of calci�cation recalls without SCNB indication. SCNB = stereotactic core
needle biopsy; BI-RADS = Breast Imaging Reporting and Data System
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Figure 3

Stereotactic core needle biopsy cancellation and outcome. SCNB = stereotactic core needle biopsy; US =
ultrasonography; VAB = vacuum-assisted biopsy; FU = follow-up; MRI = magnetic resonance imaging


