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The introduction of breast screening programs resulted in an increase 
of the detection of nonpalpable breast calcifications.1 Since calcifi-
cations may be the sole presence of breast cancer, suspect breast 
calcifications require histopathologic evaluation.2,3 In current prac-
tice, vacuum-assisted stereotactic biopsy (VASB) is the standard diag-
nostic in the evaluation of calcifications.4–6 Although VASB has been 
studied frequently, studies have not been specified on breast calcifi-
cations specifically.4,7–10 We determined the diagnostic performance 
of VASB specified for breast calcifications in current daily practice.

We conducted a retrospective cohort study of all consecutive 
patients who underwent VASB to analyze breast calcifications. 
Histopathologic results were categorized into three groups based 
on reported pathologic conclusion: (1) malignant lesions, (2) lesions 
with inconclusive results, and (3) benign lesions. Malignant lesions 
concerned lesions with ductal carcinoma in situ (DCIS) and/or in-
vasive breast cancer. Inconclusive radiologic-pathologic results in-
cluded high-risk lesions (including flat epithelial atypia, atypical 
ductal hyperplasia, atypical lobular hyperplasia, lobular carcinoma 
in situ, papillary lesions, radial scar, and phyllodes tumor), unrep-
resentative biopsies, and lesions with discrepancies between ra-
diologic and pathologic findings (determined at multidisciplinary 
consultation). In case of follow-up for a benign lesion or an incon-
clusive radiologic-pathologic result, the possible development of 
breast cancer was verified using data from the local institutional 
database and the national registry of histopathology and cytopa-
thology, which covers all hospitals in the Netherlands. If ipsilateral 
breast cancer developed within a period of four years after biopsy, 
it was classified as breast cancer related to the lesion that had been 
originally biopsied.

All statistical analyses were performed using the statisti-
cal software of IBM SPSS version 24. Patient demographics 
and biopsy variables were analyzed using descriptive analyses, 
presented as means with standard deviation or numbers with 
percentages. The diagnostic accuracy included sensitivity, spec-
ificity, positive predictive value (PPV), and negative predictive 
value (NPV). In this analysis, all malignant lesions classified as 
true-positive test results. Benign lesions were classified as true-
negative test result, unless patients developed ipsilateral breast 
cancer. Benign lesions with a negative pathologic result based on 
the surgical specimen were classified as true-negative test result. 
Patients with inconclusive radiologic-pathologic results who had 
received a diagnostic surgical excision were classified as positive 
test result. However, if the final pathology report showed a be-
nign lesion, this was classified as false-positive test. Lesions were 
classified as false-negative test result if ipsilateral breast cancer 
had developed during the follow-up after biopsy (without surgical 
excision). In case no remainder of the primary lesion was detected 
in the surgical specimen, it was assumed that the complete lesion 
was present in the biopsy. In these cases, diagnosis was based on 
the biopsy specimen.

Binomial proportion confidence intervals of the test characteris-
tics were calculated with the Agresti-Coull method. No imputations 
were made for missing data. Two-sided p-values of <0.05 were con-
sidered statistically significant.

During the inclusion period, 1533 patients had a lesion on mam-
mography or ultrasound which necessitated VASB. In 1376 patients, 
VASB was performed to analyze breast calcifications. Of these pa-
tients, 827 (60%) patients had a biopsy with benign histology, 443 
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(32%) patients had a malignant histology, and 106 (8%) patients 
had an inconclusive radiologic-pathologic result resulting in fol-
low-up or surgical excision. The mean age at first presentation was 
56.3 ± 10.1 years, 740 patients (54%) were referred by the national 

screening program, and the majority (79%) were diagnosed with a 
BI-RADS IV lesion.

Of 492 (36%) patients with a positive histopathologic result after 
VASB or an inconclusive radiologic-pathologic result which required 

Surgical excision or 
follow-up
positive

Surgical excision or 
follow-up
Negative Total

VASB positive* n = 456
(443§ + 13#)

n = 36# 492

VASB negative** n = 10
(8§§ + 2##)

n = 874
(815§§ + 55## + 4§)

884

Total 466 910 1376

*Histopathologic ductal carcinoma in situ and/or invasive carcinoma§; or inconclusive radiologic-
pathologic result# which required surgical excision. Histopathologic benign clustered calcifications§ 
which received surgical excision at patient's request.
**Histopathologic benign clustered calcifications§§; or inconclusive radiologic-pathologic result## 
which required follow-up.
Surgical excision or follow-up positive = histopathologic ductal carcinoma in situ and/or invasive 
carcinoma in surgical specimen; or development of ductal carcinoma in situ and/or invasive 
carcinoma during follow-up.
Surgical excision or follow-up negative = histopathologic benign result of surgical specimen; or no 
development of ductal carcinoma in situ and/or invasive carcinoma during follow-up.

TA B L E  1  Contingency table of 1376 
VASB results with results of surgical 
excision or follow-up

F I G U R E  1  Patient selection and management flowchart for patients with breast calcifications. VASB (−) = histopathologically benign 
calcifications; VASB (+/−) = inconclusive radiologic-pathologic result; VASB (+) = histopathological ductal carcinoma in situ and/or invasive 
carcinoma. FU (−) = no development of ductal carcinoma in situ and/or invasive carcinoma during follow-up; FU (+) = development of 
ductal carcinoma in situ and/or invasive carcinoma during follow-up. SE (−) = histopathologically benign result of surgical specimen; SE 
(+) = histopathologic ductal carcinoma in situ and/or invasive carcinoma in surgical specimen
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surgical excision. Of these 492 patients with a positive test result, 
456 (33%) patients had breast cancer in the surgical specimen and 
36 (3%) did not.

Of 884 (64%) patients with a negative histopathologic result 
after VASB or an inconclusive radiologic-pathologic result which re-
quired follow-up, 10 (1%) patients developed breast cancer during 
the follow-up period of four years. Of these patients who developed 
breast cancer during follow-up, 8 patients had a negative histopatho-
logic result after VASB and 2 had inconclusive radiologic-pathologic 
result. Based on these numbers, VASB for calcifications has a sensi-
tivity of 98% (95% CI 96.0 – 98.9), a specificity of 96% (95% CI 94.6 
– 97.1), a PPV of 93% (95% CI 90.1 – 94.6) and a NPV of 99% (95% 
CI 97.9 – 99.4) (Table 1). Of the patients with a false-negative result 
the mean age was 57.3 ± 10.2 years, 6 patients (60%) had a history 
of breast cancer.

In conclusion, VASB for breast calcifications is a diagnostic tool 
with a very high accuracy. The histopathologic result after VASB for 
breast calcifications can be considered as an effective and an as-
sured decision tool.

ORCID
Sara van Bekkum   https://orcid.org/0000-0001-6924-9275 
Francina E. M. Dams   https://orcid.org/0000-0003-4649-7457 
Pieter J. Westenend   https://orcid.org/0000-0002-5509-920X 
Joost van Rosmalen   https://orcid.org/0000-0002-9187-244X 
Marian B. E. Menke-Pluijmers   https://orcid.
org/0000-0003-3301-4962 
Marc C. J. M. Kock   https://orcid.org/0000-0002-6693-5429 

R E FE R E N C E S
	 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):2067-2073.

	 2.	 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):22-27.

	 3.	 O’Grady S, Morgan MP. Microcalcifications in breast cancer: from 
pathophysiology to diagnosis and prognosis. Biochim Biophys Acta 
- Rev Cancer. 2018;1869:310-320.

	 4.	 Rotter K, Haentschel G, Koethe D, et al. Evaluation of mam-
mographic and clinical follow-up after 755 stereotactic vacuum-
assisted breast biopsies. Am J Surg. 2003;186(2):134-142.

	 5.	 O’Flynn EAM, Wilson ARM, Michell MJ. Image-guided breast bi-
opsy: state-of-the-art. Clin Radiol. 2010;65(4):259-270.

	 6.	 Verkooijen HM. Diagnostic accuracy of stereotactic large-core 
needle biopsy for nonpalpable breast disease: results of a multi-
center prospective study with 95% surgical confirmation. Int J 
Cancer. 2002;99(6):853-859.

	 7.	 Burns RP, Brown JP, Roe SM, Sprouse LR, Yancey AE, Witherspoon 
LE. Stereotactic core-needle breast biopsy by surgeons: minimum 
2-year follow-up of benign lesions. Ann Surg. 2000;232(4):542-548.

	 8.	 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 Cancer. 2017;85:23-30.

	 9.	 Gao Y, Albert M, Lin LLY, et al. What happens after a diagnosis of 
high-risk breast lesion at stereotactic vacuum-assisted biopsy? An 
observational study of postdiagnosis management and imaging ad-
herence. Radiology. 2018;287(2):423-431.

	10.	 Johnson JM, Johnson AK, O’Meara ES, et al. Breast cancer detec-
tion 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):54-60.

How to cite this article: van Bekkum S, Dams FE, Westenend 
PJ, van Rosmalen J, Menke-Pluijmers MB, Kock MC. The 
reassurance of the diagnosis benign calcifications after 
vacuum-assisted stereotactic breast biopsy. Breast J. 
2021;00:1–3. https://doi.org/10.1111/tbj.14237

https://orcid.org/0000-0001-6924-9275
https://orcid.org/0000-0001-6924-9275
https://orcid.org/0000-0003-4649-7457
https://orcid.org/0000-0003-4649-7457
https://orcid.org/0000-0002-5509-920X
https://orcid.org/0000-0002-5509-920X
https://orcid.org/0000-0002-9187-244X
https://orcid.org/0000-0002-9187-244X
https://orcid.org/0000-0003-3301-4962
https://orcid.org/0000-0003-3301-4962
https://orcid.org/0000-0003-3301-4962
https://orcid.org/0000-0002-6693-5429
https://orcid.org/0000-0002-6693-5429
https://doi.org/10.1111/tbj.14237

