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Background: Vacuum-assisted breast biopsy (VABB) has been routinely recommended for stereotactic 
intervention in cases of isolate mammographically-detected calcifications. Herein we aimed to evaluate and 
compare the diagnostic consistency and accuracy of calcified and noncalcified specimens obtained from same 
sites of sampling on mammography-visible calcifications. In addition, we presented the biopsy procedure and 
retrospectively evaluated the usefulness of VABB as well as the complications of this technique over an eight-
year experience in our centre.
Methods: This single-institution observational cohort study included 587 patients referred for stereotactic 
11-gauge VABB of 594 mammographically-detected calcifications between January 2010 and December 
2018. The rate of histopathological underestimation, the false negative, the diagnostic consistency and 
accuracy between calcified and noncalcified specimens of VABB were comprehensively evaluated based on 
the surveillance data and final histopathological result of the surgical specimens.
Results: In total, 594 biopsy procedures were performed in 587 patients (mean age 46 years, range, 21– 
80 years). The average number of biopsy specimens was 14.7 (range, 9–21) per lesion. VABB pathological 
results revealed 471 (79.3%) benign, 39 (6.6%) high-risk, and 84 (14.1%) malignant cases. The diagnostic 
inconsistency between calcified and noncalcified specimens was 14.6% (105/123) for high-risk and malignant 
lesions. Furthermore, calcified specimens exhibited higher diagnostic accuracy of malignant lesion as 
compared with the noncalcified specimens (97.7 % versus 82.6%, respectively). Underestimation rate for 
high-risk lesions and in situ carcinoma was 5.1% and 54.1%, respectively, along with a false negative rate of 
6.25%. In addition, mild complications were reported with high patient tolerance.
Conclusions: Stereotactic 11G-VABB might be preferred for the investigation of non-palpable 
mammographically-detected calcifications in terms of accuracy and safety profile. The high prevalence of 
diagnostic discordance between the specimens with and without calcifications revealed a higher value of 
calcified specimens in diagnosing high-risk and malignant calcifications.
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Introduction

With the  widespread  in t roduct ion  o f  screen ing 
mammography, the detection of non-palpable breast lesions 
has increasingly identified, exclusively for calcifications 
patterns. In case of suspicious non-palpable abnormalities, 
a hook wire localization biopsy remains to be the standard 
option for obtaining histopathological assessment (1). 
However, the cosmetic outcome and morbidity associated 
with an open excisional biopsy have prompted more 
physicians to evaluate other alternative procedures, 
preferably in a timely, non-operative way.

Palpable and nonpalpable breast lesions are currently 
available to be diagnosed by different percutaneous image-
guided techniques. Core needle biopsy (CNB) is the 
most commonly used approach for a US-visible lesion 
while the vacuum-assisted breast biopsy (VABB) can be 
performed under mammography, tomosynthesis, US, or 
MRI guidance. The use of VABB is crucial for findings such 
as microcalcifications or architectural tissue distortions on 
mammography or tomosynthesis as well as for suspicious 
contrast-enhancing lesions on MRI that cannot be found 
with other methods (2). Studies have shown that VABB 
is superior to large core breast biopsy, harvesting higher 
quality and larger volume of specimens which results in 
increased lesion retrieval, decreased cancer underestimation 
rates and reduced sampling error (3-5).

Additionally, use of vacuum-assisted technique towards 
a targeted area enables removal of larger amounts of tissue 
both calcifications included and not. The retrieval of 
suspicious calcifications has been confirmed to facilitate 
histopathologic diagnosis because the targeted calcifications 
tended to represent typical features of comedo necrosis 
from in situ malignancy on microscopy (6). However, the 
presence or absence of calcifications in the core specimens 
might lead to different histopathologic diagnoses, despite 
being collected from the same biopsied site.

The primary objective of this study was to evaluate 
and compare the diagnostic consistency and accuracy of 
specimens with or without calcifications obtained from 
same sites of sampling on isolate mammographically 
detected calcifications. In addition, we presented the biopsy 
procedure and retrospectively evaluated the usefulness of 
VABB in non-palpable lesions, as well as the complications 
of this technique over an eight-year experience in our 
centre. We present the following article in accordance 
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/gs-20-456).

Methods

From January 2010 to December 2018, stereotactic 
VABBs were performed in 642 consecutive patients with 
non-palpable lesions in our centre. Thirty-six patients 
were not eligible for inclusion because a mass lesion was 
synchronously delineated on ultrasound. Another 12 
patients were excluded due to lack of follow-up information.

The remaining 587 patients with 594 mammographically 
detected calcifications were eventually included in this study 
(Figure 1). Before biopsy, breast calcifications were classified 
according to the new edition of mammographic BI-RADS 
(Breast Imaging Reporting and Data System) morphology 
descriptors published in 2013 (7).

In  our  s tudy,  some pat ient s  wi th  BI-RADS 0 
category lesions also underwent VABB either because 
of positive family history of breast cancer or patient’s 
strong willingness. Among them, calcifications were 
mammographically confirmed and additional imaging 
examinations were provided before biopsy. Moreover, 
patients with poor compliance for mammography follow up 
were also submitted to the VABB procedure.

Stereotactic vacuum-assisted biopsy procedure

Biopsy procedures were completed by two experienced 
breast surgeons specialized in performing breast biopsy. All 
VABBs were performed under stereotactic guidance with 
a 11-gauge Mammotome device (Brevera® Breast Biopsy 
System, Hologic) on the digital prone table (Affirm® Prone 
Breast Biopsy System, Hologic). Detailed biopsy protocols 
are identical to those described elsewhere in the literature (8).  
The presence of calcifications was determined by using 
specimen radiographs after retrieval. Specimens with and 
without calcifications were submitted separately to pathologic 
examination in two different labelled formalin containers.

Histopathological evaluation procedure

Histopathological analysis of all biopsy specimens was 
retrospectively accomplished by two dedicated breast 
pathologists.  The histopathological diagnosis was 
subdivided into 3 categories: benign, high-risk, and 
malignant. High-risk lesions comprised atypical ductal 
hyperplasia (ADH) and atypical lobular hyperplasia 
(ALH) while malignant lesions included ductal carcinoma  
in situ (DCIS), lobular carcinoma in situ (LCIS), carcinoma  
in situ with microinvasion (DCIS-MI), and invasive ductal 
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Figure 1 Flowchart of management of study participants.

Potentially eligible patients 
referred for stereotactic VABB 

(N = 642)

Exclusion
- Calcifications with mass (N = 36)
- Censored (N = 12)

Confirmed eligible patients  
(N = 587)

 Performed lesions by VABB  
(N = 594)

Benign (N = 471) High risk (N = 39)

Operation (N = 7) Operation (N = 7)

Malignant (N = 84)

Benign (N = 7) ADH (N = 5)

DCIS (N = 28)

DCIS (N = 61)

Operation (N = 61) DCIS (N = 2)

DCIS-MI &IDC (N = 33)

DCIS-MI &IDC (N = 23)

Operation (N = 23)

carcinoma (IDC).
The primary aim of this study was to evaluate and 

compare the diagnostic consistency and accuracy of 
specimens with or without calcifications biopsied from 
same sites of sampling on non-palpable mammographically 
detected calcifications. The secondary purpose was to 
review the histopathological underestimation rate and 
false negative rate in terms of the follow up data and 
the histopathological result of final surgical specimens. 
Diagnostic accuracy was defined as the number of malignant 
lesions diagnosed by VABB calculated as a percentage of 
the overall number of malignant cases. Histopathological 
underestimation rate was defined as an ADH or ALH 
lesion of the VABB that was upgraded to in situ or invasive 
carcinoma after open excisional biopsy and a DCIS or LCIS 
lesion of the VABB that was upgraded to DCIS-MI or 
invasive carcinoma after the surgical excision (9). The false 
negative rate, defined as the development of new malignant 
lesions during the short-term follow-up (<12 months) of 
patients with ADH diagnosed by VABB without residual 
calcifications conservatively managed (10).

Management of patients after biopsy

Most patients with benign biopsy results were referred 

for mammographic surveillance with 6 month-interval 
in the first year and every 1–2 years thenceforth. A 
multidisciplinary team meeting discussion was held 
in cases of discordance between histopathologic and 
mammographic results (such as BI-RADS 4C lesions 
with a benign diagnosis). As there is no consensus in the 
management of the patients with a diagnosis of ADH (10),  
in our study, this group of patients with possibility of 
complete removal of calcifications was proposed to receive 
conservative management, while surgical excision was 
mandatory to patients either with residual calcifications of 
ADH or malignant lesions. The complication complaints 
were collected during the follow-up period. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by FUSCC 
Ethical Committee (No. 050432-4-1911D) and informed 
consent was taken from all the patients.

Statistical analysis

Data were presented as  frequencies  and percent 
distributions, as well as rates and ratios. Descriptive 
statistics, more specifically nonparametric Kruskal-
Wallis test was used for statistical evaluation. A P value 
of <0.05 was considered to be significant. Data analysis 
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was performed using the Statistical Package for Social 
Sciences (version 20.0) software (SPSS Inc., Chicago, IL, 
USA).

Results

A total of 594 consecutive stereotactic VABB procedures 
were performed in 587 patients (mean age 46 years, 
range, 21–80 years) (Figure 1). The median follow-up was  
56 months (range, 13–108 months). Other demographics 
and clinical characteristics of enrolled patients were detailed 
in Table S1.

Imaging lesion characteristics

Of all 594 mammographically detected lesions, there were 
seven (1.2%) BI-RADS 0 lesions, 111 (18.7%) BI-RADS 
3 lesions, 470 (79.1%) BI-RADS 4 lesions and six (1.0%) 
BI-RADS 5 lesions. BI-RADS category 4B lesions (9.9% 
in total) were classified in twenty-five cases involving 
amorphous calcifications, 14 cases involving coarse 
heterogeneous calcifications, and 20 fine pleomorphic 
calcifications, respectively. Thirty cases containing fine 
linear or fine linear branching calcifications were classified 
as BI-RADS 4C/5 (Table S1). According to the final 
pathology results, the malignancy rate with respect to BI-
RADS lexicon of 4A, 4B, 4C, and 5 were 10.6%, 20.3%, 
79.2%, and 83.3%, respectively (Table 1).

Histopathological results of VABB specimens

Histopathological examination of biopsy specimens revealed 
benign pathology in 471 cases (79.3%), high-risk lesions 
in 39 cases (6.6%), and malignant diseases in 84 cases 
(14.1%). The 471 benign lesions contained 11 categories 
of histological diagnosis (Table 2). Seven cases of sclerosing 
adenosis and papillary lesions were subjected to further 
surgical excision after hook wire localization. None of these 
cases was proved to obscure malignancy (Table S2).

Of the 39 high risk lesions, all cases were diagnosed of 
ADH. Seven of these patients were referred for additional 
surgical resection because of residual calcification post-
VABB detected (Table S2, Figure 2). The underestimation 
rate for high risk lesion in total was 5.1%, as two cases of 
ADH was upgraded to DCIS in the final surgical excision 
(Figure 1).

The 84 malignant lesions included 61 cases (72.6%) of 

Table 1 Histopathologica l  resul ts  of  VABB specimens 
corresponding to BI-RADS classification

BI-RADS 
category

Histopathological results of VABB specimens

Benign ADH DCIS DCIS-MI IDC Total

0 6 0 1 0 0 7

3 99 6 5 0 1 111

4A 324 22 30 4 7 387

4B 38 9 10 0 2 59

4C 4 1 12 2 5 24

5 0 1 3 0 2 6

Total 471 39 61 6 17 594

VABB, vacuum-assisted breast biopsy; BI-RADS, Breast 
Imaging Reporting and Data System; ADH, atypical ductal 
hyperplasia; DCIS, ductal carcinoma in situ; DCIS-MI, ductal 
carcinoma in situ with microinvasion; IDC, invasive ductal 
carcinoma.

Table 2 Histopathological diagnoses of VABB in 594 calcification 
lesions

Category Number Percent (%)

Benign (N=471)

Ductasia 329 55.4

Fibroadenoma 68 11.4

Usual ductal hyperplasia 31 5.2

Sclerosing adenosis 12 2.0

Papilloma 9 1.5

Apocrine metaplasia 9 1.5

Columnar cell changes 6 1.0

Fibrocystic changes 5 0.9

Mucocele 2 0.3

High risk (N=39)

Atypical hyperplasia 39 6.6

Malignant (N=84)

DCIS, low grade 12 2.1

DCIS, intermediate grade 22 3.7

DCIS, high grade 27 4.5

Microinvasive 6 1.0

IDC 17 2.9

VABB, vacuum-assisted breast biopsy; DCIS, ductal carcinoma 
in situ; IDC, invasive ductal carcinoma; ADH, atypical ductal 
hyperplasia.
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Table 3 Diagnostic consistencies of the VABB specimens with or without calcifications

Variable
No. of procedures, N=594

P value
Specimens with calcifications Specimens without calcifications Consistency

Diagnoses 0.376

Benign 471 458 97.2

ADH 39 34 87.2

Malignant 84 71 84.5

P=0.376 by Nonparametric Kruskal-Wallis test between three histologic groups. ADH, atypical ductal hyperplasia.

Figure 2 (A-C) Craniocaudal mammogram (A) and magnified MLO image (B) show a cluster of coarse heterogeneous calcifications (red 
round) in a 55-year-old patient. The lesion was partially excised and histopathology revealed IDC. (C) Post-VABB image showed residual 
calcifications (red round). The patient was referred immediately to open excisional biopsy. The final pathology examination found an ADH 
with lobular cancerization. MLO, medio-lateral oblique; IDC, invasive ductal carcinoma; VABB, vacuum-assisted breast biopsy.

B CA

DCIS, 6 cases (7.2%) of DCIS-MI, and 17 cases (20.2%) 
of IDC (Table 2). In cases of DCIS diagnosed by VABB, 
33 lesions were upgraded to microinvasive carcinoma or 
IDC after hook wire localization and open surgery. The 
underestimation rate for in situ carcinoma in total was 
54.1% (Figure 1).

Diagnostic consistencies and accuracy of VABB specimens 
with or without calcifications

The mean number of specimens collected per lesion was 
14.7 (range, 9–21) for 11G needle. The specimens that 
contained calcification lesions and its adjacent tissue were 
separately submitted to histopathologic assessment. In 
563 of 594 lesions (92.8%), the histopathologic findings 
were similar while the histopathologic assessment of 31 

specimens without calcifications revealed normal or benign 
breast tissue. The calcified and noncalcified specimens 
obtained the same histologic diagnoses in 458 of 471 
benign diseases (97.2%), 34 of 39 ADHs (87.2%), and 71 
of 84 malignant diseases (84.5%) (Table 3). There was no 
statistic difference between the benign, atypia and cancer 
lesions. In 18 lesions (7.2%), the correct diagnosis was 
achieved only on specimens with calcifications. Thirteen of 
18 lesions (72.2%) were malignant and five (27.8%) were 
high-risk. The diagnostic discordance indicated that 15.5% 
(13 of 84) patients of VABB-diagnosed malignancy would 
be underestimated by adjacent non-calcified specimens. 
The accuracy of malignancy diagnosis from the specimens 
comprising calcifications was 97.7% (84 of 86, two 
underestimated cases for ADH) and was only 82.6% (71 of 
86 cancers) for specimens without calcifications, resulting 
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Figure 3 (A-E) Craniocaudal magnification image (A) of a cluster of pleomorphic calcifications (red arrow) in a 52-year-old patient. 
DCIS was determined at biopsy. (B) Specimens radiography was obtained to ensure the presence of calcification lesions. (C) A post-VABB 
mammogram was acquired to ensure a radiopaque clip inserted (red arrow). (D-E) The patient underwent the breast conserving treatment 
after hook wire localization of the clip left at the biopsy site, the final pathological examination revealed no residual lesion. DCIS, ductal 
carcinoma in situ; VABB, vacuum-assisted breast biopsy.

B

D

C

E

A

15.1% difference of accuracy. The evaluation of combined 
noncalcified specimens and calcified specimens did not 
show advantage over diagnostic accuracy as compared with 
evaluating calcified specimens alone (97.7% versus 97.7%, 
respectively).

Follow up information

Follow-up data was available for all 471 benign lesions. Three 
of these lesions were re-biopsied due to diagnosis escalation 
of programmed mammography and the biopsy results were 
all benign. As for patients with ADH diagnosed of VABB, 
only two cases developed new suspicious calcifications, 

in the same breast, 6 and 5 months after the first VABB, 
respectively. The new lesions with calcifications were openly 
biopsied, with diagnosis of IDC confirmed. Therefore, a 
false negative rate of 6.25% (2/32) was noted. All patients 
with malignant biopsy results underwent surgery (Figure 3). 
Surveillance was carried out once every 4 to 6 months in the 
first 3 years after surgery. Three patients experienced local 
or chest wall recurrence during follow-up period (20, 30, and  
73 months after the initial surgery, respectively).

Profile of complications

No severe complications were reported during the biopsy 
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procedures. Some mild events were encountered in  
14 cases corresponding to 2.4% of the total VABBs. Among 
13 patients, small hematoma was observed thereafter. 
Only one case experienced syncope because of fasting and 
nervousness, while the symptoms were relieved after eating 
and rest.

Discussion

Above all, our study compared the calcified and noncalcified 
specimens obtained from the same biopsy site, and the 
accuracy of calcified specimens was higher than that of 
noncalcified specimens (97.7% versus 82.6%) in diagnosing 
malignant calcifications. To the best of our knowledge, 
this retrospective study provided the largest samples of 
consecutive stereotactic VABB procedures with separated 
submission of calcified and noncalcified specimens. Our 
results were consistent with those of previous studies. 
Margolin et al. (11) revealed a higher probability of cancer 
diagnosis from core specimens with calcifications than those 
without (84% versus 71%, respectively), and the diagnosis 
of cancer was more likely to be missed in core specimens 
without microcalcifications (11% versus 1%). Cheung 
et al. (12) also reported a high prevalence of diagnostic 
discordance between the calcified and noncalcified 
specimens (41.33% in malignant lesions), which indicated 
the higher value of calcified specimens in diagnosing atypia 
and malignant calcifications. Therefore, we thought that 
noncalcified specimens did not provide additional diagnostic 
value. The separate submission of calcified and noncalcified 
specimens might facilitate more precise interpretation for 
pathologists among the large number of specimens.

Herein, we reported a higher number of specimens with 
nearly 15 per lesion in comparison to the literature (13). 
This result might be accredited to the fact that domestic 
patients are more inclined to have more tissue removed. 
Several studies have found the diagnostic accuracy of 
stereotactic VABB in relation to the number of specimens. 
For stereotactic 11-gauge VABB, the reported sensitivity 
and specificity in the literature ranges from 85% to 100% 
and 98–100%, respectively (14-19). According to EUSOBI 
consensus guidelines a minimum of twelve 11-gauge cores 
should be obtained (2).

In currently available VABB systems, needle size varies 
from 7 gauge to 14 gauge. In this investigation, 11-gauge 
(11 G) probe was introduced into our clinical practice, 
which has yielded a satisfactory performance in terms of 
feasibility, safety, calcification identification, and accuracy. 

This is confirmed by recently published studies comparing 
underestimation in 11 G- and 8 G-VABB; these studies 
found no difference between the two needle groups (20,21).

Subdivision of breast calcifications by morphology 
is practical in predicting the likelihood of malignancy. 
It is worth noting that, in our study, the likelihood of 
malignancy as a function of BI-RADS descriptors of 
calcification morphology was 20.3%, 79.2%, 83.3% for 
‘amorphous’, ‘coarse heterogenous’, and ‘fine pleomorphic’ 
respectively, which was consistent with the results of several 
single-institution consecutive-case series (22).

A histopathological upgrade has an important impact in 
surgical management pattern. In our study, among 39 high-
risk (ADH) cases, only two escalated to DCIS after surgery, 
accounting for an underestimation rate of 5.1%. This 
result was comparable with those reported in the literature  
(9,23-25). Of 61 cases of DCIS diagnosed by VABB, 23 
were upgraded to DCIS-MI or invasive carcinoma after 
open excision. The underestimation rate was 54.1%, which 
is remarkably higher than that reported in other series due 
to the broader inclusion of microinvasive lesion. This is 
important because sentinel lymph node biopsy is the routine 
practice for patients with invasive component other than  
in situ disease.

There lies controversy over whether all patients 
diagnosed with ADH by VABB should undergo immediate 
wide resection (26,27). Schiaffino et al. (10) justify the 
conservative management in a highly selected group of 
patients with a single group of calcifications, without 
residual post-procedure and without the presence 
of multiple foci of hyperplasia or high proportion of 
hyperplasia at histopathological evaluation. Moreover, 
Esen et al. (25) investigated that patients with no residual 
calcifications could be conservatively managed with fixed 
mammogram follow-up instead of further surgical resection. 
During the next 2–3 years of follow-up, no interval changes 
were detected in this subset of patients. These results are 
in line with data from our study. Of 39 patients with ADH 
diagnosed by VABB, only 7 cases with residual calcifications 
were recommended to surgical resection, two of which 
were upgraded to DCIS in the final histopathological 
analysis. The remaining thirty-two patients, with totally 
removed calcifications, were arranged for close follow-up 
without surgical resection. Among them, only 2 patients 
(6.25%) developed new suspicious calcifications in the same 
breast within one year, interpreted both as IDC at surgical 
excision. These results might justify the conservative 
approach, in a highly selected group of patients, being the 
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false negative rate approximately equal to 6%, regarded as 
the “probably benign” category in the literature.

There are some limitations in this study. Firstly, this 
is a single-institution retrospective study, so bias derived 
from the centre could not be excluded. Secondly, not 
all patients with atypical lesions underwent subsequent 
surgery. Although open excision was recommended for all 
atypical cases irrespective of the size of the lesion, certain 
physicians would rather choose follow-up than complete 
excision, probably in accordance with patients’ demand. 
Thirdly, the follow-up length is limited for high-risk lesions 
without further intervention, in which we might encounter 
malignancy during longer surveillance.

In conclusion, stereotactic VABB is an accurate and 
safe technique for the investigation of non-palpable 
mammographically suspicious calcifications. The high 
prevalence of diagnostic discordance between the specimens 
with and without calcifications revealed a higher value of 
calcified specimens in diagnosing high-risk and malignant 
calcifications.
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Table S2 Clinicopathological characteristics of 14 benign or high-
risk lesions referred for open excisional biopsy

Variable N (%)

Demographic characteristics (N=14)

Age at diagnosis, median [range] 49 [32–61]

Prior history of breast cancer

Yes 2 (14.3)

No 12 (85.7)

Mammographic features

BI-RADS lexicon

4A 3 (21.4)

4B 4 (28.6)

4C 6 (42.9)

5 1 (7.1)

Final surgical histopathology 

ADH 5 (35.7)

Sclerosing adenosis 4 (28.6)

Papilloma 3 (21.4)

DCIS 2 (14.3)

BI-RADS, Breast Imaging Reporting and Data System; ADH, 
atypical ductal hyperplasia; DCIS, ductal carcinoma in situ.

Table S1 Patients’ demographics and radiological data

Variable N (%)

Demographic characteristics (N=587)

Age at diagnosis, median [range] 46 [21–80]

Prior history of breast cancer

Yes 33 (5.6)

No 554 (94.4)

Side of breast procedure

Left 305 (52.0)

Right 282 (48.0)

Mammographic features

BI-RADS lexicon (N=594)

0 7 (1.2)

3 111 (18.7)

4A 387 (65.2)

4B 59 (9.9)

4C 24 (4.0)

5 6 (1.0)

Calcification morphology (N=89)

Amorphous 25 (28.1)

Coarse heterogeneous 14 (15.7)

Fine pleomorphic 20 (22.5)

Fine linear/fine linear branching 30 (33.7)

BI-RADS, Breast Imaging Reporting and Data System.
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