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Introduction

A definite diagnosis of breast cancer lays the foundation 
for appropriate subsequent treatment. Currently, the 
biopsy methods used for breast cancer are incisional biopsy, 
excisional biopsy, core needle biopsy, vacuum-assisted 
biopsy and bite biopsy.

With the development  of  modern sc ience and 
technology, and the emergence of the bio-psycho-socio-
medical model, there has been an increasing need to obtain 
the optimal therapeutic outcomes at the cost of minimal 
damage. The primary objectives in the treatment of breast 
disease are (I) to establish an accurate diagnosis; and (II) 
to achieve the ultimate therapeutic goals with minimized 
damage. Therefore, when evaluating a biopsy technique, 
the therapeutic efficacy and extent of injury should be taken 
into account in addition to the diagnostic accuracy. In view 
of various advantages and limitations associated of the 
existing biopsy methods, this review summarizes the current 
situation and development of breast biopsy technology 
to provide an insight into the latest details such as the 

safety and reliability as the basis for selection of the most 
appropriate techniques for specific settings.

Excisional breast biopsy (EBB)

EBB involves complete excision of the breast lesions, which 
may or may not include the margins of normal glands. It is 
not only the ultimate treatment of benign lesions, but the 
gold standard for the diagnosis of breast cancer. Although 
accurate diagnosis can be guaranteed with a large amount 
of samples collected by open surgery, this technique is 
applicable for palpable masses only. When the lesion is 
not palpable, preoperative localization will be required, 
and removal of more normal breast tissues may be needed, 
which can result in scars and other cosmetic imperfections.

Nevertheless, EBB is the preferred biopsy technique for 
certain breast disorders.

Phyllodes tumors of breast

Phyllodes tumors of breast can rarely be diagnosed before 
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excisional biopsy/lumpectomy is performed. In most 
cases, it is not possible to distinguish adenofibroma from 
phyllodes tumor with core needle biopsy, while fine needle 
aspiration is unable to differentiate between the two, at 
all (1). Therefore, in the presence of a relatively large or 
rapidly growing fibroadenoma, EBB should be considered 
to pathologically exclude phyllodes tumors and provide 
treatment at the meantime.

Paget’s disease

A complete medical history, physical examination and 
diagnostic breast imaging studies are required for patients 
with clinical manifestations of Paget’s disease. Full-
thickness skin biopsy of involved nipple areola complex 
(NAC) is necessary when Paget’s disease is considered 
for any breast lesion found by imaging studies or physical 
examination, which must include a part of the affected 
NAC. If NAC biopsy indicates Paget’s disease, breast MRI 
is recommended to determine the extent of the tumor, as 
well as other lesions, if any (2,3).

However, EBB still has certain limitations as investigators 
believe that biopsy by open surgical excision will restrict 
or affect the therapy options for primary breast cancer 
once confirmed because it is basically no longer possible to 
apply neoadjuvant treatment after the biopsy; and EBB also 
compromises the reliability of sentinel lymph node biopsy 
(SLND), because it significantly increases the false negative 
rate compared with patients undergoing aspiration biopsy. 
Krag and colleagues (4) reported compromised reliability of 
SLND related to the diagnostic method used in the NSABP 
B32 trial, where a higher false negative rate was found 
in 177 patients receiving open surgical biopsy compared 
with 589 patients undergoing aspiration biopsy (15.3% vs. 
8.1%, P=0.0082). Additionally, EBB may also be an adverse 
factor in breast-conserving surgery by making it difficult 
to obtain negative margins. As reported by Liberman and  
colleagues (5), breast-conserving surgery was completed in 
75-100% patients after aspiration biopsy without a need for 
secondary surgery, while only 45-64% of those receiving 
EBB did not require secondary surgery.

Fine-needle aspiration biopsy (FNAB)

FNAB is the first pathological method used for the 
diagnosis and screening of breast diseases. This rapid 
and cost-effective technique provides safe evaluation of 
breast lesions, but it is controversial whether the results 

can be used as the basis for the diagnosis of breast cancer. 
A meeting was held in Madrid in October 2007 to discuss 
the “current significance of fine needle aspiration cytology 
(FNAC) in clinical management of breast disorders”. 
Most experts suggested that, with evidence of malignancy 
based on clinical manifestations, imaging studies and fine 
needle aspiration cytology, FNAC can be regarded as 
the basis for confirming breast cancer despite the lack of 
histopathological findings, such as a core needle biopsy or 
traditional surgical biopsy (6).

Although FNAB has become increasingly less popular 
in the U.S., Quratulain et al. (7) still suggested the use 
of FNAB as a tool for rapid diagnosis and evaluation of 
palpable breast/chest wall masses and regional lymph 
nodes, of which the diagnostic accuracy could be identified 
by comparing the cytological diagnosis and subsequent 
surgical pathological specimens. From 2007 to 2011,  
569 patients were enrolled in their study, including 
485 patients with breast tumors, 14 patients with chest 
wall tumors, and 70 patients with regional lymph node 
metastases. Using FNAB, 285 cases of benign masses and 
180 cases of malignant tumors were diagnosed. Among the 
benign cases diagnosed with FNAB, 85% were confirmed 
by clinical, radiographic, and subsequent pathological 
examinations. The FNAB results of the remaining 43 cases 
were considered inconsistent with clinical and radiologic 
findings. Subsequent surgical confirmed 35 of them to be 
benign. The other eight patients consisted of five cases 
of invasive ductal carcinoma, one case of invasive lobular 
carcinoma, and two cases of DCIS. Quratulain et al. 
believed that FNAB was highly accurate for diagnosis of 
palpable breast masses, and they found it a valuable tool for 
identifying the expression of HR and HER-2 receptors.

Nevertheless, FNAB have certain limitations: (I) 
inadequate tissue sample and false negative results are 
common; (II) although it is able to reveal the ER, PR and 
HER-2 status of cancer samples, the accuracy is suboptimal; 
(III) it can not distinguish between pathological carcinoma 
in situ and invasive carcinoma; (IV) an experienced 
cytopathologist is required for the collection and 
interpretation of specimens; and (V) there is no standard 
for the interpretation of FNAB results. While a similar five-
category system is used in most European countries and 
the United States, a descriptive method is used in China 
without standardized interpretation criteria. Since there 
is no consensus over the diagnostic accuracy of FNAB 
either at home or abroad, confirmation of breast cancer 
is still based on the histopathology of the primary lesion. 
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The value of FNAB in the diagnosis of breast masses is 
summarized in Table 1.

Core needle biopsy (CNB)

A  m e t h o d  t o  o b t a i n  s u f f i c i e n t  s p e c i m e n s  f o r 
histopathological diagnosis, CNB can not only distinguish 
between invasive cancer and carcinoma in situ, but also 
serve as an alternative to FNAC for diagnosis of a wide 
range of breast tumors (17). CNB is commonly used to 
provide a definitive diagnosis of breast cancer prior to 
neoadjuvant therapy. Some investigators have regarded 
the BARD biopsy gun as the most common CNB device, 
which uses a 14-gauge biopsy needle and is considered the 
gold standard for CNB. Gauge is a unit of measurement to 
describe the diameter of round in the North America. The 
larger the gauge, the smaller the diameter of the needle 
is. Diameters will increase/decrease by a factor of 2 every  
6 gauges. The most common gauge, 14-gauge, represents a 
diameter of 1.62814 mm; and 8-gauge represents a diameter 
of 3.2639 mm.

In addition to similar indications as FNAB, CNB is 
recognized for use in: (I) patients with suspected malignant 
or uncertain lesions by FNAB; (II) patients negative for 
FNAB but with suspicious ultrasound and/or mammography 
findings; (III) patients for whom analysis is impossible 
due to inadequate samples collected by FNAB; (IV) breast 
lesions with microcalcifications; and (V) specimen collection 
for tissue banking for research purposes.

Diagnostic accuracy of CNB

A main difference between CNB and FNAC is the cross-
sectional diameter of the puncture needle, which results 
in significantly different amounts of specimens they can 
collect. FNAC only collects very few cells and tissue 
fragments, and is unlikely to obtain a more complete tissue 
sample, making it a suboptimal diagnostic tool with low 
sensitivity and high false positive rates. CNB is able to 
obtain multiple tumor tissue samples, with an amount of 
up to 20 mg for each, which makes the diagnosis process 
easier based on complete tissue samples. It is reported that 
an accuracy rate of up to 90.1% can be achieved with the 
first sample collected by CNB, and this increases to 96.6% 
or higher with multiple sample collections, particularly 
in lesions less than 2 cm in diameter (18). With a limited 
amount of tissues and consequently limited section quality, 
intraoperative frozen biopsy may be prone to false positive 
responses, making the diagnosis difficult. In contrast, CNB 
results are based on paraffin sections with obviously less 
risk of this kind. CNB is also associated with remarkably 
less complications, compared with open biopsy. In clinical 
practice, the discomfort caused by CNB is limited to local 
pain and discomfort, and only a small number of patients 
may experience skin ecchymosis without significant 
hematoma or infection. Linebarger JH (19) statistically 
summarized the methods for diagnosis of breast cancer 
from 2007 to 2008, and found that, of the 360 newly 
diagnosed patients in the period, 350 patients (97%) were 
diagnosed by CNB, vacuum-assisted biopsy or other 

Table 1 The diagnostic value of fine-needle aspiration biopsy (FNAB) in breast lesions

Author
Year of 

publication

No. of 

patients
Sensitivity Specificity Accuracy

The negative 

predictive value

The positive predictive 

value

Singh R et al. (8) 2012 2,017 - - 100% for gynecomastia; 

85.7% for malignancy

- -

Smith MJ et al. (9) 2012 1,572 94% 77.4%
100% for a C5 cancer; 

95.6% for a C4 cancer
Nagar S et al. (10) 2012 162 89% 98% - - 94%

Brancato B et al. (11) 2012 1,950 97.4% 96.4% 71.9% - -

Bukhari MH et al. (12) 2011 425 98% 100% 98% 100% 97%

Frankel PP et al. (13) 2011 233 - - 77.5% - -

Liew PL et al. (14) 2011 408 88.5% 100% 92.4% 81.9% 100%

Day C et al. (15) 2008 831 83% 92% - 92% 83%

Barra Ade A et al. (16) 2008 264 <1 cm: 75%; 

1-2 cm: 80%

66.7% - <1 cm: 80%;  

1-2 cm:76.9%

100%
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minimally invasive ways. The investigators believed that the 
minimally invasive techniques were efficient and accurate 
for diagnosing breast cancer and providing reliable guidance 
for the administration of treatment plans.

The accuracy of CNB is closely related to the tumor size 
and the amount of tissue samples collected, and it increases 
with the tumor diameter (20). It is recognized that at least 
four samples have to be collected with CNB to make a 
diagnosis (21). For cases with calcified lesions, some additional 
specimens are generally recommended, though there is 
no standard on the specific sample size. Hunt K et al. (22)  
suggested an amount of 10 specimens, all of which would be 
confirmed by imaging studies. For the diagnosis of ductal 
carcinoma in situ (DCIS), Wijeyaratne and colleagues (23) 
found that CNB had a detection rate for DCIS as high as that 
with BCS (breast conserving surgery)/mastectomy. Positive 
margins are present in many DCIS patients undergoing 
BCS. Therefore, a larger excision area is required to ensure 
a negative margin for patients with DCIS detected by CNB. 
The diagnostic sensitivity of the CNB for DCIS increases 
with the number of tissue samples collected.

Overall, the accuracy of CNB paraffin specimens is 
similar to that of pathological diagnosis based on surgically 
resected specimens (24,25).

CNB is also a reliable tool for revealing the ER, PR and 
HER-2 status of a given specimen. In regard to ER and 
PR diagnosis, Li S et al. (26) conducted a meta-analysis to 
evaluate the accuracy of CNB in identifying the expression 
of HR receptors in breast cancer. Twenty-one studies 
were included in the analysis, including 2,450 patients for 
detection of ER levels and 2,448 for detection of PR levels. 
The results showed a consistency of up to 92.8% between 
CNB and open surgery in ER diagnosis (K=0.78), and 
85.2% in PR diagnosis (K=0.66). In the pooled data, the 
sensitivity and specificity of CNB were 97.3% and 82.0% 
for ER diagnosis, and 92.3% and 76.5% for PR diagnosis, 
respectively. The results translated to a positive summary 
likelihood ratio of 5.39% (95% CI, 2.92-9.97%) for ER 
and 3.93% (95% CI, 2.53-6.11%) for PR, and a negative 
likelihood ratio of 0.03% (95% CI, 0.02-0.05%) for ER and 
0.10% (95% CI, 0.07% to PR) for PR, respectively. Li S 
and colleagues suggested that CNB was highly consistent 
with the pathological diagnosis of ER and PR based on 
surgical resection specimens, but a second open surgery 
would still be required for pathological diagnosis of cases 
negative for HR by CNB. However, after comparing the 
immunohistochemical results of ER and PR between 160 

CNB and postoperative specimens, Uy et al. (27) found 
more negative results from the latter group, which were 
possibly contributed by surgical specimens that were not 
fixed in time. Therefore, they believed that CNB specimens 
were more reliable for detection of estrogen receptors. In a 
study of the HER-2 diagnostic accuracy, Tsuda H et al. (28) 
compared 100 pairs of formalin-fixed paraffin-embedded CNB 
specimens and surgical specimens of breast invasive cancer 
in terms of the diagnostic accuracy for HER-2. As a result, 
the concordance rates were 87% (K=0.77) and 94% (K=0.77) 
between CNB specimens and surgical specimens of the 3×3 
and 2×2 categories in immunohistochemistry. Of the thirteen 
specimens with inconsistent findings, the HER-2 results were 
confirmed to be consistent in eleven by FISH. Therefore, the 
investigators believed that CNB was a reliable approach to 
collecting specimens for the diagnosis of HER-2.

Safety of CNB

It has been a subject of much discussion whether residual 
tumor cells are left along the needle tract after multiple 
CNB procedures, and whether they are associated with local 
recurrence and other safety considerations. Liebens (29)  
conducted a meta-analysis of 5,369 breast cancer patients 
undergoing CNB from 1900 to 2008, and found that 
although residual tumor cells were observed in 22% 
cases, the incidence of local recurrence was not increased 
consequently. The follow-up results confirmed that there 
was no statistical difference in the local recurrence rate 
between CNB patients and those receiving excision biopsy. 
At the same time, they also found that the incidence of 
residual tumor cells was independent of the size of the 
needle, but it was inversely proportional to the interval 
from CNB to surgery. However, the relationship with 
the number of needle biopsies and histological types was 
not clear. It is also a matter of concern whether CNB can 
give rise to distant metastasis. While investigators have 
found that circulating tumor cells are present in the blood 
and bone marrow before and during surgery, there is no 
evidence that they are there as a result of CNB, because 
surgery itself may also affect the shift and spread of tumor 
cells, and the presence of circulating tumor cells does not 
necessarily precipitate the occurrence of metastasis. Fitzal 
et al. (30) found that CNB did not affect the survival rate in 
patients receiving radiotherapy after BCS. Therefore, the 
current evidence suggests that CNB is not associated with 
increased probability of distant metastasis.
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Imaging-guided CNB
 

Due to tissue heterogeneity in breast lesions, the reliability 
of needle biopsy depends on accurate collection of lesion 
samples, and the ability of these samples to represent the 
lesions are critical for the pathologist to make the correct 
diagnosis. The blind nature of CNB requires multiple 
biopsies to be performed, and is associated with a certain 
probability of underestimated and misdiagnosed results. 
Hence, sampling accuracy is essential for the success of 
this procedure. At present, ultrasound- or mammography-
guided CNB is commonly performed for nonpalpable 
breast tumors or breast calcification to secure greater 
accuracy. In a single-center retrospective analysis of the 
results of ultrasound-guided 14 G hollow needle biopsy 
in 2,420 patients, Youk et al. (31) found 1,312 malignant 
cases confirmed by needle biopsy, subsequent excisional 
biopsy and follow-up (six were diagnosed during extended 
follow-up), and 1,256 malignant cases, 25 cases with high-
risk lesions and 31 benign cases diagnosed by needle 
biopsy. According to their calculations, the false negative 
rate was 2.4% (31/1312), and the rates of histological 
underestimation were 29% (36/126) for carcinoma in situ 
(which was actually invasive cancer), 52% for atypical 
ductal hyperplasia (in fact carcinoma in situ or invasive 
cancer), and 17% for other high-risk lesions, respectively. 
As reported by Schueller et al. (32) in a single-center study 
of the results of ultrasound-guided 14 G hollow needle 
biopsy in 1,352 patients, in which 1,061 were confirmed 
by surgical specimens and 291 by follow-up, there were 
671 cases of malignant diseases with a false negative rate of 
1.6% (n=11). The rate of histological underestimation was 
31.4% among the 86 high-risk lesions. Brancato et al. (11) 

reviewed the 5-year follow-up results of ultrasound-guided 
fine needle aspiration biopsy in 3,233 patients from 2003 
to 2006, in which 1,950 received FNAC and 1,283 received 
CNB. The comparison revealed that CNB was a more 
reliable diagnostic approach for ultrasound-visible breast 
tumors, and could largely compensate for the unreliability 
and uncertainty of FNAC-based diagnoses.

The value of CNB in the diagnosis of breast masses is 
summarized in Table 2.

Vacuum-assisted biopsy (VAB)

Vacuum-assisted biopsy (VAB) is a new imaging-guided 
biopsy approach introduced after fine needle aspiration 
cytology and core needle biopsy (CNB). Since it can 
completely resect small breast lesions and provide adequate, 
continuous tissue samples for pathological diagnosis via a 
single procedure while minimizing injury to breast tissues and 
maintaining the shape, it has been widely used for the early 
diagnosis of breast cancer and excision of benign lesions.

Common guiding technology

Selection of imaging guidance techniques is based on 
the visibility of lesions, difficulty of operation and cost. 
Commonly used approaches include stereotactic X-ray, 
high-frequency ultrasound and MRI.

Stereotactic X-ray
This technology is mainly used for nonpalpable lesions 
that are not detectable by ultrasound. Clusters of 
microcalcifications, structural distortion, small echogenic 
nodules and radial scars are the common manifestations of 

Table 2 The diagnostic value of core needle biopsy (CNB) in breast lesions

Author
Year of 

publication

No. of 

patients
Sensitivity Specificity Accuracy

Negative 

predictive value

The positive 

predictive value

False negative 

rate

Nagar S et al. (10) 2012 162 100% 90% - - 93% -

Wiratkapun C et al. (33) 2012 348 98% - - - - 4%

Brancato B et al. (11) 2012 1,283 93.8% 88.3% 84.5% - - 1.7%

Lacambra MD et al (34) 2012 464 96% 99% - 94% 99% -

Gonçalves AV et al. (35) 2011 352 - - 82.1% - - 5.4%

Wei X et al. (36) 2011 1,431 88% 98% 89%

Barra Ade A et al. (16) 2008 264 <1 cm: 75%; 

1-2 cm: 77.5%

<1 cm: 100%; 

1-2 cm: 86.7%

- <1 cm: 85.7%; 

1-2 cm: 82.4%

100%
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such lesions on a plain film. This easy-to-operate approach 
enables safe and precise positioning, and is particularly 
sensitive for microcalcifications. However, it is not 
applicable for small breasts (compressed thickness <2.7 cm) 
and lesions close to the armpit or to the chest wall. Dynamic 
tracking and real-time imaging is not available during the 
positioning process.

High frequency ultrasound
This non-radioactive, real-time guiding approach is mainly 
used for the diagnosis of ultrasound-visible BI-RADS 3-5 
breast lesions and axillary involvement, which has certain 
advantages in the patient comfort, operating time, and cost. 
It has become the most accurate and preferred guidance 
modality for minimally invasive breast biopsy. Highly 
dependent on the patient’s cooperation, however, it is 
associated some difficulties in revealing microcalcifications 
in lesions and operating in the areola area.

Breast MRI
This is mainly used to display suspicious malignant 
lesions that are only visible to MRI and undetectable by 
X-ray, ultrasound or other testing methods. Additionally, 
it can be used to exclude the presence of malignancy in 
the case of suspected benign disease based on prior MRI 
examination (37). Compared with 1T and 1.5T MRI, 
3T MRI has a higher sensitivity for breast cancer (38). 
Meeuwis and colleagues (39) indicated an underestimation 
rate of 6% with 3T-MRI-guided CNB histology, and no 
underestimated results were observed using 3T-MRI guided 
VAB.

Accuracy of VAB

Suitable for a wide range of applications, VAB is able to 
obtain sufficient and continuous histological specimens, 
allowing higher diagnostic accuracy and specificity, and is 
thus considered to be an ideal alternative to surgical biopsy. 
Carbognin et al. (40) performed MRI-guided VAB for 29 
patients using 10G needles, resulting in a procedural success 
rate of 93.1%, a false negative rate of 4%, a histological 
underestimation rate of 4%, sensitivity and specificity of 
92% and 100%, respectively, and positive and negative 
predictive values of 100% and 93%, respectively.

As for the detection of ER, PR and HER-2, the study 
showed high correlation and consistency between the 
parameters generated by VAB specimens and surgical biopsy 
specimens. Having compared the immunohistochemical 

results between VAB and surgical biopsy specimens, the 
investigators found better representation of ER and PR 
expression by VAB specimens than the corresponding 
surgical specimens (41).

Safety of VAB

Using a double-lumen catheter, VAB is completed in a 
way that specimens are never in contact with the biopsy 
channel and/or incision, which reduces the risk of tumor 
cell migration in channel or incision, or blood metastasis. 
Diaz et al. (42) observed needle track dissemination in 23% 
surgical specimens after VAB. It was also found that the 
incidence and number of cancer metastases after CNB was 
negatively correlated with the time from biopsy to surgical 
resection. The local recurrence rate did not increase with 
needle track dissemination after comprehensive treatment, 
suggesting that the tumors cells hardly survived in the 
needle channel. Michalopoulos et al. (43) resected 21 cases 
of ductal carcinoma in situ and 10 cases of invasive ductal 
carcinoma using VAB, and no dissemination was found in 
the biopsy channel. It should also be noted that an optimal 
surgical path designed to accommodate the maximum lesion 
length and properly shorten the channel length is the key 
to reducing the spread of tumor cells. Liberman et al. (44) 
compared the local recurrence rates in patients receiving 
core needle biopsy and fine needle aspiration for positioning 
and excision of breast cancer. Breast-conserving resection 
was performed for all patients, and the local recurrence rates 
were 3.70% and 3.96%, respectively, without statistically 
significant difference, suggesting that the local recurrence 
rate was not increased with needle track dissemination of 
tumor cells.

Limitations of VAB

Currently, VAB is mainly used for the biopsy of nonpalpable 
masses and calcifications, as well as excision of benign 
tumors (<3 cm in diameter). As with CNB, however, 
VAB is inevitably associated with an underestimation 
rate. A biopsy of microcalcifications may be very likely to 
be underestimated as ADH or DCIS. Zagouri et al. (45) 
performed VAB testing of microcalcifications, and the 
underestimation rates were 10.8% and 8.3% for DCIS 
and ADH, respectively. Varying degrees of histological 
underestimate are present in the diagnoses of ductal 
carcinoma in situ with early invasion, ductal carcinoma 
in situ and dysplasia via VAB, which are related with the 
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histologic heterogeneity, size and shape of calcification, 
and selected lesions for the biopsy. To provide guidance 
for treatment decisions, Houssami and colleagues (46) 
established a model for DCIS patients diagnosed via 
stereotactic vacuum-assisted core needle biopsy (SVAB) 
according to the imaging scope and histological nuclear 
grading of their microcalcifications to evaluate the 
probability of a pathological diagnosis of invasive cancer 
based on their surgical specimens.

In the VAB procedure, lesions can not be obtained 
without being divided into strips. The lack of an en bloc 
sample makes it difficult for accurate measurement of the 
lesion size and scope after the procedure. In addition, VAB 
is associated with postoperative major complications such as 
pain, bleeding, skin bruising, and hematoma.

Since collection of a large amount of tissue or even 
complete resection of a large tumor is possible with VAB, 
investigators have begun to explore its clinical value for 
removal of small breast lesions (<0.5 cm in diameter). A 
recognized opinion is that complete resection shown on 
imaging studies does neither represent pathologically 
complete resection nor ensure a negative margin. 
Therefore, VAB is not suitable for resection of malignant 
tumors (47). Penco et al. (48) noted that, for any breast 
malignancy, VAB could serve a diagnostic purpose only 
rather than a therapeutic one, even if the suspicious 
calcifications had been completely resected. The key to 
successful breast-conserving surgery is a negative margin, 
but there is yet to be a standard definition of the distance. It 
is generally agreed that resection of breast tissues 1 cm from 
the primary tumor is required to obtain an microscopic 
negative margin of at least 2 mm. If this requirement is 
not met when using VAB, the metastasis of malignant 
cells is possible. In a related study, extended resection was 
performed for those pathologically confirmed as malignant 
out of 1,016 patients who had undergone VAB. Tumor cells 
were found in the surgical residual cavities of specimens 
from 882 patients (86.8%) (49). Lee et al. (50) used MRI-
guided VAB to completely remove 22 cases of malignant 
breast lesions, and found tumor cells in the residual cavities 
of 14 cases. The above results suggest that complete excision 
does not guarantee histological negativity. However, some 
investigators take the opposite view. Villa and colleagues (51) 
performed VAB for 1,173 patients using the 11G needle. 
Atypical ductal hyperplasia (ADH) was confirmed in 114 
patients with suspicious clustered microcalcifications, and 
41 of the 49 patients with residual calcification received 
surgical biopsy. Eight of them were confirmed as malignant 

lesions, with a histological underestimate rate of 20%. 
Of the 65 patients without residual calcification, 26 were 
confirmed free of malignant lesions by surgical biopsy; only 
1 of 35 patients undergoing conservative treatment was 
found to have malignancy through X-ray follow-up, with an 
underestimate rate of 1.6%. This study shows conservative 
treatment with X-ray follow up is feasible in patients who 
have no residual calcification upon VAB examination. 
However, it remains a pressing issue to identify a proper 
way to confirm complete removal of breast malignant 
lesions by VAB.

VAB devices

Mammotome and VaCora are the most commonly used 
vacuum-assisted biopsy devices in clinical settings, which 
are primarily based on the CNB technology.

Mammotome
The Mammotome minimally invasive biopsy system was 
developed by Burbank et al. (52) in 1994, and approved for 
clinical application by the FDA in April 1995 (53). It is a 
minimally invasive surgical device consisting of a rotating 
knife and a vacuum suction pump. Patients with solid 
breast masses confirmed by X-ray or ultrasound can receive 
monitoring-guided biopsy with Mammotome, which 
collects tissue samples using vacuum-assisted aspiration. 
This system allows repeated resection and collection of 
samples via a single needle procedure, while none of the 
specimens are in contact with the needle channel, effectively 
reducing the probability of tumor cell spread. Compared 
with CNB, the system has obvious advantages as it enables 
ultrasound-guided resection of tumors, particularly deep and 
small lesions that are not palpable by clinical assessment; 
precise lesion localization; adequate sample size, about 10-
fold the amount with traditional CNB in a single procedure; 
less histological underestimation; fewer complications; 
and labeling of the biopsy site with a titanium clip or 
cyclopenthiazide gel clip for ease of follow-up studies. The 
diagnostic accuracy is much higher than that of core needle 
or open surgical biopsy. More importantly, by collecting 
complete and continuous tumor specimens, it yields 
consistent pathological and immunological results with 
those generated via traditional surgical specimens, providing 
accurate diagnostic basis for minimally invasive treatment 
of primary breast cancer at the early stage, thus avoiding 
surgery and maximizing the breast cosmetic outcome by 
retaining the shape and appearance more completely (54). 
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It serves diagnostic and therapeutic purposes for benign 
breast lesions and severe proliferative lesions, respectively, 
and provides adequate specimens (8 times the amount of 
traditional core needle biopsy) for detection of a variety of 
tumor markers. The Mammotome system enables definite 
diagnosis of suspicious breast lesions, thereby reducing 
the rate of surgery for benign breast lesions. As shown in 
a comparison with postoperative specimens of primary 
breast cancer, specimens collected by this system yield an 
accuracy of 97.2% in pathological diagnosis and detection 
of ER, PR, Bcl-2 and p53. It is globally accepted that MRI 
is superior to other imaging studies in diagnostic accuracy 
of breast masses. Currently, investigators have begun to apply 
MRI-guided MMT biopsy in foreign countries (39,55). Luo  
et al. (56) performed Mammotome-based excision for 
2,167 benign lesions of <10 mm, 10-19 mm, 20-29 mm  
and >29 mm in diameter, and found that VAB was a safe, 
feasible and easily accepted approach for resecting benign 
tumors smaller than 3 cm.

Vacora
In 2001, the Vaeora biopsy device produced by Bard has 
been gradually recognized by clinicians. The device was able 
to complete all resection procedures in a single needle setup, 
but the sampling chamber was unadjustable and the design 
was not as compact as it is today. With its two-sided-motion 
cutting knife, the Vacora biopsy device is now especially 
suitable for complete resection strong fibrotic lesions. The 
compact, handheld-enabled device is compatible with MRI 
guidance and equipped with an adjustable sample chamber. 
However, once the outer catheter is inserted in place, the 
internal core needle has to be withdrawn multiple times for 
resection of specimens.

INTECT
In view of the limitations of MMT, researchers have 
invented a new technology - INTECT® Breast Lesion 
Excision System (BLES). In contrast to the MMT 
technology, INTECT® BLES acquires the whole tumor 
by a single puncture, which avoids localized bleeding 
within the tumor and thus reduces the risk of blood 
dissemination of malignant cells. The sample obtained 
by this technology is complete with intact structure and 
clear boundary, facilitating a more accurate and efficient 
pathological assessment and comparison. In addition, it is 
highly correlated with mammography and can be used for 
pathology analysis. This technology is still under research 
on early-phase trials. Killebrew and Oneson from Oklahoma 

Breast Care Center were the first to evaluate this method 
in 2006 (57). As shown by the results, INTECT® BLES 
provides accurate pathological results of a breast biopsy 
with extremely high accuracy and higher diagnostic rate for 
intraductal carcinoma compared with core needle biopsy. 
The trials provided the initial basis for its application.

With the technological advances of mammography, 
ultrasound, MRI and other testing methods, an increasing 
number of nonpalpable breast lesions have become detectable 
via early imaging studies. Imaging-guided biopsy technology 
is being gradually applied in place of surgical excision biopsy 
as an important mean for the diagnosis of breast disease and 
also a treatment option of benign breast lesions.
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