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Does Mammotome biopsy affect surgery option and margin status 
of breast conserving surgery in breast cancer?
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Background: The Mammotome, an image-guided, usually ultrasound-guided vacuum-assisted breast 
biopsy (US-VABB) system, has been widely used in the early diagnosis of breast disease and the complete 
excision of benign lesions. However, in some malignant lesions underestimated by U.S., whether 
Mammotome biopsy would affect the surgery option, especially the margin status in breast-conserving 
surgery (BCS), has never been studied. 
Methods: Between 2015 and 2019, 198 patients with 200 lesions who have been diagnosed with breast 
cancer by Mammotome elsewhere received surgery by pathological confirmation in our center. The 
clinicopathological characteristics, surgery options, therapies, and the details of the specimen, such as margin 
status of BCS, tumor residual after VABB, and hematoma were reviewed.
Results: Among 200 lesions, 90% were evaluated below US-BIRADS 4b before Mammotome biopsy and 
94.5% with a tumor size ≤3 cm. 131 patients received mastectomy (66.2%) and 67 received BCS (33.8%). 
Hematoma and tumor residual were observed in 37.5% and 71.5% of all lesions, respectively. There is a 
higher incidence of hematoma in the mastectomy group than in the BCS group (44.4% vs. 23.9%, P=0.005). 
In BCS group, the positive margin was found in 7 patients at first examination including four focals with re-
excision, two extensive with mastectomy and one focal but refusing further surgery. The ultimate success rate 
of BCS was 95.5%. Margin positivity correlated with tumor residual (P=0.044) but not with hematoma. 
Conclusions: Mammotome biopsy might lead to hematoma and tumor residual; however, it is not the 
determinant factor for a surgery option, and BCS is feasible through a complete excision of tumor residual to 
acquire negative margin.
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Introduction

Minimally invasive biopsy tests have been widely used in the 
early diagnosis of breast lesions in recent years, including 
needle-biopsies and image (ultrasound/mammography/
magnetic resonance imaging)-guided vacuum-assisted 
systems (1,2). Ultrasound-guided vacuum-assisted (US-
VA) system is the most common used method clinically. 
Compared with open surgical biopsy, these techniques 
take low costs, bring well tolerance and leave almost 
indiscoverable scars, at the same time guarantee remarkable 
high sensitivity and specificity (3). There are a variety 
of studies suggesting that compared with fine-needle 
aspiration cytology and core needle biopsy, US-VA breast 
biopsy (US-VABB) could significantly further increase the 
diagnostic accuracy (4-8). Moreover, by the assistance of 
the US-VABB biopsy system, benign lesions can be excised 
completely, with less injury to its surrounding normal tissue 
and avoiding residual tissues in most cases (8). Therefore, 
currently, US-VABB is recommended as a standard of care 
in breast lesions management by several guidelines (9). For 
benign lesions, US-VABB is usually used for a complete 
excision (10,11), while in cases of malignancy that was 
underestimated by the U.S., though acquired a pathological 
diagnosis, US-VABB may lead to the residual and even 
spread of malignancy. 

The Mammotome, a ultrasound/mammography/
magnetic resonance imaging-guided, usually ultrasound-
guided VABB system, was first introduced in the diagnosis 
of breast disease in the 1990s (12). This system is easy to 
master and can be performed in the outpatient setting. In 
the clinical practice, we found that some patients come to 
our center for surgery who have been diagnosed with breast 
cancer by Mammotome in other hospitals before. Most 
of them were evaluated by the U.S. at BI-RADS 3 or 4A, 
which always indicates benign lesions before the biopsy, 
but with the final pathological confirmation of malignancy. 
As we all know, different from a complete excision, the 
tissues are cut into several pieces in the breast during the 
procedure of Mammotome, which may lead to residual 
malignant cells in split tissues or blood from broken vessels. 
In this scenario, the way of surgery should be considered 
with discretion to achieve both safety and beauty. Whether 
Mammotome biopsy will affect the surgeries, especially the 
margin status in BCS, is still unknown and has never been 
studied before. 

This study retrospect 200 lesions from198 patients 
with breast cancer who were diagnosed by ultrasound-

guided Mammotome elsewhere and received surgeries 
in our cancer center between 2015 and 2019, to evaluate 
the impact of Mammotome biopsy on the choice of 
surgery, particularly, the impact on the margin status in 
those who underwent breast-conserving surgery (BCS). 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/gs-20-701).

Methods

Patient

This retrospective study was conducted following the 
principles of the Declarations of Helsinki and was approved 
by the institutional review board of the study cancer 
center. Informed consent was obtained from all patients 
before the surgery. From a prospectively maintained 
electronic database at the center from January 2015 to 
December 2019, patients with breast tumor who underwent 
percutaneous lesion biopsy by using the US-VA system-
guided Mammotome procedure in other hospitals were 
reviewed. The 8-gauge Mammotome biopsy system 
(Johnson & Johnson; Ethicon Endo-Surgery, Cincinnati, 
OH) is the most common used in these cases. All patients 
were consecutively included. 

We obtained two hundred patients with 202 lesions 
registered in the database. Two patients were diagnosed 
with simultaneously bilateral invasive ductal carcinoma. All 
sections of the lesion specimens in other hospitals were re-
evaluated and diagnosed by the pathologist of the study 
center. Of the 202 lesions, each one of two patients was 
pathologically confirmed as non-malignant tumors (one 
as ductal papilloma and one as atypical ductal hyperplasia) 
before surgery. Finally, 198 patients with 200 lesions 
received surgery for breast cancer.

Clinic-pathological and therapeutic data collection

All breast lesions were examined by both mammography 
and US, and the screening results were reported as 
follows: “incomplete evaluation” (class 0), “negative”  
(class 1), “benign lesion” (class 2), “probably benign lesion” 
(class 3), “low suspicious for malignant lesion” (class 4A), 
“moderate suspicious for malignant lesion” (class 4B), 
“high suspicious for malignant lesion” (class 4C), and 
“highly suggestive malignant lesion” (class 5), based on 
the evaluation classification of the American College of 
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Radiology Breast Imaging Reporting and Data System 
(BI-RADS), 5th edition (13). Diseases for malignant 
breast lesions were staged according to the American Joint 
Committee on Cancer (AJCC) 8th edition. Molecular 
subtype was categorized using the combination of the 
immunohistochemical definition of estrogen receptor 
(ER) and progesterone receptor (PR), overexpression and/
or amplification of the human epidermal growth factor 
receptor 2 (HER2) gene, and Ki-67 proliferated index (14).  
Briefly, each lesion was classified as the following subtype: 
“Luminal A” [ER and/or PR positive, HER2 negative, and 
Ki-67 low (≤14%)], “Luminal B” (ER and/or PR positive, 
HER2 overexpressed or amplified, and any Ki-67)  
or [ER and/or PR positive, HER2 negative, and Ki-67 
high (>14%)], “HER2 enriched” (ER and/or PR negative, 
HER2 overexpressed or amplified, and any Ki-67), or 
“triple negative breast cancer (TNBC)” (ER, PR, and 
HER2 negative, and any Ki-67).

The principle of the treatment strategy for patients with 
breast cancer referred to National Comprehensive Cancer 
Network (NCCN) guidelines (15). For patients with 
clinical T1-3, N0-1, M0 stage, surgery was recommended 
as the first choice. For those inoperable tumors or with 
desire for BCS, preoperative systemic therapy (neoadjuvant 
therapy) was performed first. Surgery options were 
determined by both the tumor situation and the patients’ 
willingness. NCCN listed the absolute and relative 
contradictions for BCS, and for those who were not the 
appropriate candidates but had a strong desire for shape, 
breast construction would recommend to them along with 
the information of risks.

Statistical analysis

Continuous variables were shown as median with range, 
and categorical variables were shown as a number with a 
percentage. Differences in continuous variables among 
groups were tested using a t-test, and differences in 
categorical variables were tested using a chi-squared or 
Fisher’s exact test. Univariate analysis was performed 
by using logistic binary regression analysis. Alpha was 
set at 0.05, and all tests were two-tailed. The analytical 
processing was conducted by SPSS version 25.0 (Chicago, 
IL, USA). All data were recorded at the Research Data 
Deposit (RDD) platform of Sun Yat-sen University 
Cancer Center (http://www.researchdata.org.cn/; ID: 
RDDA2020001459).

Results

BI-RADS classification and tumor size before Mammotome 
biopsy

All two hundred breast lesions from 198 patients had been 
evaluated by ultrasound before Mammotome biopsy in 
other hospitals. Breast imaging reporting and assessing 
system (from 0–6) was used as the standard to describe 
the possibility of a malignancy. We found that BI-RADS 
3 was the most common classification, accounting for 
54% (108/200) of 200 lesions and followed by BI-RADS 
4a (35%), 4b (6%), 4c (3%) and 2 (1%). There were 90% 
(180/200) of the lesions below a classification of BI-RADS 
4B. The ultrasound before Mammotome also showed 
that the tumor size ≤3 cm was observed in189 lesions, 
accounting for a percentage of 94.5%. There were two 
lesions with only calcifications and four lesions with tumor 
size >5 cm. There was no significant difference in BI-RADS 
and tumor size between the mastectomy group (P=0.382) 
and the BCS group (P=0.448) (Table 1). 

Clinic-pathological characteristics and therapies based on 
surgery options

The mean age of 198 patients who undergone Mammotome 
biopsy and surgery was 42.9±9.5 (range, 24–73). Breast 
cancer with stage 0, I, II, and III accounted for 19.5%, 
55.5%, 20.5% and 4.5% of all, respectively. Carcinoma 
in situ was observed in 19% of lesions, and the details of 
histology were shown in Figure 1. A percentage of 79.5% of 
tumors were ER positive, and 15.5% were HER2 positive. 
There were 10% of tumors classified into the TNBC 
subtype. One hundred and thirty-one patients with 133 
lesions received mastectomy and 67 patients received BCS. 
The details of all surgical options were shown in Figure 2.  
To achieve the patients’ requirements for shape, 12 
patients received skin-spared mastectomy combined with 
implantation in mastectomy group and 5 patients received 
BCS combined dorsal muscle flap construction in BCS 
group. One patient only received lumpectomy due to the 
pathological diagnosis of pleomorphic LCIS according to 
AJCC 8th. Clinic-pathological characteristics and therapies 
total/based on surgery options were showed in Table 1. The 
mean age of patients in BCS group was younger than that in 
mastectomy group (39.2 vs. 44.8, P<0.001). More patients 
received radiotherapy in BCS group than that mastectomy 
group (83.6% vs. 12.8%, P<0.001). There was no difference 
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Table 1 Clinic-pathological characteristics of patients with breast tumor resected by Mammotome

Variables Total Mastectomy BCS P

Variables by patients

N 198 131 67 –

Age (years) <0.001

Mean ± SD 42.9±9.5 44.8±9.6 39.2±8.4

Median [range] 43 [24–73] 45 [27–73] 39.0 [24–69]

Neoadjuvant therapy 5 (2.5) 2 (1.5) 3 (4.5) 0.204

Adjuvant chemotherapy 89 (44.9) 61 (46.6) 28 (41.8) 0.517

Adjuvant radiation 73 (36.9) 17 (12.8) 56 (83.6) <0.001

Adjuvant targeted therapy 19 (9.6) 16 (12.0) 3 (4.5) 0.086

Adjuvant hormone therapy

None 33 (16.7) 24 (18.0) 9 (13.4) 0.142

SERD 110 (55.6) 74 (55.6) 38 (56.7)

AI 18 (9.1) 15 (11.3) 3 (4.5)

SERD/AI + OFS 37 (18.7) 20 (15.0) 17 (25.4)

Variables by lesions 

N 200 133 67 –

BI-RADS 0.382

2 2 (1.0) 2 (1.5) 0 (0.0)

3 108 (54.0) 67 (50.4) 41 (61.2)

4A 70 (35.0) 47 (35.3) 23 (34.3)

4B 12 (6.0) 10 (7.5) 2 (3.0)

4C 6 (3.0) 5 (3.8) 1 (1.5)

5 2 (1.0) 2 (1.5) 0 (0.0)

Tumor size (cm) 0.448

Calcification 2 (1.0) 1 (0.8) 1 (1.5)

≤1 66 (33.0) 44 (33.1) 22 (32.8)

≤2 94 (47.0) 61 (45.9) 33 (49.3)

≤3 27 (13.5) 20 (15.0) 7 (10.4)

≤4 6 (3.0) 3 (2.3) 3 (4.5)

≤5 1 (0.5) 0 (0.0) 1 (1.5)

>5 4 (2.0) 4 (3.0) 0 (0.0)

Histology 0.131

Carcinoma in situ 38 (19.0) 20 (15.0) 18 (26.9)

Microinvasive cancer 3 (1.5) 2 (1.5) 1 (1.5)

Invasive cancer 159 (79.5) 111 (83.5) 48 (71.6)

None of specificity 144 (90.6) 103 (92.8) 41 (85.4) 0.144

Specificity 15 (9.4) 8 (7.2) 7 (14.6)

Table 1 (continued)
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Table 1 (continued)

Variables Total Mastectomy BCS P

Stage 0.073

0 39 (19.5) 20 (15.0) 19 (28.4)

I 111 (55.5) 75 (56.4) 36 (53.7)

II 41 (20.5) 30 (22.6) 11 (16.4)

III 9 (4.5) 8 (6.0) 1 (1.5)

T stage 0.131

T0 43 (21.5) 23 (17.3) 20 (29.9)

T1 134 (67.0) 95 (71.4) 39 (58.2)

T2 21 (10.5) 13 (9.8) 8 (11.9)

T3 2 (1.0) 2 (1.5) 0 (0.0)

N stage 0.099

N0 160 (80.0) 100 (75.2) 60 (89.6)

N1 33 (16.5) 27 (20.3) 6 (9.0)

N2 4 (2.0) 3 (2.3) 1 (1.5)

N3 3 (1.5) 3 (2.3) 0 (0.0)

Molecular subtype 0.154

Luminal A 64 (32.0) 43 (32.3) 21 (31.3)

Luminal B 82 (41.0) 55 (41.4) 27 (40.3)

HER2 enriched 11 (5.5) 10 (7.5) 1 (1.5)

TNBC 20 (10.0) 14 (10.5) 6 (9.0)

Unknown 23 (11.5) 11 (8.3) 12 (17.9)

Estrogen receptor 0.383

Negative 37 (18.5) 28 (21.1) 9 (13.4)

Positive 159 (79.5) 102 (76.7) 57 (85.1)

Unknown 4 (2.0) 3 (2.3) 1 (1.5)

Progesterone receptor 0.498

Negative 41 (20.5) 30 (22.6) 11 (16.4)

Positive 150 (75.0) 98 (73.7) 52 (77.6)

Unknown 9 (4.5) 5 (3.8) 4 (6.0)

HER2 0.029

Negative 140 (70.0) 92 (69.2) 48 (71.6)

Positive 31 (15.5) 26 (19.5) 5 (7.5)

Unknown 29 (14.5) 15 (11.3) 14 (20.9)

Ki-67 0.292

≤14% 94 (47.0) 59 (44.4) 35 (52.2)

>14% 106 (53.0) 74 (55.6) 32 (47.8)

AI, aromatase inhibitor; BI-RADS, Breast Imaging Reporting and Data System; BCS, breast-conserving surgery; HER2, human epidermal 
growth factor receptor 2; OFS, ovarian function suppression; SD, standard deviation; SERD, selective estrogen receptor degrader.
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Figure 1 Pathological type of 200 breast cancer patients who undergone a Mammotome biopsy.
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in TNM stage, histological type, ER, PR, HER2, molecular 
subtypes and therapies except for radiotherapy between 
these two groups (Table 1). 

Hematoma and tumor residual associated with 
Mammotome

Among all 200 lesions biopsied by Mammotome, through 
the pathological report after surgery, it was found that 73 
lesions had a hematoma and 143 lesions had tumor residual, 
accounting for 37.5% and 71.5% of all, respectively. 
There was no difference in the incidence of tumor 
residual between mastectomy and BCS group (75.2% vs. 
64.2%, P=0.104); however, the incidence of hematoma in 
mastectomy group was significantly higher than that in BCS 
group (44.4% vs. 23.9%, P=0.005) (Table 2).

Margin status and further management in BCS

Sixty-seven patients undergo BCS, and the margin status 
was shown in Table 2. Negative margin status was observed 
in 60 patients, accounting for 89.6% of all 67 cases. Positive 
status at first examination was found in 7 patients, including 
5 with focal positive margin and 2 with extensive positive 
margin was found in 5 patients, accounting for 7.5% and 
3% respectively (Table 3). Among five patients with focal 
positive margins, 4 received re-excision after, and one 
refused to receive further surgery with the strengthen 
radiotherapy. Two patients with extensive positive margins 
received mastectomy, finally including one with implant 
construction. The total success rate of BCS was 95.5%. By 

the analysis of the impact of hematoma and tumor residual 
on margin status, we found that hematoma did not correlate 
with positive margin (P=0.120, Spearman coefficient 
=0.191), but there is a correlation between tumor residual 
and margin status (P=0.037, Spearman coefficient =0.255) 
(Table 4).

Discussion

By reviewing 200 lesions from 198 patients with breast 
cancer who were diagnosed by Mammotome in other multi-
centers and received surgeries by pathological confirmation 
in our cancer center, we found that though Mammotome 
biopsy might lead to hematoma and tumor residual, it is not 
the determinant factor for surgery option. BCS is feasible 
through a complete excision of tumor residual to acquire a 
negative margin and might not be considered as a risk factor 
for BCS. 

Though the sample size is not exceptionally large, it 
is reasonable. Pan et al. reviewed a total of 5,232 US-
VABB procedures and reported that 61 malignant lesions 
were identified, only accounting for 1% of all (16). This 
percentage indicated that there is at least a pool of 20 
thousand people who received Mammotome and the 
situation of underestimation of the malignancy by the U.S. 
is rare. Our results confirmed this that 90% of the lesions 
were below a classification of BI-RADS 4B, indicating 
that most lesions presented with characteristics of benign 
lesions. Even confirmed as malignancy, we found that 19% 
of lesions were diagnosed with carcinoma in situ and early-
stage 0-II reached a percentage of 95.5%, suggesting that 
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Figure 2 Details of surgery options in 200 breast cancer patients who undergone a mammotome biopsy. (A) Subclassifications of breast 
conserving surgery in 67 patients; (B) subclassifications of breast mastectomy in 133 patients. BCS, breast-conserving surgery; SLNB, 
sentinel lymph node biopsy; ALND, axillary lymph node dissection.

Table 2 Hematoma, tumor residual and surgical margin of specimens 

Variables Total (n=200) (%) Mastectomy (n=133) (%) BCS (n=67) (%) P

Issue related to Mammotome

Hematoma 75 (37.5) 59 (44.4) 16 (23.9) 0.005

Tumor residual 143 (71.5) 100 (75.2) 43 (64.2) 0.104

Issue related to surgery

Surgical margin –

Negative 60 (89.6) – 60 (89.6)

Single positive 5 (7.5) – 5 (7.5)

Extensive positive 2 (3.0) – 2 (3.0)

BCS, breast-conserving surgery.
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Table 3 Further surgical management of 7 patients with positive margin during BCS

Case No.
Issue related to Mammotome Issue related to surgery

Hematoma Tumor residual Surgical margin Additional surgery Surgical margin

20 Negative Positive Single positive Re-BCS Negative

28 Negative Positive Single positive Re-BCS Negative

40 Negative Positive Extensive positive Mastectomy –

48 Negative Positive Single positive Re-BCS Negative

93 Negative Positive Extensive positive Skin-spared mastectomy + implant –

153 Negative Positive Single positive Refused surgery –

199 Negative Positive Single positive Re-BCS Negative

BCS, breast-conserving surgery.

Table 4 Differences and correlations between tumor residual, hematoma and surgical margin among patients treated with BCS

Variables
Surgical margin

P*
Spearman correlation

Negative Positive Coefficients P

Tumor residual

Negative 24 (40.0) 0 (0) 0.044 0.255 0.037

Positive 36 (60.0) 7 (100.0)

Hematoma

Negative 44 (73.3) 7 (100.0) 0.184 0.191 0.120

Positive 16 (26.7) 0 (0)

*, P value was calculated using the Fisher’s exact test. BCS, breast-conserving surgery.

these lesions, though malignant, were not at high-risk for 
recurrence and metastasis.

We noticed that the mean age of 198 patients undergone 
Mammotome was 42.9 years old (range, 24–73), which is 
consistent with another previous study (17). The younger 
age than that in large-scale epidemiological breast cancer 
study may be well explained by that young woman care 
more about the shape and scars than the old.

According to the NCCN guideline, the contraindications 
for breast-conserving therapy about the requirement for 
margins include the absolute with details as a widespread 
disease that cannot be incorporated by local excision of 
a single region or segment of breast tissue that achieves 
negative margins with a satisfactory cosmetic result, 
diffusely positive pathological margins and the relative with 
details as positive pathological margin. The way of biopsy 
is not in the contraindications; however, the question of 
whether Mammotome affected BCS through affecting 

margin status is unknown, which is the real meaning of 
this study. Among these 200 lesions, residual lesion and 
the hematoma was found from the specimen in 71.5% 
and 31.5% of all, respectively, suggesting that sometimes 
Mammotome could not excise the lesion completely and 
avoid vessels visually, which might be not superior to open 
excision from this point.

Mastectomy was performed in 131 patients who 
are not appropriate for receiving BCS based on the 
contraindications and the patient’s willingness. In 67 
patients undergone BCS, positive margin status at first 
examination was observed in 10.5% of patients, including 
four conserved the breast by the second excision and two 
received mastectomy due to extensive positive margins, 
finally. Our results showed no higher occurrence than that 
in previous studies, which reported that the positive rate of 
margins in BCS varied from 9% to 36% (18,19). 

Besides mastectomy and BCS, we noticed that 17 patients 
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received breast reconstruction at the same time. Pedicled 
descending branch latissimus dorsi mini flap is used in BCS 
to guarantee a satisfactory cosmetic result, in the situation 
of extensively lesions, hematoma or far distance from lesion 
to Mammotome biopsy spot, that has been reported by 
our department previously (20,21). For those widespread 
diseases and diffuse microcalcifications, the nipple-areola 
complex and skin spared mastectomy combined with breast 
implants might be an appropriate alternative way.

Our study, though answered a clinical question, has some 
limitations. First, this is a retrospective study, which may 
have some bias. We once plan to carry out a prospective 
one, but due to the uncertainty of underestimation on 
malignancy by ultrasound, it is hard to perform in practice. 
Second, though these patients received further surgeries 
in our cancer center, they have undergone Mammotome 
biopsy in multi-centers, which may affect the consistency of 
this procedure. 

In conclusion, our research explored the impact of 
Mammotome biopsy on the surgery option and margin 
status during breast conserving surgery in breast cancer 
that was underestimated by the U.S., which has never been 
studied before. We found that although Mammotome 
biopsy for underestimated malignancy might lead to 
hematoma and tumor residual, it is not the determinant 
factor for surgery option and BCS is feasible through a 
complete excision of tumor residual to acquire negative 
margin, which may give some help to the surgeon that BCS 
still could be recommended to those patients when they 
pursue beauty but worry about the safety.
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