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Accuracy of ultrasound-guided core-needle biopsy
confronted with pathological findings and comparison
of its costs with vacuum-assisted biopsy'’s costs
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ABSTRACT

Introduction: Breast cancer screening has enhanced early-stage diagnosis by detection of impalpable tumors which require
histopathological evaluation. Main percutaneous biopsy types are core-needle biopsy (CNB) and vacuum-assisted biopsy (VAB).
CNBislessinvasive andrelated to less bleeding and pain. VAB allows larger tissue samples and permits metal clip placementin biopsy
bed for posterior localization in case of surgery. Access to VAB is restricted in Brazil due to its high costs. Objectives: To evaluate
the agreement between pathological results of ultrasound (US) guided CNB with metal clip placement and surgery and settle false
negative rates (FNR), sensibility, specificity, and accuracy of this method, for breast lesions < 20 mm. Methods: 388 US-guided CNB
were retrospectively reviewed. Results: Surgical excision was performed in 317 patients. Overall FNR was 9.8%, (5.2% for lesions
10-20 mm), sensibility 90.2% (94.8% for lesions 10-20 mm), specificity 94.9% (94.1% for lesions 10-20 mm), and accuracy 91.1%
(94.7% for lesions 10-20 mm). Cost of VAB varies from 2.2 to 12.5 times US-guided CNB. With metal clip placement, VAB costs
1.95 to 5.2 times US-guided CNB. Conclusions: For lesions that can be identified in US, CNB with metal clip placement has high

sensitivity, specificity, and accuracy, as well as low FNR.
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INTRODUCTION

Breast cancer (BC) incidence is rising in low-income and middle-
income countries due to improvement in life expectancy, urbaniza-
tion, and adoption of Western lifestyles"2 In the context of breast
screening programs, detection of small and non-palpable lesions
isincreasing’. Suspicious lesions require histopathological evalu-
ation and percutaneous breast biopsy has become an alternative
to open surgical biopsy in these cases®. The main types of percu-
taneous breast biopsy are core-needle biopsy (CNB)* and vacuum
assisted biopsy (VAB)’. CNB is less invasive and related to less
bleeding and less pain, since it uses a thinner needle. VAB allows
larger tissue samples through a single skin puncture without need
torepeatedly relocate the needle when a tethered device is used**.

Studies have reported false-negative rates (FNR) of 1.1%-3.3%
for CNB and 0.6%-3.5% for VAB*. In small lesions, percutaneous

biopsies, especially VAB, can completely remove the lesion.
Inserting of a metal clip into the biopsy bed is necessary for
subsequent identification of the area to be resected in the event
of surgery®. In clinical practice, placement of a metal clip is rou-
tinely done in VAB but not in CNB. In A.C. Camargo Cancer
Center, since 2012, it has been our preference to place a metal
clipin selected CNB cases, especially when there is a higher sus-
picion for malignancies®.

The health system organization in Brazil is based on two
financial sources: the public health system and the private system,
composed by health insurances or self-funding'. Approximately
75% of the population has access only to public health care’.
The Brazilian public health system and some health insurers do
not provide access to VAB due to costs. It is estimated that costs
associated to VAB are ten times higher than standard CNB®.
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The objective of this study is to evaluate pathological diag-
nosis of ultrasound (US) guided CNB and surgery, setting false-
negative rate, sensibility, specificity, accuracy, positive predic-
tive value (PPV), negative predictive value (NPV), upgrading rate
and agreement rate of US guided CNB for breast lesions smaller
than 2 cm. Also, this study aims to estimate costs between VAB
and CNB with and without metal clip placement.

METHODS

This study was approved by the Ethics Committee of A.C.Camargo
Cancer Center, reference number 2,522/18. Due to the retrospective
nature of the study, formal consent is not required. A retrospec-
tive cohort study encompassing women submitted to US-guided
CNB breast lesions smaller than 2 cm with metal clip placement,
between October 2016 and December 2017, extracted from the
A.C.Camargo Cancer Center medical records.

US-guided CNB was performed using free-hand technique,
guided by a 5-12 MHz linear-array transducer. After local anes-
thesia, a 14-gauge semi-automated needle was inserted by the
radiologist through a small skin incision and advanced towards
the target lesion using US guidance. Once needle location is con-
firmed, four or five core samples were obtained, as decided by
each radiologist. Samples were immediately fixed in small for-
malin containers. A metallic clip was placed on the biopsy site
at the end of the sampling and a post-biopsy mammogram was
performed to confirm proper lesion targeting. Biopsies were per-
formed by a team of radiologists, including medical residents
supervised by radiologists with 5 to 25 years of experience in
percutaneous biopsy.

Imaging findings of biopsied breast lesion and pathologic
results of CNB were described in absolute and relative frequen-
cies. Baseline patient characteristics were expressed as abso-
lute and relative frequencies for qualitative variables and as
the median, minimum, and maximum values for quantitative
variables. Costs of CNB with and without metal clip placement
and VAB were estimated through the average costs between the
health insurances attended at A.C. Camargo. Data regarding
costs were provided by financial department. Costs were com-
pared by financial source and expressed as relative frequency.

False negative rates were calculated for lesions smaller
than 10 mm or 10-20 mm. Upgrading rate was calculated
when CNB resulted atypical or benign, but surgery diagnosed
a malignant lesion. All statistical analyses were carried out
with the Statistical Package for Social Science (SPSS) version
25 (IBM Corp., Armonk, NY, USA).

RESULTS

Percutaneous US-guided CNB with metal clip placement was per-
formed in 388 female patients between October 2016 and December

2017. Patients’ mean age was 53.3 years-old (range, 20-94 years;
mean * standard deviation [SD], 53.3 £ 13.4). Ultrasound find-
ings of biopsied lesions were masses (91.2%) and nonmass find-
ings (8.8%) (Table 1). Mean size of biopsied lesions was 12.2 mm
(range, 3-20 mm; mean * SD. 12.2 * 4.5). Pathologic results of
US-guided CNB diagnosed invasive ductal carcinoma (49.7%),
invasive lobular carcinoma (2.6%), ductal carcinoma in situ (4.6%),
lesions of high-risk (3.4%), and benign findings (29.4%) (Table 2).

Some lesions were surgically excised, and the choice of sur-
gery was made at the discretion or request of the physician or
patient. Of the 388 patients included in this study, 317 patients
(81.7%) underwent surgery after biopsy: 221 patients (69.7%) under-
went conservative surgery and 96 patients (30.6%) underwent
mastectomy. For adequate intraoperative localization, lesion or
metal clip was pre-operatively marked by US-guided injection
of technetium” (radio-guided occult lesion localization - ROLL)
in 225 (86.9%) patients.

Table 3 summarizes histological findings of US-guided CNB
and surgery for lesions smaller than 10 mm and between 10 to
20 mm, and for masses/lumps and nonmasses findings. Two cases
of false-positive were identified. One case refers to a patient sub-
mitted to neoadjuvant chemotherapy who presented a complete

Table 1. Characteristics of US-guided core-needle biopsy breast
lesions with metal clip placement.

Image findings of biopsied lesions

Lumps/Masses 354(91.2)
34(8.8)

Nonmass Findings

US: ultrasound.

Table 2. Pathologic findings of breast ultrasound-guided
core-needle biopsy with metal clip placement.

Pathologic Findings of biopsied lesions

Breast Cancer 221(56.9)
Invasive Ductal Carcinoma 193 (49.7)
Invasive Lobular Carcinoma 2.6)
Ductal Carcinoma /n situ 18 (4.6)

High-risk 13(3.4)
Atypical Ductal Hyperplasia 7(1.8)
Atypical Lobular Hyperplasia (0.8)
Lobular Carcinoma /n situ 3(0.8)

Benign 114 (29.4)
Fibroadenoma 47 (12.1)
Stromal Fibrosis of breast tissue 39 (10.1)
Pseudoangiomatous Stromal Hyperplasia (PASH) 3(0.8)
Papillary Lesion 25 (6.4)

Others 40 (10.3)

Total 388 (100)
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pathological response. Second case regards to the absence of resid-
ual tumor in surgery due to its removal on biopsy. According to
the pathological report of this case, tumor comprised 90% of the
biopsy material, which measured 1.7 cm.

Overall FNR for US-guided CNB with metal clip placement
was 9.8%, higher for lesions smaller than 10 mm (16.2%) and
lower for lesion ranging 10-20 mm (5.2%). When compared by
radiologic findings, FNR was 0.9% for masses/lumps and 6.7%
for nonmasses lesions (Table 4).

Overall sensibility overall was 90.2% (83.8% for lesions < 10 mmy;
94.8% for lesions 10-20 mm) and overall specificity was 94.9%
(96% for lesions < 10 mm; 94.1% for lesions 10-20 mm). US-guided
CNB sensibility for masses/lumps was 99.1%, slightly higher than
for nonmasses (93.3%) (Table 4).

Overall PPV and NPV were 98.7 and 69.1%. For lesion < 10 mm,
values were 98.8% and 60% and for lesions 10-20 mm, 98.6% and

80%, respectively. PPV and NPV for masses/lumps were 90.8% and
95.9%. Overall accuracy rate was 91.1% (86.3% for lesions < 10 mm
and 94.7% for lesions 10-20 mm). Accuracy for masses/lumps
was 91.6%. Overall upgrading rate between pathological finding
of CNB and surgery was 7.1%, being higher for lesions < 10 mm
(12.1%) than for lesions 10-20 mm (3.7%) (Table 4).

Comparison between costs of US-guided CNB with and with-
out metal clip placement and VAB according to financial source
(private versus healthcare insurance) is displayed in Table 5. Cost of
VAB was 2.2 times higher than US-guided CNB when payment
source is private (i.e., paid by the patient) and 12.5 times higher
when payment is provided by healthcare insurers. Introduction
of ametal clip at the time of CNB entails a higher cost to the pro-
cedure, but, even so, VAB is more expensive and costs 1.95 times
more than US-guided CNB when payment source is private and
5.2 times more when payment is by insurers (Table 5).

Table 3. Pathologic results of the US-guided core-needle biopsy biopsies versus pathological results of surgical specimen.

.
Size (mm) Benign

- - Total
Malign Atypical
Benign 24 1 5 40
Biopsy Malign 0 72 2 74
<=10
Atypical 1 4 5 10
Total 25 87 12 124
Benign 32 5 3 40
Biopsy Malign 2 139 0 141
>10
Atypical 0 2 5 7
Total 34 146 8 188
Benign 56 16 8 80
Biopsy Malign 2 21 2 215
Total
Atypical 1 6 10 17
Total 59 233 20 312

Radiologic Findings -
Benign

Malign Atypical
Benign 9 2 1 12
Biopsy Malign 1 12 0 13
Nonmasses
Atypical 0 0 2 2
Total 10 14 3 27
Benign 47 15 7 69
Biopsy Malign 1 200 2 203
Masses/Lumps
Atypical 1 6 8 15
Total 49 221 17 287
Benign 56 17 8 81
Biopsy Malign 2 212 2 216
Total
Atypical 1 6 10 17
Total 59 235 20 314

US: ultrasound.
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DISCUSSION

Advancements in imaging technology and increased access to
screening programs allow for the detection of non-palpable breast
lesions, which require a pathological examination if suspicious
for malignancy. Two indicators of the reliability of a pathologi-
cal diagnosis of a percutaneous biopsy are the repeat biopsy rate
(RBR) and FNR*. RBR is the rate at which a repeat needle biopsy
or a surgical biopsy is performed after a benign result’. RBR for
VAB and CNB are reported to range from 5.7%-14% and 10.9%-
17%, respectively, and vary with needle size*’.

FNR of US-guided CNB may vary according to breast lesion
size and CNB needle size. A Chinese study evaluated 955 breast
lesions biopsied by US-guided CNB and concluded that US-guided
CNBis better for breast lesions bigger than 10 mm, and, for lesions
<10 mm, alarger core needle caliber or VAB may be necessary".
In this same study, FNR for breast lesions < 10 mm was 4.3% and
0.7% when > 10 mm'. As in the Chinese study, our data demon-
strated that US-guided CNB is better for lesions higher than
10 mm. However, higher FNR reported in this study might be
due to our smaller sample size, as well as we considered lesions
between 10 and 20 mm.

Overall FNR for US-guided CNB are reported to range from
0% to 11.8%". Overall ENR for Us-guided VAB are reported to be
19%-5.2%*". Overall FNR of this study was 9.8%, in accordance
to FNR reported in literature for US-guided CNB.

Sensibility, specificity, and accuracy of CNB has been described
for palpable (93.6%, 88.7%, and 90.8% respectively) and not pal-
pable lesions (94.5%, 87.8%, and 90.5%)". A Brazilian study eval-
uated 88 patients submitted to VAB and posterior excisional
biopsy, where US-guided VAB sensibility was of 84.2%, specific-
ity of 100%, PPV of 100%, and NPV of 98%". Comparing the results
of our study, US-guided CNB with metal clip placement has a

higher sensibility than US-guided VAB and a higher specificity
and accuracy than US-guided CNB. Also, our data showed a great
PPV, slightly lower than reported to US-guided VAB. However,
NPV of our study is much lower than reported from US-guided
VAB, especially for lesions < 10 mm. Hence, we suggest that a
benign result of a US-guided CNB biopsy should be followed up
by imaging exams in 6 months or surgically excised, in cases of
radiologic-clinical disagreement.

Lesions at high-risk comprise 3%-9% of CNB results and
include papillary lesions, radial scar, atypical ductal hyperplasia
(ADH), atypical lobular hyperplasia (ALH), lobular carcinoma
in situ (LCIS), and fibroepithelial tumors’. In our study, 3.4% of
histological CNB findings are high-risk lesions, according to what
is reported in the literature. Upgrading rate includes benign or
atypical lesions in CNB that were diagnosed as malignant lesions
after surgery. Upgrading rates for ADH in ductal carcinoma i situ
(DCIS) or invasive carcinoma (ICD) are reported to be 12%-54%,
and factors associated to upgrading rate are ipsilateral breast
symptoms, use of 14G CNB in comparison of 11G CNB, severe
ADH and co-diagnosis of papilloma'. Upgrading rates of VAB is
reported to range from 10%-20%'% The overall upgrading rate
found in this study (7.1%) is smaller than the reported in the lit-
erature, even lower when considered for lesions 10-20 mm (3.7%).

Main limitation of VAB is related to its costs. Alonso-Bartolomé
et al.® analyzed the financial outlays of VAB and concluded
that VAB systems are ten times more expensive than standard
CNB, but 82% lower than surgical biopsies. In Japan, VAB costs
around three times more than CNB*.In US, Grady et al.' showed
that there is no difference between costs of US-guided CNB and
non-tethered VAB devices, but when compared only tethered
VAB devices and CNB, VAB is better cost-effective. To calculate
costs of VAB and CNB, Grady et al.'® included repeated biopsies

Table 4. False negative rate (FNR), sensibility, specificity, positive predictive value (PPV), negative predictive value (NPV), accuracy,

and upgrading rate of US-guided core-needle biopsy.

FNR (%) Sensibility (%) Specnﬁaty (CA) PPV (%) NPV (%) Accuracy (%) | Upgrading (%)

<10 16.2 83.8 98.8 86.3 12.1
10-20 5.2 94.8 941 98.6 80 94.7 3.7
Nonmasses 6.7 93.3 75 82.4 90 85.2 7.4
Masses/Lumps 0.9 99.1 68.1 90.8 95.9 91.6 7.3
All 9.8 90.2 94.9 98.7 69.1 91.1 71

US: ultrasound.

Table 5. Comparison between US-guided core-needle biopsy (CNB) and vacuum assisted biopsy (VAB) according to financial source
(private versus healthcare insurance), with or without metal clip placement.

Method of breast biopsy Private + Metal Clip Insurance + Metal Clip

US-guided CNB

VAB 2.2 X

12.5Y

1957 52W

US: ultrasound.

Mastology 2020;30:e20200003



Accuracy of ultrasound-guided core-needle biopsy confronted with pathological findings and comparison of its costs with vacuum-assisted biopsy’s costs

and surgical biopsies when needed. Unfortunately, Brazilian
public health system and some health insurers do not provide
access to VAB because of its costs. Our study is the first Brazilian
study to estimate costs of CNB and VAB considering the financial
source where VAB is available. In our study, VAB costs 2.2 times
US-guided CNB for private payment and 12.5 times when the pay-
ment is made by the healthcare insurer. However, placement of
metal clip enhances CNB costs VAB still costs 1.95 times CNB
(private) and 5.2 times (insurance).

Some limitations of this study are related to a retrospec-
tive study, such as missing data and the absence of a VAB arm
for comparison to US-guided CNB and US-guided VAB arms.
Herein, biopsies were performed by a team of radiologists with
different years of experience in percutaneous biopsy. Also, a cost-
effective study was not performed, and the costs were estimated
according to financial reports.

Nevertheless, this study was able to demonstrate that, for
lesions bigger than 10 mm, US-guided CNB with metal clip
placement has high sensitivity, specificity, accuracy, and PPV
and low FNR. So, our results suggest that US-guided CNB is an
accurate approach to lesions that can be seen on US, besides
being cost-effective.
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CONCLUSIONS

US-guided CNB showed a low FNR, especially when done in
lesions larger than 10 mm. Also, US-guided CNB with metal
clip placement has high sensitivity, specificity, accuracy, and
PPV, even for lesions under 10 mm. Moreover, US-guided CNB
with metal clip placement is less expensive than VAB, regard-
less of the source of payment. In conclusion, US-guided CNB is
an accurate approach to lesions that can be seen on US, besides
being cost-effective.
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