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Abstract Purpose Preoperative diagnosis of breast lesions is typically performed using ultra-
sound (US)-guided core needle biopsy (CNB), and this study analyses factors impacting
its performance.
Methods This study retrospectively analyzed CNBs conducted over 63 months at a
tertiary cancer center to assess diagnostic accuracy (DA) and factors influencing biopsy
success, including radiologists’ experience, needle gauge size, number of cores, and
strain elastography.
Results Of 868 technically successful biopsies, 25 were diagnostically unsuccessful,
yielding an overall diagnostic success rate of 97.1%. A statistically significant difference
(p<0.001) was observed between 14G and 18G needles, with diagnostic success
improving from 94.4 to 99.8% using 14G needles. Combining Breast Imaging Reporting
and Data System (BI-RADS) with elastography improved DA for benign lesions from
93.2 to 95.7% and for suspicious lesions (BI-RADS 4C/5) from 93.5 to 97.4%. In radio-
pathologically discordant BI-RADS 4C/5 cases, malignancy was found in 17.5% (n¼7)
upon surgical excision or clinical follow-up, highlighting the need for rebiopsy in
discordant cases. The false-negative rate was 0.9%.
Conclusion Overall, US-guided CNB demonstrated high DA, with sensitivity, specific-
ity, and accuracy of 98.4, 100, and 98.8%, respectively—comparable to global stand-
ards. Implementing practice-enhancing measures, such as using 14G needles and
ensuring that radiologists trained in breast imaging perform biopsies, can further
improve technical and diagnostic success.
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Introduction

Breast cancer is the most common cancer in women world-
wide and in India.1 A steady increase in the incidence of
breast cancer has been observed in both thehigh-income and
low- andmiddle-income countries (LMICs), with almost 45%
of breast cancer cases and 55% of breast cancer deaths seen in
LMICs.2 Improvement in awareness, in imaging technology
such as full-field digital mammography (MG), high-resolu-
tion ultrasonography, and health infrastructure, has led to a
shift toward relatively earlier presentation in the stages of
breast cancer (stagemigration), and higher rates of detection
of smaller impalpable masses in clinically asymptomatic
women during diagnostic and opportunistic screening. MG
and ultrasound (US) of the breast form the mainstay of
imaging as primarymodalities for initial evaluation of breast
lumps. Breast Imaging Reporting and Data System (BI-RADS)
stratification is used for assigning a category to the findings
detected, indicating the degree of suspicion of malignancy,3

with robust accompanying recommendations. As technology
evolves, 2D MG has encompassed quasi-3D imaging with
tomosynthesis and contrast-enhanced MG with improve-
ments in accuracy. Similarly, the US also encompasses ad-
vanced imaging such as elastography and contrast-enhanced
US. The more widely used elastography estimates the stiff-
ness of a lesion, characterizing it further, and may help in
cases of indeterminate lesions, such as a BI-RADS 3 lesion, to
be appropriately triaged as BI-RADS 2 or BI-RADS 4, thereby
deciding on the need for a biopsy.

Preoperative pathological diagnosis is largely made by
percutaneous breast biopsy, either by palpable method or
under image guidance. It is best performed by an image-
guided approach, particularly for impalpable, small, and
complex lesions. Of all breast imaging modalities, US-guided
core needle biopsy (CNB) is the preferred method of biopsy
for all lesions visible on US, for its ease in technique, option of
targeting more suspicious, solid, and stiffer elastography
components of the lesion, and feasibility of avoiding travers-
ing vessels, reducing the incidence of hematoma. In the
presence of suspicious microcalcifications visible only on
MG, stereotactic biopsy or hook wire localization is per-
formed, whereas for CEM or MRI only detected lesions, the
respective modality is used for biopsy guidance. Although
core biopsies can be performed with these modalities, they
are better targeted by the Vacuum-Assisted Breast Biopsy
(VABB) technique to procure larger volumes of samples,
improving diagnostic accuracy (DA). Our study focuses on
the analysis of CNB, which is the mainstay of breast inter-
ventions, accounting for more than 95% biopsies performed
in a breast unit. The DA of percutaneous US-guided CNB is
high, varying in the literature from 84 to 98%.4,5 The differ-
ences in results depend on the biopsy methods, size of the
target lesion and its morphology, gauge of the needle, and
number of cores. In this study, we analyzed a large series of
US-guided CNB of breast lesions performed over a period of
63 months in a tertiary cancer center to assess the DA and
quantifiable parameters that may impact the success of a
biopsy, such as the gauge of needle, number of cores, and,

role of strain elastography. Nonquantifiable parameters,
such as the role of a dedicated breast radiologist performing
the procedure and streamlining workflow and appointment
schedules, were also assessed to reflect the turnaround time
and waiting lists in a busy department.

Methods

A retrospective study was conducted on all consecutive US-
guided CNB of breast lesions performed at a tertiary cancer
center from January 2017 toMarch 2022 after clearance from
the institutional ethical committee and in accordance with
ICMR revised national ethical guidelines for biomedical and
health research involving humanparticipants (2017).Waiver
of consent was approved as the study was retrospective and
involved less than minimal risk with no direct contact
between investigators and patients.

Only those patients for whom US and/or MG and histopa-
thology reports (HPR) were available were included in the
study. Patients undergoing US-guided VABB were excluded
from the study.

The details of the procedure (needle length, needle gauge,
number of cores obtained during the biopsy, and procedure
complications) were obtained from the radiology procedure
report, which is documented as per department protocol.
Biopsy cases were documented as (1) biopsy of the index
lesion, (2) additional lesion in the samebreast, or (3) lesion in
the contralateral breast. The indications for biopsy were
documented as (1) histopathological diagnosis and (2) pro-
curement of tissue for immunohistochemistry in a known
case of malignancy. The lesion characteristics, such as size,
morphology, laterality, clock position, elastography scores,
and final BI-RADS assessment category, were obtained from
radiology images stored on Picture Archiving and Commu-
nication System (PACS). The subsequent management, HPRs,
and outcome of follow-upwere also documented from PACS.
A subset of patients whowere lost to follow-up following the
biopsy was excluded from the analysis of diagnostic success.

Parameters for Analysis
Diagnostic success: defined as the outcome of biopsy leading
to appropriate management, either by surgical/medical in-
tervention for suspicious lesions or follow-up for benign
lesions. Biopsies yielding nonrepresentative, inadequate, or
scanty tissue that did not adequately suggest the diagnosis or
necessitated a repeat biopsy were considered as diagnosti-
cally unsuccessful biopsies.

DA of CNB of suspicious breast lesions: defined as the
proportion of biopsies correctly identifying the true status
(malignant or benign) of a tissue sample, encompassing
both true positive and true negative results, as per the HPR
of surgical specimen or biopsy specimen, in order of
preference.6

Comparison of performance between 18G and 14G nee-
dles: based on comparing the diagnostic success and DA in
the two cohorts.

Rate of Underestimation: number of cases diagnosed as
ductal carcinoma in situ (DCIS) on CNB that turned out to be
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invasive malignancy on the final excision histology as a
percentage of the total number of biopsies diagnosed as DCIS.

Diagnostic performance of Tsukuba strain elastography
scores: based on DA, sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) of
predefined Tsukuba scores on a “point-system,” characteriz-
ing lesions as benign or malignant with histopathology as
gold standard.

Statistical analyses were performed using SPSS (the sta-
tistical package for social sciences), IBM Corp. Released 2017.
IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY:
IBM Corp. Descriptive statistics were used to summarize the
dataset. Categorical data were summarized in terms of
counts and percentages. Normality of continuous data was
assessed using Shapiro–Wilk’s or Kolmogorov–Smirnov test.
If the data were normally distributed, then mean (SD) was
used to summarize the data, whereas if it was nonnormally
distributed, then median (IQR) was used to summarize the
data. The rate of diagnostic success and DA of biopsies
performed using 14G and 18G needles and parameters
such as number of cores obtained, incidence of complica-
tions, and average lesion size between the two groups were
compared using the t-test or Mann–Whitney U test depend-
ing upon normality of the variables.

Results

A total of 927 US-guided needle biopsies of breast lesions
were performed during the period from January 2017 to
March 2022. Of these, 58 were less than 5mm and were
biopsied by VABB and hence excluded. A total of 869 were
included in the study as per the eligibility criteria defined
earlier (►Fig. 1). There was a gradual increase in the annual
number of CNB performed from 2017 to 2019, with a fall in
the numbers in 2020 owing to the COVID-19 pandemic and
its associated lockdown. The numbers significantly increased
in 2021 after the lifting of the lockdown restrictions.

One out of 869 biopsies was technically unsuccessful. The
lesion was entirely cystic without a solid component. On
insertion of the coaxial needle, the fluid content was aspi-
rated, and no core specimen could be obtained. The fluidwas
sent for cytological analysis, whichyielded scanty histiocytes
and inflammatory cells. On 6-month follow-up, the patient
had no lesion on palpation or imaging, confirming appropri-
ateness of biopsy converted to cytology.

Of the 868 technically successful biopsies, 861 were
females and 7 were males. The mean age of the participants
at the time of the breast biopsy was 49.4 years (SD¼11.9;
range: 18–86 years), with 62.7% of lesions representing
malignancy (544 malignant, 291 benign, 8 normal breast
parenchyma, 25 inadequate). Overall, the sensitivity, speci-
ficity, and accuracy of CNB were 98.3, 100, and 98.8%,
respectively (►Table 1).

Of the 868 technically successful biopsies, 835 were
diagnostically successful as the patients were directed to-
ward appropriate treatment as per the histopathologic re-
port. Twenty-five biopsies were diagnostically unsuccessful,
reported as scanty tissue, necrosis, or benign parenchyma,

rendering the need for repeat biopsy (►Table 2). Of these, 15
were malignant on repeat biopsy and 10were benign. Of 868
biopsies, 8 were excluded from the analysis of diagnostic
success as patients were lost to follow-up after the biopsy.

Factors Affecting the Outcomes

1. Needle gauge: biopsies performed from 2017 to Decem-
ber 2020 used an 18-G needle of either 9 or 10 cm length,
depending on the manufacturer. In December 2020, there
was a change in breast biopsy practice in our department
with the adoption of the internationally recommended
standard of 14-G needles for breast biopsy. Our dataset
included 433 biopsies performed using 18G needles and
435 biopsies performed using 14G needles. There was a
statistically significant (p<0.001) difference in the diag-
nostic success rates of biopsies performed with 14G and
18G needles, with higher diagnostic success seen with
14G needles, increasing from 94.4 to 99.8%. Additionally,
the percentage of lesions requiring re-biopsy was statisti-
cally significantly greater for 18G needles (24/433 for 18 G
vs. 1/435 for 14 G needles, p-value<0.001; ►Table 2). No
significant complication was observed in any of the
patients.

2. Size of lesions: of 868 lesions, 17 had no definite size
mentioned in the radiological report, nor could it be
extrapolated from the available imaging (this may be

Fig. 1 Selection of study cohort.
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attributed to large lesions partially included in the imag-
ing frame or images acquired without callipers). Of the
lesions for which sizes were available (n¼851), the mean
size was 2.49 cm. A subset analysis was performed for the
subcentimeter-sized lesions (n¼103), of which 51 were
benign and 52 were malignant on final histopathology.
Overall, the diagnostic success rate amongst the sub-
centimeter-sized lesionswas 99%. Therewas no statistical
significance between the diagnostic success rates of sub-

centimeter-sized and>1 cm-sized lesions (p<0.18). In-
terestingly, except for one lesion, the other 24 of 25
lesions that required a re-biopsy were above 1 cm in
size, pointing toward a greater precision in smaller
lesions.

3. Tsukuba elastography score: of the 868 technically suc-
cessful biopsies, Tsukuba strain elastography scores were
available for 342 lesions (►Table 3). A lesion scoring from
1 to 3 points was categorized as benign, while a lesion

Table 1 Overall sensitivity, specificity, NPV, PPV, and accuracy of US-guided CNB of breast lesions

True positive True negative False positive False negative Accuracy Sensitivity Specificity NPV PPV

544 223 0 9 98.8% 98.3% 100% 96.1% 100%

Note: Twenty-five diagnostically unsuccessful biopsies were excluded, and 67 benign biopsies (out of 299) could not be assessed as true negatives as
they were lost to follow-up.

Table 2 Case-wise details of all diagnostically unsuccessful biopsies (n¼25)

Sr. no. Needle gauge Size (cm) BI-RADS HPR on CNB HPR on follow-up

1 18 3.2 4C Infarcted hyalinized core IBC

2 18 1.2 5 Unremarkable fibroadipose tissue ILC

3 18 2.3 3 Nonrepresentative Inflammatory

4 18 1.7 4A Inadequate Duct ectasia

5 18 1.4 4B Fibrofatty parenchyma with scanty
atypical cells

IBC

6 18 2.1 5 Fragmented parenchyma with scanty
cells

IBC

7 18 2.1 4B Normal breast tissue Benign breast parenchyma

8 18 3.6 5 Nondiagnostic necrotic tissue Therapy-related changes

9 18 Diffuse lump 4A Fibrofatty tissue and clot Fibrocystic disease of the breast

10 18 1.9 5 Fibromuscular tissue IBC

11 18 1.4 4C Fibroadipose tissue IBC

12 18 5.4 4C Nonrepresentative Infarcted IDP

13 18 1.1 4A Atypical cells are inadequate for
diagnosis

Fibroadenoma

14 18 2.3 3 Fibrocollagenous tissue is inadequate
for diagnosis

Benign on follow-up

15 18 2.1 5 Fibrocollagenous tissue IBC

16 18 15 NA Necrosis Phyllodes, malignant

17 18 2.6 4C Scanty fragments of mucinous cancer
were seen, inadequate for opinion

Mucinous carcinoma

18 18 3 5 Necrosis Metaplastic Ca

19 18 4.3 4A Nondiagnostic FCC

20 18 3 4C Scanty atypical cells, inadequate
tissue for diagnosis

IBC

21 18 2 5 Nonrepresentative DCIS

22 18 1.9 4B Inadequate Metastatic breast cancer

23 18 2 5 Normal breast tissue Microinvasive breast cancer

24 18 1.8 4C Nondiagnostic DCIS

25 14 0.7 4A Inadequate tissue for opinion Benign on follow-up

Abbreviations: BBP, benign breast parenchyma; DCIS, ductal carcinoma in situ; FCC, fibrocystic change; IBC, invasive breast cancer; IDP, intraductal
papilloma; ILC, invasive lobular cancer.
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scoring at 4 or 5 pointswas categorized asmalignant.7 The
mean elasticity score for malignant lesions was 3.76�0.7,
and for benign lesions was 3.1�0.7. The sensitivity,
specificity, PPV, NPV, and DA of the elastography score
categorized as benign ormalignant were 66.6, 70.5, 80, 53,
and 67.2%, respectively.

A false negative benign elastography assessment was in 76
cases, wherein 53 were IBC on final histopathology. On
analysis of these 53 cases, B-mode features suggested necro-
sis in 25 cases, thereby rendering them suspicious. Two cases
(BIRADS 4a) showed internal necrosis; the rest 74 caseswere
given a final BI-RADS assessment of 4B or above, with 87% of
these categorized as BI-RADS 4C or 5 (►Fig. 2).

False positive elastography assessment was seen in 36
cases, of which the majority, that is, 56% (n¼20), were
fibroadenomas, with predominance in 31% (n¼11) hyali-
nized and sclerosed subtypes. These are known to be
hard on elastography, and interpretation of these
lesions should be done in conjunction with the rest of
the BI-RADS descriptors to maintain higher accuracy8

(►Fig. 3).

Subset Analysis of Performance of the Tsukuba Score
according to BI-RADS Category
The combined DA of BI-RADS and elastography to predict
benign lesions improves from 93.2 to 95.7% as opposed to using
BI-RADS alone. In case of suspicious lesions, that is, BI-RADS 4C

Table 3 Elastography assessment and HPR diagnosis cross-tabulation

HPR

Malignant Benign Total

Elastography assessment Malignant (score: 4–5) 144 36 180

Benign (score: 1–3) 76 86 162

Total 220 122 342

Fig. 2 Grayscale US image (A) shows a taller-than-wider hypoechoic lesion with perilesional echogenic halo (arrows). On strain elastography (B),
it shows a Tsukuba score of 2, favoring benignity. In view of the grayscale morphology, it was assigned BI-RADS 4B with CNB suggestive
of papillary carcinoma. In this case, elastography was a false negative.

Fig. 3 Grayscale US image (A) shows an oval hypoechoic lesion in parallel orientation. On strain elastography (B), it shows a Tsukuba score
of 4, favoring malignancy. In view of the grayscale morphology, it was assigned BI-RADS 4A with CNB suggestive of hyalinized fibroadenoma.
In this case, elastography was a false positive.
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and 5, there was an improvement in DA from 93.5 to
97.4% when combined with the elastography assessment
(►Table 4).

For BI-RADS 4B lesions, the DA to detect malignancy was
48% when using BI-RADS alone; however, in combination
with elastography assessment, the DA improved to 69.5%. On
the other hand, to detect benign lesions, a BI-RADS assess-
ment of 4B, with elastography assessment as soft, improved
the accuracy from 52 to 70%. This implies that elastography
can be used with B-mode US to stratify 4B lesions, with hard
lesions (Elastography score: 4–5) warranting an upgrade
to BI-RADS 4C and soft lesions (Elastography score: 1–3)
warranting a downgrade to BI-RADS 4A. This highlights the
importance of the supplemental value of elastography in the
assessment of breast lesions, emphasizing its reliability not
as an independent feature, but in conjunction with B-mode
US features. Higher Tsukuba scores increase the likelihood of
malignancy, and when interpreted with the rest of the
imaging features on B-mode, improve the DA. This has a
bearing on the evaluation of the lesions in the event of
radiological-pathological discordance.

DA and Radiological-pathological discordance: ►Table 5

summarizes the DA as per the BI-RADS categories.
Traditionally, radiological and pathological discordance is

considered in two contexts—for a BI-RADS category 4C or 5
when reported as benign on histopathology warranting a
rebiopsy, and for a BI-RADS category 2 or 3, where follow-up
is recommended over biopsy, but its histopathology is
reported as malignancy, in the eventuality where biopsy
was performed for a clinical suspicion, physician’s recom-
mendation or patient’s preference.

Of the 22 lesions assigned BI-RADS category 2 or 3, none
were malignant. Forty-two of 311 BIRADS 4C lesions, and 11 of
183 BIRADS 5 lesions were benign on CNB. Among the benign
discordant biopsies of BIRADS 4C, 11 were lost to follow-up, 28
remained benign on final HPR or follow-up, and 3 were
malignant on final HPR. Among the benign discordant biopsies
of BIRADS 5 lesions, two were lost to follow-up, five remained
benign on final HPR (diagnoses of intraductal papilloma in two
cases, granulomatous mastitis, inflammatory etiology, and
duct ectasia), and four were malignant on final HPR. Together,
repeat histological evaluation of the discordant BI-RADS 4C/5
lesions on surgical excision or clinico-radiologic follow-up
showed malignancy in 17.5% (n¼7) cases, emphasizing the
importance of re-biopsy in discordant cases.

Malignancies with features of benignity: for the purpose
of the study, we additionally analyzed BI-RADS 4A lesions
(with only a 2–10% chance of malignancy), which turned
out to be malignant on histopathology. This was to identify
the imaging morphology of certain malignancies, falsely
masking the lesions to fall into a category of low suspicion.
Twenty-one percent (n¼3) were triple-negative cancers,
which are prone to being misdiagnosed as benign on
imaging as they often appear oval or round masses, more
likely to have circumscribed margins, and to show posterior
attenuation.9,10 36% (n¼5) were diagnosed as invasive
lobular carcinoma (ILC), papillary carcinoma, mucinous
carcinoma, and metaplastic carcinoma (►Table 6).

Underestimation of the invasive component of DCIS: of
the 868 lesions, 26 were found to have DCIS on HPR of the
CNB. Of these, four were excluded as theywere lost to follow-
up and no surgical histopathology was available. Fifteen of

Table 4 Elastography assessment according to BI-RADS category

Category Total number of cases Benign on HPR Accuracy

• BI-RADS 4A 74 69 93.2%

• Combined BI-RADSþ elastography assessment as soft 47 45 95.7%

• BI-RADS 4B 50 26 52%

• Combined BI-RADS 4Bþ elastography assessment as soft 27 19 70%

Category Total number of cases Malignant on HPR Accuracy

• BI-RADS 4B 50 24 48%

• Combined BI-RADS 4Bþ elastography assessment as hard 23 16 69.5%

• BI-RADS 4C and BI-RADS 5 186 174 93.5%

• Combined BI-RADS 4C/5þ elastography assessment as hard 117 114 97.4%

Table 5 Diagnostic accuracy of breast lesions as per BI-RADS assessment

BI-RADS category Number of benign results Number of malignant results % Malignant Reference

BI-RADS 3 20 0 100% �2%

BI-RADS 4A 143 14 8.9% >2% but � 10%

BI-RADS 4B 66 45 40.5% >10% to � 50%

BI-RADS 4C 28 283 90.9% >50% to <95%

BI-RADS 5 5 178 97.3% �95%
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the remaining 22 showed invasive disease on surgical HPR,
giving an underestimation rate of 68.1%. Of these 15, 5 were
microinvasive on final surgical HPR. The underestimation
rate for frank invasive breast cancer was 45%. Of the 15 cases
with underestimation, 73.4% (n¼11) had ultrasonographic
imaging morphology of mass-forming disease, favoring in-
vasive malignancy (►Fig. 4). The mean size of the lesions in
this subset was 2.15 cm, with a range of 0.6 to 4.7 cm, and
there was a trend of increasing underestimation with an
increase in the size of the lesion.

False negative rate: false negative rate is defined as the
number of false negative results expressed as a percentage of
the total number of malignancies.4 Of the 868 technically
successful biopsies, 299 yielded a benign/normal histopatho-
logical report. Sixty-seven of these had no imaging or histo-
pathological follow-up as theywere radiologically concordant.
Of the remaining 232 with follow-up, 9 were false-negative
benign diagnoses, with subsequent surgical histopathology or
clinical follow-up suggestive ofmalignant disease.However, of
these, three were diagnosed as phyllodes on CNB, which are
known to have heterogeneous stromal properties. Studies
have shown that the rate of concordant diagnosis between
CNB and surgical excision in the case of phyllodes is approxi-
mately 60% and hence, diagnosis as well as grading of these
tumors based on the histological findings in CNBs has limi-
tations.11Differentiation of phyllodes from fibroadenomas on
histology includes assessment of the capsule, where fibroa-
denomas have a true, smooth capsule and phyllodes have a
nodular capsule with perforations and finger-like projec-
tions.12,13 Inclusion of the capsule in the corebiopsy specimen
may be beneficial in improving the DA of CNB in case of
suspected phyllodes. A diagnosis of phyllodes, thus anyways
mandates complete histopathology evaluation. Excluding the
cases ofphyllodes (n¼3), the falsenegative ratewas0.9%,with
a significant difference between the two needle gauges (1.5%
with 18G vs. 0.4% with 14G; ►Table 7).

Radiological causes of false-negative results of core needle
biopsies in the analyzed data were divided into two groups:

1. Inadequate sampling of the material: the causes include
the selection of the wrong biopsy system. Intraductal
lesions with calcifications carry a high likelihood of
DCIS andmay be better targeted using VABB. Other causes
can be poor visualization of the lesion or needle and
nonconfirmation of in situ positioning of the needle by
verifying the needle tip-mass relation in both orthogonal
planes. Selection of a smaller gauge, acquisition of fewer
cores, and lesser expertise are factors that are operator-
dependent. Of the nine false negative biopsies, only one
was performed by a radiologist specialized in breast
imaging (over 10 years of experience), while others

Table 6 BI-RADS 4A lesions with malignant histopathology report

Case no. Vascularity Size (cm) HPR

1 Yes 1.2 IBC

2 No 2.2 TNBC

3 Yes 3.5 TNBC

4 NA 2.1 ILC

5 NA 1.5 IBC

6 No 1.6 IBC

7 Yes 2.4 IBC

8 Yes 1.6 TNBC

9 Yes 2.1 Metaplastic Ca

10 Yes 3.1 Mucinous carcinoma

11 NA 1.5 Papillary Ca

12 Yes 2.4 IBC

13 No 0.5 IBC

14 No 0.8 Metastases

Fig. 4 Grayscale US image shows a taller-than-wide hypoechoic lesion
favoring a malignancy. CNB showed DCIS; however, final surgical HPR
was suggestive of invasive breast carcinoma. The presence of a mass
on US is more in favor of invasive malignancy.
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were performed by nonspecialist/general radiologists
(around 4 years of experience). Further, on analysis of
the cohort of lesions biopsied by nonspecialist/general
radiologists with an 18G needle versus those performed
by a breast imaging radiologist with a 14G needle, there
was a statistically significant improvement in the DA from
94.4 to 99.8% (p<0.001).

2. Histopathological nonhomogeneity of the lesion: one of
the cases, diagnosed as complex papilloma with atypical
ductal hyperplasia on CNB, eventually upgraded to DCIS
on surgical HPR (►Fig. 5). Underestimation rates of ma-
lignancy in the case of papillary lesions can be as high as
25%, with a higher underestimation rate in lesions more
than 1 cm.14 Therefore, a diagnosis of atypical papilloma
warrants surgical excision to rule out malignancy, which
may be seen in up to 67% of cases.15 In our dataset, the
lesion was palpable, measured 2.9 cm, and showed atypi-
cal features on CNB; hence, surgical excisionwas justified.
Although this was a discordance, the atypical features
suggested an alternative diagnosis and resulted in appro-
priate management.

Discussion

Since its introduction in the 1980s, CNB has gained popularity
as a tool for assessing both palpable and nonpalpable/radio-

logically detected breast abnormalities, which has trans-
formed the practice of preoperative diagnoses of breast
lesions in both symptomatic and screen-detected patients.

In our study, we retrospectively analyzed 868 technically
successful CNBs of breast lesions done in our department
under US guidance. Overall sensitivity, specificity, NPV, PPV,
and accuracy to detect malignancy were 98.3, 100, 95.4, 100,
and 98.8%, respectively. A study by El-Sayed et al analyzed
over 20,001 cases over a period of 10 years (1997–2007), and
found sensitivity to be 96.4% and specificity to be 99.7%.
Further, they found a steady increase in accuracy over the
years, from 90.5 to 99.3% corresponding to the improvement
in biopsy and imaging techniques, whichwas also seen in our
analysis, particularly with the usage of 14G needles and
performance of biopsies by radiologists specialized in breast
imaging.4 Another study by Hari et al showed image-guided
biopsy to have a sensitivity and specificity of 96.3 and 100%,
respectively, as opposed to 46.7 and 100% in palpation-
guided biopsy.16

A study by Radhakrishna et al analyzed the concordance
of radiological interpretation and histopathology findings in
467BI-RADS category 3 to 5 lesions following a core biopsy,
which showed 93.25% PPV for BI-RADS 5 lesions for malig-
nancy and 98.4% NPV of BI-RADS category 3 lesions for
cancer.17 Our data showed PPV for cancer in BI-RADS 5
lesions to be 97.2% and NPV of BI-RADS category 3 lesions

Table 7 Cases one to six, which were false negatives on CNB

Case
no.

Needle
gauge

Size
(cm)

Morphology BI-RADS HPR on CNB Follow-up diagnosis

1 18 1.3 Solid 4B Hyalinized stroma DCIS (after 1 y)

2 18 2.3 Solid 4C Fibrosis and
inflammation

IBC

3 18 2.5 Solid 5 Fibroadipose tissue IBC

4 18 2.9 Solid-cystic 4B IDP Papilloma/DCIS-intermediate
grade on final

5 18 1.7 Solid 4C FCC IBC

6 14 4.9 Solid-cystic 4C BBP DCIS

Abbreviations: BBP, benign breast parenchyma; DCIS, ductal carcinoma in situ; FCC, fibrocystic change; FCC, fibrocystic change; IBC, invasive breast
cancer; IDP, intraductal papilloma.
Note: Three cases of phyllodes were excluded here.

Fig. 5 Grayscale US image (A) shows an irregular isoechoic to hypoechoic mass with angular margins, assigned as BI-RADS 4B. CNB image
(B) shows appropriate targeting of the lesion, with the needle within the lesion (arrow).
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to be 100%, which is concordant with the reference standard
established by the ACR BI-RADS Atlas Fifth Edition.3

The false negative rate in our study was 1.5%. This result
falls in the range reported in literature from 0.8 to 6%.18,19

In our study, the malignancy rates of BI-RADS 4A, 4B, and
4C lesions were 8.9, 40.5, and 90.9%, respectively, which are
consistent with the reference standard.3Wefurther analyzed
the cases where there was radiological-pathological discor-
dance, particularly the BI-RADS 4C and 5 lesions, whichwere
benign on CNB. Seventeen point five percent of these cases
showed malignancy on repeat sampling, which highlights
the importance of re-biopsy in discordant cases.

We also analyzed the BI-RADS 4A lesions, which were
malignant on HPR. Of these, 21% (n¼ 3) were triple-negative
cancers, which are prone to beingmisdiagnosed as benign on
imaging as they often appear oval or round masses, more
likely to have circumscribed margins, and to show posteri-
or.10 ILC, papillary carcinoma, mucinous carcinoma, and
metaplastic carcinoma, were the other encountered histo-
pathologies, all of which tend to show atypical imaging
features often mimicking benign etiologies, and hence ap-
propriately categorized as BI-RADS 4A.20–24

Further, on analysis of the six cases with false negative
CNB results (excluding the three cases of phyllodes), all were
categorized as BI-RADS 4B and above, with suspicious mor-
phology. Based on radiological-pathological discordance, a
repeat biopsy or surgical excision was performed.

Radiological-pathological discordant cases should be
prompted by the reporting pathologist, re-evaluated by the
radiologist and surgeon in conjunction, and a biopsy should
be repeated to avoid missing a malignancy. In some cases,
despite a concordance, a repeat biopsy may be warranted,
driven by the inherent pathology of thefinding. This includes
the entity of B3 pathologies, where inherent heterogeneity in
the tumormilieu demands wider and larger sampling, either
by an extended vacuum-assisted biopsy or image-guided
surgical excision biopsy.25

Our data was collected over a span of 63 months from
January 2017 to March 2022. Biopsies performed from
January 2017 to December 2020 used an 18-G needle of
either 9 or 10 cm length, depending on the manufacturer. In
December 2020, therewas a change in breast biopsy practice
in our department with the adoption of 14-G needles for
breast biopsy. Our dataset includes 433 biopsies performed
using 18G needles and 435 biopsies performed using 14G
needles. A study byUematsu et al studied the performance of
18G US-guided CNB in breast lesions, and found a sensitivity
of 96% in the diagnosis of malignancy.26 Amore recent study
by Lai et al comparing 14G needles to 16G needles showed no
significant difference in sensitivity and specificity between
the two groups. However, better overall accuracy (p¼0.02),
less underestimation (p<0.001), and lower false-negative
(p¼0.02) rates were found for the 14-gauge CNB.27 Our study
demonstrated higher diagnostic success rates (p<0.001) with
the 14G needle (99.8%) as compared with the 18G needle
(94.4%). There were more cases with inadequate tissue for
diagnosis, scanty cells, and nonrepresentative sampling with
an 18-G needle. Underestimation rates in our study were not

statistically different between the two needle gauge CNB
(p¼0.35); however, overall, lesser underestimation was ob-
served with 14G needles. The false negative rate was also not
statistically different between the two needle gauge CNB
(p¼0.38), but was lower with 14 G needles.

Prior studies have shown a minimum of two to four cores
to be sufficient for the establishment of a diagnosis of
malignancy.28,29 Hsin-Ni and Chen have shown that ade-
quate tissue for immunohistochemical biomarkers can usu-
ally be obtained through one core US-guided biopsy, except
under certain circumstances, such as small size of lesion
(�1 cm), heterogeneous tumor components, and fibrotic
texture. Further, additional cores are necessary to account
for the loss of specimen due to crush artifacts, which are seen
more often with large bore CNB.30

Gruber et al demonstrated that a minimum of two cores
were required with a 14G needle and five cores with a 16G
needle for higher DA.18 In our study, the mean number of
cores obtained was higher in the 14G group (5.82) as opposed
to the 18G group (5.15). This may factor in influencing the
higher diagnostic success with 14G needles. Further, the use
of 14G needles in our department coincides with the initia-
tion of revised breast intervention protocols, with biopsies
being performed by dedicated breast radiologists, which
might have further led to better selection of lesions and
appropriate sites to be biopsied. A similar analysis by Brenner
et al on the effect of operator experience and number of
samples on DA of stereotactic biopsy showed an increase in
the DAwith an increase in the number of core biopsy samples
obtained for any given lesion seen onmammograms andwith
increased experience in performing the procedure.31

Underestimation of the invasive component of DCIS
ranges in the literature from 16.2 to 47.8%.4,32–34 Our study
showed a higher underestimation rate of 68.1%. The under-
estimation rate was higher with the 18G needle (83.3%). An
analysis of underestimation rates reveals that various fac-
tors, such as lesion size, higher BI-RADS assessment, gauge of
needle, and technique of biopsy, affect the rate of underesti-
mation. Alejandro et al showed the highest underestimation
rates in lesions with an initial size>2 cm compared with
thosewith a size<2 cm.32Other studies have shown that the
presence of a palpable lump and a nodular mass on US
negatively affected underestimation rates.33,35,36 Schulz
et al showed that with a palpable mass, which remained
the only independent predictor of invasion after multivari-
ate adjustment, and the presence of at least three of the
remaining five risk factors (amass lesion on US, the presence
of a mammographically detectable mass/architectural
distortion/density, a BI-RADS score of 5, a lesion diameter
� 50mm, and � 50% of histologically affected ducts), the
predicted probability of invasion was 56.0%.36 Our data
showed a mean lesion size of 2.1 cm, with 73.4% of cases
showing a mass lesion on US, which explains the higher rate
of underestimation. A higher underestimation rate would be
expected in LMICs such as India, where the average size at
presentation is often larger than 2 cm, and patients tend to
present with clinically and radiologically apparent masses.
Further, the subset of DCIS diagnoses in our data provided a
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small sample size for analysis. Although an accurate target
of the lesions yielded a diagnostic CNB result, underestima-
tion of the invasive component remains a concern. Retro-
spective analysis of our cases showed that of the 15 cases
with underestimation, at least four cases had imaging
appearance of an aggregate of ducts, and six cases had a
target lesion size equal to or less than 9mm; such lesions
would be better targeted via VABB to improve the underes-
timation rates.

Schaefer et al showed a mean elasticity score of 4.1�0.9
for malignant lesions, and 2.1�1.0 for benign lesions
(p<0.001). With a best cut-off point between elasticity
scores 3 and 4, sensitivity was 96.9%, and specificity was
76%.37 Sensitivity of strain elastography ranges between 60
and 86%.38–40 Studies have shown the supplemental value of
elastography to B-mode US in improving overall accura-
cy.37,41 Our study showed overall sensitivity, specificity,
and accuracy of elastography to be 63.6, 70.5, and 66%,
respectively.

Conclusion

Incorporating practice-changing steps, such as utilizing 14G
needles and the performance of biopsies by a radiologist
with training in breast imaging, can improve technical and
diagnostic success. Statistically significant improvement in
diagnostic success is seen with 14G compared with 18G
needles, with statistically nonsignificant improvement in
underestimation rate, rate of complications, and false neg-
ative rate. DA of US-guided CNB for breast lesions is high,
with sensitivity, specificity, and accuracy of biopsies being
98.3, 100, and 98.8%, comparable to global standards.
Supplemental utility of strain wave elastography can
improve diagnostic performance. US-guided biopsies offer
high diagnostic success with minimal complications, mak-
ing them essential for diagnosis and treatment.
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