
Introduction

Breast cancer still represents the leading tumor
among women and the incidence of the disease is rising
all over the world (1, 2). The risk of developing breast
cancer is related to a number of factors including the
events of reproductive life and lifestyle factors that mod-
ify endogenous levels of sex hormones. Diet has been also
found to play an important role in the etiology of breast
cancer.

Mammography represents the most used modality for
breast cancer screening, with mortality reduction of 30-
40% in screened population (3, 4). However, its sensi-

tivity is decreased in young women with radiologically
dense breast (5). Another limitation of planar mam-
mography is represented by the two-dimensional visu-
alization of a three-dimensional volumetric structure such
as the breast, with a consequent superimposition of tis-
sue. These limitations are partially solved by the full-field
digital mammography (FFDM), with its improved dy-
namic range, tissue contrast and post-processing, and by
the digital breast tomosynthesis (DBT), which partial-
ly addresses the two-dimensional breast representation
of planar mammography (4). Dual-energy contrast en-
hanced digital mammography represents a novel tech-
nique and has a reported sensitivity of 93% versus 78%
of conventional mammography alone (6).

With the recent advances in technology, US and MRI
allow to delineate occult malignancy in women with dense
breast tissue, especially in case of high risk patients (5,
7, 8).

Recently, nuclear medicine imaging technology has
been introduced in the field of breast cancer with the de-
velopment of positron emission tomography (PET), PET-
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CT and, ultimately, positron emission mammography
(PEM) (9). 

Despite the described imaging techniques, patho-
logical characterization still plays an essential role for dif-
ferential diagnosis and for avoiding surgical over-treat-
ment in case of breast lesions with suspicious features (10).  

Fine-needle aspiration cytology (FNAC), core nee-
dle biopsy (CNB) and vacuum assisted breast biopsy
(VABB) represent the current methods of choice for
pathological diagnosis, both with their specific advan-
tages and limitations. 

In case of US detected breast nodules, FNAC is a well-
established method for the diagnosis of breast lesions. It
has the advantages of being highly accurate in experienced
hands, cost effective, and useful for small lesions not el-
igible for CNB (11). Its limitations are represented by
the lack of experienced cytologists in many institutions,
the inability to reliably distinguish invasive from in situ
carcinoma and  the difficulty in precisely evaluating cy-
tologic and morphologic features in breast aspirates with
the histological classification system used as the “gold-
standard”, particularly in benign lesions (12).

CNB has been reported to achieve better sensitivity
and specificity especially in non palpable lesions that ap-
pear as not definitively benign or malignant. US-guid-
ed CNB is currently recognized as a reliable alternative
to surgical biopsy for the histological diagnosis of
breast lesions. 

The purpose of this study is to compare the diagnostic
accuracy of FNAC and CNB in patients with US-de-
tected breast lesions.

Patients and methods

Between September 2011 and May 2013, 3469 con-
secutive breast US examinations were performed. A to-
tal of 400 breast nodules with a mean diameter of 1.3
cm (range 0.6-2.3 cm) were detected in 398 patients, in-
cluding 2 multi-focal and 2 multi-centric lesions. 398
patients were women and 2 men, with mean age of 49.7
years (range 19-83 years). 239 were asymptomatic pa-
tients who underwent breast US for cancer screening,
while the remaining 161 underwent breast examination
for breast lump. In all cases clinical examination was pre-
viously performed. In 219 cases, mammography and US
were performed, while in the remaining patients only US
was carried out. US breast lesion were classified according
to the Echographic BIRADS (Breast Imaging Report-
ing and Data System) Lexicon (10, 13, 14). In partic-
ular, five categories were identified. Category U1 cor-
responded to negative examination; category U2 corre-
sponded to benign finding; category U3 to probably be-
nign finding; category U4 to suggestive abnormality; cat-
egory U5 to highly suggestive of malignancy.

All detected breast nodules were classified as mass-
lesions basing on US features.

210 FNACs and 190CNBs were performed by the
same radiologist with 5 years’ experience in the field of
breast imaging in all cases and were examined by the same
pathologist with more than ten years’ experience in the
field of breast cytology and histology. 

Indications for FNAC were represented by nodules
with benign US features detected for the first time or with
a maximum diameter of more than 2 cm or by suspicious
lesions with a maximum diameter of less than 1 cm, retro-
areolar or deep, adjacent to chest wall lesions or in the
case of patients with contraindications to CNB related
to coagulation disease. 

Indications for CNB were represented by suspicious
lesions with a maximum diameter of more than 1 cm or
in case of inadequate CNB results. 

FNACs were performed free hand, under US guid-
ance, using a 21G needle. The sampled material was treat-
ed with spray fixative solution.

In case of CNB, an anesthetic drug (carbocaine) was
locally injected before the procedure; than, a 14 G nee-
dle was used for the sampling and 5 to 7 fragments were
sampled in all case (15, 16) and fixed in formalin solu-
tion. The US guidance was performed by using a 13 MHz
probe (Sonosite, Bothell, WA, US).

FNAC and CNB results were classified according to
the F.O.N.C.A.M. guidelines from C1 to C5 and B1 to
B5 for FNAC and CNB, respectively. In particular, five
categories were identified. C1/B1 corresponded to in-
sufficient sample; C2/B2 to benign lesion; C3/B3 to prob-
ably benign lesion; C4/B4 to probably malignant lesion;
C5/B5 to malignant lesion (17).

183 out of 400 (46%) lesions were surgically removed
within 30 days from diagnosis; in the remaining cases,
a six month follow up US examination was performed.

Sensitivity, specificity, diagnostic accuracy, positive
predictive (PPV) and negative predictive (NPV) values
were calculated for both FNAC and CNB and represented
by ROC analysis, having the histological post-operative
control (n=183) and the six month follow-up US ex-
amination (n=217) as the reference standard. For both
FNACs and CNBs, 95% confidence intervals (CIs) were
also calculated for diagnostic accuracy proportion.

Results

174 out of 400 (43%) malignant lesions were found
in the examined series (144 invasive ductal carcinomas
and 30 invasive lobular carcinomas). 226 out of 400
(56%) results to be benign lesions (190 fibroadenomas,
23 flogosed cysts, 2 fibrotic areas, 2 phyllodes, 2 diabetic
mastopathy, 4 sclerosing adenosis, 2 zonal mastitis, 1 pa-
pilloma) (Table 1). 
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FNAC
166 out of 210 (79%) FNACs provided diagnostic

specimens, while 44 were inadequate for the diagnosis
(C1). Among the remaining 166 examined nodules,
FNAC resulted to be diagnostic with 61 C5, 99 C2, 3
C3, 3 C4 lesions. The 61 C5 nodules resulted to be 49
invasive ductal and 12 invasive lobular carcinomas at the
histological control; the 99 C2 nodules resulted to be 80
fibroadenomas and 17 flogosed cysts; 2 C2 were surgi-
cally removed because of the high suspicious US features
(U4) and resulted to be  invasive ductal carcinomas at
the definitive histological examination. The 3 C3 resulted
to be fibrotic areas (n=2), phyllodes tumor (n=1) while
the 3 C4 fibrotic area related to diabetes in two cases and
phyllodes tumor in the other one.

Therefore, among diagnostic specimens, 61 true pos-
itives, 97 true negatives, 6 false positives and 2 false neg-
atives were found. 

Among non-diagnostic specimens, 36 out of 44 (81%)
resulted to be benign lesions (30 fibroadenomas, 6 flo-
gosed cysts) and 8 (19%) resulted to be malignant (in-
vasive ductal carcinomas). 

Overall values of 97% (95% CIs of 0.99 and 0.89),
94% (95% CIs of 0.98 and 0.88), 95% (95% CIs of 0.95
and 0.81), 91% and 98% were obtained respectively for
sensitivity, specificity, diagnostic accuracy, PPV and NPV
(Figure 1). 

CNB
154 out of 190 (81%) CNBs provided diagnostic

specimens, while 36 were inadequate for the diagnosis
(B1).  Among the remaining 154 examined nodules,
CNB resulted to be diagnostic with 84 B5, 67 B2, 3 B4.
The 84 B5 resulted to be 70 invasive ductal (Figure 2)
and 14 invasive lobular carcinomas; the 67 B2 were 60
fibroadenomas, 2 sclerosing adenosis, 2 zonal mastitis;
3 B2 were surgically removed because of the highly sus-

picious US features (U4) and resulted to be 3 invasive
ductal carcinomas (Figure 3). The 3 B4 resulted to be
2 sclerosing adenosis and 1 papilloma.  

Therefore, among diagnostic specimens, 84 true pos-
itives, 64 true negatives, 3 false positives and 3 false neg-
atives were found. 

Among non-diagnostic specimens, 20 out of 36 (56%)
resulted to be benign lesions (fibroadenomas) and 16
(44%) resulted to be malignant (12 invasive ductal car-
cinoma, 4 invasive lobular carcinoma).

Overall values of 97% (95% CIs of 0.90 and 0.99),
96% (95% CIs of 0.99 and 0.88), 96% (95% CIs of 0.97
and 0.81), 97% and 96% were obtained respectively for
sensitivity, specificity, diagnostic accuracy, PPV and NPV
(Figure 4). 
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TABLE 1 - CORRELATION BETWEEN FNAC-CNB RESULTS AND HISTOLOGICAL FINDINGS.

HISTOLOGY C1 B1 C2 B2 C3 C4 B4 C5 B5 Total

Invasive ductal carcinoma 8 12 2 3 49 70 n=144

Invasive lobular carcinoma 4 12 14 n=30

Fibroadenoma 30 20 80 60 n=190

Flogosed cyst 6 17 n=23

Fibrosis 2 n=2

Phyllodes 1 1 n=2

Diabetic mastopathy 2 n=2

Sclerosing adenosis 2 2 n=4

Zonal mastitis 2 n=2

Papilloma 1 n=1

N 44 36 99 67 3 3 3 61 84 400

Fig. 1 - ROC curves as obtained by comparing FNAC results with the gold stan-
dard. 
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Discussion

FNAC and CNB represent the most widely used
methods for pathological diagnosis of breast nodules, both
with their specific advantages and limitations. The
overall sensitivity and specificity of FNAC and CNB in
the classification of breast lesions depend on the radio-
logical and histological features and on specific variables
intrinsic to the technique. In most cases, CNB has both
higher sensitivity and specificity than FNAC in diagnosing
benign and malignant lesions (18-21). However, as re-
ported by Willems et al, the studies which reported high
sensitivity (97.1%), specificity (99.1%), PPV (99.3%)
and NPV (96.2%) included only definitive benign and
malignant lesions and excluded the atypical and suspi-
cious categories (21, 22). In fact, Westenend et al. reported
that the PPV of FNAC for malignancy was comparable
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Fig. 2 - Invasive ductal carcinoma. A) Breast nodule with inhomogeneous US features and irregular margins. Ultrasound class 5. B) CNB using 14 G need-
le. Class B5 (hematoxylin eosin stain, ×100 magnification).

Fig. 3 - Invasive ductal carcinoma. A) Breast nodule with inhomogeneous US features and lobulated margins. Ultrasound class 4 resulted to be class B2 at
the CNB using 14 G needle. B) The definitive histopathological specimen confirmed the diagnosis of a malignant breast lesion (hematoxylin eosin stain, ×100
magnification).

Fig. 4 - ROC curves as obtained by comparing CNB results with the gold stan-
dard.  
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with CNB, but decreased for suspicious lesions and in
case of atypia (23).

Besides, CNB allows the discrimination between in
situ and invasive lesions and is a more accurate method
to distinguish between invasive lobular and invasive duc-
tal carcinoma, based on histological and immuno-his-
tochemical features. This preoperative distinction can be
relevant for planning the extent of the surgical approach,
for the choice of  an adequate chemotherapy and for the
increased risk of contra-lateral disease in the case of in-
vasive lobular carcinoma (21, 24). 

As regards to technical aspects, FNAC is more suit-
able for lesions close to the chest wall, vessels and im-
plant, for very small or deep and difficult to reach lesions
and for patients on anticoagulants. As a general feature
of cytology, good quality FNAC depends on the com-
petence of the aspirator, and its interpretation is primarily
determined by the experience of the pathologist (21, 25,
26). 

Besides, the success rate of FNAC for obtaining a def-
inite diagnosis also depends both on the palpability and
size of the lesion. FNAC has average success rates of 75-
90% for palpable and 34-58% for non-palpable breast
lesions, whereas success rates reported for CNB are 97%
and 94%, respectively (18, 21, 27). Another important
criterion is represented by the lesion size. FNAC has a
success rate of only 50% for lesions less than 10 mm,
while CNB is successful in over 90% of such lesions.
Therefore, the success rate of FNAC seems to be espe-
cially low for non-palpable lesions and for those small-
er than 10 mm. Moreover, FNAC accuracy rates are also
decreased for large tumors and for calcified lesions be-
cause of an higher rate of insufficient sampling than mass-
es (21,  28).

The main advantages of FNAC are minimal inva-
siveness, reduced cost, pathological assessment of small
lesions, which are not amenable to CNB. Moreover, it
allows same day diagnosis of breast cancer and the iden-
tification and management, on the same day, of those
patients with benign disease.

Therefore, FNAC should be considered as the first
method to evaluate breast lesions, recognized by means
of imaging techniques; CNB should be performed for
unanswered diagnostic cases (C1-C3) and when it is nec-
essary to have such information as invasiveness or his-
tological type of breast lesion. 

Besides, Capalbo et al. recently reported that the
presence of the pathologist on site could allow to ob-
tain high rate of adequate samples and to reach a di-
agnostic concordance between FNAC and histology of
98.1% (10).

In our experience, comparable results for FNAC and
CNB were obtained in terms of sensitivity (97% vs 97%),
specificity (94% vs 96%), diagnostic accuracy (95% vs
96%) and NPV (98 vs 96). As for any diagnostic pro-

cedure, a higher NPV is important to minimize under-
treatment and it was achieved by CNB. 

On the other side, the main difference between the
two methods was represented by PPV, which resulted
91% for FNAC and 97% for CNB; therefore, basing on
our results, the risk of over-treatment could tend to be
higher for FNAC as compared with CNB. In fact, the
number of false positives was higher for FNAC and they
were mainly represented by fibrotic areas or phyllodes
tumors.

On the contrary, despite advances in biopsy devices
and techniques, false-negative diagnoses still remain un-
avoidable and may delay the diagnosis and treatment of
breast cancer. The most common reasons for false-neg-
ative diagnosis are represented by technical or sampling
errors, failure to recognize or act on radiologic-histological
discordance, and the lack of imaging follow-up after a
benign biopsy result. Technical difficulties (poor lesion
or needle visualization, especially after the injection of
local anesthetic drug, deeply located lesions, dense fibrotic
tissue) cause inaccurate sampling but can be reduced by
using modified standard techniques. 

Optimization of technique, radiologic-histological cor-
relation, and post-biopsy follow-up protocols are rec-
ommended in order to reduce the occurrence of false-
negative diagnosis at US-guided CNB performed by ra-
diologists (11, 12, 29). In our experience, the number
of false negatives resulted to be similar for both FNAC
and CNB (2 vs 3, respectively) and the definitive his-
tological control was mandatory in case of highly sus-
picious radiological features (invasive ductal carcinomas
in all cases). 

Our study has some important limitations, mainly
represented by the small number of enrolled patients, the
potential bias for patient recruitment basing on the se-
lection criteria of the study, the impossibility of evalu-
ating the reproducibility of each technique and the in-
ter-observer variability, the lack of a direct confrontation
between FNAC and CNB for each lesion, the minimal
inhomogeneous sample size for FNAC and CNB and the
lack of a confrontation with mammographic lesions.

In conclusion, FNAC and CNB represent accurate
methods for the characterization of US-detected breast
nodules, with similar values of diagnostic accuracy, sen-
sitivity, specificity and NPV. In experienced hands, FNAC
could be still considered the first method to evaluate breast
lesions being less invasive. CNB has a higher PPV and
should be performed for uncertain diagnostic cases and
when the evaluation of the invasiveness or histological
type of breast lesion is mandatory.
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