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Abstract. The use of mammography screening, followed by 
needle core biopsy (NCB), is associated with an increasing 
amount of invasive procedures. A considerable amount of 
specimens must be classified as lesions with uncertain malig-
nant potential (B3‑lesion). In these cases, an open biopsy is 
indicated for further diagnosis. We evaluated patients with 
B3‑lesions to determine the risk of malignancy corresponding 
to the histopathological NCB results and the type of radiolog-
ical lesion identified. A total of 95 patients participating in the 
German mammography screening program with a B3‑lesion 
following NCB (104 B3‑lesions in total) were included in 
our analysis. We analyzed the correlation between the initial 
histopathological findings from the NCB specimen and cancer 
risk. We further analyzed the correlations of malignant results 
with the type of mammographic lesion. In 23 cases (22%), 
histopathological examination following excision revealed a 
malignant lesion, including invasive and in situ carcinoma. 
The positive predictive value of the subgroups of B3‑lesions 
ranged between 0.11 and 0.31; the B3‑lesion associated with 
the highest cancer risk was the atypical ductal hyperplasia; 
however, no significant difference was observed between the 
B3‑lesion subgroups (P=0.309) regarding the risk of malig-
nancy. Comparing the different types of mammographic 
findings, such as radiological mass or microcalcifications, 
there was no significant difference in the risk for malignancy 
(P=0.379). The different types of B3‑lesions did not exhibit 

differences in the risk for malignancy, and the morphological 
type of mammographic lesion does not appear to be correlated 
with cancer risk; therefore, our results underline the need for 
open biopsy in patients with B3‑lesions following NCB.

Introduction

Needle core biopsy (NCB) is an established technique for 
obtaining tissue samples from breast lesions detected during 
mammography screening. In the majority of cases, a definitive 
diagnosis may be reached with this method, without a need 
for further diagnostic breast surgery. The B‑coding system 
established in the German mammography screening program, 
employed by the NHS Breast Cancer Screening program, 
classifies NCBs as follows: B1, normal tissue̸non‑diagnostic; 
B2, benign; B3, uncertain malignant potential; B4, suspicious 
for malignancy; or B5, malignant (1). The majority of NCBs 
are definitively classified as normal (B1), benign (B2) or malig-
nant (B5) (1). The accuracy of benign and malignant NCB 
diagnosis is supported by the use of the two borderline catego-
ries, B3‑lesions (lesions of uncertain malignant potential) and 
B4‑lesions (suspicious for malignancy). The B3 category repre-
sents a heterogeneous group of lesions that may be associated 
with malignant disease and thus require surgical intervention. 
Even if a benign histopathological diagnosis is made following 
surgical excision, B3‑lesions are linked to an increased risk 
of associated adjacent malignancy (1,2). Hence, in clinical 
practice, the majority of cases progress to surgical interven-
tion to establish an excision histological diagnosis. Although 
the B3 category constitutes a relatively small proportion of 
all NCBs, namely ~5% (3‑6), there are significant implica-
tions, particularly for the affected patients, who are usually 
asymptomatic. With the increasing use of mammographic 
screening, an increased detection rate of B3‑lesions has been 
observed (3,7), resulting in breast surgery for ultimately benign 
final histopathological diagnoses. This effect represents a 
drawback of the mammographic screening system.

Therefore, it is crucial for the use of the B‑coding system 
to be familiar with the precise cancer risk of the patient with 
a B3‑lesion following NCB, in order to be able to offer the 
patient professional advice.
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Patients and methods

Patients. We conducted a retrospective analysis of the histo-
pathological results of breast lesions of uncertain malignant 
potential (B3‑lesions). A total of 2,143 patients attended the 
German Mammography Program of the Screening Unit in 
Essen, Muelheim and Oberhausen, Germany, between 2006 
and 2011, of whom 300 were diagnosed with a B3‑lesion. Of 
those 300 patients 95 provided written informed consent to the 
evaluation of their data. A total of 104 B3‑lesions were included 
in our analysis, as some patients had more than one lesion.

Mammography and NCB. Women aged 50‑69 years were 
invited to attend the Breast Screening Program in an interval 
of 2 years. Each mammogram was reviewed by two inde-
pendent radiologists. The reason for performing NCB was 
the presence of a mammographic abnormality. The main 
mammographic abnormalities were microcalcifications, pres-
ence of a mass, and architectural deformity. The NCBs were 
performed under guidance, either by ultrasound, stereotaxis, 
or by the vacuum‑assisted technique (1). A total of 4 samples 
of each detected suspicious lesion were collected performing a 
high‑speed biopsy, and 12 samples were collected performing 
a vacuum‑assisted biopsy. The biopsies were reviewed by two 
independent pathologists. The results of the biopsies were 
classified as B1 to B5‑lesions, according to the UK B‑coding 
guidelines (8). All patients with a B3‑lesion on NCB were 
discussed at a multidisciplinary meeting, attended by breast 
radiologists, pathologists and gynecologists, and a decision 
was made regarding further treatment. All patients with uncer-
tain histopathological diagnosis underwent an excision biopsy.

Histopathological diagnosis. Lesions of uncertain malignant 
potential (B3‑lesions) were identified as lobular intraepithelial 
neoplasia (LIN) grade 1 and 2, atypical ductal hyperplasia 
(ADH), papillary lesion (PL), flat epithelial atypia (FEA), 
radial scar (RS) and phyllodes tumor (PT). Our collected data 
included patient age, mammographic abnormalities, type of 
core biopsy and imaging technique (i.e., guidance by ultrasound, 
stereotaxis, or vacuum‑assisted biopsy), histopathological 
result of the NCB, surgical procedure with final diagnosis 
including histological type, grading and TNM classification 
and immunohistochemical status when indicated (estrogen 
and progesterone receptor status and human epidermal growth 
factor receptor 2 status). To underline the purpose of our 
study, we categorized the histopathological findings in a group 
of malignant results, including invasive carcinoma, ductal 
carcinoma in situ (DCIS) and high‑grade LIN (LIN 3), and 
a group of benign results, including LIN 1 and 2, ADH, PL, 
FEA, RS and PT. The postsurgical histopathological results 
were compared with the primary histopathological results 
of the biopsy and the positive predictive value (PPV) for 
the detection of a malignant lesion was calculated. PPV was 
defined as follows: Number of true positives/(number of true 
positives + number of false positives).

Statistical analysis. We further analyzed whether the risk 
for malignancy differed between types of B3‑lesions using 
the χ2‑test according to Pearson. Furthermore, we analyzed 
whether the type of radiological abnormality in B3‑lesions 

was predictive of the risk for malignancy. Statistical analyses 
were performed using IBM SPSS 20.0 software for Windows 

(IBM SPSS, Armonk, NY, USA)..

Results

Postoperative histopathological results. The final postop-
erative histopathological results following excision of bioptic 
B3‑lesions of 95 patients participating in the mammographic 
screening program were evaluated to determine the potential 
cancer risk of breast lesions of uncertain malignant poten-
tial (B3‑lesions). The corresponding mammograms were 
classified as Breast Imaging-Reporting and Data System 
(BI‑RADS)  4a  (85%) and 4b  (13%), and 2  mammograms 
were classified as BI‑RADS 5 (2%). Biopsies of all mammo-
graphic abnormalities were collected either by high‑speed 
biopsy (27%) or vacuum‑assisted biopsy (73%). On subclas-
sifying the B3‑lesions, in the majority of the cases ADH was 
detected (31%). B3‑lesions were further subclassified into PL 
in 20%, low‑grade LIN in 16%, RS in 15% and FEA in 14% 
of the patients. Only 2 patients with a B3‑lesion were histo-
logically diagnosed with a PT (2%). To evaluate the diagnostic 
value of B3‑lesions, the initial histology report was compared 
with the histological results following excision of the lesions.

In 23 cases (22%), postsurgical histological examination 
revealed a malignant pathology, including invasive and in situ 
carcinoma (DCIS, high‑grade LIN).

B3‑lesion subgroups, malignant postsurgical results and PPV. 
ADH represented the largest subgroup of B3‑lesions and had 
the highest malignancy rate, with a PPV of 0.31. LIN and RS 
in the biopsy specimen exhibited an increased malignancy 
risk in our analysis, with a PPV of 0.29 and 0.25, respectively. 
FEA had a PPV of 0.14. PL, representing the second biggest 
subgroup of B3‑lesions, was associated with the lowest risk 
for malignancy, with a PPV of 0.11. PT was detected in only 
2 cases by NCB; in both cases, the initial and final histo-
pathological results matched. The incidence of malignant 
postsurgical results and the respective PPVs of the subgroups 
of B3‑lesions are presented in Table I.

Table I. Incidence of the subgroups of B3‑lesions, malignant 
postsurgical results and PPV.

		  Malignant diagnosis
B3‑lesion	 Incidence (%)	 after excision	 PPV

LIN	 17 (16)	 5	 0.29
ADH	 32 (31)	 10	 0.31
PL	 24 (24)	 2	 0.08
FEA	 14 (13)	 2	 0.14
RS	 15 (14)	 4	 0.27
PT	 2 (2)	 0	 0
Total	 104	 23	 0.22

PPV, positive predictive value; LIN, lobular intraepithelial neoplasia; 
ADH, atypical ductal hyperplasia; PL, papillary lesion; FEA, flat 
epithelial atypia; RS, radial scar; PT, phyllodes tumor.
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As regards the risk for malignancy, no significant differ-
ence was observed between the B3‑subgroups (P=0.309). 
Detailed information on the postsurgical results according to 
the B3‑subgroups are presented in Table II.

Mammographic abnormalities. B3‑lesions exhibited different 
mammographic abnormalities. On mammography, micro-
calcifications were detected in 58 of the 104 cases (56%); 
28 patients (27%) were diagnosed with a mass; 15 patients 
(14%) exhibited microcalcifications as well as a mass; and 
3 patients (3%) had neither a mass nor microcalcifications, but 
exhibited other abnormalities, such as an architectural defor-
mity. LIN, ADH and FEA were predominantly associated with 
microcalcifications. Both cases of PT presented as a mass on 

mammography. Detailed information on the radiological find-
ings is provided in Table III.

When comparing the different mammographic findings, 
there was no significant difference in the risk for malignancy 
(P=0.379) (Table IV).

Discussion

B3‑lesions are a heterogeneous group of breast lesions. Their 
detection has increased due to screening mammography. In 
this study we evaluated the data of 2,143 patients participating 
in a mammography screening program between 2006 and 
2011. A total of 14% (n=300) of the lesions were B3‑lesions 
(lesions of uncertain malignant potential) and 95 patients were 

Table II. Distribution of the postsurgical histopathological results according to the B3-lesion subgroups.

Lesion	 DCIS	 Invasive ductal cancer	 Grade 3 LIN	 Invasive lobular cancer	 Number of lesions (%)

LIN	 2	 0	 2	 1	 5/17 (29)
ADH	 7	 2	 1	 0	 10/32 (31)
PL	 2	 0	 0	 0	 2/24 (8)
FEA	 1	 1	 0	 0	 2/14 (14)
RS	 3	 1	 0	 0	 4/15 (27)
PT	 0	 0	 0	 0	 0/2
Total	 15	 4	 3	 1	 23/104 (22)

DCIS, ductal carcinoma in situ; PPV, positive predictive value; LIN, lobular intraepithelial neoplasia; ADH, atypical ductal hyperplasia; PL, 
papillary lesion; FEA, flat epithelial atypia; RS, radial scar; PT, phyllodes tumor.

Table III. Detected mammographic lesions according to B3‑lesion subgroups.

Lesion	 Mass (%)	 Microcalcifications (%)	 Microcalcifications and mass (%)	 Others (%)

LIN	 2 (12)	 14 (82)	 1 (6)	 0
ADH	 5 (16)	 22 (69)	 5 (16)	 0
PL	 2 (8)	 10 (42)	 2 (8)	 2 (8)
FEA	 1 (7)	 8 (57)	 5 (36)	 0
RS	 8 (53)	 4 (27)	 2 (13)	 1 (7)
PT	 2 (100)	 0	 0	 0
Total	 28 (27)	 58 (56)	 15 (14)	 3 (3)

PPV, positive predictive value; LIN, lobular intraepithelial neoplasia; ADH, atypical ductal hyperplasia; PL, papillary lesion; FEA, flat epithe-
lial atypia; RS, radial scar; PT, phyllodes tumor.

Table IV. Distribution of malignant histopathological results according to the mammographic findings.

Mammographic finding	 Incidence	 Malignant diagnosis after excision	 PPV

Microcalcifications	 58	 14	 0.24
Mass	 28	 4	 0.14
Microcalcifications + mass	 15	 5	 0.33
Others	 3	 0	 0
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reviewed in this study. The rate of B3‑lesions in other trials 
varies between 5 and 18% (4,9‑12).

In our trial, ADH was the biggest subgroup of the 
B3‑lesions, with 31%; similar observations have been made by 
other authors (5). The incidence of the other subgroups, such as 
PT, LIN, FEA and RS, differ among previous trials (4,9‑10,13). 
Bianchi et al (14) demonstrated in a trial with 104 non‑malig-
nant papillary lesions (B3) that the underestimation rate for 
B3‑lesions with epithelial atypia was 47.8%, whereas the 
underestimation rate for B3‑lesions without epithelial atypia 
was 13.2%. B3‑lesions were classified as BI‑RADS 4 or 5 on 
mammography in our trial. According to the literature, the 
malignancy rate for BI‑RADS 4 is ~20‑30% and for BI‑RADS 5 
~95%  (3,15‑17). The overall risk for malignancy of B3‑lesions 
was 22% in our study; in 23 cases, postsurgical histological 
examination revealed a malignancy. Other studies reported an 
incidence of 8‑35% (4‑6,13,18‑20). The highest malignancy rate 
regarding the subgroup of the B3‑lesions was found for ADH, 
with a PPV of 0.31. Our results are in line with the findings 
of other studies, which did not observe significant differences 
between different B3‑lesions in terms of the risk for malig-
nancy. Our findings confirm the heterogeneity of B3‑lesions and 
their malignant potential. The only NCB result that matched 
the final diagnosis following excision was PT. However, this 
tumor accounted for only 2% of the B3‑lesions. Moreover, a 
PT should be surgically removed in any case, according to the 
current guidelines. In 23 of the 104 cases (22%), the histopath-
ological examination following excision revealed a malignant 
result. The vacuum core biopsy technique is considered to be 
more sensitive, and it may be hypothesized that its extended 
use may enable more reliable detection of malignant lesions 
compared with NCB. However, Londero et al (21) compared 
the diagnostic techniques and concluded that malignancy rate 
is underestimated. Although considerably more tissue may be 
obtained by vacuum biopsy compared with NCB, it cannot 
replace surgical excision and surgical therapy is recommended 
in the case of high‑risk lesions (ADH and LIN).

In our analysis, the B3‑lesion associated with the highest 
tumor risk was ADH, with a PPV of 0.31. However, different 
types of B3‑lesions did not exhibit significant differences in 
their risk for malignancy. The morphological type of mammo-
graphic lesion does not appear to affect tumor risk. Although 
the majority of the patients with B3‑lesions have a benign 
final histopathological diagnosis, our results emphasize the 
indication for surgical excision of the lesions as a diagnostic 
and therapeutical method in patients with B3‑lesions following 
NCB.
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