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In the setting of breast cancer screening, 5–9% of needle core biopsies are diagnosed as lesions of uncertain malignant

potential (B3). The management of these lesions is potentially problematic as the data on their outcome remains limited. In

our study, we aim to assess the outcome of screen-detected lesions diagnosed as B3 in a large series to validate previous

studies and to characterize the malignant lesions detected after a B3 diagnosis. Therefore, the results of 1,025 needle core

biopsies of women screened over a 7-year period (1999–2006) in two different regions in the UK with B3 diagnoses who

underwent surgical excision were reviewed and compared to the final excision histology. Final histology showed that 25% of

cases were malignant (17% ductal carcinoma in situ and 8% invasive). Predictors of malignancy included calcification on

imaging and epithelial atypia on needle core biopsy particularly atypical ductal hyperplasia [positive predictive value 50%].

Pure flat epithelial atypia showed the lowest positive predictive value amongst all epithelial atypia groups (21%). The positive

predictive value was low for complex sclerosing lesions (9%) and papillary lesions (13%) without epithelial atypia. Malignant

tumors detected after B3 diagnosis showed favorable histological features, the majority were in situ, and most belonged to

the low grade breast neoplasia family that is associated with indolent behavior. The underlying radiological abnormality was

calcification in 44% of cases and the imaging classification was malignant/suspicious in 38%. In conclusion, our results

further emphasize the heterogeneity of B3 lesions and that the likelihood of malignancy varies substantially between different

histological subtypes. Malignancy is particularly associated with epithelial atypia suggesting the use of two categories of

with and without epithelial atypia. Radiological findings provided useful information regarding the nature and outcome

of B3 lesions.

Needle core biopsy (NCB) is now considered the method of
choice for triple assessment,1 which combines the results of
imaging, clinical and pathological examination (FNA or
NCB). The published data suggest that the use of core biopsy
has significantly increased the preoperative diagnosis rate in
screen-detected breast cancers.2–4 The majority of NCB are
classified as normal (B1), benign (B2) or malignant (B5).5

The accuracy of benign and malignant NCB diagnoses is sup-
ported through the use of two borderline categorizations;
lesion of uncertain malignant potential (B3) and suspicious
of malignancy (B4). The B3 category consists of a heteroge-
neous group of lesions which may yield only benign histology
on initial NCB sampling but are recognized to show hetero-
geneity and may harbor malignancy elsewhere or to have an
increased risk of associated adjacent malignancy.5,6

Although the B3 category constitutes a relatively small
proportion of all NCB (3–9%; average 6%4,7–12), most cases
progress to surgical intervention to establish an excision his-
tology diagnosis. This has significant implications particularly
in screen-detected (nonsymptomatic) breast lesions in which
final benign diagnoses after surgical intervention is a draw-
back of mammographic screening. In a previous study, we
reported the positive predictive value (PPV) of B3 diagnosis
of screen-detected mammographic abnormalities from the
Trent region, UK (523 subjects).13 In our study, we aimed to
assess the outcome of screen-detected lesions diagnosed as
B3 category on routine practice in a large series of cases to
validate and confirm our previous findings. One key goal of
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our study was to attempt to characterize the malignant
lesions diagnosed after B3 in routine breast screening prac-
tice. For this reason we chose to concentrate on cases where
subsequent surgical biopsy was performed allowing accurate
final diagnostic classification.

Material and Methods
This was a retrospective study of all women who attended
one of the seventeen breast screening units in the West
Midlands and South Central regions, UK from 1st of April
1999 until 31st of March 2006. Women aged 50–70 are
invited for screening by two view mammography without
breast examination every 3 years. The reason for performing
NCB was usually the presence of a mammographic abnor-
mality which was not definitively benign. A small proportion
of NCB (<2%) were performed because of a clinical abnor-
mality detected by or reported to the radiographer at the
time of mammography. NCB results were categorized B1 to
B5 according to UK guidelines.5 All patients diagnosed as B3
category on core biopsy were discussed at a multidisciplinary
meeting with a breast radiologist, histopathologist and sur-
geon present at which time decisions on further action were
made. Those patients not undergoing an excision biopsy
were therefore subject to multidisciplinary discussion to
ensure that this conclusion was appropriate.

Histology reports of B3 NCB and the subsequent diagnos-
tic biopsy results of all patients were reviewed by one pathol-
ogist (EAR) for our study. No slides were reviewed and no
diagnosis made in routine practice was altered. Data collected
included region and units, date of core biopsy and surgical
procedure (1st, 2nd and 3rd operation data as appropriate),
radiological and clinical abnormalities, core biopsy type and
imaging technique (i.e., guidance via Ultrasound or stereo-
taxis or vacuum assisted biopsy), NCB diagnosis (including
presence and type of epithelial atypia and presence of calcifi-
cation), final diagnosis including histological type, grade and
size where appropriate. For the purpose of our study, exci-
sion histology findings were reported as a) malignant; inva-
sive carcinoma and ductal carcinoma in situ (DCIS), in addi-
tion to other malignant lesions such as sarcomas and
lymphomas, and b) benign lesions including atypical ductal
hyperplasia (ADH), lobular neoplasia (LN; [ALH and LCIS])
and benign and borderline phyllodes. Positive predictive val-
ues (PPV) for detection of malignancy were calculated for all
B3 core cases and for each subcategory. PPV was determined
as follows: PPV ¼ (number of malignant cases/total number
of subjects) � 100%.

In our study, we classified B3 diagnosis into the following
subcategories; 1-Epithelial atypia, which included cases diag-
nosed as atypical ductal hyperplasia (ADH), flat epithelial
atypia (FEA), apocrine atypia and sclerosing adenosis with
atypia, 2-Lobular neoplasia (LN) including both atypical lob-
ular hyperplasia (ALH) and lobular carcinoma in situ (LCIS),
3- Radial scar complex/sclerosing lesion with or without

epithelial atypia (RS/CSL), 4-Papillary lesion (PL) with or
without epithelial atypia, 5-Fibroepithelial lesion with cellular
stroma (FE), and 6-B3 unclassified / not otherwise specified
including lesions which cannot be categorized into any of the
previous categories but are sufficiently suspicious to be
classified as B3 (e.g., Mucocoele-like lesion, vascular lesion,
entrapped glands, adenomyoepithelioma and possible malig-
nant soft tissue neoplasm, multiple lesions difficult to classify
accurately) and where excision is recommended for definite
diagnosis.

Results
Out of the 1,082 cases collected, 33 did not have a core
biopsy report available for review. Initial analysis showed that
19 cases were miscoded/ incorrectly interpreted (e.g., should
have been reported as benign B2 or suspicious B4). There-
fore, in our study, 1,025 subjects, who were diagnosed as B3
and underwent subsequent excision biopsy, were included in
the final analysis. Of those 81% were diagnosed on the first
surgical intervention, 17% on the second and 2% on the third
intervention. Of all cases, 763 (74.4%) were benign; including
82 ADH (10.7%), 66 lobular neoplasia (8.6%; 34 ALH and
32 LCIS), 198 RS/CSL (25.9%) and 119 papillary lesions
(15.6%). Malignant lesions included 177 (17.3%) DCIS and
85 (8.3%) invasive cancers; giving an overall PPV of 25.6%.
However, the PPV varied between the 2 regions (24% and
29%; v2 ¼ 3.1, p ¼ 0.08), and among different units (15–
39%; v2 ¼ 31.2, p ¼ 0.008). Although there was a decline in
PPV over years from 31% in 1999 to 19% in 2006, a rise was
noted in the years 2002 and 2005 (31% [43/140] and 31%
[65/212], respectively) and the overall difference was not
significant (v2 ¼ 12.5, df ¼ 7, p ¼ 0.086).

Relationship between radiological and

histological findings

The associations between pre-NCB findings (radiological
and/or clinical) and core biopsy procedures and the histologi-
cal outcome are shown in Tables 1 and 2. Of 670 cases with
radiological data, the main mammographic abnormalities
were calcification (44%), mass (25%) and architectural defor-
mity (31%). Screen-detected calcifications showed higher inci-
dence of malignant outcome (40%) when compared to mass
lesions (22%) or architectural deformities (16%) (v2 ¼ 49.5,
p < 0.001). Of the cases diagnosed radiologically as suspi-
cious or malignant (R4/5 and/or U4/5; 38%), 30% were ma-
lignant on final histology. Of these cases, when radiological
abnormality was considered, 50% were malignant when the
abnormality was calcification, 28% for mass lesions and 20%
were malignant when the abnormality was architectural dis-
tortion (v2 ¼ 6.9, p ¼ 0.031).

When calcification was the main radiological abnormality,
the lesion diagnosed on NCB was frequently epithelial atypia
(74%; 69% of all atypia) or lobular neoplasia (10% but 73%
of all lobular neoplasia). Indeterminate calcification (R3) was
the main abnormality in 77 cases and this group showed
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33% malignant outcome. In this group, when NCB diagnosis
was considered, atypia (65 cases) showed malignant outcome
in 37%, papillary lesion (7 cases) in 29% while none of the
RS/CSL or mucocele-like lesion showed malignant outcome
(0/5). All but one case diagnosed as columnar cell change
with atypia/flat epithelial atypia (FEA) on NCB presented
with calcification. In contrast, 62% of architectural distortions
were diagnosed as RS/CSL, 34% of mass lesions were diag-
nosed as papillomas (53% of papillomas were diagnosed as
mass) and 20% of mass lesions were diagnosed as FE (91%
of FE diagnosed as mass). RS/CSL and papillomas were fre-
quently classified as suspicious or malignant on radiology
(47% and 45%, respectively), while FE, LN and AIDEP
groups were usually associated with benign/uncertain (R/U
2/3) diagnoses.

B3 NCB and subsequent final histology

Initial analysis showed that when epithelial atypia was men-
tioned explicitly in NCB report, 42.4% (190/448) were malig-
nant, whereas when the absence of epithelial atypia was
mentioned, only 8.1% (10/135) were malignant on final his-
tology (v2 ¼ 53.9, p < 0.001). Moreover, some recent reports
contained formal subdivision of B3 category into B3a (with-
out atypia) and B3b (with atypia) where 36.2% (21/58)

of B3b and 7.1% (3/42) of B3a were malignant (v2 ¼ 11.3,
p ¼ 0.001).

Table 3 summarizes all NCB histological categories, exci-
sion histology outcomes and category-specific PPV. The most
frequent entities diagnosed as B3 on NCB were epithelial
atypia with or without other lesions (50% including LN and
43.5% without LN) and RS/CSL (32%), while papillomas
comprised 18% of cases and the least frequent diagnoses
were FE lesions (5%).

The PPV varied widely among different categories with
the highest rates in epithelial atypia particularly for ADH
(50%), while the lowest rates were seen in FE (1.9%) (v2 ¼
125, df ¼ 5, p < 0.001). PPV for papillary lesion and RS/CSL
without epithelial atypia were 12.9% and 8.9%, respectively.

Of all malignant lesions, 77% were diagnosed as epithelial
atypia on NCB; 64% of those were diagnosed as ADH. The
overall PPV of ADH was 50%; of all DCIS, 53% were diag-
nosed as ADH on NCB, whilst 40% of invasive tumors were
diagnosed as ADH.

Table 4 shows the correlation between preoperative radio-
logical abnormality and final diagnosis in the different NCB
B3 subgroups based on the presence of atypia. When NCB
shows B3 lesion without atypia, PPV is 8% if radiological
abnormality is distortion and 24% if the radiological

Table 1. Association between radiological and clinical findings and core biopsy procedure final histological outcome of B3 lesions

Variables No (%)

Final outcome

PPV v2 p-valueBenign DCIS Invasive

Radiological finding1

Calcification 294 (44) 177 88 29 40% 48

Mass 166 (25) 130 17 19 22% <0.001

Architectural distortion 210 (31) 177 24 9 16%

Radiological category2

2 (Benign) 48 (14) 42 4 2 13% 9

3 (Equivocal) 165 (48) 130 23 12 21% 0.161

4 (Suspicious) 97 (28) 65 20 12 33%

5 (Malignant) 35 (10) 28 4 3 20%

Clinical category

1 (Not palpable) 44 (68) 37 5 2 16% 8

2 (Benign) 7 (11) 4 1 2 43% 0.207

3 (Equivocal) 11 (17) 7 2 2 36%

4 (Suspicious) 3 (4) 1 1 1 67%

Core biopsy procedure

NCB 988 (96) 731 173 84 13% 3

Vacuum assisted 37 (4) 32 4 1 26% 0.210

Core biopsy procedure

Stereotaxic 169 (17) 110 46 13 35% 3

Other method (Ultrasound/clinical) 812 (83) 613 128 71 24% 0.002

1Data on radiological findings were available on 670 cases, radiological categories on 345 cases and clinical categories on 65 cases. 2Highest
category [mammography (R), or ultrasound (U)].
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abnormality is calcification. Contrasting this B3 lesions pres-
ent as calcification and show atypia on NCB demonstrate
PPV of 46%.

Clinicopathological features of malignant lesions after

B3 diagnosis

Of the invasive tumors (85 cancers), 54 were of no special
type (NST), 18 pure tubular, and 13 invasive lobular carcino-
mas; 64% were grade 1, 31% grade 2 and 5% grade 3. Of the
DCIS cases, 39% were low grade, 37% intermediate grade
and 24% were high grade (Table 5). Of the invasive cancers,
29 had comments on lymph nodes number in the report
(total lymph node number varied from 3 to 25; median 13).
Of those, 4 cases (14%) were positive for metastatic deposits
(1/12, 1/22, 2/25 and 4/10). Interestingly, out of the 4 lymph
node positive cases, 1 case underwent mastectomy with
lymph node dissection directly after B3 diagnosis (based on
MDT discussion) whilst the other 3 cases, lymph nodes were
sampled on a subsequent surgery after invasive diagnosis on
the initial excision histology. Details of carcinoma size are
shown in Table 5.

Discussion
Management of lesions as of uncertain malignant potential
(B3) by needle core biopsy histological examination, is partic-
ularly important in the screening setting where the main
aims are early detection and management of breast cancer
(BC) and reducing mortality from BC, yet at the same time,

the program aims to avoid of unnecessary surgery for benign
disease in screened ‘asymptomatic’ women. Therefore, there
is a need for data that can be applied to clinical practice to
increase the accuracy of nonoperative diagnosis avoiding
unnecessary surgery for benign conditions. Moreover, in the
screening setting, clinical follow-up is not advocated and the
outcome of any screening episode should ideally be either a
return to normal screening cycle or a diagnosis of malig-
nancy. The follow-up of women with a more intensive sur-
veillance program than the 3 yearly NHSBSP is considered as
unacceptable outcome. Hence all the more reason for more
accurate categorization of B3 lesions to enable one of these
two outcomes to be reached in a timely fashion.

In a previous study,13 we provided data on the PPV for
malignancy of screen-detected B3 lesions (523 subjects) diag-
nosed in the East Midlands region UK. In our study we pro-
vide more detailed data on a larger series (1025 subjects) of
screen-detected B3 lesions diagnosed in 2 different regions in
the UK during the same period. Our data showed that the
PPV of a B3 diagnosis is 25.6%. Although this is slightly
higher than reported in the Trent region (20%13), this may
reflect a regional variation amongst different practices as evi-
denced from the variation observed in our study between the
two regions, and between the different units and over the dif-
ferent years in both studies (see Table 6 for the combined
results of both studies). It may also reflect the difference in
the proportion of B3 diagnostic subtypes since 50% of the
lesions in our study showed epithelial atypia compared to
42% in the previous study. Supporting this, view previous
reports of PPV have shown that the overall rate of malig-
nancy for B3 lesions after excision varied in frequency; 10,14

16,15 21,10 26,12 3416 to 35%7 (average 23.5%, which is
expected to be less in recent years4).

In our study, there was an association between radiologi-
cal finding and outcome. Calcification as the main radiologi-
cal abnormality was more likely to be associated with malig-
nant outcome compared to mass lesions or architectural
distortions. When the abnormality was calcification, the PPV
of the lesion was 50% if the radiological diagnosis was suspi-
cious or malignant and 33% if indeterminate regardless of
the NCB finding. However, it is important to mention that
calcification was frequently associated with epithelial atypia,
particularly ADH, and LCIS and it was rare in papillary
lesions, radial scars and cellular fibroepithelial lesions. Our
results support the findings of previous studies,7,12,17,18 and
emphasize that the clinical and radiological features are help-
ful in deciding further management after a B3 needle core bi-
opsy diagnosis, that this should form part of the evidence
discussed at multidisciplinary meetings and the management
decision should be tailored to individual patient
circumstances.

In agreement with previous studies,7,10–13,19–21 our results
showed that the most frequent B3 lesion identified was epi-
thelial atypia, and the PPV for detection of malignancy for
this diagnosis was 40.5%. However, the PPV also varied

Table 2. Association between radiological findings and histological
findings on both core and surgical specimens

Histological
findings

Radiological findings

v2 p-valueCalcification Mass Distortion

Calcification

Seen 216 34 75 137

Not seen 19 25 22 <0.001

Not mentioned 59 106 107

Atypia

Atypia present 240 54 62 171

No atypia 54 112 148 <0.001

Diagnostic B3 category

ADH 137 22 23

FEA 14 0 1 55

LN 39 3 11 0.001

Papilloma 35 54 15

RS/CSL 19 36 152

FE 0 29 3

Final histological outcome

Benign 177 130 177 49

DCIS 88 17 24 0.001

Invasive 29 19 9
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among the different subtypes of epithelial atypia, with the
highest rate detected for ADH whilst the lower rates were
associated with FEA and pure lobular neoplasia. This sup-
ports the standard clinical practice of performing excision
biopsy of all lesions with a diagnosis of epithelial atypia. In
our study, 14 out of 15 FEA presented with calcification. The
PPV for pure FEA was 21%, which was lower than that of
ADH. The malignant lesions identified after FEA were
mainly of favorable prognosis. Consistent with our results,

Lee et al.,22 found that 14% (1/7) of pure FEA were malignant
on excision whilst 29% (9/31) of FEA combined with ADH
were malignant. These authors also noted that tumors excised
after NCB diagnosis of pure FEA had favorable prognostic
factors.22 Moreover, Ingegnoli et al.23 have reported similar
results where 20% of pure FEA were malignant (3/15).

The PPV of pure lobular neoplasia (without other B3
lesion) was 22.5%. The PPV when lobular neoplasia was
combined with ADH was 61.5%, but the number of cases

Table 3. Details of histological outcome of the different groups of lesions reported on NCB

Reason for B3 diagnosis on NCB No (% of the total)

Final excision diagnoses

PPV%Benign Malignant in-situ Malignant invasive

Epithelial Atypia present1 511 (50) 304 144 63 40.5

Pure ADH 248 123 92 33 50.4

Pure FEA 24 19 4 12 20.8

Atypia unspecified 189 119 46 24 37.0

All LN 79 56 8 15 29.1

Pure ALH 33 253 3 5 24.2

Pure LCIS 20 173 1 2 15.0

LN unspecified 8 6 1 1 25

LN and ADH 13 5 3 5 61.5

LN and RS/CSL 5 2 1 2 60.0

No Epithelial Atypia (other B3 lesions) 514 (50% 459 33 22 10.7

Papillary lesion 185 (18) 154 24 7 16.7

With atypia 30 19 10 1 36.7

Without atypia 155 135 14 6 12.9

RS/CSL 329 (32) 284 26 19 13.6

With atypia 51 31 12 8 39.2

Without atypia 278 253 14 11 8.9

FE lesions 52 (5) 514 0 1 1.9

B3 miscellaneous 52 (5) 44 4 4 15.4

Total 1,025 763 177 85 25.6

Abbreviations: FEA: flat epithelial atypia; LN: lobular neoplasia (ALH and LCIS); RS/CSL: radial scar/complex sclerosing lesion; FE: fibroepithelial
lesion.
1All cases with atypia including LN with or without other lesion showing architecture and/or cytological atypia. 2This case was grade 1, NST tumor,
1.5 mm in size. 3Of the benign outcome, LCIS was the final diagnosis in 4 ALH (25%) and 8 in LCIS (47%) diagnosed on NCB. 4Benign outcome of
FE lesions included 17 benign phyllodes tumor and 1 borderline phyllodes.

Table 4. Correlation between preoperative radiological abnormality and final diagnosis in the different NCB B3 subgroups based on the
presence of atypia

Radiological abnormality

Final histologic outcome

Atypia present on NCB No atypia on NCB

Benign1 Malignant in situ Malignant invasive Benign Malignant in situ Malignant invasive

Calcification 131 (56) 77 (33) 25 (11) 47 (76) 11 (18) 4 (6)

Mass 25 (58) 9 (21) 9 (21) 105 (85) 8 (7) 10 (8)

Distortion 40 (66) 15 (24) 6 (10) 136 (92) 9 (6) 3 (2)

Total 196 (58) 101 (30) 40 (12) 288 (87) 28 (8) 17 (5)

1Final diagnosis on based on excision histology [number (percentage)].
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was small. Lobular neoplasia is often associated with calcifica-
tion in adjacent fibrocystic change and less commonly with
calcification in the lobular neoplasia itself24,25 and rarely
forms a mass lesion and therefore it is usually an incidental
finding in NCB that has been performed for other reasons.24

In our study, we were not able to review all the clinical and
radiological features of these patients in detail to determine
whether there was discordance between radiological/clinical
and pathological findings; a frequent occurrence in patients
found to have malignancy after NCB diagnosis of LN.25,26 In
our study no LN variants (pleomorphic LCIS or LCIS with
necrosis) were identified.

The PPV% of RS/CSL (14%) in our study was similar to
previous studies.10,13,27–29 When we excluded cases associated

with epithelial atypia (PPV ¼ 39%) from the analysis, the
PPV of RS/CSL was 9%, similar to that reported in our previ-
ous study (9%).4 These findings in addition to the fact that
most of the malignant lesions detected after a diagnosis of
RS/CSL were low grade (80%) and often of pure tubular
morphology (55%) may support consideration of nonsurgical
management, such as removal by vacuum assisted biopsy, in
selected cases.

The PPV for malignancy for papillary lesions with atypia
on core biopsy is clearly higher than if no atypia is present
(37% vs. 13%). Although the PPV of papillary lesion without
atypia was higher than that found in our previous study13

(4%), it is consistent with those reported by Liberman et al.30

and by Dillon et al.10 (both 14%). These findings in addition

Table 5. Details of malignant outcome (grade and size) in relation to the main pure B3 categories diagnosed on NCB

Reason for B3
diagnosis on NCB

Invasive cancer DCIS

Histologic grade
Size (mm)
range (median)

Nuclear grade
Size (mm)
range (median)1 2 3 1 2 3

Pure ADH 22 8 3 2-30 (8) 35 30 20 2-60 (9)

Pure FEA 1 0 0 2 2 0 1 –

Atypia unspecified 9 8 1 2 29 (12) 9 15 12 3-40 (10)

Pure lobular neoplasia 6 4 0 2-8 (5)1 1 1 4 3-20 (7)

Papillary lesion 4 2 0 2-29 (10) 4 9 1 3-48 (9)

RS/CSL 10 1 0 4-29 (10) 10 3 1 3-23 (4)

Total* 52^ 23 4 2-29 (7) 61 58 39 3-60 (9)

Of the invasive tumors following pure LN on NCB (10 cases), 4 were lobular, 2 tubular and 4 were NST. Following ADH, 22 were NST, 6 tubular and
5 were lobular.
Following RS/CSL, 5 were tubular, 4 NST and 2 were lobular. Following papilloma, 6 were diagnosed as NST; 2 were associated with papillary
carcinoma in-situ. Of the 4 grade 3 invasive cancers, 1 was diagnosed as a mass lesion on imaging and ADH was found on NCB, and one was
incidental/synchronous mass (tubular carcinoma 6 mm with low grade DCIS but also there was another mass of grade 3 invasive NST cancer.
179/85 of invasive tumor reports included histological grading (2 were microinvasive). ^ Of grade 1 invasive tumors, 2 were associated with high
grade DCIS.

Table 6. Positive predictive values (PPV) of the different groups of B3 lesions reported on NCB in this study (1,025 cases) combined with the
previous study (523 cases) from the East Midlands region 13 (Total 1,548 B3 NCB)

Reason for B3 diagnosis on NCB

Current study Previous study Total

No (%) PPV% No (%) PPV% No (%) PPV%

Epithelial atypia 432 (42) 42.5 188 (36) 32.4 620 (40) 39.5

Lobular neoplasia 79 (8) 29.1 33 (6) 33.3 112 (7) 30.3

No atypia (other B3 lesions) 514 (50) 10.7 302 (58) 7.9 816 (53) 9.9

Papillary lesion 185 (18) 16.7 124 (24) 10.5 309 (20) 14.2

With atypia 30 36.7 25 36 55 36.4

Without atypia 155 12.9 99 4 254 9.4

RS/CSL 329 (32) 13.6 156 (26) 12 485 (31) 13.2

With atypia 51 39.2 24 29 75 36.0

Without atypia 278 8.9 132 9 410 9.0

FE lesions 52 (5) 1.9 32 (6) 0 84 (5) 1.2

B3 miscellaneous 52 (5) 15.4 21 (4) 23.8 83 (5) 21.7

Total 1,025 25.6 523 20 1,548 23.7
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to other published studies13,17,31–33 indicate that removal by
vacuum assisted biopsy may be a safe alternative to surgical
excision in selected cases. However, papillary lesions associ-
ated with epithelial atypia require surgical excision for defini-
tive diagnosis because histologic underestimation occurs at a
frequency similar to that in other atypical lesions undergoing
NCB.31,32,34,35

Although only one lesion diagnosed as cellular fibroepi-
thelial lesion on core was malignant on excision, 36.5% were
phyllodes tumors.

Our study also provides further support to the use of sub-
categorization of B3 lesions into B3a and B3b (without and
with epithelial atypia)9 since the difference in the PPVs of
both subcategories was significant (7% vs. 36%). Our findings
support the use of this subcategorization for guiding treatment
decision during multidisciplinary discussion meeting (MDT).

In this series, the carcinomas detected after a B3 diagnosis
showed favorable histological features: (a) 68% of carcinomas
were DCIS (b) 63% of invasive cancers were grade 1 and
39% of DCIS were low nuclear grade whilst only 5% of inva-
sive and 25% of DCIS were high grade. The low grade breast
neoplasia family is reported to be associated with good prog-
nosis and indolent behavior.36 (c) Only 14% of invasive can-
cers showed lymph node positivity. (d) The majority of inva-
sive carcinomas were of small size (median 7 mm, and 64%
were �10 mm). (e) 22% were pure tubular carcinomas that
are associated with excellent outcome.37 To compare the fea-
tures of malignant lesions detected after B3 diagnoses with
those of screen-detected cancers which usually follow B5
diagnosis (93%4), we analysed the Nottingham series (1990–
2004; unpublished data). We found that 25% of screen-
detected 1,294 invasive cancers were grade 3 and 25% were
lymph node positive. The size ranged from 1 to 60 mm
(median 13 mm and 33% were =10 mm). Moreover, data
from the East Midlands region from 2001 to 2006 showed
that of the 3,763 screen-detected invasive cancers diagnosed
by NCB as malignant (B5b), 21.1% were grade 3 and 21.6%
were node positive. The median size was 13 mm (range
1–100 mm) (JJ and EAR unpublished data). Furthermore,
80% of malignant lesions diagnosed after a B5 NCB are inva-
sive cancers compared to 40% after B3 diagnoses.4,7 Similar
figures have also been published.18,38 Thus the carcinomas
detected after a B3 diagnosis have better histological prognos-
tic features than carcinomas detected after a B5 diagnosis.

In view of the wide variation of PPV, outcome and behav-
ior of these lesions, informed discussion with women pre-
senting with screen-detected B3 lesions is challenging, partic-
ularly as it may be increasingly important to include details
which address the fact that although the outcome may be the
diagnosis of malignancy, the favorable behavior of these
lesions should be taken into consideration. The UK screening
program has been extended to the age of 73 with women
self-referring thereafter. As many carcinomas identified after
a B3 diagnosis were low grade, are surveillance or hormonal
prevention viable options to excision surgery for some elderly
women? Our study should allow more informed choice based
on its findings.

In conclusion, our results further emphasize the heteroge-
neity of lesions of uncertain malignant potential B3 and their
risk of associated malignancy. Radiological findings provide
useful information regarding the nature and outcome of these
screen-detected lesions. Radiological calcification with suspi-
cious or malignant characteristics and histological evidence of
epithelial atypia were the most frequent abnormalities
observed in B3 NCB’s associated with malignancy. Epithelial
atypia detected on NCB has a high PPV for malignancy
requiring surgical excision. Pure ADH showed a higher PPV
than FEA amongst the epithelial atypia group. The PPV is
low for papillary lesions and radial scars without atypia. Al-
ternative strategies such as removal by vacuum assisted bi-
opsy after a multidisciplinary discussion may be appropriate.
Malignant tumors detected after B3 diagnosis generally
showed a favorable prognostic characteristics being, mainly
in situ and belonging to the low grade breast neoplasia family
which is recognized to be associated with indolent behavior.
Our study also supported categorization of the B3 NCB into
two groups: B3a (lesions of uncertain malignant potential
without epithelial atypia) and B3b (lesions of uncertain ma-
lignant potential with epithelial atypia). Finally, it is impor-
tant to emphasize that multidisciplinary discussion is impor-
tant for appropriate management of all patients with a B3
NCB diagnosis.

Acknowledgements
The authors thank the administrative staff and pathologists involved
in provision of the NHS breast screening service in the UK West Midlands
and South Central regions for their help and support in conducting this
study.

References

1. Pinder SE, Elston CW, Ellis IO. The role
of pre-operative diagnosis in breast
cancer. Histopathology 1996;
28:563–6.

2. Shannon J, Douglas-Jones AG, Dallimore
NS. Conversion to core biopsy in
preoperative diagnosis of breast lesions: is
it justified by results? J Clin Pathol 2001;
54:762–5.

3. Litherland JC, Evans AJ, Wilson AR,
Kollias J, Pinder SE, Elston CW, Ellis IO,
Yeoman LJ. The impact of core-biopsy on
pre-operative diagnosis rate of screen
detected breast cancers. Clin Radiol 1996;
51:562–5.

4. El-Sayed ME, Rakha EA, Reed J, Lee AH,
Evans AJ, Ellis IO. Audit of performance
of needle core biopsy diagnoses of screen

detected breast lesions. Eur J Cancer 2008;
44:2580–6.

5. NHSBSP Breast Screening Programme.
Guidelines for non-operative diagnostic
procedures and reporting in breast cancer
screening. Sheffield: NHSBSP Publication
No 50, 2001.

6. Rakha EA, Ellis IO. An overview of
assessment of prognostic and predictive

E
ar
ly

D
et
ec
ti
on

an
d
D
ia
gn

os
is

Rakha et al. 1423

Int. J. Cancer: 129, 1417–1424 (2011) VC 2010 UICC



factors in breast cancer needle core biopsy
specimens. J Clin Pathol 2007;60:1300–6.

7. Houssami N, Ciatto S, Bilous M, Vezzosi
V, Bianchi S. Borderline breast core needle
histology: predictive values for malignancy
in lesions of uncertain malignant potential
(B3). Br J Cancer 2007;96:1253–7.

8. Andreu FJ, Saez A, Sentis M, Rey M,
Fernandez S, Dinares C, Tortajada L,
Ganau S, Palomar G. Breast core biopsy
reporting categories—an internal validation
in a series of 3054 consecutive lesions.
Breast 2007;16:94–101.

9. Ibrahim AE, Bateman AC, Theaker JM,
Low JL, Addis B, Tidbury P, Rubin C,
Briley M, Royle GT. The role and
histological classification of needle core
biopsy in comparison with fine needle
aspiration cytology in the preoperative
assessment of impalpable breast lesions.
J Clin Pathol 2001;54:121–5.

10. Dillon MF, McDermott EW, Hill AD,
O’Doherty A, O’Higgins N, Quinn CM.
Predictive value of breast lesions of
‘‘uncertain malignant potential’’ and
‘‘suspicious for malignancy’’ determined by
needle core biopsy. Ann Surg Oncol 2007;
14:704–11.

11. Harvey JM, Sterrett GF, Frost FA. Atypical
ductal hyperplasia and atypia of uncertain
significance in core biopsies from
mammographically detected lesions:
correlation with excision diagnosis.
Pathology 2002;34:410–6.

12. Lee AH, Denley HE, Pinder SE, Ellis IO,
Elston CW, Vujovic P, Macmillan RD,
Evans AJ. Excision biopsy findings of
patients with breast needle core biopsies
reported as suspicious of malignancy (B4)
or lesion of uncertain malignant potential
(B3). Histopathology 2003;42:331–6.

13. El-Sayed ME, Rakha EA, Reed J, Lee AH,
Evans AJ, Ellis IO. Predictive value of
needle core biopsy diagnoses of lesions of
uncertain malignant potential (B3) in
abnormalities detected by mammographic
screening. Histopathology 2008;53:650–7.

14. Noske A, Pahl S, Fallenberg E, Richter-
Ehrenstein C, Buckendahl AC, Weichert
W, Schneider A, Dietel M, Denkert C. Flat
epithelial atypia is a common subtype of
B3 breast lesions and is associated with
noninvasive cancer but not with invasive
cancer in final excision histology. Hum
Pathol 2010;41:522–7.

15. Hayes BD, O’Doherty A, Quinn CM.
Correlation of needle core biopsy with
excision histology in screen-detected B3
lesions: the Merrion breast screening
unit experience. J Clin Pathol 2009;
62:1136–40.

16. Lieske B, Ravichandran D, Alvi A,
Lawrence DA, Wright DJ. Screen-detected
breast lesions with an indeterminate (B3)
core needle biopsy should be excised. Eur J
Surg Oncol 2008;34:1293–8.

17. Shah VI, Flowers CI, Douglas-Jones AG,
Dallimore NS, Rashid M.
Immunohistochemistry increases the
accuracy of diagnosis of benign papillary
lesions in breast core needle biopsy
specimens. Histopathology 2006;48:683–91.

18. Weaver DL, Rosenberg RD, Barlow WE,
Ichikawa L, Carney PA, Kerlikowske K,
Buist DS, Geller BM, Key CR, Maygarden
SJ, Ballard-Barbash R. Pathologic findings
from the breast cancer surveillance
consortium: population-based outcomes in
women undergoing biopsy after screening
mammography. Cancer 2006;106:732–42.

19. Jackman RJ, Nowels KW, Rodriguez-Soto J,
Marzoni FA,Jr, Finkelstein SI, Shepard MJ.
Stereotactic, automated, large-core needle
biopsy of nonpalpable breast lesions: false-
negative and histologic underestimation
rates after long-term follow-up. Radiology
1999;210:799–805.

20. Crisi GM, Mandavilli S, Cronin E, Ricci
A,Jr. Invasive mammary carcinoma after
immediate and short-term follow-up for
lobular neoplasia on core biopsy. Am J
Surg Pathol 2003;27:325–33.

21. Elsheikh TM, Silverman JF. Follow-up
surgical excision is indicated when breast
core needle biopsies show atypical lobular
hyperplasia or lobular carcinoma in situ: a
correlative study of 33 patients with review
of the literature. Am J Surg Pathol 2005;29:
534–43.

22. Lee TY, Macintosh RF, Rayson D, Barnes
PJ. Flat epithelial atypia on breast needle
core biopsy: a retrospective study with
clinical-pathological correlation. Breast J
2010;16:377–83.

23. Ingegnoli A, d’Aloia C, Frattaruolo A,
Pallavera L, Martella E, Crisi G, Zompatori
M. Flat epithelial atypia and atypical ductal
hyperplasia: carcinoma underestimation
rate. Breast J 2010;16:55–9.

24. Rakha EA, Ellis IO. Lobular breast
carcinoma and its variants. Semin Diagn
Pathol 2010;27:49–61.

25. Menon S, Porter GJ, Evans AJ, Ellis IO,
Elston CW, Hodi Z, Lee AH. The
significance of lobular neoplasia on needle
core biopsy of the breast. Virchows Arch
2008;452:473–9.

26. Middleton LP, Grant S, Stephens T,
Stelling CB, Sneige N, Sahin AA. Lobular
carcinoma in situ diagnosed by core needle
biopsy: when should it be excised? Mod
Pathol 2003;16:120–9.

27. Cawson JN, Malara F, Kavanagh A, Hill P,
Balasubramanium G, Henderson M.
Fourteen-gauge needle core biopsy of
mammographically evident radial scars: is
excision necessary? Cancer 2003;97:345–51.

28. Farshid G, Rush G. Assessment of 142
stellate lesions with imaging features
suggestive of radial scar discovered during
population-based screening for breast
cancer. Am J Surg Pathol 2004;28:1626–31.

29. Patterson JA, Scott M, Anderson N, Kirk
SJ. Radial scar, complex sclerosing lesion
and risk of breast cancer. Analysis of 175
cases in Northern Ireland. Eur J Surg
Oncol 2004;30:1065–8.

30. Liberman L, Tornos C, Huzjan R, Bartella
L, Morris EA, Dershaw DD. Is surgical
excision warranted after benign,
concordant diagnosis of papilloma at
percutaneous breast biopsy? AJR Am J
Roentgenol 2006;186:1328–34.

31. Carder PJ, Garvican J, Haigh I, Liston JC.
Needle core biopsy can reliably distinguish
between benign and malignant papillary
lesions of the breast. Histopathology 2005;
46:320–7.

32. Bennett LE, Ghate SV, Bentley R, Baker
JA. Is surgical excision of core biopsy
proven benign papillomas of the breast
necessary? Acad Radiol 2010;17:553–7.

33. Jaffer S, Nagi C, Bleiweiss IJ. Excision is
indicated for intraductal papilloma of the
breast diagnosed on core needle biopsy.
Cancer 2009;115:2837–43.

34. Rosen EL, Bentley RC, Baker JA, Soo MS.
Imaging-guided core needle biopsy of
papillary lesions of the breast. AJR Am J
Roentgenol 2002;179:1185–92.

35. Sydnor MK, Wilson JD, Hijaz TA, Massey
HD, Shaw de Paredes ES. Underestimation
of the presence of breast carcinoma in
papillary lesions initially diagnosed at core-
needle biopsy. Radiology 2007;242:58–62.

36. Abdel-Fatah TM, Powe DG, Hodi Z, Lee
AH, Reis-Filho JS, Ellis IO. High frequency
of coexistence of columnar cell lesions,
lobular neoplasia, and low grade ductal
carcinoma in situ with invasive tubular
carcinoma and invasive lobular carcinoma.
Am J Surg Pathol 2007;31:417–26.

37. Rakha EA, Lee AH, Evans AJ, Menon S,
Assad NY, Hodi Z, Macmillan D, Blamey
RW, Ellis IO. Tubular carcinoma of the
breast: further evidence to support its
excellent prognosis. J Clin Oncol 2010;28:
99–104.

38. Shen Y, Yang Y, Inoue LY, Munsell MF,
Miller AB, Berry DA. Role of detection
method in predicting breast cancer
survival: analysis of randomized screening
trials. J Natl Cancer Inst 2005;97:1195–203.

E
ar
ly

D
et
ec
ti
on

an
d
D
ia
gn

os
is

1424 Characterization and outcome of breast needle core biopsy

Int. J. Cancer: 129, 1417–1424 (2011) VC 2010 UICC


