
Review Article · Übersichtsarbeit

Breast Care 2010;5:209–217 Published online: August 23, 2010

DOI: 10.1159/000319326

Prof. Dr. med. Sylvia H. Heywang-Köbrunner
Referenzzentrum Mammographie München
Einsteinstr. 3, 81675 München, Germany
Tel. +49 89 961661-330, Fax -340
heywangkoe@referenzzentrum-muenchen.de

© 2010 S. Karger GmbH, Freiburg

Accessible online at: 
www.karger.com/brc

Fax +49 761 4 52 07 14
Information@Karger.de
www.karger.com

BreastCare

B3 Lesions: Radiological Assessment and  
Multi-Disciplinary Aspects
Sylvia H. Heywang-Köbrunnera,b  Jörg Nährigc  Astrid Hackera  Stefan Sedlaceka  Heinz Höflerc

aReferenzzentrum Mammographie München, 
bRadiologie Haudhausen, München, 
cInstitut für Pathologie, TU München, Germany

Schlüsselwörter
B3-Läsion · Biopsie ·  Upgrade · Atypie · Brust

Zusammenfassung
B3-Läsionen beinhalten verschiedene histopathologische 
Entitäten, die als benigne, aber mit «unklarem biologi-
schen Potenzial» eingestuft werden. Diese Entitäten wer-
den als Risikofaktor (für beide Brüste) oder als nicht obli-
gate Präkanzerose betrachtet. Bei der Diagnosestellung 
mittels Stanzbiopsie muss davon ausgegangen werden, 
dass B3-Läsionen auch Teil einer höhergradigen, also ma-
lignen Veränderung sein können (sogenanntes Upgrade). 
In der vorliegenden Arbeit werden bildgebende Befunde 
mit der Histopathologie korreliert und deren Malignitäts-
risiko diskutiert. Zu den B3-Läsionen mit hohem Maligni-
tätsrisiko gehören die atypische duktale Hyperplasie (ADH) 
und die pleomorphe oder nekrotische lobuläre Neoplasie 
(LIN 3). Diese sollten exzidiert werden. Intermediäres 
 Risiko ist assoziiert mit dem klassischen lobulären Carci-
noma in situ (LIN 2) oder auch der flachen epithelialen 
Atypie (FEA). Niedriges Malignitätsrisiko haben radiäre 
Narben und papilläre Läsionen ohne Atypien (LIN 1). LIN 1 
sind meist inzidente Befunde, die als Risikoindikator gel-
ten. Kontrolluntersuchungen sind bei B3-Läsionen mit 
niedrigem Risiko angemessen, wenn auch das initiale dia-
gnostische Problem gelöst ist. Gemäß den internationalen 
Leitlinien muss diese Empfehlung für jeden Fall individuell 
diskutiert werden. Dabei ist es wichtig, Folgendes in die 
Überlegung mit einzubeziehen: biologisches Risiko, Re-
präsentativität der Probe, Größe und Ausdehnung der 
 Läsion, prozentuale Entfernung der Läsion, andere indivi-
duelle Risiken und die Überwachbarkeit der Patientin. Ge-
rade bei kleinen Läsionen mit niedrigem Malignitätsrisiko 
kann mittels Vakuumbiopsie eine große Operation vermie-
den werden. Weitere Datenerhebung und präzise Evalua-
tion werden auch zukünftig dabei helfen, das individuelle 
Risiko besser einzuschätzen, die Therapien besser anzu-
passen und Übertherapien zu vermeiden.
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Summary
B3 lesions comprise different histopathological entities 
that are considered benign but ‘of unknown biological po-
tential’. These entities may act as risk indicators (for both 
breasts) or as non-obligatory precursors of malignancy. 
Being diagnosed at percutaneous breast biopsy, an addi-
tional risk of underestimate exists. Imaging appearances, 
histopathological appearance and risk of associated malig-
nancy are presented. B3 lesions of high risk, which thus 
should usually be excised, include atypical ductal hyper-
plasia (ADH), pleomorphic or necrotic type of lobular 
 neoplasia (LIN 3), and papillary lesions with atypias. Inter-
mediate risk may be associated with classic lobular carci-
noma in situ (LIN 2) or flat epithelial atypia (FEA), and low 
risk with radial sclerosing lesions (RSLs) and papillary le-
sions without atypias. LIN 1 is mostly an incidental finding 
acting as risk indicator. Follow-up is adequate if the initial 
diagnostic problem is solved. According to international 
guidelines, risk and subsequent recommendations should 
be discussed for each individual patient, taking into ac-
count biological risk, representative sampling, lesion size, 
lesion extent, percentage of lesion removal, other individ-
ual risks, and the possibility of surveillance. With vacuum-
assisted breast biopsy (VABB), surgery may be avoided 
for more of the small lesions at low risk. Further data coll-
ection and diligent evaluation may help to better assess 
the individual risk, to better adapt treatment recommenda-
tions and avoid overtreatment.
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may have an impact on the patient’s individual prognosis and 
the ongoing research in this field, there exists no generally 
 applicable detailed algorithm or guideline (yet) that would 
permit to systematically deduce the recommendation from 
the type of B3 lesion or its imaging features.

This article gives an overview on the imaging presentations 
and on the risks associated with the various histopathological 
entities. These and other factors influencing multi-disciplinary 
decisions are discussed.

Prevalance of B3 Lesions, Imaging and Overall Risk

B3 lesions may coexist with various other benign or malignant 
changes. Frequently, B3 lesions are detected during his-
topathological assessment of image-detected abnormalities. 
The reason is that the imaging features of B3 lesions partly 
overlap with those of early malignancy and partly with benign 
changes. Percutaneous biopsy of the B3 lesion is performed 
with the intent to detect (or exclude) malignancy. Some B3 
lesions may just be detected incidentally during a percuta-
neous biopsy that is performed to assess a different entity. 
The B3 lesion is, however, not associated with the radiological 
findings that prompted biopsy.

With increasing use of mammographic screening, an in-
creased detection rate of B3 lesions has been observed [6, 7]. 
The reported prevalence of B3 lesions among percutaneous 
breast biopsies ranges between 3 and 10% [7–12]. An interim 
evaluation of our screening program yielded 8.2% B3 lesions 
among 3,925 percutaneous breast biopsies documented be-
tween 7/2006 and 9/2008 [13].

Some B3 lesions may also be visible on ultrasound (US); 
some may be detected by US. Their number is smaller than 
that of B3 lesions detected by mammography, a fact that is 
understandable due to the generally lower sensitivity of US 
for small lesions and due to the limited detection of microcal-
cifications in particular. With US-guided biopsies being the 
easiest and best-tolerated interventions, the vast majority of 
mammographically detected lesions that are visible by US (at 
least in retrospect) undergo US-guided core needle biopsy 
(CNB). The remaining lesions need to undergo stereotactic 
breast biopsy, which in our screening program largely  
(> 95%) has been stereotactic vacuum-assisted breast biopsy 
(VABB).

In our screening program, approximately 4.7% of the biop-
sies performed as CNB (usually under US guidance) yielded a 
B3 lesion, while 14.5% of the stereotactic VABBs yielded a 
B3 lesion [13].

Few reports exist on the use of magnetic resonance imag-
ing (MRI) for B3 lesions. One publication [14] analyzed the 
use of MRI for further differentiation of 79 B3 lesions.  
55/79 B3 lesions did not enhance. The negative predictive 
value of non-enhancing B3 lesions (concerning the presence 
of malignancy at excision) was 98%. This yet existing experi-

Introduction

B3 lesions include the following main entities: atypical ductal 
hyperplasia (ADH), lobular neoplasia (LIN) including lobu-
lar carcinoma in situ (LCIS) and atypical lobular hyperplasia 
(ALH), radial sclerosing lesions (RSLs), papillary lesions, flat 
epithelial atypia (FEA), fibroepithelial lesions, and other rare 
entities.

The entities underlying the B3 lesions may occur in needle 
biopsies, in excisional biopsies, or in mastectomy specimens. 
The term B3, as described in the European Guidelines [1], is, 
however, used when the above entities are diagnosed at 
 needle biopsy. The categories B1–B5 serve for a systematic 
communication between pathologists and between patholo-
gists, clinicians and radiologists. Overall, they comprise enti-
ties of lesions of a comparable risk profile, for which similar 
treatment decisions are needed. B3 lesions are defined as 
 benign lesions of unknown biological potential.

In contrast to open biopsy, only a small volume of tissue is 
available from needle biopsies.

Thus, for all needle biopsies, close correlation of imaging 
and histopathology is needed to decide whether the biopsy is 
representative and explains the imaging findings. A non-re-
presentative result occurs if the lesion is missed by needle 
 biopsy (by some targeting error). It may also be caused by  
a sampling error. Sampling error occurs in lesions that are 
composed of inhomogeneous tissue or in which small nests of 
tumor cells are surrounded by large amounts of unspecific 
 tissue (such as fibrosis or necrosis). Sampling error means that 
the biopsy was correctly taken from the lesion (for example 
from a lobular carcinoma), but the acquired tissue does not 
represent the most concerning area (the files or nests of can-
cer cells) within this lesion. It represents only unspecific tissue 
components (like fibrosis) and thus leads to a false-negative 
result.

For B3 lesions, this question is of special concern since B3 
lesions may occur within or in the periphery of higher-grade 
lesions such as ductal carcinoma in situ (DCIS) or invasive 
breast cancer.

B3 lesions may also function as a ‘non-obligate precursor 
of malignancy’; that is, (if left in the breast) they might later 
on develop into a DCIS or invasive carcinoma. Finally, some 
B3 lesions are considered ‘risk indicators’. That is, they indicate 
an increased possibility that the patient may develop a breast 
cancer in any location of the same or the contralateral breast.

Based on this special situation, it is generally recom-
mended that all needle biopsies yielding B3 lesions be dis-
cussed in a multi-disciplinary conference [1–5]. In this confer-
ence, imaging, histopathology, patient age and individual risk 
factors are considered to develop an optimum recommenda-
tion for the patient.

Options for this recommendation include surgical excision, 
short-term imaging follow-up and/or chemoprevention using 
anti-estrogen treatment. Considering the many factors that 
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 tissue removed by VABB. Finally, underestimates were 
 significantly more frequent among B3 lesions with (44% on 
average) versus without atypical ductal or lobular hyperplasia 
(18%). Based on this observation, Houssami et al. [22] and 
Londero et al. [23] suggested to subdivide B3 lesions into B3 
lesions at higher risk (ADH and LIN) and those at low risk 
(papillary lesions, RSLs, FEA, rare lesions and fibroepithelial 
tumors).

According to the experience from our screening program, 
upgrades occurred in approximately 30% of the excised B3 
lesions that were seen on US, as compared to 20% of the 
 excised lesions that were diagnosed at stereotactic VABB. 
Reported underestimates after MR-guided VABB range from 
0 to 30%, on average around 15–20% [17–19]. In our multi-
center study of MR-guided VABB, 16% underestimates 
 occurred among MR-detected B3 lesions that underwent 
excision.

B3 lesions may occur as pure or mixed lesions or may (as 
mentioned above) be associated with higher-grade lesions 
such as DCIS or invasive breast cancer. Of course, for any de-
cisions concerning patient management, the lesion with the 
highest risk needs to be considered as the leading lesion.

The following more detailed information refers to either 
pure lesions or to mixed lesions. In mixed lesions, the lesion 
with the highest risk is considered the leading lesion, for 
which the appropriate treatment decision is needed.

Atypical Ductal Hyperplasia
Due to the fact that (based on the small amount of available 
tissue) percutaneous breast biopsies may not permit to distin-
guish between ADH and DCIS, some authors suggest to use 
the term ‘atypical proliferation of ductal type’ instead of 
ADH whenever the diagnosis is based on tissue from a percu-
taneous biopsy. The final decision ADH versus DCIS is then 
based on the result after excision. Since the vast majority of 
publications just uses the term ADH, we have not made this 
distinction. 

ADH shows cellular changes identical to those of a low-
grade DCIS. However, the amount of changes is less than that 
of DCIS, comprising less than a terminal ductal lobular unit 
(TDLU) or less than 2 mm. This explains why with a small 
volume of sampled tissue upgrades are more probable than 
with a larger volume of tissue.

On mammography, ADH may present with microcalcifica-
tions. Often, the microcalcifications are granular, sometimes 
coarse, sometimes fine. The latter is associated with a lower 
probability of malignancy. The microcalcifications may be 
grouped, exhibit ductal or regional distibution and often show 
at least some polymorphism. ADH may also present as mass 
with or without microcalcifications. Atypias may be contained 
in fibroadenomas, papillomas or within non-tumorous benign 
changes. Finally, ADH may occur with radial scars.

For all needle biopsies (CNBs or VABBs, US-guided or 
stereotactically guided biopsies), the rate of underestimates 

ence is still too limited for general recommendations. How-
ever, it might be worth to further investigate.

Unfortunately, however, the additional use of MRI could 
even increase the overall number of detected B3 lesions [15]. 
In a multicenter study on 517 MR-guided VABBs of MR-de-
tected breast lesions, we reported 6.2% B3 lesions (3.3% 
ADH plus 2.9% papillary lesions) [16]. Other large series  
(> 70 cases) reported up to 14% B3 lesions among MR-guided 
VABBs [17–20].

Another retrospective study examined the use of MRI for 
follow-up of 135 patients with ADH and 47 patients with 
LCIS [21]. The authors reported a very high rate of false-pos-
itive biopsies (25% of the patients) and an extraordinary rate 
of 6-month follow-up recommendations (48%) with a fairly 
low overall yield of malignancy (6 breast cancers in 5 patients 
detected by MRI, 2 interval cancers). Their conclusion was 
that MRI is not generally recommended in these patients.

As mentioned above, B3 lesions may coexist with higher-
grade lesions; some may act as non-obligatory precursor of a 
higher-grade lesion and others may indicate a generally in-
creased risk of breast cancer in either breast. Unless another 
entity of higher risk coexists, B3 lesions, however, still repre-
sent a benign entity.

So, whenever percutaneous breast biopsy yields a B3 le-
sion, the risk of missing an associated malignancy is counter-
checked by assessing the risk associated with the given histo-
pathological entity, with its imaging presentation, with the 
probability of representative removal. The latter depends on 
the expected homogeneity of the lesion, the volume of the 
harvested tissue and its relation to the expected lesion extent. 
Based on these considerations and further individual risks of 
the patient, for part of the B3 lesions excision is chosen while 
for those with lower risk follow-up is usually recommended.

In our screening program, excision has been recommended 
for about 70% of B3 lesions diagnosed at US-guided biopsy 
versus 55% of lesions diagnosed at stereotactic VABB [13].

We are not aware of published data on biopsy rates among 
B3 lesions detected by MR-guided biopsy.

According to an overview of literature data by Houssami et 
al. [8], the reported rate of B3 lesions that undergo sub-
sequent excision and eventually contain higher-grade lesions 
(DCIS or invasive carcinoma) ranges around 30%.

In a large series published by Houssami et al. (on 4,035 
consecutive percutaneous breast biopsies), underestimates 
among excised B3 lesions amounted to 35% [8, 22]. 2/3 of the 
upgrades were upgrades from B3 to DCIS, while 1/3 were up-
grades to invasive breast cancer. No significant difference in 
the rate of upgrades was reported for lesions presenting with 
microcalcifications versus lesions presenting as mass or archi-
tectural distortion. However, the rate of underestimates in-
creased with lesion size (18% of 210 lesions < 20 mm were 
upgraded versus 48% of 69 lesions > 20 mm). The rate of up-
grades was approximately 50% higher with CNB than with 
VABB, which may be explained by the larger volume of 
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calcifications, in fibroadenomas or within other benign 
changes, without being associated with the imaging features of 
the concomitant lesion that caused biopsy (microcalcifica-
tions, masses, architectural distortions). The majority of LIN 
lesions (> 80%) are detected in association with microcalcifi-
cations. Some of the LIN lesions occur adjacent to RSLs or 
coexist with other B3 lesions.

One special subtype of LIN, pleomorphic LIN, may be as-
sociated with comedo-type casting microcalcifications. This 
rare type is associated with invasive breast cancer more often, 
i.e. in 25–67% of the cases [35–37]. Therefore it should be 
treated like a DCIS (excision followed by radiation therapy) 
and is  usually classified as B5 lesion. Figure 3 gives an 

has been reported as high as 44% (confidence interval (CI): 
36–52%) for ADH [8, 24].

For larger series using 11 G VABB, ADH upgrades ranged 
around 13.5–27% [11–13, 24–29]. According to Jackmann et 
al. [24], most underestimates (among 104 ADH lesions diag-
nosed at 11 G stereotactic VABB) concerned upgrades to 
DCIS; only few concerned upgrades to invasive carcinoma. 
Even though small lesion size and mammographically com-
plete removal of the lesion indicated a lower probability of an 
underestimate, they could not define a sufficiently reliable 
combination that would permit not to excise the lesion. For 
US-guided CNB, the reported rates of upgrades are usually 
higher than for lesions diagnosed at stereotactic VABB, usu-
ally > 30% [11–13, 30, 31].

Due to the non-negligible number of underestimates to 
date, usually excision is recommended when ADH is diag-
nosed at percutaneous breast biopsy. Exceptions may concern 
elderly patients or patients who suffer from severe other 
disease.

Figure 1 shows a case of an ADH diagnosed at VABB, 
which eventually proved to be a DCIS underestimate.  
Figure 2 demonstrates an example of MR-detected ADH.

Lobular Neoplasia
Overall, LIN occurs in less than 1% of the needle biopsies.  
It comprises ALH and LCIS.

Whereas LIN initially was just considered a risk indicator 
[32], today it is considered a non-obligate precursor of malig-
nancy and a risk indicator. This interpretation is based on the 
fact that – even though the presence of LIN is associated with 
a bilaterally increased risk of malignancy and even though 
malignancy may include DCIS, invasive ductal carcinoma 
(IDC) or invasive lobular carcinoma (ILC) – invasive malig-
nancy is 3 times more frequent in the involved breast, and 
ILC is more frequent than IDC [33]. This latter perception 
appears to be supported by genetic profiling of the cancers 
detected in areas of LIN [34].

This debate is accompanied by a debate on optimum clini-
cal management, which varies between systematic surgical 
 excision and follow-up strategies.

While morphological changes are the same for ALH and 
LCIS, with LCIS the lobules are distended by ample amounts 
of atypical cells. LCIS is associated with at least twice the rate 
of invasive malignancy than ALH. However, genetic profiles 
of LCIS and ALH may show differences [34]. The different 
risk levels are also expressed in the other nomenclature used 
in the literature, which uses the terms lobular intraepithelial 
neoplasia (LIN) grade 1, 2 or 3. In this nomenclature, LIN 1 
corresponds to ALH while LIN grade 2 is consistent with clas-
sic LCIS. LIN 3 corresponds to lesions with marked distended 
acini, often with central necrosis, and those composed of 
 either severely pleomorphic cells or pure signet ring cells.

Many LIN lesions have no characteristic imaging features: 
They may incidentally occur in or adjacent to areas of micro-

Fig. 1. Patient 
with a diagnosis of 
ADH at VABB. The 
 microcalcifications 
were partly removed. 
Final histology 
 yielded DCIS  
grade 2.

Fig. 2. The lesion was MR-detected within an area of asymmet-
ric breast tissue. The enhancement was considered suspicious of 
 malignancy. MR-guided VABB yielded ADH, a diagnosis that was 
confirmed after excision. (a) Precontrast image, (b) subtraction image, 
(c) enhancement curve.

Fig. 3. Pleomorphic 
lobular neoplasia 
grade 3, diagnosed at 
VABB and confirmed 
at excision. Based on 
the histopathologi-
cal features and the 
known high risk, this 
lesion is considered 
comparable to DCIS, 
which should be con-
sidered concerning 
the recommendation 
of treatment.

a b c
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 distortion [43, 45]. Figures 5 and 6 give examples of mammo-
graphic and sonographic appearances of RSLs.

On MRI, radial scars mostly exhibit low or delayed en-
hancement. However, exceptions to this observation exist. 
Furthermore, there exists overlap with the MR features of 
early malignancy (tubular carcinoma and DCIS), which also 
may exhibit absent or low and delayed enhancement. Overall, 
published sensitivity and specificity ranges around 85%, a 
 result that does not permit to reliably exclude malignancy [46, 
47].

The diagnosis of an RSL by CNB is associated with a rate 
of 9–17% underestimates of DCIS or invasive breast cancer 
[10, 22, 42]. With VABB, the rate of underestimates de-
creases. Linda et al. reported a rate of 5% underestimates in 
19 cases of RSL proven by 11 G VABB [42]. Tennant et al. 
[48] and Resetkova et al. [49] reported no underestimates 
among 18 or 80 lesions diagnosed as RSL at 11 G VABB, 
 respectively. They conclude that complete removal at 11 G 

 example. Based on difficulties of distinguishing this type from 
a DCIS with lobular cancerization, this type of LIN may 
falsely be classified as DCIS, which, however, has no thera-
peutic consequences. (In case of doubts immunochemical 
 staining is possible.)

LIN may be associated with DCIS in mixed lesions, and – 
which is most important – areas of LIN may constitute part of 
an ILC. Thus, whenever LIN is diagnosed at CNB, sampling 
error has to be diligently considered.

On US, LIN has been reported to occur associated with a 
hypoechoic lesion or with unspecific architectural changes. 
On MRI, we have seen regional areas of patchy or milky en-
hancement (similar to both benign changes or DCIS) or small 
enhancing masses. Enhancement curves are usually uncharac-
teristic (mostly delayed, sometimes plateau-type enhance-
ment). Thus, to date, it is not yet clear whether LIN has 
 characteristic MRI findings that are distinct from other con-
comitant or underlying benign enhancing changes (such as 
 adenosis). Figure 4 demonstrates the diagnostic difficulties in 
a patient whose benign diagnosis has been proven by MR 
 follow-up without change for more than 5 years after histolo-
gically verified diagnosis of LIN (incidental finding after 
VABB of microcalcifications).

Overall, the reported rates of upgrades after LIN diag-
nosed at percutaneous biopsy vary between 19 and 58% [22, 
23, 38, 39]. Upgrades are by far more frequent with LIN 3 and 
pleomorphic LIN than with classic LIN grade 1–2. If follow-
up is considered instead of excision (mainly with LIN 1 or 2), 
it is, however, important to countercheck whether the biopsy 
was representative and solved the initial question. Thus, it is 
necessary to clarify whether the obtained histology can ex-
plain the initial imaging finding that prompted biopsy (LIN 1 
or 2 usually does not explain microcalcifications, for example) 
and whether biopsy of the initial area of concern is thus 
representative.

Radial Sclerosing Lesions
RSLs usually present as architectural distortion on mammo-
graphy. As initially described by Tabar, radial lesions may 
 either have a small dense center (so-called ‘white star’) or a 
radiolucent center (so-called ‘black star’). Even though the 
risk of malignancy is higher with the former imaging features, 
the latter may also be associated with malignancy (invasive or 
DCIS) in up to 20% of the cases. Unless an architectural 
 distortion corresponds to scarring or is proven as super-
imposition (after additional views), no reliable mammo-
graphic sign exists that could allow the exclusion of malig-
nancy [40–43]. On US, radial scars may be associated with a 
hypoechoic (mostly small) mass; they may exhibit an architec-
tural distortion or shadowing [43–45]. Up to 1/3 of the radial 
lesions show no abnormality on US. Even though (partly 
based on the lower detection rate) US may be slightly more 
specific than mammography, no sonographic sign exists either 
that could exclude malignancy in case of an architectural 

Fig. 4. Patient with 
histologically proven 
lobular neoplasia 
grade 2. Meanwhile, 
the multiple areas of 
enhancement have 
not changed for 
more than 5 years.

Fig. 5. Radial scar 
with atypias, diag-
nosed at VABB and 
confirmed at surgery.

Fig. 6. Radial scar, 
detected by mammo-
graphy. On US, a 
hypoechoic nodule  
is seen in the center 
of the lesion. Final 
diagnosis: RSL 
 without atypias.

➞
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mend surgical excision for all papillomas that have not been 
completely removed at CNB [53]. This is confirmed by the 
published negative predictive value of CNB diagnoses of be-
nign papillomas that ranges around 78–100%. Whenever aty-
pias are diagnosed at CNB, the negative predictive value even 
drops to about 50% [10, 22, 54–57].

To date, increasing data exist confirming that small papil-
lomas can be completely removed by VABB, as also shown in 
figure 7. For these lesions, the reported rate of underestimates 
appears to be very low, ranging from 0 to 5% [48, 51, 58, 59], 
and follow-up instead of excision may be justified after close 
imaging-histopathological correlation.

Columnar Cell Lesions and FEA
Columnar cell lesions (CLL) and FEA are usually detected as 
fine amorphous microcalcifications (often with ductal ar-
rangement or some pleomorphism) [60]. In some cases, CLL 
may present as a (small) uncharacteristic mass on mammogra-
phy or US.

Based on histopathological morphology and molecular fea-
tures, CLL may represent the link between benign hyperpla-
sia and low-grade DCIS. By definition, only FEA contains cell 
atypias and thus may have clinical significance [61, 62]. Figure 
8 gives an example.

FEA may coexist with higher-grade lesions such as ADH, 
LIN, DCIS or invasive (e.g. tubular) carcinoma. Whereas 
FEA is frequently associated with higher-grade lesions (ap-
proximately 35%), pure FEA appears to have a low risk of 
associated malignancy.

Thus, when FEA is detected as the leading lesion using 
CNB, excision is usually recommended.

The rate of upgrades after a VABB diagnosis of pure FEA 
ranges from 0 to 20% [63, 64]. Based on 40 cases diagnosed as 
FEA by VABB, David et al. reported that a size below 10 mm 
and complete removal yielded no upgrade [65]. Provided 
these results can be confirmed by further research, these con-
siderations may become important to reduce benign excisions 
prompted by imaging findings.

Fibroepithelial Lesions
Fibroepithelial B3 lesions include phyllodes tumors and 
 comparable lesions that have similarities to fibroadenomas 
and phylloides tumors. They usually present as oval mass  
(like fibroadenomas) without and sometimes with calcifica-
tions. Many of these lesions are well circumscribed (fig. 9). 
Larger lesions may have ill-defined margins. The characteri-
sics of the phyllodes tumor include its fast growth and some-
times cystic spaces on US. Unless completely excised, they 
tend to recur. Malignancy is infrequent, but can only be 
 excluded after complete excision [10, 22]. Therefore, all 
 phyllodes  tumors as well as the rare other fibroepithelial 
 lesions that are classified as B3 (fibroadenomas or myxoid 
 lesions that exhibit histopathological changes suspicious of 
phylloides tumors)  require excision.

VABB with interdisciplinary consensus concerning the result 
may in the future allow a reduction of the number of excisions 
of those RSLs without atypias.

Papillary Lesions
Papillary lesions may be detected by imaging or may present 
as bloody nipple discharge, which then should cause imaging 
evaluation (using mammography and US). There is increasing 
controversy about the use of galactography, while preliminary 
results of MRI appear promising in this indication [50]. On 
galactography, papillary lesions cause filling defects, irregu-
larities of the involved duct(s), or a stop at the anterior mar-
gin of the obliterated duct(s).

On mammography, papillary lesions may present as mass 
with or without microcalcifications, as microcalcifications 
only, or may not be visible. Papillary lesions may also be con-
tained in RSLs (see above).

On US, papillary lesions may be visible as hypoechoic mass 
or as complex cystic lesion. They may also present with di-
lated ducts that are not anechoic. Even though a homogenous 
echo pattern and a well-circumscribed margin of a papilloma 
[51, 52] are indicative of a benign lesion, mammographic, 
sonographic and galactographic features do not allow a relia-
ble distinction.

While MRI may help to exlude malignancy in cases of nip-
ple discharge with no mammographic or sonographic findings, 
a detectable mass or suspicious area of microcalcifications re-
quires histopathological assessment [50]. While – according to 
our and other authors’ experience [14] – enhancing benign 
and malignant papillary lesions may exhibit overlapping mor-
phological and dynamic MR features, absent enhancement 
may help exclude malignancy with a high negative predictive 
value [50].

Histopathological diagnosis of needle biopsy is considered 
challenging. Based on a literature review, Ueng et al. recom-

Fig. 7. Benign 
 papilloma, removed 
at VABB. For these 
lesions, excision is 
not necessary if the 
lesion is excised by 
VABB.

Fig. 8. LIN 2 and 
FEA diagnosed at 
VABB and con-
firmed by excision. 
Prognostically, the 
leading lesion is LIN 
2, the microcalcifica-
tions were associated 
with FEA.
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– Their imaging features may overlap with those of benign or 
early malignant change.

– Part of the B3 lesions is not visible by imaging and has no 
distinct imaging features. These usually constitute inciden-
tal findings.

– The presence of a B3 lesion may indicate a generally in-
creased bilateral risk of breast cancer.

– Depending on the type of the B3 lesion, the lesion may be 
a non-obligatory precursor of malignancy that might de-
velop into malignancy.

– B3 lesions may also occur adjacent to higher-grade lesions 
(DCIS or invasive cancer). Thus, the diagnosis of a B3 le-
sion may be the only indicator of an adjacent breast cancer, 
which, due to a sampling error, was not diagnosed at percu-
taneous breast biopsy.

– Some of the B3 lesions may occur throughout the breast. 
Removing the complete breast tissue should only be con-
sidered at high risk.

– However, many of the B3 lesions may never develop fur-
ther or will not do so before the woman dies from another 
cause. (Here, one should consider that mortality of DCIS 
grade 1 ranges around 1%.) For B3 lesions, mortality is 
even lower. Also, follow-up might allow early detection of 
malignancy if it really has occurred.

Overall, the decision for or against excision or for or against 
chemoprevention or follow-up is not easy. Based on the above 
said, not excising a B3 lesion may carry the risk of missing a 
higher-grade lesion (DCIS or invasive breast cancer) associ-
ated with the B3 lesion. Excising the lesion, however, may 
mean overtreatment of those cases in which the B3 lesion is 
not associated with a higher-grade lesion or would not de-
velop into malignancy or even a life-threatening cancer in this 
location. Excising an extended B3 lesion (for example LIN 1) 
may even be inadequate when considering the patient’s risk 
Also, the overall prevalence of B3 lesions in the healthy popu-
lation is not yet known. Based on the above considerations, 
the best-suited recommendation has to be found for each indi-
vidual patient whenever such a lesion is detected.

In order to make this decision, to date, no single solution 
can be given. International guidelines recommend that these 
cases be discussed in the interdisciplinary team and decided 
for each individual patient.

For this decision, the following factors should be 
considered:
– Imaging before, during and after the intervention should 

be available together with the specimen radiograph(s) and 
histopathology (if possible, histopathology slides).

– Based on imaging (degree of suspicion, demonstration of 
correct needle position and of the lesion contained in the 
specimen radiograph and – in cases of VABB – on images 
before/after VABB), it must be decided whether the bi-
opsy is representative of the lesion that initially was of con-
cern on imaging. For example, microcalcifications are, in 
general, not explained by pure LIN 1 or 2. If this is not the 

Other B3 Lesions
Further rare lesions may be classified as B3 lesions at minimal 
invasive biopsy. These include for example mucocele-like le-
sions, mucinous or spindle cell lesions. The data on these le-
sions are very limited. Therefore, to date, excision is 
recommended.

Discussion

B3 lesions are composed of several different entities. These 
entities are grouped together since they have a comparable 
risk of malignancy, which is higher than that of benign chan-
ges. Thus, similar risk considerations need to be made for B3 
lesions.

As supported by the results of genetic profiling, B3 lesions 
may indeed represent the link between early malignancy and 
benign changes. Even though they are known to have an un-
known biological potential, they are still classified as benign 
changes, which also takes into account that they are non-ob-
ligatory precursors of malignancy and thus may stay in the 
breast forever, without changing and without threatening the 
patient’s life.

B3 lesions require special attention for the following 
reasons:
– Their histopathological diagnosis and distinction from 

other entities is still a challenge, requiring a high level of 
expertise. Inter-observer variability between pathologists 
mainly concentrates on these entities. Furthermore, knowl-
edge on their presentation and any associated risk is still 
growing.

– They may exhibit changes like early malignancy, but their 
distinction from early malignancy may simply not be 
 possible based on small or very small volumes of tissue.

Fig. 9. (a) Mammo-
graphic presentation 
of a benign phyllodes 
tumor; (b) sono-
graphic presentation 
of a benign phyllodes 
tumor.

a

b
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the surrounding tissue and the appearance of the lesion). 
Furthermore, the recommended imaging follow-up and the 
availability of these methods need to be considered.

– Further risk factors may increase the risk of malignancy 
(family history, personal history of breast cancer, and 
others).

– Other conditions that might increase the risk of surgery or 
limit the patient’s life expectancy (e.g. patient age) have to 
be taken into account.

In summary, many factors need to be considered, all of which 
may vary individually. An interdisciplinary team is indispen-
sable to consider and weigh all available information to find 
an individually adapted, optimum recommendation. Eventu-
ally, the patient’s wish has to be considered as well.

While our knowledge on B3 lesions is still growing, it is im-
portant to collect and evaluate this information. Only contin-
uous data collection and evaluation will allow reaching a bet-
ter understanding of radiological appearance, of histomor-
phological appearance and of potential future tests (like ge-
netic profiling). With increasing knowledge, risk might in the 
future be assessed more accurately. This might eventually 
allow further optimization of the treatment, to better limit it 
to those women at risk and avoid overtreatment in women at 
low risk.
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case, re-biopsy remains necessary to solve the initial 
problem.

– The overall risk of the histopathological lesion for malig-
nancy (in the same location!) needs to be considered: ADH 
and LIN 3 (pleomorphic LCIS) are considered B3 lesions 
at high risk, requiring excision or even further treatment, 
respectively. LIN 2 or FEA concern lesions of somewhat 
lower risk, for which follow-up or excision may be consid-
ered. RSLs or papillary lesions without atypias are associ-
ated with a low risk. For small lesions that are removed at 
VABB, follow-up may be considered. Pure LIN 1 usually is 
an incidental finding and a mild risk indicator. Thus, when-
ever the initial diagnostic problem is solved, LIN 1 should 
not be excised.

– Based on histopathological assessment of the available tis-
sue and on the imaging information, the expected extent of 
the B3 lesion should be assessed: Both the risk of malig-
nancy and the risk of an underestimate increase with in-
creasing lesion extent.

– Lesion size and percentage of lesion removal should be 
considered: The risk of malignancy decreases with lesion 
size and increases with the percentage of removal (due to 
decreasing sampling error). The biopsy method (VABB 
versus CNB) and the amount of acquired tissue are of im-
portance. Thus, for low-risk lesions (RSLs < 10 mm, small 
papillomas without atypias, possibly FEA, possibly LIN 2) 
follow-up should be considered if the lesion was already 
 removed by VABB.

– If follow-up is considered, the expected reliability of imag-
ing follow-up should be considered (taking into account 
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