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BreastCare

tion of breast cancer and their practical management [1]. The 
term ‘lesions of uncertain malignant  potential’ that is used in 
screening mammography reflects the uncertainty regarding 
the behaviour of these lesions. Over the past years, our under-
standing on the pathology, classification, and molecular 
 biology of early precursor lesions has substantially improved, 
however. This has led away from the risk analysis of prolifera-
tive breast disease in general [2] and permits a more detailed 

Introduction

Improvements in clinical radiology, and the routine use of 
large core needle biopsies for the diagnosis of clinically occult 
breast lesions have led to an increased detection rate of early 
precursor lesions of the breast, such as atypical ductal hyper-
plasia (ADH) or lobular neoplasia (LN). This has provoked 
new questions regarding the role of these  lesions in the evolu-

Early Breast Cancer Precursor Lesions:  
Lessons Learned from Molecular and Clinical Studies
Hans-Peter Sinna  Zeinab Elsawafa  Birgit Helmchenb  Sebastian Aulmanna

aDepartment of Pathology, University of Heidelberg, Germany
bStadtspital Triemli, Zürich, Switzerland

Schlüsselwörter
Mammakarzinom, Vorläuferläsionen · Atypische duktale 
Hyperplasie (ADH) · Flache epitheliale Atypie (FEA) · 
Lobuläre Neoplasie (LN)

Zusammenfassung
Die atypische duktale Hyperplasie (ADH), die flache epi-
theliale Atypie (FEA) und die lobuläre Neoplasie (LN) 
 bilden eine Gruppe von frühen Vorläuferläsionen und 
gehören zum Low-Grade-Pathway des Mammakarzi-
noms. In diesem Modell beginnt der neoplastische 
 Prozess bei diesen frühen Läsionen und nicht als In-Situ-
Karzinom. Wir haben eine Literaturübersicht zum Risiko 
für ein Upgrade zum duktalen Carcinoma in situ oder 
 invasiven Karzinom in der offenen  Biopsie nach einer 
 Diagnose des ADH, FEA oder LN in der Stanzbiopsie 
durchgeführt. Diese zeigt das höchste Risiko für ADH 
(28,2%), gefolgt von LN (14,9%) und FEA (10,2%). Der 
pleomorphen LN wird ein höheres Risiko zugeordnet als 
der klassischen LN. Bei allen Formen von Vorläuferläsio-
nen ist der klinisch-pathologischen Korrelation große 
Aufmerksamkeit für das klinische Management zu wid-
men. Eine offene Biopsie ist bei Diagnose einer ADH in 
der Regel erforderlich, seltener auch bei LN oder FEA, 
insbesondere aber bei radiologisch-pathologischen 
Abweichungen.
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Summary
Atypical ductal hyperplasia (ADH), flat epithelial atypia 
(FEA), and lobular neoplasia (LN) form a group of early 
precursor lesions that are part of the low-grade pathway 
in breast cancer development. This concept implies that 
the neoplastic disease process begins at a stage much 
earlier than in situ carcinoma. We have performed a 
 review of the published literature for the upgrade risk to 
ductal carcinoma in situ or invasive carcinoma in open 
biopsy after a diagnosis of ADH, FEA, or LN in core 
 needle biopsy. This has revealed the highest upgrade 
risk for ADH (28.2% after open biopsy), followed by LN 
(14.9%), and FEA (10.2%). With LN, the pleomorphic sub-
type is believed to confer a higher risk than classical LN. 
With all types of precursor lesions, careful attention 
must be paid to the clinicopathological correlation for 
the guidance of the clinical management. Follow-up 
 biopsies are generally indicated in ADH, and if there is 
any radiological-pathological discrepancy, also in LN or 
FEA.
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 association with the spectrum of proliferative breast disease 
[16], and also with specific benign lesions such as radial scar 
[17] or intraductal papilloma [18]. Although proliferative 
breast disease carries a slightly elevated epidemiological risk 
on its own [19], these hyperplastic changes clearly are non-
neoplastic and therefore are not considered precursor lesions. 
For all these reasons, low-grade precursor lesions (FEA, 
ADH, LN) are currently considered to be the earliest identifi-
able lesions of the low-grade pathway of breast cancer devel-
opment. This, and the similarity of molecular findings in 
 different histological types of breast cancer, has lead to a 
 dualistic concept of breast cancer development, and has es-
sentially replaced the historic concept of a ductal and lobular 
pathway in breast cancer development. 

Atypical Ductal Hyperplasia

Terminology
The term ADH has been defined to describe small atypical 
ductal lesions with insufficient criteria for a definite diagnosis 
of DCIS. There is no general agreement on diagnostic criteria 
to distinguish ADH from low-grade DCIS, and different defi-
nitions have been applied [20]. Commonly, ADH is either de-
fined as partial involvement of the terminal ductal-lobular 
unit by monomorphic, low-grade atypical ductal epithelia with 

analysis of specific precursor lesions. The pathological assess-
ment of precursor lesions relies on the use of a consistent 
 nomenclature and reliable diagnostic criteria to allow for 
 interinstitutional comparison. Unfortunately, the rate of inter-
observer reproducibility of precursor lesions is relatively high 
[3], and this is related to controversial views about criteria  
and the biological behaviour and the lack of a unifying 
 morphologic and molecular taxonomy of breast cancer in 
 general [4]. With these caveats, we will try to summarise our 
current knowledge and understanding of low-grade  precursor 
lesions and discuss the implications on their management. 

Molecular Precursor Pathways

The currently favoured model of human breast cancer evolu-
tion includes a stepwise progression of very early, morpho-
logically definable precursor lesions with cellular atypia to 
carcinoma in situ and invasive breast cancer [5]. The earliest 
lesions that are considered to carry a substantial risk for pro-
gression into carcinoma are classified into ADH, LN, and flat 
epithelial atypia (FEA) for columnar cell lesions with atypia. 
These early precursor lesions of the breast are characterised 
by relatively few somatic chromosomal alterations, with loss 
of 16q and gain of 1q being the most frequent findings [6]. 
 Interestingly, these genetic changes are the same alterations 
that are also characteristic for low-grade ductal carcinoma in 
situ (DCIS) and for low-grade invasive carcinoma, such as 
 tubular carcinoma [7–9]. Therefore, it is believed that a linear 
progression pathway exists from low-grade precursor lesions 
to low-grade invasive breast cancer [10]. 

The high expression of oestrogen receptors (ER) and pro-
gesterone receptors (PR) indicates a loss of regulative mecha-
nisms in early precursor lesions and is a common denominator 
of these lesions. In contrast to this, much lower levels of ER 
and PR are seen in normal breast epithelia and typically vary 
from one cell to another [11]. This change in steroid receptor 
expression levels in the earliest precursor lesions points to-
wards an important role of hormonal influences on the devel-
opment of low-grade breast cancer. In addition to changes in 
steroid hormone receptor action, epigenetic changes have 
been implicated as an early carcinogenic event [12]. These 
features of early precursor lesions fit in the concept of a 
 low-grade pathway in breast cancer development that was 
 derived from genomic studies [6, 7]. In contrast to findings in 
the low-grade pathway, high-grade lesions such as high-grade 
DCIS show quite different molecular characteristics such as 
amplification of the HER2 gene [13] or (less frequently) p53 
mutations [14].

Morphologically, this concept of a low-grade pathway is 
supported by the fact that ADH, FEA, and LN share certain 
histological features (fig. 1), such as low-grade nuclear atypia, 
and often occur simultaneously in one biopsy specimen [15]. 
Also, lesions of the low-grade pathway can be observed in 

Fig. 1. Examples of early precursor lesions. A typical ductal hyperplasia, 
B flat epithelial hyperplasia, C lobular neoplasia, classic type, D lobular 
neoplasia, pleomorphic-apocrina type.
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an ADH lesion found in needle biopsy has been addressed in 
several studies (table 1) and has been reported to range be-
tween 22 and 56%. The high variability of these upgrade rates 
has been attributed to different biopsy techniques (i.e. core 
biopsy vs. vacuum-assisted biopsy) and to pathologic criteria 
used in these studies. Clearly, the diameter of the needle bi-
opsy is one of the most important determinants of the proba-
bility of finding a higher-grade lesion but also the number of 
ADH foci in the needle biopsies. However, it has been con-
cluded that neither by using 11- or 9-gauge needles nor by 
counting the ADH foci a group of patients that does not re-
quire excisional biopsy can be delineated with sufficient accu-
racy [31].

Flat Epithelial Atypia

Relationship to Other Columnar Cell Lesions
Although FEA has long been known to pathologists under 
varying names, we are currently just beginning to understand 
the role of these alterations in the development of breast car-
cinomas and their relationship with other hormone-depend-
ent precursor lesions. Together with columnar cell metaplasia 
(CCM) and columnar cell hyperplasia (CCH), FEA are part 
of the spectrum of columnar cell changes (CCC) that at the 
benign end include alterations that have been called blunt 
duct adenosis. CCC without atypia are observed very fre-
quently. Already in 1979, Azzopardi et al. [32] stressed the 
im portance of distinguishing columnar cell lesions with 
 nuclear atypia from benign changes and coined the term 
‘clinging  carcinoma, monomorphic type’ to describe a lesion 
known today as FEA.

Morphologic Criteria for the Diagnosis of FEA
Detailed morphologic criteria of CCM/CCH and FEA have 
been published by Schnitt et al. [33] and O’Malley et al. [34]. 
Briefly, CCC are comprised of columnar cells lining the ec-
tatic acini of terminal ductal-lobular units. In CCM, only one 
or two layers of columnar cells are present while CCH shows 
several layers of stratified cells. Occasionally, small tufts but 
no well-formed micropapillae or rigid bridges may be formed. 
The nuclei typically are uniform, ovoid, or elongated and 
 oriented along the basement membrane in a perpendicular 
fashion, but not atypical. FEA is defined as a lesion with ar-
chitectural features of CCM/CCH showing low-grade nuclear 
atypia. In contrast to lesions without atypia, nuclei here typi-
cally are round, contain small nucleoli and display a loss of 
polarity. In a few cases, elongated, hyperchromatic nuclei with 
prominent stratification (similar to the pattern seen in colonic 
adenomas) may also be observed. Apical snouts and luminal 
secretions as well as microcalcifications are further character-
istic features of both CCM/CCH and FEA. In fact, the vast 
majority of CCC is encountered in biopsy samples taken for 
microcalcifications [35, 36].

architectural disturbances such as rigid bridges or micropapil-
lae but not completely filling the duct [21], or as an uni- or 
multifocal lesion that fulfils all criteria of low-grade DCIS 
 except for a maximum size of 2–3 mm [16, 22]. Uncommon 
variants of ADH include atypical apocrine hyperplasia and 
atypical ductal proliferations developing within a pre-existing 
benign proliferative lesion such as sclerosing adenosis, usual-
type ductal hyperplasia, or papilloma [20]. ADH may be 
distinguished pathologically from usual ductal hyperplasia by 
the use of basal cytokeratins, especially cytokeratin 5/6 [23]. 
There are two terminological problems with ADH: Firstly, 
ADH clearly is not a hyperplastic lesion but has all features of 
an early neoplastic process, and for this reason, ADH is also 
considered part of the classification system of ductal intraepi-
thelial neoplasia [24]. Secondly, the term ‘atypical epithelial 
proliferation of ductal type’ is preferred over ADH in the Eu-
ropean Screening Mammography guidelines [25], because it 
has been argued that a lesion with criteria of ADH on core 
biopsy may prove to be part of a larger low-grade DCIS on 
excision specimen, and a definitive diagnosis of ADH on core 
needle biopsies may not be possible. On the other hand the 
risk of DCIS after a diagnosis of ADH is well documented in 
the literature and the use of the term ‘atypical epithelial pro-
liferation of ductal type’ may create the false impression of 
the presence of a lesion with lower risk. Therefore, we prefer 
to continue using the term ADH also in core biopsies, know-
ing that at the time of biopsy a substantial proportion will turn 
out to be low-grade DCIS.

Molecular Similarity of ADH and DCIS
The current concept of ADH being the immediate precursor 
of low-grade DCIS is based not only on clinical studies and 
morphologic similarities between both lesions, but in addi-
tion, on a high degree of genomic similarity with almost iden-
tical kinds of chromosomal imbalances [26–28]. A loss at 
chromosome 16q and 17p was concurrently observed when 
comparing ADH and DCIS lesions [26, 27]. Also in a study of 
9 ADHs, a total of 18 copy number changes were identified 
with recurrent losses of 16q and 17p and frequent gains on 
chromosome 1q [26], similar to observations in low-grade 
DCIS. In view of the genomic similarity of low-grade DCIS 
and ADH one may question the validity of differentiating 
 between both lesions. However, because of the prognostic 
 differences of ADH and low-grade DCIS, it is fair to interpret 
the molecular data as supportive of the assumption that ADH 
is not just a small low-grade DCIS but a closely related pre-
cursor lesion [29]. 

Significance of ADH in Core Biopsy
Clinically, an excisional biopsy is recommended when ADH is 
identified in core needle biopsy or in a vacuum-assisted bi-
opsy specimen [16, 25, 30]. This is because of the relatively 
high probability of underestimating a DCIS or invasive cancer 
on needle biopsy. The question about the risk of upgrade of 
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no well-formed micropapillae or rigid bridges may be formed. 
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fashion, but not atypical. FEA is defined as a lesion with ar-
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atypia. In contrast to lesions without atypia, nuclei here typi-
cally are round, contain small nucleoli and display a loss of 
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adenomas) may also be observed. Apical snouts and luminal 
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microcalcifications [35, 36].

Significance of FEA in Core Biopsy
Although there is good evidence pointing towards a precursor 
role of FEA in the development of tubular (or other low-
grade) carcinomas, management recommendations also have 
to consider the actual risk of progression. Looking at the fol-
low-up data on patients with FEA, this risk appears to be 
rather low with only 4.7% of upgrade to DCIS in all published 
series of locally excised lesions (table 2). Following core 
 needle biopsy alone, Martel et al. [41] observed 7 invasive re-
currences in a series of 55 patients (12.7%) after an average 
follow-up time of 6.2 years. In 2 of these cases, additional 
 biopsies were taken in the interval between FEA and invasive 
cancer, and both in retrospect contained foci of ADH. These 
findings would support a recommendation to perform a local 
excision when FEA is diagnosed on core needle  biopsy. How-
ever, several authors have analysed concomitant alterations in 
excision biopsies performed in the setting of FEA on core 
needle biopsy (table 2) and reported frequencies of between  
0 and 14% of in situ or invasive carcinomas. Taken together, 
there are data on excision biopsies for 337 systematically 
 analysed patients with FEA (out of a total of 18,525 core nee-
dle biopsies, overall frequency 2.6%). The risk of concomitant 
DCIS in these studies was 4.7%, invasive carcinomas were ob-
served in 5.5%. Considering the low risk and the long latency 

Relationship to the Low-Grade Pathway
Although the occasional coexistence of FEA with tubular car-
cinoma and foci of LN was already mentioned by Azzopardi 
et al. [32], the frequent association of these three alterations 
was reported in detail by Rosen [37] and has hence been 
 entitled the ‘Rosen triad’ by some authors [38]. The neo plastic 
nature of FEA was first shown by Moinfar et al. [39]. Interest-
ingly, the cytologic features of FEA with cuboid to columnar 
cells, low-grade nuclear atypia, and often prominent apical 
snouts closely resembles the cells of tubular carcinoma, and 
both alterations show a similar immunophenotype, leading 
pathologists to speculate on a possible precursor role [10, 40]. 
Using mitochondrial DNA sequencing and comparative as-
sessment of allelic imbalances, we recently could confirm a 
direct clonal relationship between tubular carcinomas and 
topographically associated FEA in a high percentage of cases, 
indicating a precursor role for FEA in the development of this 
particular type of breast cancer [9]. Furthermore, in cases in 
which (low-grade) DCIS was present, FEA frequently was 
also clonally related to this while coexisting LN was clonally 
unrelated [9]. This observation is supported by the finding 
that LN (and invasive lobular carcinomas) frequently show 
genetic or epigenetic inactivation of the CDH1 gene, which is 
not observed in FEA, DCIS, or tubular carcinomas.

Table 1. Upgrade rates after atypical ductal hyperplasia (ADH) diagnosis on vacuum-assisted or core needle biopsy and excision

Author, year [ref.] Cases, n ADH lesions,  
n (%)

Excisional biopsy, 
n (%)

DCIS on excision, 
n (%)

Invasive carcinoma 
on excision, n (%)

Total upgrade rate, 
n (%)

Jackman et al. 1994 [57] 450    19  (4.2)    16  (84.2)   6 (37.5)  3 (18.8)   9 (56.3)
Liberman et al. 1995 [58] 264    25  (9.5)    21  (84)   8 (38.1)  3 (14.3)  11 (52.4)
Tocino et al. 1994 [59] 358    18  (5)    18 (100)   5 (27.8)  4 (22.2)   9 (50)
Nguyen et al. 1996 [60] 431    13  (3)    13 (100) ND ND   4 (30.8)
Burbank 1997 [61] 868    26  (3)    18  (69.2) ND ND   8 (44.4)
Lee et al. 1997 [62] 405    17  (4.2)    15  (88.2)   2 (13.3)  3 (20)   5 (33.3)
Liberman et al. 1997 [63] 442    41  (9.3)    37  (90.2)  16 (43.2)  4 (10.8)  20 (54.1)
Moore et al. 1997 [64] 510    23  (4.5)    21  (91.3)   7 (33.3) ND   7 (33.3)
Gadzala et al. 1997 [65] 900    39  (4.3)    36  (92.3)  13 (36.1)  4 (11.1)  17 (47.2)
Meyer et al. 1998 [66]   1,032    18  (1.7)    18 (100)   7 (38.9)  3 (16.7)  10 (55.6)
Lin et al. 1998 [67] 539    21  (3.9)    18  (85.7)   2 (11.1) ND   2 (11.1)
Fuhrman et al. 1998 [68]   1,440    67  (4.7)    63  (94)  24 (38.1) 10 (15.9)  34 (54)
Brem et al. 1999 [69] 422    20  (4.7)    16  (80)   2 (12.5)  2 (12.5)   4 (25)
Burak et al. 2000 [70] 851    43  (5.1)    40  (93)   1 (2.5)  4 (10)   5 (12.5)
Philpotts et al. 2000 [71] 753    26  (3.5)    26 (100)   5 (19.2)  1  (3.8)   6 (23.1)
O’Hea and Tornos 2000 [72] 590    27  (4.6)    19  (70.4)   4 (21.1)  2 (10.5)   6 (31.6)
Adrales et al. 2000 [73]   1,081    90  (8.3)    62  (68.9)   7 (11.3)  2  (3.2)   9 (14.5)
Darling et al. 2000 [74]   3,873   148  (3.8)   139  (93.9)  27 (19.4) 11  (7.9)  38 (27.3)
Cangierella et al. 2001 [75] 160    10  (6.3)     8  (80)   2 (25) ND   2 (25)
Lai et al. 2001 [76] 673    19  (2.8)    12  (63.2) ND ND   2 (16.7)
Jackman et al. 2002 [77]   1,964   131  (6.7)   104  (79.4)  19 (18.3)  3  (2.9)  22 (21.2)
Liberman et al. 2002 [78] 322    18  (5.6)    16  (88.9)   5 (31.3) ND   5 (31.3)
Zhao et al. 2003 [79]   1,036    53  (5.1)    39  (73.6)  10 (25.6)  1  (2.6)  11 (28.2)
Lourenco et al. [80]   1,223    95  (7.8)    73  (76.8)  18 (24.7)  3  (4.1)  21 (28.8)
Doren et al. 2008 [81] ND    51    51 (100)   9 (17.6)  8 (15.7)  17 (33.3)
Wagoner et al. 2009 [82] ND   201   123  (61.2)  22 (17.9) ND  22 (17.9)
Arora 2009 [83]   1,072    35  (3.3)    30  (85.7)   3 (10)  1  (3.3)   4 (13.3)
Chae et al. 2009 [84]   3,476    69  (2)    45  (65.2)   8 (17.8)  2  (4.4)  10 (22.2)
Eby et al. [85] 991   141 (14.2)   123  (87.2)  21 (17.1)  5  (4.1)  26 (21.1)
Youk et al. [86]   7,050    25  (0.4)    21  (84)   9 (42.9)  4 (19)  13 (61.9)
Kohr et al. [31] 991   112 (11.3)   101  (90.2)  17 (16.8)  3  (3)  20 (19.8)
Total  34,167 1,641  (4.8) 1,342  (81.8) 279 (20.8) 86  (6.4) 379 (28.2)

ADH = Atypical ductal hyperplasia; DCIS = ductal carcinoma in situ; ND = not determined.
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period between FEA and invasive or intraductal recurrences 
or secondary malignancies, experts consider FEA as a risk le-
sion in the great majority of cases [42]. Biopsy is always indi-
cated, however, when suspicious microcalcifications or a mass 
lesion  remain radiologically.

Lobular Neoplasia

Risk Factor or Precursor Lesion?
LN or lobular intraepithelial neoplasia (LIN) nowadays are 
the preferred terms for early neoplasia with lobular pheno-
type and include atypical lobular hyperplasia (ALH) and lob-
ular carcinoma in situ (LCIS) [43]. For a long time, LN was 
considered to be just a risk indicator and not a precursor 
 lesion for the subsequent development of carcinoma. This 
concept was derived from several observations. These are the 
relatively low frequency of subsequent invasive carcinoma to-
gether with a long interval to the manifest disease and the ob-
servation that carcinoma may develop ipsi- or contralaterally 
with relatively equal frequency and be of either tumour type, 
ductal, or lobular. If it was an immediate precursor, it would 
be expected that it leads to invasive lobular carcinoma devel-
oping in the same quadrant. More recently, these arguments 
have been put into question, and in view of recent molecular 
studies it is now believed that LN indeed is a non-obligatory 
precursor of invasive carcinoma, and at the same time a risk 
lesion for ipsi- and contralateral disease. 

In a review of follow-up data from 252 women that had 
breast biopsies with LN between 1950 and 1985, Page et al. 
[44] showed that invasive carcinoma was three times more 
likely in the same breast that had been diagnosed with LN, 
than in the contralateral breast, and that the tumour type was 
much more likely to be lobular than ductal. Additionally, 
 molecular studies have revealed a similar molecular profile of 
LN and synchronous invasive lobular carcinoma [45, 46], sug-
gesting that in these cases LN indeed is the precursor lesion. 
Even more convincing is the fact that invasive lobular carci-
noma indeed is clonally related to LN occurring years earlier 

[47]. Therefore, we now consider LN to be both a low-grade 
precursor lesion for carcinoma and an indicator lesion for ipsi- 
and contralateral disease. With extensive follow-up, an inva-
sive carcinoma occurs in 35% of the patients 35 years after 
initial biopsy of the lesion [48].

Grading of Risk
Several different morphologic variants of LN have been de-
scribed to more precisely evaluate the individual risk. Specifi-
cally, pleomorphic lobular carcinoma in situ (pLCIS) was 
shown to behave more aggressively compared to classical LN 
[49]. The distinction of pLCIS from classical LN relies on 
 nuclear characteristics with pLCIS having larger, more pleo-
morphic nuclei with obvious nucleoli, and may show apocrine 
differentiation, necrosis, and microcalcifications. In this re-
spect, pLCIS mimics DCIS, but characteristically it is associ-
ated with classical LN and not with DCIS. Also, molecular 
profiling studies have shown that pLCIS is similar to classical 
LN, supporting its role as a special form of LN. In another ap-
proach for risk assessment, a classification of LN into 3 differ-
ent grades of severity (LIN 1–3) has been proposed, based on 
the  extent of lobular cancerisation and cytologic features [50]; 
however, this has not been validated yet and therefore is not 
endorsed by the World Health Organisation (WHO) [22].

Significance of LN in Core Biopsy
The need for a follow-up surgical excision when LN is the 
most significant finding on core needle biopsy is a matter of 
debate, because LN has been regarded both a risk factor and 
a non-obligatory precursor for invasive carcinoma. Detection 
rates of more significant lesions in excision specimens vary 
greatly between 4 and 43% (table 3), and this is due to the 
fact that many of these studies are limited by size and may 
have a selection bias. On average, the upgrade rate is 14.9% 
for all studies listed in table 3. Interestingly, the average up-
grade rate to invasive carcinoma is 7.1% and therefore similar 
to the rate of 6.4% for ADH (table 1). However, there is an 
obvious selection bias in the calculation of the upgrade rates 
for LN, because on average only 56% of all patients under-

Table 2. Upgrade rates after flat epithelial atypia (FEA) diagnosis on vacuum-assisted or core needle biopsy and excision

Author, year [ref.] Needle biopsies,  
n

FEA lesions,  
n (%)

Excisional biopsy, 
n (%)

DCIS on excision, 
n (%)a

Invasive 
 carcinoma on 
 excision, n (%)

Total upgrade 
rate, n (%)

Guerra-Wallace et al. 2004 [87]   7,820  60 (0.8)  60 (100)  4  (6.7)  3  (5)  7 (11.7)
Kanji et al. 2007 [40] 900  14 (1.6)  12  (85.7)  1  (8.3)  2 (16.7)  3 (25)
Martel et al. 2007 [41]   1,751  63 (3.6)  55  (87.3)  0  (0)  7 (12.7)  7 (12.7)
Chivukula et al. 2009 [36]   8,054  39 (0.5)  35  (89.7)  3  (8.6)  2  (5.7)  5 (14.3)
Piubello et al. 2009 [88] 875  33 (3.8)  20  (60.6)  0  (0)  0  (0)  0  (0)
Hayes et al. 2009 [89]   1,829   8 (0.4)   8 (100)  1 (12.5)  0  (0)  1 (12.5)
Noel et al. 2006 [90] ND  62  20  (32.3)  0  (0)  0  (0)  0  (0)
Noske et al. 2010 [91]   1,845  43 (2.3)  30  (69.8)  2  (6.7)  0  (0)  2  (6.7)
Ingegnoli et al. 2010 [92] 476  15 (3.2)  15  (100)  1  (6.7)  0  (0)  1  (6.7)
Total 18,525 337 (2.6) 255  (75.7) 12  (4.7) 14  (5.5) 26 (10.2)
aLobular neoplasia and DCIS are not distinguished.
FEA = Flat epithelial atypia; DCIS = ductal carcinoma in situ; ND = not determined.
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 because of an upgrade rate of greater than of 25% [54] or 
16% [55], but results were inconclusive with lesions of lesser 
extent, namely ALH. The argument against a routine follow-
up biopsy is that LN as the most significant pathology usually 
is an incidental finding in an otherwise benign core biopsy and 
if there is no other clinical or radiological detectable lesion, it 
is unlikely that an excisional biopsy could yield anything more 
significant [56]. This argument has to be taken seriously,  
but at least all cases with LCIS and a mass lesion should be 
followed up by a surgical biopsy. However, because of the re-
ported upgrade rates in fully developed LCIS, the nature of 
these lesions as non-obligate precursors, and the risk of miss-
ing a radiologically occult invasive cancer, an open biopsy in 
classical LCIS should be considered as an option [55], espe-
cially if multiple lobules are involved. The management of LN 
in excisional biopsies by the pathologist requires attention to 
the following points: i) He should be aware of the risk of oc-
cult microinvasion and pay attention to the careful workup of 
the specimen; ii) In cases of pleomorphic LCIS, attention 
must be paid to the margin status like in low-grade DCIS to 
make sure that pleomorphic LN has been completely excised; 
iii) The metric extent of LN should be approximately deter-
mined by the pathologist since extensive LN may be associ-
ated with a higher risk and to help correlate the findings with 
the radiologic findings.
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went open biopsy, and it must be assumed that these patients 
had additional risk factors clinically or mammographically 
such as a mass lesion or microcalcifications. Therefore, the av-
erage upgrade rate of 14.6% as calculated in table 3 most 
likely is an overestimation with the true risk of a higher-grade 
lesion probably being less than 10%.

Extensive Lobular Neoplasia
LN can be quite extensive filling almost all lobular units and 
extending into the ducts in vacuum biopsies or in an excisional 
specimen. The question how to handle this situation has not 
been addressed in clinical studies yet. In a retrospective study 
an increased risk for invasive carcinoma from 8 to 24% was 
reported when more than 10 lobular units are affected by LN 
[51]. Extensive LN has also been included in the definition of 
LIN 3 by Tavassoli [50], and there is a higher risk of micro-
invasion in these patients [52]. Clinically, extensive LN also 
may be associated with extensive microcalcifications or form-
ing a tumour mass (tumour-like LN) [53].

Clinical Management of Lobular Neoplasia
In contrast to ADH, it is less clear if a follow-up excisional 
biopsy is beneficial to the outcome of a patient with the 
 finding of LN in core biopsy, and therefore there is some 
 disagreement if excision should be recommended as a rule or 
not. This is mainly due to the relative infrequency of LN as 
the most severe finding in core biopsies and the even lower 
number of excisional biopsies in this situation. Not surpris-
ingly, these small studies have led to widely discrepant results 
and conflicting interpretations of published data. An exci-
sional biopsy was recommended in fully developed LCIS 

Table 3. Upgrade rates after lobular neoplasia (LN) diagnosis on vacuum-assisted or core needle biopsy and excision

Author, year [ref.] Needle biopsies,  
n

LN lesions,  
n (%)

Excisional  
biopsy, n (%)

DCIS on  
excision, n (%)

Invasive  
carcinoma on 
 excision, n (%)

Total upgrade 
rate, n (%)

Libermann et al. 1999 [93]   1,315  16 (1.2)  13  (81.3)  2 (15.4)  1  (7.7)  3 (23.1)
Burak 2000 [70] 851   6 (0.7)   6 (100)  1 (16.7)  0  (0)  1 (16.7)
Philpotts et al. 2000 [71] 158   6 (3.8)  15 (250)  5 (33.3)  1  (6.7)  6 (40)
Berg 2001 [94]   1,400  25 (1.8)  15  (60)  1  (6.7)  0  (0)  1  (6.7)
O’Driscoll et al. 2001 [95] 749  13 (1.7)   7  (53.8)  2 (28.6)  1 (14.3)  3 (42.9)
Renshaw 2002 [96]   4,297  71 (1.7)  15  (21.1)  1  (6.7)  0  (0)  1  (6.7)
Irfan et al. 2002 [97] 212   7 (3.3)   7 (100)  1 (14.3)  0  (0)  1 (14.3)
Shin and Rosen 2002 [54] ND  20  20 (100)  1  (5)  3 (15)  0  (0)
Bauer et al. 2003 [98]   1,460  13 (0.9)   7  (53.8)  0 (0)  1 (14.3)  1 (14.3)
Bonnett et al. 2003 [99] ND  24  24 (100)  0  0  2  (8.3)
Crisi et al. 2003 [100] ND  31  20  (64.5)  0  (0)  2 (10)  2 (10)
Dmyratz et al. 2003 [101] 766  13 (1.7)   7  (53.8)  3 (42.9)  0  (0)  3 (42.9)
Middleton et al. 2003 [102]   2,347  35 (1.5)  17  (48.6)  0  (0)  6 (35.3)  6 (35.3)
Yeh et al. 2003 [30]   1,836  19 (1)  12  (63.2)  1  (8.3)  0  (0)  1  (8.3)
Arpino et al. 2004 [103]   2,053  45 (2.2)  21  (46.7)  2  (9.5)  1  (4.8)  3 (14.3)
Elsheikh et al. 2005 [55] ND  39  33  (84.6)  8 (24.2)  1  (3)  9 (27.3)
Karabakhtsian et al. 2007 [104] ND  92  92 (100)  5  (5.4)  5  (5.4) 10 (10.9)
Hwang et al. 2008 [105] ND 277  87  (31.4)  5  (5.7)  4  (4.6)  9 (10.3)
Menon et al. 2008 [106]  14,597  49 (0.3)  25  (51)  1  (4)  7  (28)  8 (32)
Nagi et al. 2008 [56] ND  99  45  (45.5)  1  (2.2)  1  (2.2)  2  (4.4)
Gao et al. 2010 [107]  20,000  49 (0.2)  49 (100)  4  (8.2)  4  (8.2)  8 (16.3)
Total  52,041 949 (0.7) 537  (56.6) 44  (8.2) 38  (7.1) 80 (14.9)

LN = Lobular neoplasia; DCIS = ductal carcinoma in situ; ND = not determined.
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