Modern Pathology (2021) 34:8-14

https://doi.org/10.1038/541379-020-00689-3 o~ “eo

LONG COURSE ARTICLE

Check for
updates

Lobular carcinoma in situ: diagnostic criteria and molecular
correlates

Anna Sokolova’ - Sunil R. Lakhani®'?

Received: 25 June 2020 / Revised: 22 September 2020 / Accepted: 23 September 2020 / Published online: 6 October 2020
© The Author(s), under exclusive licence to United States & Canadian Academy of Pathology 2020

Abstract

Lobular neoplasia (LN) is an atypical proliferation of small, dyscohesive epithelial cells within the terminal duct lobular unit
(TDLU), with or without pagetoid extension and encompasses both lobular carcinoma in situ (LCIS) and atypical lobular
hyperplasia (ALH). LN is a non-obligate precursor of invasive breast carcinoma and the diagnosis of LN confers an increased
risk of invasive carcinoma development, compared to the general population. Diagnostic challenges arise in the accurate
classification of LCIS into classic, pleomorphic and florid subtypes, in distinguishing between LCIS and ductal carcinoma in situ
(DCIS) and in the appropriate use and interpretation of E-cadherin immunohistochemistry. Due to the paucity of robust data on
the natural history of LCIS, and hence its clinical significance, the management is often pragmatic rather than entirely evidence-
based and requires a multidisciplinary approach. In this review, we discuss the clinicopathologic and molecular features of LCIS

and address the key challenges that arise in the diagnosis and management of LCIS.

Background
Definition

In the current 5th edition of the WHO Breast Tumour Clas-
sification (2019), the term lobular neoplasia includes the entire
spectrum of atypical epithelial lesions originating in the
terminal duct lobular unit and is characterized by a prolifera-
tion of generally small, non-cohesive monomorphic cells, with
or without pagetoid involvement of terminal ducts [1]. The
designations ALH and LCIS are used to describe the variable
extent of acinar involvement, however, the distinction is
quantitative and arbitrary. In both lesions there is a prolifera-
tion of cytologically identical cells, but in LCIS more than
half of the acini in a TDLU are filled and expanded by neo-
plastic cells, whereas in ALH less than fifty percent of the
acini are involved (Fig. 1). Given the arbitrary nature of this

>< Sunil R. Lakhani
s.lakhani@ugq.edu.au

Department of Anatomical Pathology, Pathology Queensland, The
Royal Brisbane and Women’s Hospital, Herston, Brisbane, QLD
4029, Australia

The University of Queensland Centre for Clinical Research, The
Royal Brisbane and Women’s Hospital, Herston, Brisbane, QLD
4029, Australia

SPRINGER NATURE

cut off, the diagnosis of ALH and LCIS is subject to intra- and
inter-observer variability. In practice, the term LN can be
utilized to encompass both lesions. However, given that LCIS
confers a higher risk of subsequent breast cancer development
compared to ALH [2], together with the recognition of pleo-
morphic and florid variants, the distinction is still clinically
relevant.

Historical perspective

The first detailed description of LCIS was published in 1941 by
Foote and Stewart [3]. The authors reported a rare form of non-
infiltrative mammary cancer, termed LCIS that was incidental,
multicentric and associated with invasive ductal (IDC) and
lobular carcinoma (ILC). They hypothesized that LCIS was a
precursor to invasive breast carcinoma — analogous to DCIS,
and mastectomy became the recommended treatment for LCIS
for several decades. The term ALH was introduced in 1978 as
a descriptor for less extensive LCIS which was also associated
with an increased risk of breast carcinoma development [4].
However, subsequent long-term outcome data showed that the
rate of progression to invasive carcinoma after a diagnosis of
LCIS was lower than expected [5, 6]. Indeed, the term LN was
introduced to convey the more indolent nature of this pro-
liferative process, necessitating less radical treatment [S]. Cur-
rently, LCIS is considered to be both a risk factor for and a
non-obligate precursor of invasive breast carcinoma.
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Fig. 1 Spectrum of Lobular
Neoplasia. a ALH with minimal
distention of lobular unit,

b CLCIS with predominant B-
type nuclei, ¢ CLCIS with
pagetoid extension into duct, d
rare case of ALH with
calcification, implication of
apocrine change is unclear.

Fig. 2 Lobular Carcinoma in
situ variants. a PLCIS,

b PLCIS with apocrine
differentiation, ¢ FLCIS, mass
forming, confluent with little
intervening stroma, d Negative
E-Cadherin in PLCIS.

Epidemiology

Classic LCIS (CLCIS) is most commonly diagnosed in
premenopausal females (mean age range 45-50 years) [,
7], while pleomorphic (PLCIS) and florid LCIS (FLCIS) are
typically seen in postmenopausal women (mean age range
60-70 years) [8]. The true incidence of LN in the general
population is unknown, given that most women are
asymptomatic and there are no specific clinical or radi-
ological features in the majority of cases. The incidence of

LCIS in benign breast core biopsies is 0.5-3.6% and in
reduction mammoplasty specimens is 0.04—1.2% [1].

Clinical features

CLCIS is clinically silent and usually an incidental finding in
core biopsies performed for other indications [3, 5]. In less
than 2% of cases, CLCIS may be associated with imaging
abnormalities that result in a targeted biopsy [9, 10]. Con-
versely, PLCIS [11, 12] and FLCIS [8] are frequently
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identified on screening mammography, as they are typically
associated with microcalcifications. Rarely, FLCIS may pre-
sent as a mass lesion detected on imaging [8].

Pathology and natural history

There are three major morphologic subtypes of LCIS recog-
nized in the current WHO Classification: classic, pleomorphic
and florid [1]. CLCIS is characterized by a proliferation of
monomorphic, loosely cohesive type A and/or type B cells.
Type A cells are typically small and round, with hyperchro-
matic nuclei and minimal cytoplasm. Type B cells show more
variation in size and shape, have larger nuclei (up to double the
size of a lymphocyte) with vesicular chromatin and small
nucleoli. In many cases, cytoplasmic vacuoles can also be
identified, with occasional eosinophilic globules. Signet ring
morphology can be appreciated when cytoplasmic vacuolation
is pronounced. PLCIS (Fig. 2) is composed of atypical cells,
with variable sized nuclei, at least some of which are more than
four times the size of a lymphocyte or equivalent to nuclei in
high-grade DCIS [13, 14]. Apocrine differentiation may be
seen in a subset of cases [14]. FLCIS (Fig. 2) refers to con-
fluent mass-forming CLCIS with little intervening stroma [8,
15]. At a minimum, an expanded acinus or duct should fill at
least one high-power field. Both PLCIS and FLCIS are more
frequently associated with comedo-type necrosis and
microcalcifications.

CLCIS is typically multifocal, multicentric and bilateral
[16-18]. Compared to the general population, CLCIS
increases the risk of invasive carcinoma development 7-10
fold [2, 5, 6, 19-23], with a 1-2% absolute risk of invasive
carcinoma per year and 30-40% lifetime risk. Subsequent
invasive carcinoma can be ipsilateral or contralateral and
both ILC and IDC have been described [24, 25]. However,
consistent with the precursor nature of LCIS, there is a
much higher risk of developing ILC in the ipsilateral breast
[25-28]. Long-term outcome data on the natural history of
PLCIS and FLCIS is limited and the risk of local recurrence
following resection has not been well established [29].

Biomarker profile

CLCIS is typically estrogen receptor (ER) and progesterone
receptor (PR) positive, HER2 negative [30]. PLCIS may
occasionally show HER2 amplification, however it is most
commonly HER2 negative. The apocrine variant of PLCIS
can be ER/PR negative, HER2 positive [14].

Genomic correlates
The clonal nature of LCIS has been established through loss
of heterozygosity [31], comparative genomic hybridization

[32-34] and single nucleotide polymorphism array [35]
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analyses. ALH and CLCIS are genetically similar, demon-
strating recurrent deletions of 16q and gains of 1q with a
similar pattern of unbalanced chromosomal aberrations [32,
34]. Furthermore, LCIS subtypes carry the same genetic
signature of 16q loss and 1q gain, with additional molecular
changes, including amplification of 17q in FLCIS [8] and
deletions of 8p and 13q and gains of 8q in PLCIS [36-38],
as well as overall increased genetic complexity compared to
CLCIS. Indeed, FLCIS and PLCIS are thought to be
genetically more advanced lesions, originating along the
low-grade breast neoplasia pathway and de-differentiating
from CLCIS to develop a high-grade phenotype [8, 39].
The loss of heterozygosity at 16q with resultant bi-allelic
inactivation of CDHI and impaired E-cadherin protein
function is central to the pathogenesis of lobular neoplasms,
both in situ and invasive. Approximately 60-80% of ILC
show somatic mutations in CDHI and the initial identifi-
cation of the same CDHI mutations in synchronous LCIS
and ILC provided direct support for LCIS being a precursor
lesion to ILC [40]. The clonal origin for LCIS and syn-
chronous ER-positive ILC has since been demonstrated in a
number of other studies [33, 35, 41]. In addition, PLCIS and
pleomorphic ILC have also been shown to share the same
genetic aberrations [39]. Next generation sequencing tech-
niques have also highlighted the same combination of
somatic mutations in LCIS and ILC [42-44], including
mutations in CDHI, PIK3CA and CBFB. Although CDH1
mutations and E-cadherin dysfunction have a clear role in
the pathogenesis of lobular neoplasms, germline mutations
of CDHI are infrequent in familial lobular carcinoma [45].

Key diagnostic challenges
Classic LCIS versus pleomorphic LCIS

Type B cells of CLCIS can be distinguished from PLCIS
using nuclear size. Compared to a lymphocyte, the nuclei of
type B cells are up to two times larger, whereas in PLCIS, at
least some nuclei are more than four times the size [13]. In
borderline cases, or if in doubt, the diagnosis of CLCIS is
recommended [1]. Apocrine differentiation alone should not
be used as a defining feature of PLCIS.

Classic LCIS versus florid LCIS

Both FLCIS and CLCIS are characterized by a proliferation
of cytologically similar cells, however in FLCIS the pro-
liferation results in marked distension of acini and ducts
forming a bulky mass-like lesion. FLCIS may be associated
with comedo-type necrosis, which is not typically seen in
CLCIS. In borderline cases, the diagnosis of CLCIS is
recommended [1].
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Fig. 3 Mixed proliferations. a
Mixed DCIS-LCIS, b E-
Cadherin, same case as (3a) with
negative E-cadherin in LCIS and
positive membranous staining
in DCIS.

Florid versus extensive LCIS

It is important to note that the term ‘florid’ is not synon-
ymous with ‘extensive’ or ‘diffuse’. When LCIS is descri-
bed as ‘extensive’, the presumptive interpretation is that of
diffuse involvement of multiple TDLUs without marked
acinar expansion. FLCIS refers to a specific morphologic
subtype of LCIS, with distinct diagnostic criteria [1].

Classic LCIS versus low-grade DCIS

CLCIS and low-grade DCIS of solid type can appear
morphologically similar. The identification of cribriform
areas and cellular cohesion is more in keeping with a ductal
lesion. Immunohistochemistry can be helpful, by demon-
strating lost or aberrant membranous E-cadherin staining
in LCIS.

Pleomorphic LCIS versus high-grade DCIS

The distinction between PLCIS and high-grade DCIS may
be difficult, given that both lesions comprise large atypical
cells, with frequent comedo-type necrosis and calcifications.
Furthermore, both lesions can show aberrant E-cadherin
staining on immunohistochemistry [14, 46]. However,
PLCIS should be suspected when the proliferation com-
prises dyscohesive cells with intracytoplasmic vacuoles and
eosinophilic globules. Surrounding CLCIS may also be a
clue to the lobular nature of the lesion.

Mixed lesions

In some cases, both LCIS and DCIS can occur in the same
TDLU. Morphologic features such as loss of cellular
cohesion as well as absent/aberrant E-cadherin staining can
be used to identify the LCIS component (Fig. 3). Both
components should be reported. Similarly, multiple mor-
phologic subtypes of LCIS may be identified in the same
specimen and should be reported separately, with margin
status recorded for pleomorphic and florid subtypes.

E-cadherin application and interpretation

Immunohistochemistry for E-cadherin is frequently used to
differentiate between lobular and ductal neoplasia. The cells
of ductal proliferations typically show strong, circumfer-
ential membranous E-cadherin expression. In the majority
of lobular neoplasms, E-cadherin shows complete absence
of membranous staining (Fig. 2). However, up to 10% of
cases may demonstrate an aberrant pattern of expression of
E-cadherin, characterized by incomplete, fragmented or
beaded membranous staining, diffuse cytoplasmic staining
or perinuclear dot-like pattern of staining [29, 47]. When
the lobular proliferation only partially replaces a TDLU,
admixed ductal epithelial and myoepithelial cells may show
intact membranous expression of E-cadherin, which may be
a pitfall in E-cadherin interpretation. Since the accurate
distinction between LN and DCIS has important clinical
implications, E-cadherin staining is recommended in pro-
blematic cases. When the E-cadherin stain is difficult to
interpret, additional immunohistochemical stains can be
utilized, including other members of the cadherin-catenin
complex such as beta-catenin and p120. Demonstrating loss
of membranous staining for beta-catenin and cytoplasmic
accumulation of p120 will lend support to a lobular phe-
notype [48].

Management implications
Significance of LCIS in core needle biopsies

Identification of CLCIS in core needle biopsies requires
careful clinical, radiologic and pathologic correlation.
Recent evidence shows that CLCIS has a low upgrade rate
(1-4%) to DCIS and invasive carcinoma when there are
concordant imaging findings [49-53]. Therefore, excision is
not required in incidental cases of CLCIS on core needle
biopsy following multidisciplinary review. Excision is
recommended when there are discordant radiological find-
ings [50, 54], in cases with a mixed ductal/lobular
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phenotype, when there is an indeterminate focus of in situ
carcinoma and when PLCIS and FLCIS [55] are identified,
as both lesions are associated with significantly higher
upgrade rates (averaging 40%) [15, 29].

LCIS in excision specimens

Positive margins in CLCIS are not clinically relevant and
are not recorded, given the multifocal and bilateral nature of
the disease process and the relatively low progression rate to
invasive carcinoma. The relevance of margin status in
PLCIS and FLCIS is not well established. The significance
of positive margins in PLCIS is controversial with very few
studies addressing the risk of local recurrence in this context
[12, 56]. The local recurrence rate of FLCIS has not been
determined. However, the current recommendation is to
record margin status for both PLCIS and FLCIS, given the
high-grade morphology and large volume disease. This
ensures that appropriate management decisions are made in
a multidisciplinary setting, with thorough clinical, radi-
ologic and pathologic correlation.

Staging

The current 8th edition of the American Joint Committee on
Cancer (AJCC) staging manual no longer assigns a T stage
to LCIS, which was previously staged as Tis. This decision
is controversial as it separates the staging of LCIS from that
of DCIS. While CLCIS, and increasingly, low-grade DCIS
are managed conservatively, the molecular nature of both
the proliferations is clonal/neoplastic. Therefore, it seems
paradoxical that CLCIS and low-grade DCIS are staged
differently. Furthermore, the pleomorphic and florid sub-
types of LCIS are characterized by more complex genomic
abnormalities, and within the limits of the current data,
appear to be more aggressive than CLCIS. Consequently,
the current management of PLCIS and FLCIS more closely
resembles that of high-grade DCIS, yet this is not reflected
in the current staging system. The question of whether there
should be a category of Stage 0 for any in situ disease is a
separate issue for the academic community to discuss.

Conclusions

LCIS is a clonal, neoplastic proliferation that creates chal-
lenges in clinical practice with regards to accurate diagnosis,
classification and management. Key challenges include
distinguishing classic from pleomorphic and florid variants,
LCIS from DCIS and appropriate use and interpretation of
E-Cadherin immunohistochemistry. Although there is some
long-term outcome data on the natural history of CLCIS,
there is only limited data for PLCIS and FLCIS. Therefore,
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the clinical significance of these lesions is not currently well
established, with management decisions being pragmatic
rather than fully evidence based and hence, best carried out
in a multidisciplinary setting in challenging cases.
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