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Abstract
Pleomorphic LCIS (P-LCIS) and florid LCIS (F-LCIS) are morphologic variants distinguished from classic LCIS by marked
nuclear pleomorphism and/or an expansile growth pattern with or without necrosis. Given the rarity of these LCIS variants,
little data exist regarding their molecular pathogenesis, natural history, and optimal management. The purpose of this study
was to genomically profile LCIS variants to gain further insight into their biology. Nineteen cases of pure LCIS variants (17
P-LCIS, 2 F-LCIS) diagnosed on core needle biopsy at our institution from 2006 to 2017 were included, five of which were
upgraded to invasive cancer at excision. Macrodissected lesions were analyzed by a hybrid-capture next generation
sequencing assay that surveyed exonic sequences of 447 genes for mutations and copy number variations (CNVs) and 191
regions across 60 genes for structural rearrangements. LCIS variants were all confirmed as E-cadherin negative by
immunohistochemistry. Receptor profiles among the 17 P-LCIS cases included HR+/HER2− (nine cases), HR+/HER2+
(three cases), HR−/HER2+ (two cases), and HR−/HER2− (three cases). The two F-LCIS cases were HR+/HER2− and
HR+/HER2+. All LCIS variants had genetic alterations consistent with a lobular phenotype including 1q gain (16 cases),
16q loss (18 cases), and CDH1 mutations (18 cases). Highly recurrent ERBB2 alterations were noted including mutations (13
cases) and amplifications (six cases). Other significant alterations included mutations in PIK3CA (six cases), RUNX1 (four
cases), ERBB3 (four cases), and CBFB (three cases), as well as amplification of CCND1 (five cases). A TP53 mutation was
identified in one case of HR−/HER2+ P-LCIS with signet ring cell features that lacked 1q gain and 16q loss. P-LCIS and F-
LCIS contain genetic alterations characteristic of lobular neoplasia; however, these LCIS variants are distinguished from
classical LCIS reported in the literature by their highly recurrent ERBB2 alterations.

Introduction

Lobular carcinoma in situ (LCIS), a risk factor for and
nonobligate precursor of invasive breast cancer, consists of
a neoplastic proliferation of poorly cohesive cells that fill
and distend the acini of the mammary terminal duct lobular
units (TDLUs). As first described in detail by Foote and
Stewart [1] and further characterized by Haagensen et al.
[2], “classic” LCIS refers to a low-to-intermediate grade
lesion encompassing two cytomorphologies: (1) small cells
with scant cytoplasm and small, uniform, round-to-oval
nuclei that lack nucleoli (Haagensen type A cells) and (2)
larger cells with more abundant cytoplasm, slightly pleo-
morphic nuclei, and nucleoli (Haagensen type B cells).
Classic LCIS (C-LCIS) is not associated with specific
clinical, radiologic, or gross findings, but rather presents as
an incidental microscopic finding, and is commonly multi-
centric or bilateral.
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A hallmark of LCIS is the loss of expression and/or
function of membranous E-cadherin, a transmembrane
glycoprotein encoded by the CDH1 gene on the long arm of
chromosome 16 (16q22.1). E-cadherin, as a component of
the adherens junction, plays an integral role in intercellular
adhesion, in part by linking to the actin cytoskeleton via α-,
β-, γ-, and p120 catenins. Immunohistochemical staining for
E-cadherin and other members of the cadherin–catenin
complex can be employed to distinguish LCIS from ductal
carcinoma in situ (DCIS), the lack of E-cadherin and
β-catenin staining and aberrant cytoplasmic p120 staining
standing in contrast to the intact membranous pattern seen
in the latter [3, 4]. This is clinically important due to
differences in the presentation, natural history, and man-
agement of these lesions. In contrast to DCIS, which is
considered a nonobligate precursor of invasive cancer and
managed by complete surgical excision with or without
radiotherapy, C-LCIS has been managed more con-
servatively as a risk factor for invasive cancer with risk
reduction strategies [5, 6].

With the advent of E-cadherin immunohistochemistry
in the 1990s, there has been an appreciation of the
heterogeneity of LCIS and recognition of morphologic
variants that in the past were often erroneously classified
as DCIS [7, 8]. At present, two uncommon variants
of LCIS, pleomorphic LCIS (P-LCIS) and florid LCIS
(F-LCIS), are recognized in the World Health Organiza-
tion (WHO) classification. P-LCIS is characterized by
large cells with marked nuclear pleomorphism (nuclei > 4
times size of a lymphocyte or equivalent to those seen in
high-grade DCIS), often with apocrine or signet ring cell
features. These lesions commonly display a florid growth
pattern with massive distention of TDLUs and comedo
necrosis. A second and lesser known variant, F-LCIS
(also referred to in the past as “LCIS with necrosis”), also
exhibits marked distention of TDLUs or ducts, creating a
confluent mass-like architecture, but has the cytologic
features of C-LCIS (type A and/or type B cells).
Its diagnosis requires the presence of at least one of
two architectural features: markedly distended acini
of involved TDLUs with little to no intervening stroma
and/or an expanded acinus or duct filling at least one high-
power field (an area equivalent to ~40–50 cells in dia-
meter). Comedo necrosis may be present in the involved
spaces [9–14].

As compared with C-LCIS, which is almost always
hormone receptor (HR)-positive and human epidermal
growth factor receptor 2 (HER2)-negative, LCIS variants
show greater variability in receptor expression, with estro-
gen receptor (ER)-negativity in up to 50% and HER2-
positivity in up to 30% [15]. P-LCIS is more likely to
present as a targeted radiologic lesion, either calcifications
or rarely a mass-forming lesion, and is associated with

significantly higher upgrade rates on surgical excision than
C-LCIS (25–40% [16–19] versus <5% [20–23]). However,
little is known regarding the natural history of these LCIS
variants [12, 24–27] due to their rarity and the historical
tendency to treat them as DCIS, leading to controversy
regarding their management, in particular whether they
should be managed similar to C-LCIS or DCIS.

A better understanding of the molecular pathogenesis of
LCIS and its variants may lead to improvements in classi-
fication and inform clinical management. Until recently,
next generation sequencing (NGS)-based approaches had
not been applied to these lesions, with the repertoire of
somatic mutations and gene-level amplifications and dele-
tions remaining to be discovered. Given this, the aim of our
study was to perform genomic profiling of the pleomorphic
and florid variants of LCIS using our internally-developed
targeted NGS-based platform (OncoPanel).

Methods

Case selection

Following institutional review board approval, 44 con-
secutive cases of LCIS variants diagnosed as the highest
risk lesion on core needle biopsy at Brigham and Women’s
Hospital and Brigham and Women’s Faulkner Hospital
between 2006 and 2017 were identified by key word
search. As terminology for these variants has evolved over
the years at our institutions, the key word search was
constructed to capture cases that had been diagnosed as
LCIS with “variant”, “non-classical” or “pleomorphic”
features or carcinoma in situ with “ductal and lobular
features”. Thirty-five cases had both core needle biopsy
and excision specimens available for pathologic review,
with the lesion on biopsy meeting histologic criteria for
P-LCIS or F-LCIS found in the current WHO classification
[9, 11]. Core needle biopsy specimens were selected for
genomic profiling as they appeared to preferentially
contain discrete and relatively pure LCIS lesions that
correlated with the radiologic target. Of the 35 cases, 23
were deemed to have sufficient lesion on the biopsy to be
submitted for genomic profiling. Nineteen cases that were
successfully profiled constituted the final study population,
including 17 cases of P-LCIS and two cases of F-LCIS.
Among the 17 cases of P-LCIS, five were upgraded to
invasive carcinoma and one to DCIS on surgical excision.
One of the two cases of F-LCIS was upgraded to DCIS.
Of the 19 cases included in this study, 15 have been
previously reported by our group as part of a clin-
icopathologic study evaluating the rate of upgrade to
invasive breast cancer or DCIS following a core needle
biopsy diagnosis of nonclassic LCIS [16].
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Immunohistochemistry

Receptor studies and immunostains for components of the
cadherin–catenin complex performed as part of the original
clinical case were reviewed. For cases, in which these stu-
dies were unavailable, immunohistochemistry was com-
pleted on 4-µm-thick formalin-fixed paraffin-embedded
whole sections using antibodies directed against ER (SP1
rabbit monoclonal antibody from Thermo Fisher Scientific,
Waltham, MA), progesterone receptor (PgR 636 rabbit
monoclonal antibody, DAKO, Santa Clara, CA), human
epidermal growth factor receptor 2 (SP3 rabbit monoclonal
antibody, Cell Marque, Rocklin, CA), E-cadherin (NCH-38,
DAKO, Santa Clara, CA), p120 (98/PP120, BD Bios-
ciences, San Jose, CA), and β-catenin (14, BD Biosciences,
San Jose, CA). Antigen retrieval was performed with 1 mM
EDTA (pH 8.0) in a pressure cooker. External controls
stained appropriately.

Interpretation of HR and HER2 immunohistochemical
stains was adapted from the most recent American Society
of Clinical Oncology/American College of Pathologists
guidelines for breast cancer [28–30]. ER and PR were
scored as “positive” (nuclear reactivity in >10% of lesional
cells), “low positive” (nuclear reactivity in ≥1% of lesional
cells) or “negative” (<1%), whereas HER2 was scored as
“positive” (strong, complete membranous staining in a
contiguous focus comprising at least 10% of the lesion),
“equivocal” (weak-to-moderate membranous staining in a
focus comprising at least 10% of the lesion), or “negative”
(lesser degrees of staining). A final HER2 status of
“positive” was assigned to cases scored as positive and
“negative” to cases scored as either negative or equivocal.
Lesions were interpreted as having “intact” or “reduced-to-
absent” membranous staining for E-cadherin and β-catenin
and “intact membranous” or “aberrant cytoplasmic” stain-
ing for p120 catenin.

Targeted capture massively parallel sequencing

Samples were processed in the Center for Advanced
Molecular Diagnostics (CAMD), a CLIA-certified labora-
tory in the Department of Pathology at Brigham and
Women’s Hospital. Lesions were manually macrodissected
from unstained 4 μm formalin-fixed paraffin-embedded
tissue sections such that all consisted of at least 20% neo-
plastic nuclei. DNA was isolated by standard extraction
methods with a commercially available kit (Qiagen,
Valencia, CA). Genomic profiling was performed on sam-
ples with at least 50 ng/μL of DNA using an internally
developed, targeted NGS panel (OncoPanel platform) as
previously reported [31, 32]. The version used in this study
surveyed exonic DNA sequences of 447 cancer genes and
191 regions across 60 genes for rearrangement detection.

Sheared DNA was hybridized to a custom RNA bait set
(Agilent SureSelect hybrid-capture kit) and sequenced on an
Illumina HiSeq 2500 sequencer. Samples with a mean target
coverage of <50× were excluded from the study.

Single nucleotide variants (SNVs) were called using
MuTect v. 1.1.4 [33] with annotation by Oncotator [34] and
indels using Indelocator (www.broadinstitute.org/cancer/
cga/indelocator). Since testing was not performed on paired
germline DNA, variants present at >0.1% in Exome Variant
Server, NHLBI GO Exome Sequencing Project, Seattle,
WA, USA (URL: http://evs.gs.washington.edu/EVS/) or
gnomAD (https://gnomad.broadinstitute.org/about) were
filtered and removed from analysis. Any filtered variants
with an allele frequency between 0.1 and 10% were rescued
and manually reviewed if found at least twice in the Cata-
logue of Somatic Mutations in Cancer (COSMIC; cancer.sa
nger.ac.uk). COSMIC was also queried to suggest func-
tional implications of identified variants. The analysis was
focused on alterations of potential biologic significance.
Novel variants or those of uncertain biologic significance
were reviewed and included in the analysis if evidence
existed for a role of the altered gene in breast cancer, or
more specifically, lobular neoplasia. Mutational burden was
calculated by determining the number of nonsynonymous
somatic mutations that occur per megabase of exonic
sequence data across all genes on the panel.

Copy number variants (CNVs) and detection of structural
variants were identified using an internally developed
bioinformatics pipeline and algorithms, RobustCNV
and BreaKmer [35], respectively. RobustCNV was used to
calculate the fractional coverage of specified genomic
intervals compared with median fractional coverage
obtained in a panel of 152 FFPE nonneoplastic samples.
Copy number (CN) was calculated using the formula,
CN= (2 × (AGCR− 1)/P)+ 2), where AGCR is the aver-
age gene copy ratio and P is the lesion purity. CN is a
function of the subjective visual assessment of lesion purity,
and as such, represents an estimate. An estimated CN ≥ 6
was employed as the threshold for an amplified result.

Results

Clinicopathologic features of LCIS variants

The 19 LCIS variants ranged from 0.25 to 1.0 cm in greatest
linear extent (median= 0.5 cm). Of the 17 P-LCIS cases, all
but one exhibited a florid growth pattern characterized by
massively distended ducts and unfolded lobular acini, often
densely packed and accompanied by comedo necrosis
(15 cases; 88.2%). A subset displayed apocrine cytology
(eight cases; 47.1%), signet ring cell features (eight cases;
47.1%), and/or a prominent stromal lymphocytic infiltrate
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(four cases; 23.5%) (Fig. 1). Receptor profiles included
HR+/HER2− (nine cases; 52.9%), HR+/HER2+
(three cases; 17.6%), HR−/HER2+ (two cases; 11.8%),
and HR−/HER2− (three cases; 17.6%). The two F-LCIS
cases contained a florid growth pattern and comedo or
single cell necrosis. Receptor profiles of these two cases
were HR+/HER2− and HR+/HER2+. Immunohisto-
chemical studies confirmed markedly reduced or absent
membranous expression of E-cadherin and β-catenin, and
aberrant cytoplasmic expression of p120 catenin in all cases
included in this study, supporting a lobular phenotype.

Although all profiled biopsy specimens contained LCIS
variants only, seven cases were upgraded to invasive cancer
or DCIS following excision, including five cases of P-LCIS
upgraded to invasive carcinoma and one case each of
P-LCIS and F-LCIS upgraded to DCIS. Invasive

carcinomas included: (1) Invasive lobular carcinoma
(ILC), grade 2, ER+/HER2−, 0.11 cm; (2) ILC, grade 2,
ER+/HER2−, 0.4 cm; (3) ILC with apocrine features, grade
2, ER+(low)/HER2−, two foci, 0.8 and 0.4 cm; (4)
Invasive carcinoma with ductal and lobular features (IDLC),
grade 2, ER+/HER2+, 0.15 cm; and (5) Invasive ductal
carcinoma (IDC), grade 2, ER+/HER2−, 0.6 cm and
microinvasive lobular carcinoma, three foci.

Genomic profile of LCIS variants

Samples were sequenced to median depth of 253× (range,
163× to 529×) with >97% of all exons >30 reads. Sequen-
cing revealed 203 somatic mutations, including nonsynon-
ymous SNVs and indels, affecting 121 (27.1%) of the 447
genes analyzed. The mean mutational burden was 6.884

Fig. 1 Morphologic features of
LCIS variants. The profiled
LCIS variants represented
relatively discrete lesions on
biopsy that displayed a florid
growth pattern with massive
acinar distention (a), many with
central necrosis (b). The LCIS
variants met the diagnostic
criteria for either florid (c) or
pleomorphic (d) LCIS and some
displayed apocrine (d) or signet
ring cell (e) features. A single
case of P-LCIS lacked marked
acinar distention, and in
retrospect, exhibited borderline
nuclear pleomorphism (f). This
case was the only one in which
an ERBB2 or ERBB3 alteration
was not identified.
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mutations per MB (range, 2.281–10.646), which ranged
from 6th to 86th percentile when compared with all breast
carcinomas sequenced by this version of OncoPanel. All
cases harbored three or more somatic mutations. Genes
recurrently affected by mutations included CDH1, ERBB2,
PIK3CA, ERBB3, RUNX1, and CBFB amongst others, with
mutation frequencies of 94.7% (21 mutations in 18 cases),
68.4% (15 mutations in 13 cases), 31.6% (six mutations in
six cases), 21.1% (six mutations in four cases), 21.1% (five
mutations in four cases), and 15.8% (three mutations in three
cases), respectively (Fig. 2 and Supplementary Data 1a).

Several arm-level CN alterations were observed,
including gain of 1q (16/19; 84.2%) and 16p (3/19; 15.8%),
as well as loss of 16q (18/19; 94.7%), 17p (10/19; 52.6%),
8p (3/19; 15.8%), 12p (3/19; 15.8%), and 7q (2/19; 10.5%).
A loss at 16q12.1-q24.3 was also present in one case
(5.3%). In addition, recurrent amplifications (≥6 copies)
involved ERBB2 (6/19; 31.6%), CCND1 (5/19; 26.3%),
CDK12 (3/19; 15.8%), PPM1D (2/19; 10.5%), and RARA
(2/19; 10.5%). GATA3, FOXA1, and AR genes were each
amplified in a single case (1/19; 5.3%) (Supplementary
Data 1b). Deletions of interest included a 16 bp deletion in
exon 10 of CDH1 and a 780 bp deletion in RUNX1. A BAP1
(3p21.1)−5q11.1 rearrangement was the only structural
rearrangement identified.

Genotype–phenotype correlation

LCIS variants demonstrated biallelic inactivation of CDH1
due to concurrent LOH at 16q and CDH1 mutation in all but
two cases (17/19; 89.5%). The CDH1 mutations, which
consisted of 13 frameshift (13/21; 61.9%), five nonsense
(5/21; 23.8%), and two missense (2/21; 9.5%) mutations, as
well as one 16-base pair deletion (1/21; 4.8%), were dis-
tributed throughout the coding sequence in multiple
domains of the gene (Fig. 3 and Supplementary Data 1a).
All mutations were consistent with loss-of-function, except

for one missense variant of uncertain significance. These
findings provide further evidence that these lesions have a
lobular phenotype.

The LCIS variants were otherwise characterized by
highly recurrent alterations in ERBB2 (HER2) and ERBB3
(HER3), members of the epidermal growth factor receptor
family of receptor tyrosine kinases. ERBB2 and/or ERBB3
alterations were found in 18 of 19 (94.7%) cases, including
both F-LCIS cases. ERBB2 mutations consisted of missense
mutations clustered in the tyrosine kinase and furin-like
extracellular domains as well as insertions in the tyrosine
kinase domain (Fig. 4 and Supplementary Data 1a).
ERBB2 mutations were predominantly activating; however,
p.L755S (c.2264T>C), the most common mutation (seven
cases; 36.8%), is known to confer lapatinib resistance, but
its effect on kinase activity is uncertain (COSMIC v90
and Bose et al. [36]). ERBB3 mutations were missense
mutations found in the tyrosine kinase, furin-like cysteine
rich, and receptor L domains. Four of five mutations were
previously reported in multiple breast cancer samples and
predicted to be pathogenic, whereas a single variant in the
kinase domain was novel (Supplementary Data 1a). There
were seven cases with concurrent ERBB2 and/or ERBB3
alterations, including ERBB2 mutation and amplification
(two cases), two different ERBB2 mutations (two cases),
and ERBB2 and ERBB3 mutations (three cases) (Fig. 4a).
ERBB2 mutant allele frequencies greater than estimated
tumor cellularity in the two cases with concurrent
amplification are consistent with alteration of the same
allele. All cases of LCIS with florid growth pattern
(18 cases) or apocrine features (eight cases) had ERBB2 or
ERBB3 alterations. Of six cases with ERBB2 amplification,
five cases (7 to 34 estimated copies) were interpreted as
positive (3+) by immunohistochemistry, while a single case
(eight estimated copies) was negative (0–1+).

Apart from this, no other significant correlations were
noted between genomic alterations and morphologic fea-
tures or upgrade on excision (Fig. 5), although it is worth
noting that two cases represented outliers in our study. First,
the only case that lacked ERBB2 and ERBB3 alterations was
a case of HR+/HER2− P-LCIS with distinct morphologic
features. This case, which was associated with invasive
carcinoma on excision, did not exhibit the florid growth
pattern nor the same degree of nuclear pleomorphism as
seen in the other P-LCIS cases, but rather featured a pro-
minent stromal lymphocytic infiltrate (Fig. 1f). It harbored
1q gain and 16q loss without concurrent CDH1 mutation or
other explanation for biallelic inactivation of CDH1. CDH1
promoter methylation was not investigated. The second
outlier, a case of HR−/HER2+ pure P-LCIS with necrosis,
was morphologically similar to the other cases yet contained
a single TP53 mutation (nonsense, pE56*). Moreover,
although this case was E-cadherin-negative and also

Fig. 2 Somatic mutations of potential biologic significance in pleo-
morphic and florid LCIS.
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harbored a CDH1 mutation, neither 1q gain nor 16q loss
were present and the mechanism of biallelic CDH1 inacti-
vation remains uncertain. CDH1 promoter methylation was
not investigated. The findings raise the possibility of a
distinct neoplasia pathway.

Discussion

Herein, we report results of genomic profiling of a large
series of LCIS variants diagnosed on core biopsies at a

single institution using our internally-developed targeted
NGS assay (OncoPanel). Our study revealed that these
LCIS variants, which were all confirmed as E-cadherin and
β-catenin negative and p120 aberrant, harbor genomic
alterations consistent with a lobular phenotype, most
importantly biallelic inactivation of the CDH1 gene by
concurrent 16q loss and CDH1 mutation, as well as recur-
rent mutations in PIK3CA, RUNX1, and CBFB. Moreover,
the LCIS variants, particularly those with a florid growth
pattern, are characterized by highly recurrent ERBB2 and
ERBB3 alterations not generally seen in C-LCIS, suggesting

Fig. 3 CDH1 mutations. Biallelic inactivation of the CDH1 gene
occurred via concurrent 16q loss and CDH1 mutation in the majority
(17/19) cases (a). CDH1 mutations were scattered throughout the

coding sequence and included frameshift, nonsense, and missense
mutations as well as a 16-base pair deletion (b).

Fig. 4 ERBB2 alterations. ERRB2 and/or ERBB3 alterations were
observed in all but one case (a), with two or more concurrent altera-
tions in a subset. ERBB2 mutations were predominantly missense
mutations found within the protein tyrosine kinase and furin-like

extracellular domains and predicted to be activating (b). Amp ampli-
fication, Mut mutation, ECD extracellular domain, TM transmembrane
region, PTK protein tyrosine kinase.
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that signaling via the epidermal growth factor receptor
family of receptor tyrosine kinases is an important onco-
genic driver in the development of these lesions. CCND1
amplification, which is not only recurrent in our study, but
also has been previously reported as enriched in LCIS
variants compared with C-LCIS, may also play a role in a
subset of cases.

Much of what was previously known about the mole-
cular profile of LCIS and its morphologic variants came
from single gene mutation, loss of heterozygosity (LOH)
and DNA CN analyses by low-throughput and/or low-
resolution approaches published several years ago. From
these studies, it was established that C-LCIS shares a
similar pattern of chromosomal alterations and low-level
genetic complexity as other lesions in the ER-positive
low-grade breast neoplasia family (e.g., flat epithelial aty-
pia, atypical ductal hyperplasia, low-grade DCIS, well-
differentiated IDCs, and classic ILCs), including recurrent
gains of 1q and losses of 16q and 17p [37–42]. Array-based
CGH studies of LCIS variants [15, 43, 44], which had
previously represented the best efforts to molecularly
characterize these lesions, subsequently demonstrated that

P-LCIS and F-LCIS consistently display 1q gain and 16q
loss as well. However, apocrine P-LCIS and F-LCIS con-
tain more genomic alterations than nonapocrine P-LCIS and
C-LCIS, with the former enriched for amplification of
17q11.2-17q12 (the region harboring the HER2 gene),
amplification of 11q13.3 (the region harboring the cyclin
D1 gene), gain of 16p, and losses of 3q, 11q, and 13q. The
findings suggested that at least some LCIS variants repre-
sent more genetically advanced forms of LCIS, although it
should be noted that the degree of genetic instability in
these lesions is still less than that seen in high-grade DCIS.

More recently, massively parallel sequencing has
enabled more comprehensive molecular profiling and pro-
vided greater insight into the biology of invasive and in situ
lobular neoplasia of the breast. For example, our under-
standing of the lobular phenotype has been enhanced by
profiling of ILC by the Cancer Genome Atlas (TCGA)
Research Network. In a study by Ciriello et al. [45] 817
breast tumor samples, including 127 ILCs, 490 IDCs, and
88 IDLCs, were subjected to whole-exome DNA sequen-
cing amongst other molecular assays. ILC cases, pre-
dominantly ER+ and luminal A, were significantly enriched

Fig. 5 Genotype–phenotype correlation. Most cases of pleo-
morphic and florid LCIS have the genetic hallmarks of the lobular
phenotype, including 16q loss, 1q gain, and CDH1 mutations, as
well as highly recurrent ERBB2 and/or ERBB3 alterations.
All cases with a florid growth pattern or apocrine features harbored the
latter. Outlier cases included (1) HER2+ P-LCIS with a TP53 muta-
tion and no 16q loss or 1q gain, and (2) ER+ P-LCIS that lacked a

florid growth pattern, as well as CDH1 and ERBB2 or ERBB3 muta-
tions. No other significant correlations were noted between genomic
alterations and morphologic features or upgrade to malignancy. LCIS
lobular carcinoma in situ, DCIS ductal carcinoma in situ, HR hormone
receptor, HER2 human epidermal growth factor receptor 2.
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for mutations affecting CDH1 (63% in ILC vs. 2% in IDC),
PIK3CA (48% vs. 33%), RUNX1 (10% vs. 3%), TBX3 (9%
vs. 2%), and FOXA1 (7% vs. 2%). Alterations characteristic
of ER-/basal-like tumors were less frequent in ILC than
IDC, including TP53 mutations (8% in ILC vs. 44% in
IDC) and focal amplification of MYC (6% vs. 27%) and
CCNE1 (0% vs. 7%). CDH1 mutations were uniformly
distributed along the coding sequence, mostly truncating
(83%), and almost invariably cooccurring with hetero-
zygous loss of 16q. Although previous studies had sug-
gested epigenetic silencing as a mechanism of CDH1
downregulation, significant DNA hypermethylation of the
CDH1 promoter region was not detected. The ERBB2
mutation rate in this and a prior TCGA study [46] was ~2%;
however, the relative representation of ILC with “classic”
versus “pleomorphic” morphology in these studies was not
specified.

NGS-based genomic profiling studies of paired C-LCIS
and ILC revealed a similar repertoire of somatic mutations
as described in the TCGA study. Sakr et al. [47] subjected
fresh frozen and microdissected samples with LCIS and ILC
to massively parallel sequencing targeting exons of 273
genes. LCIS and ILC harbored a similar constellation of
somatic mutations, with the most frequently mutated genes
being CDH1 (56% and 66%, respectively), PIK3CA (41%
and 52%, respectively), and CBFB (12% and 19%,
respectively). TP53 mutations were rare (two cases; 6%)
and ERBB2 mutations were not reported with other recur-
rently mutated genes. In LCIS, CDH1 mutations, which
were distributed across multiple domains of the gene and
considered nonpassenger events, cooccurred with LOH at
16q in 18 of 19 samples. In another study by the same group
[48], whole-exome sequencing once again revealed that the
most frequently recurring mutations involved CDH1 and
PIK3CA, followed by CBFB and GATA3, amongst others.
Rare ERBB2 (three V777L missense mutations) and no
TP53 mutations were reported in LCIS. Our findings of
recurrent mutations in CDH1, PIK3CA, CBFB, and RUNX1
in LCIS variants is consistent with the lobular profile sug-
gested by these studies of C-LCIS and ILC, whereas highly
recurrent ERBB2 and ERBB3 mutations appear to represent
a finding more specific to pleomorphic and/or florid lesions.

Similar conclusions can be drawn from studies that have
sequenced pleomorphic invasive lobular carcinoma (P-
ILC), a variant with more aggressive features than classic
ILC (C-ILC). In a recent study of 37 cases of P-ILC using a
custom 34-gene panel by Rosa-Rosa et al. [49], CDH1
(89%), PIK3CA (33%), and ERBB2 (26%) were the most
commonly mutated genes. Alterations related to progression
from in situ to invasive carcinoma and/or lymph node
metastasis included TP53 mutation and amplification of
PIK3CA and CCND1; however, the histologic subtypes of
the seven profiled LCIS lesions were not specified. ERBB2

mutations were noted in both components of two cases of
synchronous LCIS and P-ILC. Similarly, another study of
17 cases of P-ILC subjected to targeted sequencing showed
that P-ILC contained many of the alterations characteristic
of ILC, but was enriched for amplification or mutation of
ERBB2 (11.8% and 17.6%, respectively) and ERBB3 (5.9%
and 23.5%, respectively) [50]. According to prior work by
Lien et al. [51], the frequency of ERBB2 mutations and
overexpression/amplification in pleomorphic ILC (11 of 21
cases; 52%) and LCIS (2 of 3 cases; 67%) may be even
higher.

It should be acknowledged that our study is not the only
one to apply an NGS-based approach to investigate the
genomic profile of pleomorphic and florid variants of LCIS.
In a recent abstract, Shamir et al. [52] reported results from
targeted capture-based NGS profiling of nine cases of
synchronous C-LCIS, LCIS variants (five P-LCIS and four
F-LCIS), and ILC, as well as five cases of pure LCIS var-
iants (three P-LCIS and two F-LCIS). Almost all cases
displayed shared pathogenic mutations and CNVs between
LCIS variants and ILC and between LCIS variants/ILC and
C-LCIS. Recurrent genomic alterations in LCIS variants
included mutations in CDH1, PIK3CA, ERBB2, ERBB3,
and TP53 and amplification of CCND1, with ERBB2 and/or
ERBB3 mutations present in half of the cases of P-LCIS and
F-LCIS as well as two cases of C-LCIS. This mutational
profile is strikingly similar to that seen in our own
series, with enrichment of ERBB2 and ERBB3 mutations
representing the most compelling finding. Taken together,
several studies of P-ILC and P-LCIS have provided a
growing body of evidence implicating ERBB2 alterations
and presumably epidermal growth factor receptor family-
related tyrosine kinase signaling in the pathogenesis of
lobular neoplasia with pleomorphic morphologic features.

Our study and the other studies reviewed herein suggest
a plausible theory regarding the pathogenesis of pleo-
morphic and florid LCIS, in which many of these lesions
regardless of their HR status likely evolve from classic
lobular neoplasia, with subsequent acquisition of additional
pathogenic alterations, including ERBB2 or ERBB3 muta-
tion or amplification, as well as various chromosomal arm-
level CN alterations more frequently reported in high-grade
carcinomas. In the commonly accepted model of breast
cancer evolution, lesions of the low-grade neoplasia path-
way are HR+/HER2− and display a simple karyotype and
concurrent deletion of 16q and gains of 1q and 16p, whereas
those of the high-grade neoplasia pathway, which may be
HR− or HER2+, tend to have complex karyotypes with
losses of 1p, 8p, and 17p and gains of 1q and 8q, amongst
others [39]. Loss of 16q, the hallmark genetic alteration of
low-grade breast cancers, is observed in <30% of high-
grade lesions, which has led to the hypothesis that pro-
gression from low- to high-grade breast cancer is an
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uncommon biological phenomenon [49, 53]. In accordance,
high-grade DCIS, which infrequently contains arm-level
loss of 16q, is thought in a majority of cases to arise de
novo or from a precursor other than atypical ductal hyper-
plasia and/or low-grade DCIS [39]. P-LCIS appears to
represent an exception to this simple two-pathway model.
Despite increased genetic complexity and some shared
genomic alterations with the high-grade pathway, P-LCIS
almost always harbors concurrent 16q loss and 1q gain and
other mutations seen in classic lobular neoplasia. A single
case in our series that lacked concurrent 16q loss and 1q
gain and displayed a TP53 mutation suggests that an
alternative neoplasia pathway may exist in a small subset of
cases, with P-LCIS either arising de novo, or perhaps from
high-grade DCIS, with biallelic loss of E-cadherin due to
other mechanisms at a later stage in evolution.

Again, the most significant finding in our study and one
that sets it apart from other studies of pleomorphic lobular
neoplasia, is the high frequency of ERBB2 and ERBB3
alterations in LCIS variants (18 of 19 cases; 94.7%),
including ERBB2 or ERBB3 mutations in 12 out of 13
(92.3%) cases classified as negative or equivocal by
immunohistochemistry. Our findings may be related to our
approach to case selection, which may be considered both a
strength and limitation of this study. Although we began by
reviewing consecutive cases of LCIS with variant mor-
phology diagnosed at our institution over a greater than
10-year period, we selected cases for genomic profiling with
relatively discrete, florid lesions containing closely packed,
and massively distended acini that represented the targeted
radiologic lesion on core needle biopsy. We believe that the
extent, cellularity, and purity of these lesions facilitated
technically successful sequencing and biologically repre-
sentative results. However, our selection bias toward florid
lesions cannot be ignored, and it is possible that ERBB2 and
ERBB3 alterations are particularly enriched in florid lesions.
It is notable that ERBB2 and ERBB3 alterations were not
found in the only case that lacked a florid growth pattern in
our series. Another contributing factor may be that apocrine
features were appreciated in many of the selected cases
and this type of morphology has been associated with
HER2 signaling [54]. Although ERBB2 alterations were
found in both F-LCIS cases, the small number of F-LCIS
cases in our series limits further conclusions regarding the
molecular phenotype specific to this subtype.

In summary, genomic profiling of pleomorphic and florid
variants of LCIS confirms that these lesions represent a
form of lobular neoplasia, albeit more genetically advanced
than lesions with classic morphology, and suggests that
phenotypic variation may be driven by genomic alterations
that upregulate HER2 signaling. Our results, in conjunction
with those of other studies, support the distinction of
these LCIS variants from C-LCIS in the current WHO

classification. Furthermore, they suggest that P-LCIS is also
biologically distinct from predominant forms of high-grade
DCIS, highlighting the need to further study the natural
history of these lesions as opposed to extrapolating DCIS
management approaches to P-LCIS. It is hoped that more
uniform adoption of new WHO diagnostic criteria will
facilitate collection the data needed to better inform clinical
management.
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