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A B S T R A C T

Invasive lobular carcinomas (ILC) are characterized by the loss of E-cadherin expression and CDH1
gene inactivation. Diagnostic reproducibility for this tumor type is currently suboptimal and could be
improved by a better understanding of its histomolecular and clinical heterogeneity. We have analyzed
the relationship between the presence, type, or position of CDH1 mutations, E-cadherin expression,
and clinicopathological features (including outcome) in a retrospective series of 251 primary ILC with a
long follow-up (median: 9.5 years). The mutational status of E-cadherin gene (CDH1) was determined
by RNA sequencing from frozen tumor samples. E-cadherin immunohistochemistry (IHC) was per-
formed with antibodies directed against the intracellular domain (clone 4A2C7) and the extracellular
domain (clone NCH38). IHC expression of p120 and b-cateninwas also assessed in E-cadherin diffusely
positive cases. Three major patterns of E-cadherin membrane expression were identified by IHC, with
good agreement between the 2 clones (overall concordance: 83.8%, Kappa 0.67): null/focal expression
(�10%) (72.8% of cases for 4A2C7 and 83.8% for NCH38), heterogeneous expression (11%-89%) (19.2% of
cases for 4A2C7 and 6.9% for NCH38), and diffuse expression (�90%) (8% of cases for 4A2C7 and 9.3%
for NCH38). E-cadherin membranous expression, when present, was abnormal (incomplete labeling
and/or reduced intensity). ILC with diffuse E-cadherin expression showed abnormal b-catenin or
p120-catenin staining in 21% of cases. Interestingly, these cases with diffusely expressed E-cadherin
had a CDH1 mutation rate as high as the E-cadherin null/focal cases (~70%) but were enriched in
nontruncating mutations. Regarding CDH1 mutation location, intracytoplasmic domain mutations
correlated with a divergent E-cadherin IHC phenotype between the 2 antibodies (4A2C7� 10%/NCH38
� 10%). Clinico-pathological correlation analyses found that stromal amount (inversely correlated with
tumor cellularity) and tumor-infiltrating lymphocytes were less abundant in ILC with E-cadherin
null/focal cases. In addition, CDH1 truncating mutations were associated with radiohistologic size
discordance and were identified in multivariate survival analysis as an independent poor prognosis
factor in terms of metastasis risk and breast cancer-related mortality. Overall, our study highlights the
importance of the precise mutational status of CDH1 in the clinical, radiological, histologic, and
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phenotypic expression of lobular carcinomas. These findings should be taken into account in future
attempts to improve diagnostic criteria or methods for ILC, as well as for clinicobiological studies
dedicated to this tumor type.

© 2024 THE AUTHORS. Published by Elsevier Inc. on behalf of the United States & Canadian Academy
of Pathology. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).

Introduction

Invasive lobular carcinoma (ILC) is the second most common
histological type of breast cancer, accounting for 15% of all breast
carcinomas. It is characterized by dyscohesive tumor cells, related
to E-cadherin inactivation.1 Despite being a well-established his-
topathological entity for several decades, recent studies have
raised questions about the reliability and reproducibility of ILC
diagnosis. Central histology reviews of 2 major trials2,3 published
in 2020 revealed that the diagnosis of ILC was confirmed in only 2/
3 of cases. Inconsistencies in ILC diagnosis may be due to several
factors, linked not only to the variability of diagnostic methods in
use but also to the complexity of the disease itself.4

De Schepper et al5 have recently shown that there is consid-
erable heterogeneity in diagnostic practices concerning ILC. The
variability of laboratory methods includes the use or nonuse of E-
cadherin immunohistochemistry (IHC), as well as the clone used:
some targeting the extracellular domain of E-cadherin (including
NCH38, the most commonly used clone worldwide) and other
clones targeting the intracellular part of the protein (including the
4A2C7 clone). Standardization of practices could improve the
reliability of ILC diagnosis, as previously shown for the systematic
use of E-cadherin IHC4 (notmandatory according to currentWorld
Health Organization recommendations).

The histomolecular heterogeneity of ILCs further increases
diagnostic complexity. Although classic ILC (composed of dysco-
hesive tumor cells dissociated or arranged in single files) associ-
ated with E-cadherin inactivation is the typical form of this
disease, several morphologic, phenotypic, and molecular types
have been described.1,6-8 The World Health Organization histo-
logic classification currently identifies different ILC subtypes,
depending on tumor architecture (solid, alveolar, etc.) or cytology
(pleomorphic, apocrine, etc.). Phenotypically, over 90% of ILCs are
luminal, but a small subset are HER2-positive.7,8 Some rare triple-
negative ILCs have also been described, being frequently pleo-
morphic and belonging to the luminal androgen receptor molec-
ular group.9 Inactivation of CDH1 (the gene encoding E-cadherin)
occurs in about two-thirds of cases by mutation (>85% of trun-
cating type), associated with loss of the other allele.6,10-13 Notably,
large molecular studies using sensitive techniques consistently
report a significant subset of ILCs without detectable CDH1 mu-
tations, but for which histophenotypic data are very scarce. At the
protein level, although E-cadherin is absent in most ILCs, it has
been reported that 10% to 15% of cases maintain immunohisto-
chemical expression of E-cadherin but that the expression pattern
is often abnormal.14,15

To date, little is known about the links between the presence,
type, and localization along the gene sequence of CDH1mutations,
and the expression pattern of E-cadherin, the morpho-phenotypic
tumor characteristics, and the clinical course of ILCs. These data
are crucial to better understand this disease and improve our
diagnostic accuracy, especially in the current context of emerging
therapies that can specifically target ILC.8,16,17

In that context, the aims of our study were as follows: first, to
correlate the mutational landscape of CDH1 gene with E-cadherin
expression determined by IHC using 2 clones, NCH38 targeting

extracellular E-cadherin domain and 4A2C7 targeting intra-
cytoplasmic domain; second, to correlate E-cadherin status with
histopathological features of ILC; and third, to determine the
prognostic impact of mutational status of CDH1 and E-cadherin
expression in a large series of 251 ILCs from the Institut Curie.

Materials and Methods

Patients and Samples

The study was based on a series of 251 patients who consec-
utively underwent surgery at Institut Curie for a primary ILC (prior
to any treatment) between 2005 and 2008 and for whom frozen
tumor samples were available for RNA sequencing. This series was
part of a previously described larger cohort.18 Histopathological
review of the cases was done in accordance with current stan-
dards by experienced breast pathologists (J.C.T., A.V.S., and L.D.), as
previously reported.18 Tumor cellularity was determined micro-
scopically as the proportion of tumor cells among all cell types.
Mammographic or ultrasound tumor size was collected and used
to evaluate radiohistological size concordance. Survival data of
patients were also collected, with a median follow-up of 9.5 years
(range: 0.3-15.0 years). Informed patient consents were recorded
for using tissue samples for research purposes. This study has
been approved by our institutional review board.

Immunostaining

The staining processes and evaluationmethods were described
elsewhere.18 In brief, 3-mm thick formalin-fixed paraffin-
embedded sections were mounted on slides and stained as rec-
ommended by current guidelines19-21 with antibodies directed
against ER (clone 6F11, Novocastra; 1:200 dilution), progesterone
receptor (PR) (clone 1A6, Novocastra; 1:100 dilution), HER2 (clone
CB11, Novocastra; 1:100 dilution), the intracellular part of E-cad-
herin (clone 4A2C7, Invitrogen; 1:100 dilution), the extracellular
part of E-cadherin (clone NCH38, Agilent Technologies; 1:100
dilution), b-catenin (clone 14, BD Biosciences; 1:200 dilution), and
p120-catenin (clone D7S2M, Cell Signaling Technology; 1:400
dilution).

Assessment of E-cadherin staining with both clones was per-
formed as follows: (1) evaluation of staining intensity in normal
glands; (2) absence or presence of staining on ILC cell membrane,
cytoplasm, or nucleus; (3) if membranous staining was present:
assessment of its complete or incomplete pattern; and (4) deter-
mining the staining intensity and the percentage of positive cells.
In this article, unless otherwise stated, only membrane and
cytoplasmic expressionwere taken into account when referring to
the overall percentage of cells labeled by E-cadherin antibodies.

For hormone receptor assessment, a threshold of 10% for ER/PR
positivity was applied according to the Groupe d’�etude des facteurs
pronostiques immunohistochimiques dans le cancer du sein guide-
lines.22,23 Assessment of HER2 status was performed following
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ASCO/CAP recommendations.19 Histomolecular subtypes were
defined as follows: luminal AdER�10% and eithermitotic score of
1 ormitotic score 2 associatedwith PR� 20%; luminal BdER�10%
and either mitotic score of 3 or mitotic score of 2 associated with
PR <20%; HER2dHER2-positive, regardless of hormone receptor
status; triple-negativedER-negative (<10%), PR-negative (<10%),
and HER2 not amplified.24,25

RNA Sequencing Analyses and Mutational Status Determination

The mutational profile of CDH1 was determined by RNA
sequencing of the 251 ILC. At our institute, RNAseq is routinely
performed to characterize patient tumors in multiple molecular
aspects (mutation, translocation, and expression data) using a small
amount of the tumor sample. This technique is both highly infor-
mative and material-saving and offers an advantage for small
diagnostic samples. In the context of our research project, the use of
RNAseq on all cases in our ILC series (instead of DNAseq) allowed us
to maximize the amount of information obtained from a single
tumor fragment analysis (including the possibility of obtaining both
mutational and biological information on tumors from a single
sequencing run). To do so, total RNA from tumorswas extracted and
subjected to deoxyribonuclease treatment (Nucleospin miRNA
deoxyribonuclease, Macherey-Nagel). Overall, 500 ng of good-
quality RNA with a majority of samples showing RIN >7 (Bio-
Analyzer, Agilent) were employed for Illumina library preparation
using the Illumina TruSeq Stranded Total RNA Prep kit, which al-
lows us to account for strand information. In the first step of
ribodepletion, the RiboZero Gold kit was applied so as to eliminate
both cytoplasmic and mitochondrial ribosomal RNAs. After frag-
mentation, cDNA synthesis was carried out, with the resulting
fragments used for dA-tailing. This was followed by ligating TruSeq
dual-index adapters. PCR amplification was eventually achieved
with 13 cycles able to generate the final barcoded cDNA libraries.
Libraries were equimolarly pooled and subjected to quantitative
PCR quantification using the KAPA library quantification kit
(Roche). Sequencing was carried out on the NovaSeq 6000 instru-
ment from Illumina based on a 2 � 100 cycle mode (paired-end
reads, 2 � 100 bases) to obtain around 100 million clusters (200
million raw paired-end reads) per sample. Fastq files were gener-
ated from raw sequencing data after demultiplexing based on
barcode sequences using bcl2fastq. Expression datawere generated
with SALMON (v0.13.1) on ensembl96 (hg19), with the count ma-
trix normalized to transcripts permillion using tximport (R library).
Read alignment was performed with STAR (v2.5.3a, on hg19
reference genome). Read cleaning was conducted in line with
genome analysis toolkit (GATK) good practices (v3.5) for marking
duplicates, base recalibrations, and indel realignments. The pres-
ence of the variant was inferred from RNAseq data, using a bio-
informatic pipeline developed in our institute for diagnosis pur-
poses. Variant calling was performed on CDH1 gene using Haplo-
type Caller (GATK v.3.5) and Mutect2 (GATK v.4). Reads with
mapping quality lower than 6, as well as sequenced bases quality
lower than 20, were not considered for the variant calling. Variants
were annotated with ANNOVAR (v2018Apr16) while being
formatted with the Python package hgvs (v1.2.5). Intra- and inter-
analysis of variant occurrence was applied to eliminate noise from
the sequencing technology. Overall, only nonsynonymous muta-
tions with an allelic ratio �5% and depth of coverage �10 (with at
least 5 reads carrying the alternative allele), in addition to a�0.01%
frequency in population databases and �10% internal Curie data-
base, were eventually retained. For missense mutations not refer-
enced as hotspots, only mutations with a “deleterious” prediction

score for at least 2 of 10 prediction tools were retained. Mutations
known to be hotspots were systematically retained. Each selected
variant was validated using visualization in Integrated Genomics
Viewer,26 with annotations rechecked as necessary using either
VarSome27 or Alamut Visual Plus (Sophia Genetics). Mutations
were classified as follows: truncating mutations (frameshift indels,
stop-gain, stop-loss, or splice site mutations), missense mutations,
and in-frame mutations (in-frame indels). If the mutations could
not fit into any of these categories, they were classified as “other.”
Since RNA sequencing is not a standard technique for the muta-
tional characterization of tumors, we validated RNAseq-based
CDH1 mutation identification by targeted DNA sequencing (using
an in-house gene panel28 including the CDH1 gene) for 110 cases
with available DNA.

Statistical Analyses

Baseline characteristics were expressed as frequencies and
percentages for qualitative data, as well as mean, SD, and range
for continuous variables. Associations between categorical vari-
ables were evaluated using chi-squared or Fisher exact tests, as
appropriate. For continuous variables, Student t test or Wilcoxon
rank-sum tests (Mann-Whitney) were applied, considering the
normality of the distribution. The comparison of E-cadherin
staining from clones 4A2C7 and NCH38 was done via Cohen’s k
values and overall agreement estimation. Breast cancer-specific
survival (BCSS) was defined as the time from breast cancer
diagnosis until the date of death from breast cancer. Patients still
alive were censored at the date of the last news. Distant
metastasis-free interval (DMFI) was defined as the interval from
breast cancer diagnosis until the first distant recurrence. Patients
with no distant recurrence were censored at the date of the last
news. BCSS and DMFI were estimated using the KaplaneMeier
method, with comparisons between CDH1 subgroups made us-
ing log-rank testing. Univariate and multivariate Cox analyses
were additionally employed to evaluate the prognosis value of
these subgroups. Variables that were significantly associated
with survival in univariate analysis were included in the multi-
variate model. For all analyses, a P value �.05 was considered
statistically significant.

Results

Mutational Status of the CDH1 Gene

Mutational profiling of the CDH1 gene was carried out in a
series of 251 primary ILCs (see Table 1 for detailed clinicopatho-
logical characteristics of the cohort). Analysis based on RNAseq
data identified 180 CDH1 variants (listed in Supplementary
Table S1): 56 stop-gain mutations (31.1%), 47 frameshift in-
sertions (26.1%), 55 frameshift deletions (30.6%), 4 in-frame
deletion (2.2%), 15 missense mutations (8.3%), and 3 splicing
mutations (1.7%). Detection of splicingmutations by RNAseq could
be related to sequencing of unspliced RNAs or DNA fragments
remaining after the RNA extraction step (very low amounts, as
quality controls indicate high RNA purity after extraction). Using
the transcriptomic sequences, we categorized the 3 splicing mu-
tations as truncating mutations. Three cases harbored a double
mutation of CDH1 (in each case, one being truncating, and the
other nontruncating). Thus, at a per-patient level, 161/251 cases
(64.1%) demonstrated a CDH1 truncating mutation (frameshift
indels, nonsense, or splicing mutations), 16/251 cases (6.4%) only a
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nontruncating mutation (in-frame indels or missense mutations),
and 74 cases (29.5%) no detectable CDH1 mutation. The average
allelic ratio of CDH1 mutations was 62.2%. The OncoKB data-
base29,30 listed 88.9% of the CDH1 mutations identified in our se-
ries. DNA sequencing of 85 CDH1-mutated cases validated 84 of
the 86 CDH1 variants (97.7%) identified by RNAseq. DNA
sequencing of 25 cases with no CDH1 mutation detected by RNA-
seq found no CDH1 mutation in 23 of 25 cases (92%). Of note, one
of the 2 additional mutations found by DNAseqwas actually found
by RNAseq but had been filtered out due to insufficient coverage.
The sensitivity of RNAseq vs DNAseq for the detection of CDH1
mutations was 97.7%, specificity 92%, and accuracy 96.4%.

As expected, mutations were distributed throughout the CDH1
gene (Fig. 1): 48 were in the propeptide/signal domain (26.7 %),
106 in the extracellular domain (58.9 %), 6 in the transmembrane
domain (3.3 %), and 20 in the intracytoplasmic domain (11.1 %). In
terms of recurrent mutations, defined as being present in at least 2
different cases in the series, we have identified: Q23* mutation
(14 occurrences), T115Nfs*53/Afs*52 mutation (4 occurrences), 6
mutations with 3 occurrences (V202Cfs*7, D290Gfs*3/Rfs*2/
Tfs*4, Q383*, Q610*, Q699*, and Y753Lfs*4), and 24 other muta-
tions with 2 occurrences.

Immunohistochemical Expression of E-Cadherin Assessed With
Clone 4A2C7 (Intracellular) and Clone NCH38 (Extracellular)

E-cadherin expression was assessed by immunohistochem-
istry with 2 different clones: one targeting the intracellular part
of the protein (clone 4A2C7) and the other targeting the
extracellular part (NCH38). Overall, 47.6% and 53.8% of ILCs
showed no expression with 4A2C7 and NCH38 clones, respec-
tively. Focal expression (1%-10% labeled cells) was observed in
25.2% and 30% of cases, heterogeneous expression (11%-89%
labeled cells) in 19.2% and 6. 9% of cases, and diffuse expres-
sion (�90% labeled cells) was observed in 8% and 9.3% of cases
with 4A2C7 and NCH38, respectively (Fig. 2, Table 2). Consid-
ering a 3-class categorization of E-cadherin IHC (null/focal
[�10%], heterogeneous [11%-89%], and diffuse [�90%]), the
overall agreement between the 2 clone analyses was 83.8% and
the Kappa was 0.67 (Supplementary Table S2). There was a

Table 1
Clinical and pathologic features of a series of 251 ILCs

Characteristic Patients

No. %

Age (y)

<50 53 21.1%

50-64 104 41.4%%

�65 94 37.5%

Menopausal status

Premenopausal 72 29.6%

Postmenopausal 171 70.4%

Missing 8

Histologic subtype

Classic 170 67.7%

Alveolar 4 1.6%

Pleomorphic 10 4.0%

Solid 1 0.4%

Mixed 66 26.3%

Apocrine morphology

No 237 94.4%

Yes 14 5.6%

pT(m)

Unifocal 195 77.7%

Multifocal 56 22.3%

Tumor Size

pT1a 2 0.8%

pT1b 38 15.1%

pT1c 114 45.4%

pT2 76 30.3%

pT3 21 8.4%

Nodal status

pN0 175 69.7%

pN1 51 20.3%

pN2 18 7.2%

pN3 7 2.8%

Grade

1 7 2.8%

2 207 82.5%

3 37 14.7%

Lymphovascular invasion

No 224 89.2%

Yes 27 10.8%

Estrogen receptor

Negative (<10%) 9 3.6%

Positive (�10%) 242 96.4%

Progesterone receptor

Negative (<10%) 63 25.1%

Positive (�10%) 188 74.9%

HER2 status

HER2-zero 159 63.3%

HER2-low 84 33.5%

HER2-positive 8 3.2%

Histomolecular class

Luminal A 171 68.1%

Luminal B 63 25.1%

Luminal B/HER2 8 3.2%

Triple negative 9 3.6%

Tumor infiltrating lymphocytes

<5% 182 72.5%

�5% 69 27.5%

Tumor cellularity

<50% 146 58.2%

�50% 105 41.8%

Histo/radiological Size Ratio >1.5

No 144 64.6%

Yes 79 35.4%

Missing 28

Table 1 (continued )

Characteristic Patients

No. %

Surgery

Tumorectomy 168 66.9%

Mastectomy 83 33.1%

Radiotherapy

No 22 8.8%

Yes 229 91.2%

Chemotherapy

No 187 74.5%

Yes 64 25.5%

Hormone therapy

No 35 13.9%

Yes 216 86.1%

Metastatic relapse

No 212 84.5%

Yes 39 15.5%

Death from breast cancer

No 230 91.6%

Yes 21 8.4%

ILC, invasive lobular carcinoma.
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significant correlation between RNA expression and protein
expression of E-cadherin, with both clones (Supplementary
Figs. S1 and S2). Expression of E-cadherin, when present, was
membranous in almost all cases with frequent coexisting per-
imembranous cytoplasmic expression. E-cadherin expression
was only cytoplasmic in 2 cases (including 1 case with a dot-
like pattern) for clone 4A2C7 and in 1 case for clone NCH38.
Nuclear expression of E-cadherin (in �10% of cells) was
observed in 27 cases with the 4A2C7 antibody (19 cases with
null/focal E-cadherin membrane expression and 8 cases with
heterogeneous membranous expression) and 8 cases with the
NCH38 antibody (7 cases with null/focal E-cadherin membra-
nous expression and 1 case with heterogeneous membranous
expression). The presence of E-cadherin nuclear expression was
significantly associated with nondiffuse E-cadherin membrane
labeling (P < .001, for both clones).

Notably, cases with diffuse E-cadherin expression had a
decreased H-score (<300) in 19/20 cases for 4A2C7 (mean H-
score: 241.7) and in 22/23 cases for NCH38 (mean H-score:
209.6); most cases also exhibited a discontinuous abnormal
membrane staining (17/20 for 4A2C7 and 18/23 for NCH38)
(Table 2). Of note, 4/23 cases with diffuse (�90%) NCH38 E-
cadherin showed null/focal (N ¼ 1) or heterogeneous (N ¼ 3)
4A2C7 E-cadherin labeling, whereas all diffuse 4A2C7 E-cad-
herin cases also showed diffuse labeling with the NCH38 clone
(19/19 cases). b-catenin and p120-catenin immunohistochem-
istry was performed on 19 cases with a diffuse expression of E-
cadherin with both clones 4A2C7 and NCH38. One case showed
a strong reduction in membranous b-catenin expression (5% of
labeled cells); this case harbored a mutation in the intra-
cytoplasmic domain of CDH1. One case had more than 50% of
cells with cytoplasmic p120-catenin expression, and 2 cases
had a significant reduction (<50%) in membranous p120-
catenin expression (Table 3).

Association Between E-Cadherin Expression, CDH1 Mutational
Status, and Clinico-Pathological Features

Cases with CDH1 truncating mutations were E-cadherin
null/focal (0%-10% of stained cells) in 77.5% (124/160) of cases
with clone 4A2C7 and in 89.9% (142/158) of cases with clone
NCH38. Marked reduction in E-cadherin expression was also
found at a similar rate in cases without CDH1 mutations, with
75.7% (56/74) of E-cadherin null/focal with clone 4A2C7 (P ¼
.74) and 86.3% (63/73) of E-cadherin null/focal with clone

NCH38 (P ¼ .5). In addition, the percentage of cases without
CDH1 mutations was distributed almost equally between ILC
with diffuse (�90%) vs null/focal (�10%) E-cadherin expression
(30% vs 31% for 4A2C7 and 35% vs 30% for NCH38, respec-
tively). The presence of CDH1 nontruncating mutations was
significantly correlated with diffuse E-cadherin expression
(�90%) either with NCH38 or 4A2C7 antibodies (P < .0001)
(Fig. 3A). The allelic ratio of CDH1 mutations showed no sta-
tistically significant variation between E-cadherin null, focal,
heterogeneous, or diffuse IHC categories. Cases with diffuse E-
cadherin expression had no mutations involving the propep-
tide/signal domain (Fig. 3B). Analysis of discordant cases for
intracellular (4A2C7) vs extracellular (NCH38) labeling showed
that cases with both 4A2C7 �10% and NCH38 �10% were
associated with enrichment in mutations of the intra-
cytoplasmic domain of CDH1 (P < .01) (Fig. 3C).

A high E-cadherin expression correlated with a lower tumor
cellularity (P < .01 for 4A2C7 and P < .05 for NCH38) and a
higher tumor-infiltrating lymphocytes (TILs) content (P ¼ .17 for
4A2C7 and P < .05 for NCH38). CLI with null/focal E-cadherin
labeling (�10%) showed more radiohistologic discordance of
tumor size (histological size/radiological size ratio >1.5) than
the other groups (P < .01 for 4A2C7 and P ¼ .05 for NCH38)
(Supplementary Tables S3 and S4). The presence of a radio-
histological discordance was also significantly associated with
the group of tumors with a truncating mutation of CDH1 (P <
.01). Cases without CDH1 mutation more frequently showed
apocrine morphology (P < .05) (Supplementary Table S5).

Prognostic Impact of E-Cadherin Status in Invasive Lobular
Carcinoma

Patients who had ILC with CDH1 truncating mutation
showed a shorter DMFI (Kaplan Meier analysis; log-rank test,
P < .01) and a poorer BCSS (log-rank test, P < .05) than pa-
tients who had ILC without CDH1 truncating mutation
(including cases with CDH1 nontruncating mutations and cases
without CDH1 mutations) (Fig. 4A, B, respectively). Patients
who had ILC with CDH1 truncating mutation experienced a 10-
year DMFI of 78.1% (95% CI: 71.0%-85.8%) and a 10-year BCSS of
88.6% (95% CI: 82.8%-94.8%) compared with 95.7% (95% CI:
91.0%-100%) and 97.5% (95% CI: 94.0%-100%) for patients who
had ILC without CDH1 truncating mutations, respectively. This
corresponds to a 17.6% difference for DMFI and 8.9% difference
for BCSS, at 10 years. Of note, the poor prognosis associated

Figure 1.
CDH1 mutations are found all along the gene sequence and are mostly truncating (black).
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with CDH1 truncating mutation was also found when analyses
were restricted to E-cadherin null/focal (IHC �10%) ILCs,
whether for DMFI (log-rank tests, P < .01 with clone 4A2C7,
and P < .05 with clone NCH38) or BCSS (log-rank tests, P < .05
with clone 4A2C7 and with clone NCH38).

Univariate Cox proportional hazards analysis showed an
increased risk of metastatic relapse (hazard ratio (HR) ¼ 3.9, P <
.05) and breast cancer-related death (HR ¼ 4, P ¼ .06) in the group
of patients who had ILC with CDH1 truncating mutation compared
with patients who had ILCs without CDH1 mutation. A moderate
and nonsignificant increase in metastatic risk and breast cancer-
related death was found for cases with CDH1 nontruncating mu-
tations (HR¼ 2.3, P¼ .34; HR¼ 2.3, P¼ .50, respectively). Features
otherwise significantly associated in univariate analysis with
metastatic risk were tumor size, lymph node status, and grade;
features significantly associated with risk of breast cancer-related
death were tumor size, lymph node status, PR status, and TILs
(Table 4). Treatment characteristics (including type of surgery and
use of radiotherapy, hormone therapy, or chemotherapy) had no
effect on survival for either DMFI or BCSS. Of note, E-cadherin IHC

was not associated with prognosis in our cohort, and in particular,
no survival impact was found for nuclear E-cadherin positivity
with both clones.

The poor prognostic value of CDH1 truncating mutation was
independent of tumor size, nodal status, grade, PR status, and TILs
in multivariate analysis. HR values were 5.2 and 4.93 in the group
of patients who had ILC with CDH1 truncating mutation for DMFI
and BCSS models, respectively (P < .01 and P < .05), in contrast
with the lower HR values found in univariate models (Table 4). In
addition, the inclusion of treatment variables in the multivariate
model showed that the prognostic impact of CDH1 mutation sta-
tus (HR ¼ 5.59, P < .01 for DMFI; HR ¼ 4.61, P ¼ .05 for BCSS) was
independent of the type of surgery and the use of radiotherapy,
hormone therapy, or chemotherapy.

Discussion

In this retrospective series of ILCs from a single institution
with a long follow-up, we showed that ILCs diffusely expressing

Figure 2.
Expression of E-cadherin across the invasive lobular carcinoma cohort. Distribution of E-cadherin membranous/cytoplasmic expression assessed with intracellular clone (4A2C7)
(A) and extracellular clone (NCH38) (B). (C) Representative E-cadherin expression patterns are identified.

Table 2
Characteristics of E-cadherin immunohistochemistry assessed with 2 antibodies: clone 4A2C7 targeting the intracellular part of the protein and clone NCH38 targeting the
extracellular part

4A2C7 clone NCH38 clone

No. of ILCs assessed (/251) 250 247

Pattern of E-cadherin expression

Negative (0%) 119 (47.6%) 133 (53.8%)

Focal (1%-10%) 63 (25.2%) 74 (30%)

Heterogeneous (11%-89%) 48 (19.2%) 17 (6.9%)

Diffuse (�90%) 20 (8%) 23 (9.3%)

Characteristics of ILCs with diffuse E-cadherine expression

E-cadherin H-score 241.7 (120-300) 209.6 (96-300)

Type of E-cadherin membrane staining:

Continuous 3 (15%) 5 (21.7%)

Discontinuous 17 (85%) 18 (78.3%)

ILC, invasive lobular carcinoma.
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E-cadherin had no fewer CDH1 mutations than E-cadherin-nega-
tive cases but were significantly enriched in nontruncating mu-
tations. In addition, for the first time to our knowledge, we
showed that the presence of E-cadherin truncating mutations was
associated with a higher risk of developing metastasis and a
higher breast cancer-related mortality.

As some publications show discrepancies in E-cadherin IHC
expression depending on the domain targeted by the antibody,31

we performed IHC staining with 2 clones: clone NCH38 (which
is the most used clone worldwide5) targeting the extracellular
part of the protein and clone 4A2C7 targeting the intracellular
domain. Although the results appearedmore straightforwardwith

Table 3
Characteristics of b-catenin and p120-catenin immunohistochemistry for the 19 cases with diffuse expression of E-cadherin (�90%) with both clone 4A2C7 and NCH38

CDH1 status b-catenin p120-catenin

Membrane staining Membrane staining Cytoplasmic staining

% of cells Intensity Type % of cells Intensity Type % of cells

CDH1mutated ILCs Extracellular
domain

90 Weak Incomplete 40 Moderate Incomplete 10

100 Strong Incomplete 70 Moderate Incomplete 1

90 Moderate Incomplete 90 Moderate Incomplete 30

95 Moderate Incomplete 95 Strong Incomplete 0

90 Moderate Incomplete 85 Moderate Incomplete 5

100 Moderate Incomplete 90 Moderate Incomplete 0

100 Strong Incomplete 100 Strong Incomplete 0

90 Moderate Incomplete 90 Moderate Incomplete 0

100 Moderate Incomplete 90 Moderate Incomplete 0

100 Strong Complete 100 Strong Complete 0

100 Moderate Incomplete 100 Moderate Incomplete 0

100 Moderate Incomplete 80 Weak Incomplete 60

ICD 5 Weak Incomplete 60 Weak Incomplete 10

ILCs without
CDH1 mutation

70 Weak Incomplete 40 Weak Incomplete 10

100 Moderate Incomplete 70 Weak Incomplete 10

100 Moderate Complete 100 Strong Complete 0

100 Strong Incomplete 90 Moderate Incomplete 0

100 Strong Incomplete 90 Strong Incomplete 0

100 Weak Incomplete 85 Weak Incomplete 5

ICD, intracellular domain; ILC, invasive lobular carcinoma.

Figure 3.
Phenotypic correlation of CDH1 mutations. Invasive lobular carcinomas with diffuse expression of E-cadherin (�90%) are enriched in CDH1 nontruncating mutations (A) and lack
signal/propeptide domain mutations (B). A significant defect in E-cadherin expression with the intracellular clone (4A2C7 � 10%), in conjunction with a conserved expression of
E-cadherin with the extracellular clone (NCH38 � 10%), is associated with enrichment in CDH1 mutations of the intracytoplasmic domain (C).
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clone NCH38 (usually null/focal or diffuse) than with clone 4A2C7
showing a higher proportion of heterogeneous staining (11%-89%
of positive cells), the concordance between the 2 clones was still
good when considering the 3 E-cadherin categories null/focal
(�10%) (72.8% for 4A2C7 vs 83.8% for NCH38), heterogeneous
(11%-89%) (19.2% for 4A2C7 vs 6.9% for NCH38), and diffuse (�90%)
(8% for 4A2C7 vs 9.3% for NCH38) (overall concordance: 83.8%,
Kappa 0.67). Importantly, E-cadherin expression, when present,
was in almost all cases membranous and abnormal (incomplete
and of reduced intensity compared with E-cadherin staining of
normal glands). Although previous studies have been carried out
with variable clones and E-cadherin positivity cutoffs, our results
are in line with previously reported frequencies,7,15 in particular,
for the most studied clone NCH38.14 Of note, nuclear expression of
E-cadherin (which was not taken into account for the global
assessment of percentage of labeled cells presented above) was
seen with both clones and was anticorrelated with membrane E-
cadherin expression, as found by Lobo and colleagues.32

Our study was based on CDH1 mutation analysis from RNA
sequencing data. This technique is routinely used in our institu-
tion for diagnostic purposes. This enables triple characterization
(point mutations, fusion transcripts, and gene expression profile)
from a single tumor fragment, which is particularly useful for
small biopsies. CDH1 being a tumor suppressor gene, we might
have expected a lack of sensitivity for mutation detection by
RNAseq. However, comparative DNA sequencing of 110 ILCs from
our cohort demonstrated an excellent sensitivity (97.7%) of our
RNA-based mutational analysis. In addition, the CDH1 mutation
rate in the entire series (70.5%) and the proportion of truncating
CDH1 mutation (89.5%) were close to those usually described in
the literature,4,10-13 supporting the reliability of our results.

Interestingly, we showed that cases with diffuse E-cadherin
expression have the same CDH1 mutation frequency (~70%) as
cases with null/focal expression but differ significantly in muta-
tion type. The association between retained E-cadherin expres-
sion and nontruncating CDH1 mutations has been previously
suggested, notably in a large series of CDH1-mutated breast can-
cer33 and in a small series of ILC.4 However, no genotype-

phenotype correlation was provided in these series for ILC
without a CDH1 mutation. In our study, ILCs without CDH1 mu-
tation had typical morphologic features of lobular carcinomas,
including 70% of classic histologic subtype and null/focal expres-
sion of E-cadherin (�10%) in over 3-quarters of cases (similar to
what we observe in ILCs with truncating CDH1 mutation). The
molecular mechanism of E-cadherin downregulation in ILCs
without CDH1 mutation is currently under investigation in our
cohort, with recent reports showing that this may be primarily
related to CDH1 promoter methylation.34

In addition, we demonstrated an association between muta-
tion location and E-cadherin protein expression. Signal/propep-
tide domain mutations were absent in ILCs with diffuse
expression of E-cadherin (�90%), and intracytoplasmic domain
mutations were associated, as expected, with a divergent
phenotype (intracellular clone 4A2C7 �10% and extracellular
clone NCH38 �10%).

Our results may help standardize the diagnostic workup for
ILCs with diffuse E-cadherin expression, which can be misleading
to the pathologist. In our series, the morphology of these cases
was clearly lobular, with the presence of a typical ILC morphology
(dissociated isolated cells, single file pattern) and without features
that would favor a mixed ductal/lobular form (absence of signifi-
cant tube formation), although a minority of cases displayed
trabecular, alveolar, or solid areas. Overall, the frequency of the
classical histologic subtype was found to be similar or even higher
in tumors with diffuse E-cadherin expression than in E-cadherin
null/focal ILCs (70%-75% vs 64%-67%, respectively).

Based on our observations, the diagnosis of ILC could be sup-
ported in the rare cases with retained diffuse E-cadherin staining
by (1) careful analysis of E-cadherin labeling (diffuse, but nearly
always incomplete membrane labeling and reduced intensity
compared with normal glands), (2) staining with another E-cad-
herin clone (17% of diffusely positive NCH38 cases in our series
showed nondiffuse labeling with the intracellular 4A2C7 clone),
(3) by b-catenin or p120-catenin staining (at least one antibody
staining clearly abnormal in 21% of cases with diffuse E-cadherin
in our series), and (4) by determining the CDH1 gene mutational

Figure 4.
CDH1 truncating mutations are associated with poor survival in invasive lobular carcinomas . KaplaneMeier plots showing distant metastasis-free interval (A) and breast cancer-
specific survival (B) of invasive lobular carcinomas patients stratified according to the absence (gray) or presence (black) of CDH1 truncating mutation. The tables below the
curves indicate the numbers of patients at risk.
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Table 4
Univariate and multivariate Cox proportional hazards models for distant metastasis-free interval and breast cancer-specific survival.

Clinicopathological feature Univariate analysis Multivariate analysis

DMFI BCSS DMFI BCSS

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (CI 95%) P value

Age (y)

<50 (N ¼ 53) 1 1

50-64 (N ¼ 104) 1.2 (0.47-2.8) .75 2.7 (0.59-12) .20

�65 (N ¼ 94) 2.1 (0.85-5.0) .11 3.9 (0.85-18) .08

Menopausal status

Premenopausal (N ¼ 72) 1 1

Postmenopausal (N ¼ 171) 1.2 (0.61-2.4) .58 1.7 (0.64-4.8) .27

Histologic subtype

Classic (N ¼ 170) 1 1

Nonclassic (N ¼ 81) 1.8 (0.94-3.3) .07 1.4 (0.57-3.3) .48

Apocrine morphology

No (N ¼ 237) 1 1

Yes (N ¼ 14) 1.6 (0.5-5.3) .41 NA

pT(m)

Unifocal (N ¼ 195) 1 1

Multifocal (N ¼ 56) 0.91 (0.42-2) .81 1.1 (0.4-3) .84

Tumor Size

pT1 (N ¼ 154) 1 1 1 1

pT2 (N ¼ 76) 1.7 (0.86-3.5) .12 1.9 (0.74-5) .17 1.1 (0.53-2.3) .79 1.09 (0.39-3.1) .87

pT3 (N ¼ 21) 4.0 (1.62-9.6) .002b 3.9 (1.18-13) .02a 1.0 (0.33-3.1) .99 1.11 (0.24-5.2) .89

Nodal status

pN0 (N ¼ 175) 1 1 1 1

pN1 (N ¼ 51) 1.7 (0.73-3.8) .22 3.4 (1.2-9.3) .01a 1.3 (0.54-3.1) .57 2.33 (0.78-7.0) .13

pN2 (N ¼ 18) 7 (3.08-16) <.001c 4.4 (1.1-17.3) .03a 8.9 (3.48-22.5) <.001c 5.48 (1.2-25.0) .02a

pN3 (N ¼ 7) 16.9 (6.04-47.1) <.001c 19.6 (4.9-78.2) <.001c 16.4 (4.82-55.5) <.001c 21.82 (3.81-125) <.001c

Grade

1-2 (N ¼ 214) 1 1 1 1

3 (N ¼ 37) 2.5 (1.2-5) .01a 1.4 (0.47-4.2) .54 2.2 (0.99-4.9) .05 0.82 (0.24-2.8) .75

Lymphovascular invasion

No (N ¼ 224) 1 1

Yes (N ¼ 27) 1.7 (0.77-3.9) .18 1.8 (0.61-5.4) .28

Estrogen receptor

Positive (N ¼ 242) 1 1

Negative (N ¼ 9) NA NA

Progesteron receptor

Positive (N ¼ 188) 1 1 1 1

Negative (N ¼ 63) 1.5 (0.75-2.9) .25 2.4 (1-5.8) .04a 1.44 (0.70-3.0) .31 2.58 (1.02-6.5) .04a

HER2

HER2-zero (N ¼ 160) 1 1

HER2-low (N ¼ 83) 1.4 (0.76-2.7) .3 0.69 (0.25-1.9) .46

HER2-Positive (N ¼ 8) NA NA

Histomolecular class

Luminal A (N ¼ 171) 1 1

Other subtypes (N ¼ 80) 1.6 (0.87-3.1) .12 2.1 (0.88-4.9) .09

Tumor infiltrating lymphocytes

<5% (N ¼ 182) 1 1 1 1

�5% (N ¼ 69) 1.4 (0.75-2.8) .27 2.4 (1-5.6) .04a 1.7 (0.77-3.6) .19 2.75 (1.00-7.6) .05

Tumor cellularity

<50% (N ¼ 146) 1 1

�50% (N ¼ 105) 1.1 (0.6-2.2) .67 1.6 (0.66-3.8) .28

E-cadherin IHC (4A2C7)

�10% (N ¼ 182) 1 1

11-89% (N ¼ 48) 0.41 (0.15-1.2) .09 0.86 (0.29-2.6) .79

�90% (N ¼ 20) 0.49 (0.12-2.1) .32 NA

E-cadherin IHC (NCH38)

�10% (N ¼ 207) 1 1

11-89% (N ¼ 17) 0.81 (0.19-3.4) .77 1.67 (0.38-7.3) .49

�90% (N ¼ 23) 0.51 (1.12-2.1) .35 0.53 (0.07-4) .53

(continued on next page)
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status, given that CDH1mutations are present in a high proportion
of such cases [65%-70%] (similar to the mutation rate observed in
E-cadherin null/focal ILCs, but more often of the nontruncating
type). The determination of CDH1 mutation status for diagnostic
purposes is currently not feasible in the routine practice of most
laboratories. However, it may be considered in the near future in
the context of the emergence of dedicated ILC therapies. Indeed,
the reproducibility of ILC diagnosis is currently suboptimal,2,3 and
additional implementation of a molecular diagnostic test could
potentially enable better identification of ILCs. Our data suggest
that CDH1 status may have both diagnostic utility (especially in
those rare cases where morphologic and immunohistochemical
analyses are insufficient for an accurate ILC diagnosis) and prog-
nostic significance. Furthermore, larger studies are required to
elucidate the precise added value of CDH1 status assessment in ILC
diagnosis and prognostic stratification.

Radiohistologic size discordance is one of the most striking
distinctive features of infiltrating lobular carcinomas.35 Indeed,
in contrast to ductal carcinomas, the radiological size of lobular
carcinomas (when assessed by mammography or ultrasound)
frequently underestimates the effective histologic size of the
tumor. We have shown that this clinicoradiological phenome-
non is actually associated with the biological inactivation of
CDH1, even in ILCs: lobular tumors with a truncating mutation
of CDH1 or null/focal expression of E-cadherin showed signifi-
cantly more radiohistological size discordance than other cases.
Furthermore, stromal content (inversely correlated with tumor
cellularity) and TILs were less abundant in E-cadherin null/focal
cases. These correlations call for further exploration of the
biological effect of E-cadherin inactivation on stromal specific-
ities in ILC (including TILs, cancer-associated fibroblast, and
adipocyte content and function), in relation to the distinctive
radiological characteristics of lobular carcinomas.36

Features usually associated with poor prognosis in ILC
include tumor size, lymph node involvement, grade, tumor
phenotype,37e39 and TILs.18,40 We show here for the first time to
our knowledge that the presence of a CDH1 truncating mutation
is associated with a higher risk of metastasis and a higher

breast cancer-related mortality, independently of other clinico-
pathological characteristics of ILC. Interestingly, the poor prog-
nosis associated with truncating CDH1 mutation was seen even
when analyses were restricted to focal/null E-cadherin (IHC
�10%), demonstrating the additive value of CDH1 mutational
status analysis on E-cadherin immunohistochemistry. In contrast,
previous studies10-12,39 have not reported a prognostic impact of
CDH1 mutations. This may be due to analyses being carried out
on cohorts with more advanced disease (higher pT and pN
stages)11,12,39 than in our cohort and for some of them12 with
less patients and shorter follow-up. It could be also related to
survival analyses that were performed without stratification on
the truncating or nontruncating nature of CDH1 mutations or to
the use of different survival indicators.11,39 In our study, we have
used DMFI or BCSS to specifically reflect cancer-related meta-
static events or death without undermining survival assessment
by competing events (frequently occurring in this elderly pop-
ulation). The prognostic effect of the CDH1 status found in our
study must be interpreted in light of growing evidence that ILCs
have an increased metastatic risk compared with ERþ invasive
ductal carcinomas, particularly in long-term follow-up.17,38,41

Therefore, our observation could directly link high metastatic
risk not to lobular histology per se, but to the underlying bio-
logical inactivation of CDH1 by truncating mutations. Insights
could be provided by experiments thoroughly investigating
different mechanisms of E-cadherin inactivation and their links
with the biological processes of metastatic spread (tumor cell
invasiveness, cell dormancy, stromal interactions, etc.).

In conclusion, our work showed the importance of
the presence and type of CDH1 mutations on the clinicoradio-
logical, stromal, and phenotypic characteristics of ILC, as well as on
the survival of the patients. Our findings contribute to a better
understanding of the heterogeneity of lobular disease and could
help refine diagnostic methods and criteria of ILC. Finally, if our
results are confirmed in an independent series, it could lead re-
searchers to systematically take CDH1 mutation status and type
into account in their future basic or clinical research on lobular
carcinomas.

Table 4 (continued )

Clinicopathological feature Univariate analysis Multivariate analysis

DMFI BCSS DMFI BCSS

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (CI 95%) P value

CDH1 status

No mutation (N ¼ 74) 1 1 1 1

Nontruncating mutation (N ¼ 16) 2.3 (0.41-12) .34 2.3 (0.21-25) .50 2.8 (0.48-16.4) .25 3.16 (0.27-37.5) .36

Truncating mutation (N ¼ 161) 3.9 (1.39-11) .01a 4 (0.92-17) .06 5.2 (1.72-15.7) .003b 4.93 (1.06-23) .04a

Surgery

Tumorectomy (N ¼ 168) 1 1

Mastectomy (N ¼ 83) 1.1 (0.57-2.2) .75 1.5 (0.6-3.6) .41

Radiotherapy

No (N ¼ 22) 1 1

Yes (N ¼ 229) 3 (0.41-22) .27 NA

Chemotherapy

No (N ¼ 187) 1 1

Yes (N ¼ 64) 1.7 (0.87-3.2) .12 1.5 (0.62-3.6) .37

Hormone therapy

No (N ¼ 35) 1 1

Yes (N ¼ 216) 1.1 (0.38-3) .89 2.4 (0.32-18) .38

BCSS, breast cancer-specific survival; DMFI, distant metastasis-free interval; HR, hazard ratio; IHC, immunohistochemistry; NA, not assessable (no event in this category).
a P < .05.
b P < .01.
c P < .001.
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