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Abstract
Primary triple-negative invasive lobular breast carcinomas (TN-ILCs), which do not express hormone receptors and HER2 at
diagnosis, are rare and poorly known. In this study, we analyzed the largest TN-ILC series ever reported in the literature, in
comparison to phenotypically similar breast tumor subtypes: triple-negative invasive ductal carcinoma (TN-IDC) and
hormone receptor-positive invasive lobular carcinoma (HR+ ILC). All primary TN-ILCs registered in our database between
2000 and 2018 (n= 38) were compared to tumors from control groups, matched by stage and Elston/Ellis grade, with regard
to clinical, pathologic, and immunohistochemical characteristics. A comparative molecular analysis (whole-exome and RNA
sequencing using next-generation technology) was also performed. We found that TN-ILC patients were older than those
with HR+ ILC (P= 0.002) or TN-IDC (P < 0.001). Morphologically, TN-ILCs had aggressive phenotypes, with more
pleomorphism (P= 0.003) and higher nuclear grades than HR+ ILCs (P= 0.009). Immunohistochemistry showed that TN-
ILCs less frequently expressed basal markers (CK5/6, EGFR and SOX10) than TN-IDCs (P < 0.001), while androgen
receptor (AR) positivity was more prevalent (P < 0.001). Survival curves analysis did not show differences between TN-ILC
and TN-IDC patients, while overall and distant metastasis-free survival were significantly worse compared to those with HR
+ ILCs (P= 0.047 and P= 0.039, respectively). At a molecular level, we found that TN-ILCs had particular transcriptomic
profiles, characterized by increased AR signaling, and associated with frequent alterations in the PI3K network and ERBB2.
Interestingly, whole-exome analysis also identified three specific recurrent ESRRA hotspot mutations in these tumors, which
have never been described in breast cancer to date and which were absent in the other two tumor subtypes. Our findings
highlight that TN-ILC is a unique aggressive breast cancer associated with elderly age, which belong to the luminal
androgen receptor subtype as determined by immunohistochemistry and transcriptomic profiling. Moreover, it harbors
specific molecular alterations (PI3K, ERBB2 and ESRRA) which may pave the way for new targeted therapeutic strategies.

Introduction

Invasive lobular carcinoma (ILC) of the breast represents
5–15% of all breast cancers and is the second most frequent
histologic subtype after invasive ductal carcinoma of no special
type (IDC-NST) [1]. The classic ILC subtype is characterized
by proliferation of non-cohesive small cells individually dis-
persed in fibrous connective tissue or organized in single-file
linear cords invading the stroma. Its pleomorphic counterpart is
a rare aggressive variant with more nuclear atypia and pleo-
morphism [1, 2]. ILCs often show the loss of E-cadherin
expression coupled with CDH1 alterations. Most of them
express receptors for both steroid hormones: estrogen and
progesterone (hormone receptor-positive tumors, HR+), while
HER2 amplification/overexpression is rare [1, 3]. They usually
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have a low proliferation index and are often classified as
luminal A by gene expression profiling [4]. Compared to IDC-
NST, ILCs develop in older patients. They are also bigger, of
lower histologic grades, show less lymphovascular invasion as
well as higher rates of bilateral and multifocal/multicentric
disease and different responsiveness to therapy [5, 6]. Even
though they have morphologic features associated with a good
prognosis, they seem to give poor long-term outcomes, similar
to those of IDC-NST, if not worse [3, 7, 8].

Triple-negative breast carcinomas (TNBCs), defined by the
absence of hormone receptors (HR negativity) and of the
HER2 expression [1], account for 10–17% of all breast can-
cers [9]. They are more frequent in younger women and in
patients with BRCA mutations. These tumors are usually of
higher grade and are associated with poor outcomes [9, 10].
Based on the intrinsic molecular subtyping of breast cancer,
about 80% of them have a basal-like transcriptomic profile
[11–13]. However, the results by Lehmann et al. [11] and
others [12–14] suggested that TNBCs are more heterogeneous
than previously described, and identified different molecular
subtypes, each displaying a particular biology with molecular
drivers that can be therapeutically targeted.

TNBCs have been the focus of many studies reported in
the literature. However, most of these studies included
mainly IDC-NSTs and not the triple-negative invasive
lobular carcinomas (TN-ILCs), which are rare. Therefore,
although some studies have reported the existence of rare
TN-ILCs expressing basal cytokeratins [7, 15, 16], the data
for TN-ILC remain scarce [17–20].

In order to fill this gap, in this study, we aimed to better
characterize triple-negative invasive lobular breast carcinomas
(TN-ILCs) by comparing their morphologic, immunopheno-
typic, molecular, and prognostic features to those of phenoty-
pically close tumors: hormone receptors-positive invasive lobular
carcinomas (HR+ ILCs) and triple-negative invasive ductal
carcinomas (TN-IDCs). Next-generation sequencing was used to
search for specific genetic alterations and changes in the acti-
vation of specific signaling pathways.

Materials and methods

Study design and samples

The study group comprised all primary TN-ILCs (n= 38)
diagnosed between January 2000 and December 2018 in the
Georges-François Leclerc Cancer Center (CGFL, Dijon,
France) and in the Bergonié Institute (Bordeaux, France).
Patients with ILCs which were secondarily TN tumors (tumors
which became TN at recurrence, following the treatment of
initially non-TN primary breast tumors) were excluded.

Controls were 76 TN-IDCs and 76 HR+ ILCs, which
were randomly selected from the database of the Côte d’Or

Breast Cancer Registry (France) and matched to cases by
clinical stage and histologic grade.

Demographic and clinical characteristics of all subjects
were retrieved from medical records. All samples were
centralized in the CGFL before analysis and submitted to
pathologic review. The latter included evaluating hema-
toxylin and eosin-stained (H&E) slides from cases and
controls, including both core biopsy and surgical resection
slides when available. Only the most representative pre-
systemic therapy section of the tumor was selected for
histologic characterization and complementary analyses:
surgical resection slides for patients who had not received
neoadjuvant systemic therapy (n= 31 for TN-ILC, n= 45
for TN-IDC, and n= 71 for HR+ ILC), and core biopsy
slides for metastatic or non-operable patients (n= 4 for TN-
ILC, n= 6 for TN-IDC, and n= 1 for HR+ ILC), and for
those who had received neoadjuvant chemotherapy before
resection (n= 3 for TN-ILC, n= 25 for TN-IDC, and n= 4
for HR+ ILC)). The TN status (both HRs and HER2
negativity) was confirmed in a retrospective review by two
pathologists. For patients who underwent surgery before
adjuvant systemic therapy, the tumor size was determined
using the pT values, which had been defined according to
the latest classification by the American Joint Committee on
Cancer Staging (AJCC, 8th Edition) [21] and recorded in
surgical pathology reports. For the others, the size was
determined based on ultrasound scan reports. The multi-
focality was defined by the presence of at least two distinct
tumors on macroscopic examination as reported in surgical
pathology reports for patients who underwent primary sur-
gery without neoadjuvant systemic therapy, and determined
based on ultrasound scan reports for the others. The classic
and pleomorphic ILC morphologic variants as well as the
apocrine differentiation criteria (large cells with abundant
eosinophilic granular cytoplasm, enlarged nuclei, and pro-
minent nucleoli) were defined as in the Fifth Edition of the
World Health Organization’s Classification of Breast
Tumors [1]. The three characteristics used in the E&E
grading system were re-scored by two pathologists on pre-
chemotherapy samples for all subjects [22], and the TNM
stage was defined using the latest classification by the AJCC
(8th Edition) [21].

CGFL has been authorized to conduct scientific
research by relevant French authorities (authorization number
AC-2019-3531). Informed consent was obtained from all
patients participating in the study and the study was approved
by the CGFL Ethical and Scientific Committee.

Immunohistochemistry

Using immunohistochemical methods, we evaluated the
expression of E-cadherin, an adhesion molecule whose loss
is frequent in lobular breast carcinoma. Then, the expression
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of basal markers, both established (Cytokeratin 5/6 (CK5/6)
and epidermal growth factor receptor (EGFR)) and recently
suggested (SOX10), as well as of two potential prognostic
and/or predictive markers (Androgen receptor (AR) and
proliferation marker Ki67) was evaluated for all tumors. All
antibody references and preparation details are summarized
in Supplementary Table S1. The analyses were performed
on 5 μm-FFPE tissue sections using an automated stainer
(Ventana Benchmark XT system®, Roche™). The results
were analyzed by two independent pathologists. In case of
evaluation discrepancy, a consensus score was determined.

ER and PR markers were considered negative if less than
1% of tumor cells (TCs) were stained. Tumors containing
1–10% HR-positive TCs (HR low tumors), which were
defined in the latest World Health Organization’s Classifi-
cation of Breast Tumors as tumors with heterogeneous
biological behaviors [1], were excluded from the study in
order to avoid any bias. Only tumors with at least 10% of
HR-positive TCs were included in the HR-positive-control
group. HER2 staining was scored according to the ASCO/
CAP guidelines and considered positive when it showed 3
+HER2 staining or 2+HER2 staining with fluorescent
in situ hybridization positivity [23]. E-cadherin staining was
classified as negative when a loss of membranous expres-
sion in TCs was observed. Of note, TCs with aberrant
cytoplasmic or Golgi type staining were defined as negative
[24, 25]. Immunostaining for CK5/6, EGFR, and SOX10
were considered positive when >1% of TCs showed a
positive signal. AR was considered as positive if ≥10% of
nuclear TCs were stained, as it is the commonly used cut-off
[26, 27]. For Ki67, the result was given by percentage of
immunoreactive TCs.

Molecular analysis

Nucleic acids were extracted from FFPE specimens as
described previously [28] and analyzed by whole-exome
and RNA sequencing.

DNA and RNA extraction

Following the evaluation of the tumor cell content in FFPE
tumor specimens by a pathologist, samples were macro-
dissected to obtain at least 80% tumor cell content for
nucleic acid extraction. DNA was extracted using the
Maxwell-16 FFPE Plus LEV DNA purification kit (Pro-
mega) according to the manufacturer’s protocol. RNA was
extracted from the same specimens using the Maxwell-16
LEV RNA FFPE Purification kit (Promega) according to
the manufacturer’s protocol. DNA and RNA quality were
assessed by spectrophotometry with absorbance at 230, 260,
and 280 nm. DNA was quantified using the Qubit fluoro-
metric assay (Life Technologies).

Whole-exome sequencing

Libraries were constructed from 200 ng DNA and captured
using the SureSelect Human All Exon v6 kit (Agilent)
following the manufacturer’s protocol. Paired-end (2*111
bases) sequencing was performed on a NextSeq500 device
(Illumina). Next, the sequences were aligned and annotated
with the human Hg19 genome based on the SureSelect
Human all Exon v6 manifest using the BWA and GATK
algorithms. Only sequences with a read depth of 10×, a
mutant allele frequency above 5%, and a frequency in the
general population inferior to 1% were retained for further
analyses.

Whole-exome analyses were performed as described
previously [29]. VCF files were annotated with the VEP
software [30]. Only variants with missense mutations or
frameshifts on canonical transcript, with the prevalence
below 0.05% in the general population and below 95%
among our patients were retained. Out of 17,970 genes
identified as altered, those reported to be usually altered in
breast cancer [31, 32] were compared between the three
groups. Mutations were retained only if they had been
previously described as pathogenic or likely pathogenic
variants, and variants of unknown significance if predicted
to be deleterious by both Sift and Polyphen software. Genes
mutated specifically in TN-ILC were selected using the
Fisher exact test with a 1% significance threshold. Overall,
177 altered genes were retained for further analysis.

RNA sequencing

rRNA-depleted RNA was used for the library preparation
with the NEBNext Ultra II Directional RNA library prep kit
for Illumina (New England Biolabs) according to the
manufacturer’s instructions. Libraries were paired-end
sequenced (2*76 base pairs) on a NextSeq500 device
(Illumina), with a read depth of 20 million.

Kallisto software [33] was used for quantifying transcript
abundance from RNA-seq data against GRCh38 cDNA
reference transcriptome from the Ensembl database, v96.
Only protein-coding transcripts and genes were included in
the downstream analysis. Differential expression analysis
was performed using the DESeq2 R package [34]. Genes
with an absolute log fold-change greater than 1 and the
s-value below 0.005 were considered as significantly dif-
ferentially expressed. Pathway enrichment analysis was
performed using the Enrichr website.

Intrinsic molecular subtype classification of tumors fol-
lowing RNA sequencing was conducted based on the
PAM50 gene set [35] using the genefu R package version
2.22.0 (http://www.pmgenomics.ca/bhklab/software/genefu)
as described elsewhere [36]. Lehmann’s TBNC subtype
classification was performed using the TNBC-type online
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tool (https://cbc.app.vumc.org/tnbc/index.php) as described
in [11, 37]. Both classifications were done on Transcripts Per
Millions values.

Statistical analysis

Continuous variables were expressed as numbers of obser-
vations, means (with standard deviation) and medians (with
min-max), and compared using Student or Wilcoxon tests as
appropriate. Categorical variables, expressed as frequencies
and percentages, were compared using the Chi2 or Fisher
test. For survival analysis, survivors were censored at the
date of last follow-up and distant metastasis-free survival
was defined as the interval from diagnosis until distant
recurrence date. The median follow-up was calculated using
the reverse Kaplan–Meier method. Survival times and rates
were determined using the Kaplan–Meier method and
comparisons were performed with the log-rank test. Inde-
pendent predictors of survival were determined using Cox
regression univariate and multivariate analyses. Co-
variables with P values below 0.200 in univariate analysis
were included in the multivariate model, while variables
with more than 20% missing data were excluded. Hazard
ratios were determined with 95% confidence intervals. Tests
were two-sided and the significance threshold was set at
5%. All statistical analyses were performed using the SAS
software, version 9.4.

Results

We analyzed clinical, histological, and molecular char-
acteristics of 38 TN-ILC tumors in comparison to TN-IDCs
and HR+ ILCs.

Clinical and pathologic characteristics

Detailed demographic, clinical, and histologic data for the
three groups are shown in Table 1.

Our series of 38 TN-ILCs comprised exclusively grade II
and grade III tumors (29 (76.3%) and 9 (23.7%), respec-
tively). Patients were all women, with the mean age of 71.7
years (range: 37–92 years). Twenty of them (52.6%) had
axillary lymph node extension and three (7.9%) were
metastatic at diagnosis. Twelve patients (31.6%) presented
with stage I disease, 11 (28.9%)—stage II, 12 (31.6%)—
stage III, and 3 (7.9%) with stage IV disease.

We found that TN-ILCs appeared in older patients than
HR+ ILCs (P= 0.002) and TN-IDCs (P < 0.001). They
were more often single pleomorphic tumors, while HR+
ILCs were more multifocal (P= 0.010) and more often of
the classic subtype (P= 0.003). Apocrine differentiation
was more prevalent in TN-ILC tumors than in TN-IDCs and

HR+ ILCs (P < 0.001). Moreover, TN-ILCs had higher
nuclear grades than HR+ ILCs (P < 0.001) but lower mean
mitotic counts than TN-IDCs (P < 0.001).

Concerning patient management, TN-IDC patients more
often underwent lumpectomy than TN-ILC patients among
whom mastectomy was more common (P= 0.009). No
difference in terms of surgical treatment was observed
between TN-ILC and HR+ ILC patients (P= 0.099). As far
as the other treatment modalities are concerned, fewer TN-ILC
than TN-IDC patients received neoadjuvant chemotherapy
(P= 0.009) and fewer had radiotherapy compared to TN-IDC
(P= 0.005) and HR+ ILC patients (P= 0.014).

Immunohistochemical characteristics

We found that E-cadherin expression was negative in 34 out
of 38 TN-ILC cases (89.5%) and in 73 out of 76 HR+ ILC
cases (96.1%), while it was expressed by all TN-IDC
tumors. SOX10 and EGFR were more frequently expressed
by TN-ILC tumors (3 (7.9%) and 8 (21.1%) out of 38,
respectively) than in HR+ ILC cases (only one of 76 cases
expressed EGFR (1.3%; P < 0.001), and none showed
SOX10 expression (P= 0.035)), but less frequently than in
TN-IDC tumors (36 (47.4%; P < 0.001) and 52 of 76
(68.4%; P < 0.001), respectively). CK5/6 was also less
frequently expressed in TN-ILC than in TN-IDC tumors (3
(7.9%) and 49 (64.5%) cases, respectively; P < 0.001). The
mean Ki67 proliferation index was lower in TN-ILC com-
pared to TN-IDC cases (16.6% versus 38.9%; P < 0.001),
while AR positivity was more prevalent in TN-ILC than in
versus TN-IDC tumors (36 (94.7%) versus 38 (50.0%); P <
0.001). Detailed results of all the immunohistochemical
analyses are presented in Table 2 and the main findings are
illustrated in Fig. 1.

Genomic profiles

Somatic mutation profiles were available for 26 TN-ILCs,
36 TN-IDCs, and 37 HR+ ILCs. We found that TN-ILCs
harbored some recurrent pathogenic alterations typical for
breast cancers. Besides an expected high rate of CDH1
mutations (50.0%), we found that 61.5% of TN-ILCs were
mutated in at least one of the three key genes of the phos-
phatidylinositol 3-kinase (PI3K) pathway, mainly PIK3CA
(46.2%), the negative regulator PTEN (11.5%) and the
downstream effector kinase AKT1 (11.5%). Moreover,
several transcription regulators were recurrently altered,
such as GATA3 (11.5%), TBX3 (11.5%), FOXA1 (7.7%),
and chromatin regulatory factor ARID1A (7.7%). ERBB2
and ERBB3, members of the human EGFR family, were
mutated in 26.9% and 3.8% of cases, respectively. TP53
and BRCA1 alterations, typical for TNBC, were found in
15.4% and 0.0% of TN-ILCs, respectively (Fig. 2). The
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Table 1 Clinical and pathologic characteristics of triple-negative invasive lobular carcinomas (TN-ILC) compared to two control groups.

Controls

TN-ILC
(n= 38)

TN-IDC
(n= 76)

HR+ ILC
(n= 76)

Age at diagnosis (years)

Mean ± standard deviation 71.7 ± 12.7 59.2 ± 15.5 63.7 ± 12.6

Median [min–max] 74.0 [37.0–92.0] 57.0 [32.0–100.0] 64.5 [37.0–91.0]

P values for comparisons with TN-ILC <0.001 0.002

Unifocal tumor

Yes 36 (94.7%) 69 (90.8%) 57 (75.0%)

No 2 (5.3%) 7 (9.2%) 19 (25%)

P values for comparisons with TN-ILC 0.716 0.010

Tumor size (cm)

Mean ± Standard Deviation 4.1 ± 3.5 2.9 ± 1.9 2.9 ± 2.3

Median [min–max] 2.8 [0.4–15.0] 2.5 [0.5–10.0] 2.0 [0.4–10.0]

P values for comparisons with TN-ILC 0.291 0.095

Glandular differentiation

I 0 (0.0%) 2 (2.6%) 0 (0.0%)

II 0 (0.0%) 30 (39.5%) 1 (1.3%)

III 38 (100%) 44 (57.9%) 75 (98.7%)

P values for comparisons with TN-ILC <0.001 1.000

Nuclear grade

I 0 (0.0%) 0 (0.0%) 12 (15.8%)

II 18 (47.4%) 26 (34.2%) 47 (61.8%)

III 20 (52.6%) 50 (65.8%) 17 (22.4%)

P values for comparisons with TN-ILC 0.174 <0.001

Mitosis score

I 29 (76.3%) 24 (31.6%) 51 (67.1%)

II 5 (13.2%) 22 (28.9%) 11 (14.5%)

III 4 (10.5%) 30 (39.5%) 14 (18.4%)

P values for comparisons with TN-ILC <0.001 0.512

Mitosis index (/mm²)

Mean ± SD 2.6 ± 3.6 8.0 ± 8.0 2.7 ± 3.6

Median [min-max] 0.9 [0.0–14.1] 5.2 [0.4–40.6] 0.9 [0.4–18.4]

P values for comparisons with TN-ILC <0.001 0.509

Histologic subtype

Classical 19 (50.0%) – 59 (77.6%)

Pleomorphic 19 (50.0%) – 17 (22.4%)

P values for comparisons with TN-ILC – 0.003

Apocrine differentiation

Yes 23 (60.5%) 11 (14.5%) 20 (26.3%)

No 15 (39.5%) 65 (85.5%) 56 (73.7%)

P values for comparisons with TN-ILC <0.001 <0.001

Lymphovascular emboli

Yes 15 (39.5%) 24 (31.6%) 20 (26.3%)

No 23 (60.5%) 52 (68.4%) 56 (73.7%)

P values for comparisons with TN-ILC 0.402 0.151

Necrosis

Yes 6 (15.8%) 22 (28.9%) 3 (3.9%)
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prevalence of mutations in genes known to be involved in
breast cancer compared between these three tumor subtypes
is shown in Supplementary Table S2, and a complete list of
the pathogenic and likely pathogenic variants found in these
tumors is provided in the Supplementary Table S3.

We found 177 genes that were specifically (significantly)
altered in TN-ILCs (Supplementary Table S4). As expected,
TN-ILCs were enriched for CDH1 mutations compared to
TN-IDCs (50.0% versus 11.1%; P < 0.001), while TP53
alterations were less prevalent (15.4% versus 66.7%; P <
0.001). Moreover, we observed a trend for a higher pre-
valence of the PI3K network alterations and of ERBB2
mutations in TN-ILCs, neither of the two, however, has
reached statistical significance.

Among other altered genes, we focused on the
Estrogen-Related Receptor Alpha (ESRRA) gene encoding
an orphan nuclear receptor that shares structural homology
with the estrogen receptor α/β (ERα/β) [38, 39]. ESRRA
was altered in 53.8% of TN-ILCs, with three specific
recurrent hotspot mutations in the nuclear receptor ligand-
binding domain: p.R352P (found in 46.2% of TN-ILCs),

p.R376L (50.0%), and p.L385P (50.0%). Of note, none of
these three hotspots was found to be mutated in controls—
ESRRA alterations in controls were fewer (P < 0.001) and
non-recurrent. All ESRRA gene variants identified in TN-
ILCs compared to control groups are illustrated in Fig. 3
and detailed in Supplementary Table S5. Interestingly,
ESRRA-mutant cases were more frequently pleomorphic
(P= 0.006) with higher nuclear grades (P= 0.006), and
tended to have higher proliferation indexes (P= 0.072)
than ESRRA-wildtype tumors. Detailed clinical, patholo-
gic, and immunohistochemical features of ESRRA-mutant
and -wildtype TN-ILCs are presented in Supplementary
Table 6.

Transcriptomic profiles

The pathway enrichment analysis highlighted differential
activation of several signaling pathways. Compared to HR
+ ILCs, TN-ILCs showed overexpression of genes under
the control of the AR transcription factor (P < 0.001;
Fig. 4A) as well as the enrichment of the Regulation of Ras

Table 1 (continued)

Controls

TN-ILC
(n= 38)

TN-IDC
(n= 76)

HR+ ILC
(n= 76)

No 32 (84.2%) 54 (71.1%) 73 (96.1%)

P values for comparisons with TN-ILC 0.124 0.058

Surgical treatment

Lumpectomy 9 (23.7%) 41 (53.9%) 33 (43.4%)

Mastectomy 25 (65.8%) 30 (39.5%) 39 (51.3%)

None 4 (10.5%) 5 (6.6%) 4 (5.3%)

P values for comparisons with TN-ILC 0.009 0.099

Chemotherapy

Neoadjuvant 3 (7.9%) 25 (32.9%) 4 (5.3%)

Adjuvant 14 (36.8%) 29 (38.2%) 29 (38.2%)

Exclusive 4 (10.5%) 6 (7.9%) 1 (1.3%)

None 17 (44.7%) 16 (21.1%) 42 (55.3%)

P values for comparisons with TN-ILC 0.009 0.125

Breast radiotherapy

Yes 21 (55.3%) 61 (80.3%) 59 (77.6%)

No 17 (44.7%) 15 (19.7%) 17 (22.4%)

P values for comparisons with TN-ILC 0.005 0.014

Lymph node radiation

Yes 14 (36.8%) 33 (43.4%) 34 (44.7%)

No 24 (63.2%) 43 (56.6%) 42 (55.3%)

P values for comparisons with TN-ILC 0.501 0.421

HR+ ILC hormone receptor-positive invasive lobular carcinoma, TN-IDC triple-negative invasive ductal carcinoma.

Statistically significant p-values are in italic.

Statistically significant p < 0.05 values are in bold-italic.
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familly activation (P= 0.017) and of the Syndecan-1-
mediated signaling pathways (P= 0.036). In contrast,
IL2 signaling pathways mediated by STAT5 and PI3K were

downregulated (P= 0.007 and P= 0.009, respectively).
Moreover, TN-ILCs presented MAPK1 and ERBB3 acti-
vation (P= 0.013 and P= 0.003, respectively; Fig. 4B), a
higher expression of AKT1-related genes (P= 0.008;
Fig. 4B) and a lower expression of genes regulated by ESR1
(P < 0.001; Fig. 4A). Otherwise, compared to TN-IDCs,
TN-ILCs showed enriched AR activity co-regulation
(P= 0.038) and FOXA1 network (P= 0.002) associated
with overexpression of genes under the control of ESR1 and
PPARG transcription factors (P= 0.009 and P= 0.023,
respectively; Fig. 4A), whereas the Stabilization and
expansion of the E-cadherin and the Syndecan-1-mediated
signaling pathways were downregulated (P= 0.006 and
P= 0.007, respectively). We also found AKT1, RAF1
(c-Raf), and CDK8 activation (P= 0.005), and a lower
expression of ERBB3 (P= 0.010), AKT2 (P= 0.010), and
BRAF (P= 0.002; Fig. 4B). For a list of all genes whose
expression was found to be significantly altered in TN-ILCs
in comparison to HR+ ILCs and/or TN-IDCs, see Sup-
plementary Tables S7 and S8, respectively.

Molecular subtype classifications

Intrinsic subtype classification following RNA sequencing
resulted in 12 out of 28 (42.9%) TN-ILC tumors being
classified as luminal A, 11 (39.3%) as HER2-enriched, 2
(7.1%) as Normal breast-like, and only 3 (10.7%) as basal.
In comparison, 22 (62.9%) of 35 TN-IDC-tumors were
classified as basal and 32 (91.5%) of 35 HR+ ILC tumors
were considered as Luminal, either A (n= 15) or B (n= 17;
P < 0.001). When using the Lehmann’s TNBC subtype
classification, most of the TN-ILCs fell within the Luminal
androgen receptor (LAR; n= 11) or the ER-positive
(ESR1-activated) category (n= 9). Overall, 71.4% TN-
ILCs were in either of these two categories, while among
TN-IDC it was only 8.6% of cases. Consistently, a sig-
nificant proportion of TN-IDC tumors (40%) were classified
as basal-like (10 as Basal-like 1, and 4 as Basal-like 2),
whereas it was the case of only 7.2% among TN-ILCs
(P < 0.001). The main results for molecular subtype classi-
fications are summarized in Table 3 and detailed case-by-
case classifications are listed in Supplementary Table S9. Of
note, no statistically significant association was observed
between molecular subtypes and the ESRRA mutational
status in our series. However, this may be due to small
numbers of tumors by subtype.

Progression and survival

The median follow-up of patients was 63.5 months (range:
0–226 months). Three TN-ILC patients (7.9%) had local
recurrence during the follow-up, eight (22.9%) developed

Table 2 Immunohistochemical characteristics of triple-negative
invasive lobular carcinomas (TN-ILC) compared to two control groups.

Controls

TN-ILC
(n= 38)

TN-IDC
(n= 76)

HR+ ILC
(n= 76)

Markers

E-cadherin

Positive 4 (10.5%) 76 (100%) 3 (3.9%)

Negative 34 (89.5%) 0 (0.0%) 73 (96.1%)

P values for
comparisons with
TN-ILC

<0.001 0.219

AR

Positive 36 (94.7%) 38 (50.0%) 75 (98.7%)

Negative 2 (5.3%) 38 (50.0%) 1 (1.3%)

P values for
comparisons with
TN-ILC

<0.001 0.257

CK5/6

Positive 3 (7.9%) 49 (64.5%) 3 (3.9%)

Negative 35 (92.1%) 27 (35.5%) 73 (96.1%)

P values for
comparisons with
TN-ILC

<0.001 0.399

EGFR

Positive 8 (21.1%) 52 (68.4%) 1 (1.3%)

Negative 30 (78.9%) 24 (31.6%) 75 (98.7%)

P values for
comparisons with
TN-ILC

<0.001 <0.001

SOX10

Positive 3 (7.9%) 36 (47.4%) 0 (0.0%)

Negative 35 (92.1%) 40 (52.6%) 76 (100%)

P values for
comparisons with
TN-ILC

<0.001 0.035

Ki67 (%)

Mean ± Standard
Deviation

16.6 ± 19.6 38.9 ± 24.9 13.7 ± 10.7

Median [min–max] 10.0
[1.0–90.0]

32.5
[2.0–90.0]

10.0
[1.0–50.0]

P values for
comparisons with
TN-ILC

<0.001 0.918

AR androgen receptor, CK5/6 cytokeratin 5/6, EGFR epidermal
growth factor receptor, HR+ ILC hormone receptor-positive invasive
lobular carcinoma; TN-IDC triple-negative invasive ductal carcinoma.

Statistically significant p-values are in italic.

Statistically significant p < 0.05 values are in bold-italic.
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metastases, and 10 (26.3%) died of the disease. Median
times to local recurrence and distant metastasis were 56
(22–66) and 5 (1–59) months, respectively, compared to
12.5 (9–92) and 15 months (5–40) for TN-IDC, and 71
(71–71) and 33.5 (23–114) months for HR+ ILC patients.

Five-year distant metastasis-free survival for initially
non-metastatic patients and 5-year overall survival for all
patients were significantly worse for TN-ILC patients than
for those with HR+ ILC: 68.7% (95% CI 48.86–82.14) and
67.9% (95% CI: 49.10–81.02) for TN-ILC patients com-
pared to 85.3% (95% CI: 74.30–91.83; P= 0.039) and
84.3% (95%CI: 73.32–91.02; P= 0.047) for those with HR
+ ILC (Fig. 5). The same association was observed for
progression-free and locoregional progression-free survivals
(P= 0.015 and P= 0.020, respectively). However, the
survival did not differ between TN-ILC and TN-IDC
patients (Fig. 5). Moreover, there were no differences in
survival between ESRRA-mutant and ESRRA-wildtype TN-
ILC cases (data not shown).

Fig. 2 The genomic landscape of triple-negative invasive lobular
carcinoma of the breast. DNA from 26 primary tumors was analyzed
by whole-exome sequencing. The prevalence and type of recurrent
alterations are shown.

Fig. 1 Morphological and main immunohistochemical features of
triple-negative invasive breast lobular carcinoma (TN-ILC) com-
pared to control tumors. Mild power view of pleomorphic TN-ILC
(A) compared to classic hormone receptor-positive invasive lobular
carcinoma (HR+ ILC) (B) and triple-negative invasive ductal

carcinoma (TN-IDC) (C) (H&E-saffron) with partial membranous
immunostaining for cytokeratin 5/6 in TN-ILC (D) compared to
negativity in HR+ ILC (E) and diffuse and strong expression in TN-
IDC (F). Diffuse nuclear positivity for androgen receptor in TN-ILC
(G) and HR+ ILC (H) compared to negativity in TN-IDC (I).
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Univariate and multivariate analyses determined two
parameters independently associated with survival in TN-
ILC patients: T stage (HR= 7.95; 95% CI: 2.29–27.57;
P= 0.001) and M stage (HR= 3.57; 95% CI: 1.01–12.68;
P= 0.049).

Discussion

TNBCs are a small subset of breast cancers which are not
sensitive to endocrine or anti-HER2 therapy and are usually
associated with poor prognosis [9, 10]. They encompass
distinct tumor subtypes with different biological character-
istics and prognosis, and different, often limited, respon-
siveness to chemotherapy [11, 18, 40]. With the advent of
new technologies, much hope is pinned to the potential of
targeted therapies, with new molecular targets emerging
from recent studies [41, 42]. However, most of the previous
studies focused on IDC-NST, while TN-ILC remains poorly
known. In this study, we characterized 38 primary TN-ILCs
(accounting for 0.1% of all breast cancers diagnosed in our
institutions within the study period) in comparison with
phenotypically close tumors: TN-IDCs and HR+ ILCs,
matched by stage and grade. In accordance with the results
of others, we found that TN-ILCs were more prevalent in
elderly patients than TN-IDCs and HR+ ILCs [19], and,
appeared more unifocal and more often pleomorphic on
microscopic examination, with higher nuclear grades than
HR+ ILCs [17, 19].

TNBCs often overlap with basal-like breast carcinomas
(BLBCs) as defined by gene expression profiling. However,
18–40% of BLBCs do express either hormone receptors or
HER2, and therefore cannot be classified as TNBCs
[43, 44]. BLBCs are usually defined as tumors negative for
both hormone receptors and HER2, and at the same time
positive for at least one basal marker as defined by immu-
nohistochemistry [45]. In our study, we used a panel of

antibodies known as basal markers, including both estab-
lished (CK5/6 and EGFR) and recently suggested markers
(SOX10) [45, 46]. We found that only a small subset of TN-
ILCs (26.3% versus 93.4% of TN-IDCs) could be classified
as BLBCs, which is consistent with previous reports [19].
Our molecular analyses confirmed these results, as most of
TN-ILCs were classified as luminal A or HER2-enriched,
and not as basal tumors, according to the intrinsic molecular
classification.

TNBCs are a heterogeneous group of tumors that exhibit
substantial differences in terms of morphological features,
biological behavior, and gene expression profiles. Several
studies have focused on the molecular subtyping of TNBCs
and the identification of putative therapeutic targets. Based
on gene expression profiles, Lehmann et al. [11], and others
[12–14] recently identified different TNBC subtypes, all
including a luminal androgen receptor (LAR) subtype,
mainly characterized by increased AR signaling and asso-
ciated with elderly age, decreased relapse-free survival and
lower chemotherapy responsiveness [11–14, 27]. AR, a
member of the nuclear receptor family and a ligand-
dependent transcription factor, is frequently expressed in
HR-positive breast cancers (70–90%), while the reported
prevalence of its expression in TNBC varies depending on
the series (8–53%) [47]. In our study, ILCs more frequently
expressed AR than TN-IDCs (as determined by immuno-
histochemistry), whatever the hormonal status, which is
contradictory to previous data [17].

Interestingly, since most LAR tumors are classified as
luminal or HER2-enriched by intrinsic molecular classifi-
cation, and none as basal [11, 27], most of our TN-ILC
cases which express AR, but not basal markers, could
belong to the LAR subtype. This hypothesis is further
supported by our transcriptomic results, showing the
enrichment of AR signaling and FOXA1 network pathways
in TN-ILCs. FOXA1 may direct AR to sites normally
occupied by estrogen receptors in luminal tumors, inducing

Fig. 3 Distribution of ESRRA genetic alterations in triple-negative
invasive lobular carcinoma compared to two control groups. The
location of alterations identified by whole-exome sequencing in dif-
ferent regions of the gene is shown. The bar heights are proportionate

to the number of mutant cases (n). TN-ILC triple-negative invasive
lobular carcinoma, TN-IDC triple-negative invasive ductal carcinoma,
HR+ ILC hormone receptor-positive invasive lobular carcinoma.
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an estrogen-like gene program that stimulates proliferation,
and its expression was previously reported in the LAR
subtype [11, 13, 48]. Interestingly, although TN-ILCs were

confirmed to be TN, they present an overexpression of
ESR1-regulated genes, which is typical for hormone-
positive breast tumors, compared to TN-IDCs. These
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results are also consistent with previous studies showing
enrichment in several hormonally regulated pathways,
including estrogen signaling pathway, in LAR tumors
compared to others TNBC subtypes [11, 13, 14]. The
peroxisome proliferator-activated receptor (PPAR) signal-
ing pathway is also reported to be significantly increased
in the LAR subtype. Our subtyping results obtained
with the TNBC-type online tool provided by Lehmann
further confirm this hypothesis, as most of our TN-ILCs
were classified as LAR or ESR1-activated tumors.

Consequently, this constitutes molecular evidence for the
activation of the AR and ER pathways (which may induce
sensitivity to traditional antiestrogen therapies and anti-
androgens) in tumors defined as HR-negative by immu-
nohistochemistry. Of note, despite the fact that AR
expression in TN-ILCs and HR+ ILCs appeared to be
identical by immunohistochemistry, our RNA-sequencing
results showed overexpression of the AR pathway in
TN-ILCs compared to HR+ ILCs, but with lower expres-
sion of ESR1-regulated genes.

Comparative exome analyses highlighted a peculiar
molecular landscape in TN-ILC. In addition to the expected
increased prevalence of CDH1 alterations, TN-ILCs seemed
to have a higher prevalence of PI3K pathway gene altera-
tions and ERBB2 mutations than the other two tumor types.
These findings are consistent with those of previous studies
which showed a higher PIK3CA mutation rate in AR-
positive TNBCs [11] and higher rates of ERBB2 mutations
in the LAR subtype tumors [12]. In contrast, TP53 and
BRCA1 mutations, characteristics for TNBC, were not
found to be enriched in TN-ILC. Interestingly, we found
specific ESRRA gene alterations in these tumors: TN-ILCs
harbored three recurrent ESRRA hotspot mutations: R352P,
R376L, and L385P, none of which was present in controls.
These new mutations, never described in breast cancer to
date, appear to be a distinctive feature of TN-ILC.

ESRRA encodes Estrogen-Related Receptor alpha
(ERRα). ERRα, co-regulated by PPARγ co-activator-1 α
and β, is considered to be a master regulator of cellular
energy metabolism [49]. Although ERRα shares a high
degree of homology with ERα/β, it does not bind estrogens
or antiestrogens, and its activation mechanism and its
functions are different [38]. In breast cancer, ERRα seems
to partly enhance tumor development accommodating
energy demands of TCs. It may also activate the ERα
pathway by inducing the transcription of some genes nor-
mally controlled by estrogens [38, 39, 49, 50]. Interestingly,
cross-talks with the AR signaling have been demonstrated
in prostate cancer [51]. In TNBC, high ERRα expression
has been shown to be associated with poor prognosis and at
the same time predict response to tamoxifen [52]. Our
results are consistent with these findings: we found that TN-
ILCs with at least one ESRRA hotspot mutation had a more
aggressive phenotype, with more nuclear atypia and pleo-
morphism than tumors without these alterations. Taking all
this into account, we explored the ESRRA protein expres-
sion in an attempt to correlate genomic mutations with
protein expression determined by immunohistochemistry,
but without convincing results in this small cohort (data not
shown). However, the possibility that TN-ILCs carrying
these ESRRA mutations are sensitive to endocrine therapy is
definitely worth more attention and should be verified using
larger cohorts.

Table 3 Intrinsic and Lehmann’s TNBC molecular subtype
classifications based on RNA sequencing for triple-negative invasive
lobular carcinomas (TN-ILC) compared to two control groups.

Controls

TN-ILC
(n= 28)

TN-IDC
(n= 35)

HR+ ILC
(n= 35)

Intrinsic molecular subtype

Luminal A 12 (42.9%) 2 (5.7%) 15 (42.9%)

Luminal B 0 (0.0%) 2 (5.7%) 17 (48.6%)

HER2-enriched 11 (39.3%) 6 (17.1%) 2 (5.7%)

Basal 3 (10.7%) 22 (62.9%) 0 (0.0%)

Normal breast-like 2 (7.1%) 3 (8.6%) 1 (2.9%)

P values for comparisons
with TN-ILC

<0.001 <0.001

TNBC subtype

BL1 1 (3.6%) 10 (28.6%) –

BL2 1 (3.6%) 4 (11.4%) –

IM 2 (7.1%) 4 (11.4%) –

M 0 (0.0%) 5 (14.3%) –

MSL 2 (7.1%) 5 (14.3%) –

LAR 11 (39.3%) 3 (8.6%) –

ER-positive (ESR1-
activated)

9 (32.1%) 0 (0.0%) –

UNS 2 (7.1%) 4 (11.4%) –

P values for comparisons
with TN-ILC

<0.001 –

BL1 basal-like 1, BL2 basal-like 2; ER estrogen receptor-positive, HR
+ ILC hormone receptor-positive invasive lobular carcinoma, IM
immunomodulatory, LAR luminal androgen receptor, M mesenchymal,
MSL mesenchymal stem-like, TNBC triple-negative breast carcinoma,
TN-IDC triple-negative invasive ductal carcinoma, UNS unstable.

Statistically significant p < 0.05 values are in bold-italic.

Fig. 4 The transcriptomic profile of triple-negative invasive breast
lobular carcinoma (TN-ILC) compared to control tumors. Gene
expression was analyzed in 28 primary TN-ILCs by RNA sequencing
and compared to control tumors. The heatmaps show the expression of
genes found to be significantly up- or downregulated in TN-ILC com-
pared to controls, by the transcription factor involved in their regulation
(A), and by related kinase perturbations (B). Gene expression levels were
assessed by calculating Z-scores. TN-IDC triple-negative invasive ductal
carcinoma, HR+ ILC hormone receptor-positive invasive lobular
carcinoma.
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In our series, TN-ILC patients more frequently had
mastectomy than lumpectomy compared to TN-IDC
patients, possibly due to difficulties in defining tumor
margins [5]. They also less often received chemotherapy.
This may have been due to older age and age-associated
comorbidities making the patients unsuitable for adminis-
tration of this treatment modality. It also goes in line with
the fact that in our series, TN-ILCs were associated with
poor outcomes compared to HR+ ILCs. This is partly
consistent with the results by Iorfida et al. who showed that
TN-ILC patients had a worse disease-free survival than
luminal A ILC patients [20]. Of note, in our study, the
control tumors were matched to TN-ILCs by stage and
grade, the two established prognostic factors, so the
observed differences in the outcomes can be attributed to
different biological characteristics of the tumors from the
three groups. Even though the literature data on TN-ILC
prognosis differ [17–20], it seems that the absence of tar-
geted therapy for TN-ILC patients, who—unlike those with
HR+ ILC—cannot benefit from endocrine therapy, may
largely contribute to poor prognosis.

Recent studies demonstrated an antitumor effect of AR
antagonists in AR+ TNBC, with encouraging phase II and
III clinical trials results [11, 53, 54]. Since PIK3CA muta-
tions are frequent in AR+ TNBC, combining PI3K inhi-
bitors and AR antagonists seems to increase treatment
effectiveness in patients with these tumors [11, 53]. Syn-
chronous targeting of AR and PI3K/AKT/mTOR pathway

may thus offer an interesting alternative for treating TN-ILC
patients. Of note, although immunohistochemical analysis
indicates that TN-ILCs are HR-negative breast cancers,
estrogen signaling pathway activation associated with
highlighting of specific ESRRA mutations in these particular
tumors may suggest sensitivity to traditional antiestrogen
therapy, and need further consideration [11, 52].

In this retrospective study, we have analyzed clinical,
morphologic, immunohistochemical, and molecular char-
acteristics of 38 primary TN-ILC tumors compared to
phenotypically similar tumors. TN-ILCs are rare tumors.
Even though small sample size is an obvious limitation of
our study, it is still—to the best of our knowledge—the
largest study of TN-ILC ever reported in the literature. We
found that TN-ILCs are unique breast cancers which affect
elderly women and have particular characteristics, often in
between those of conventional ILC and those of TN-IDC.
While morphology, loss of E-cadherin associated with
CDH1 mutations and low proliferation index make them
similar to HR+ ILC, their aggressive behavior associated
with high nuclear grade, pleomorphic subtype and poor
prognosis resemble TN-IDC. Moreover, we found that TN-
ILCs presents a transcriptomic profile typical for the LAR
TNBC subtype, closely related to AR signaling and asso-
ciated with frequent alterations in the PI3K network and
ERBB2. Finally, we identified new specific ESRRA muta-
tions, never reported in breast cancer to date, which were
recurrent in TN-ILCs. Even though these findings should
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Fig. 5 Clinical outcome of triple-negative invasive breast lobular
carcinoma (TN-ILC) compared to control tumors. Kaplan–Meier
curves of distant metastasis-free (A) and overall survival (B) for TN-ILC

compared to controls. The tables below the curves indicate the numbers
of patients at risk. HR + ILC: hormone receptor-positive invasive
lobular carcinoma; TN-IDC: triple-negative invasive ductal carcinoma.
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still be confirmed using larger cohorts, they may contribute
to understanding the biology and pave the way for new
therapeutic strategies to treat these particular tumors.

Data availability

All data analyzed in this study are included in this article or
in the associated additional files.
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