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Invasive Lobular Carcinoma Has Higher Immune Response
Than Invasive Ductal Carcinoma in Estrogen Receptor-
Positive/Human Epidermal Growth Factor Receptor
2-Negative Breast Cancers

Gabrielle Yee® > ¢®, Rongrong Wu®©-£, Takashi Ishikawa’,
Kazuaki Takabe® b-¢. d.e.f.h

Abstract

Background: Invasive lobular carcinoma (ILC) and invasive ductal
carcinoma (IDC) are two major pathological diagnoses of breast can-
cer, but few studies have described their differences within luminal
(estrogen receptor (ER)-positive/human epidermal growth factor re-
ceptor 2 (HER2)-negative) subtypes at the molecular level.

Methods: Using The Cancer Genome Atlas (TCGA) (n = 584) and
the Molecular Taxonomy of Breast Cancer International Consortium
(METABRIC) (n = 1,355) cohorts, we analyzed luminal ILC and
IDC, excluding mixed type, in patients with stage I-11I breast cancer.

Results: ILC was associated with Nottingham histological grade 2,
larger tumor size and more stage III disease than IDC (all P < 0.01)
but no difference in lymph node nor distant metastasis in both cohorts.
There was no survival difference between ILC and IDC. ILC had less
aggressive genomic features compared to IDC, and the cell prolifera-
tion score and Ki67 gene expression were significantly lower in ILC
in TCGA (P < 0.001); however, these findings were not validated in
METABRIC. Hallmark cell proliferation-related gene sets (E2F targets,
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G2M checkpoint, MYC targets V1, and MTORCI1 signaling) were sig-
nificantly less enriched in ILC in both cohorts (all normalized enrich-
ment score (NES) > 1.4, false discovery rate (FDR) < 0.12). While ILC
appeared to have a lower trend of pathological complete response (pCR)
in the GSE20194 and GSE1140494 cohorts, ILC was infiltrated with
significantly more CD4" cells and dendritic cells and significantly less T
helper type I (Th1) cells, regulatory T cells and M1 and M2 macrophag-
es in both cohorts (all P < 0.05). Stromal cells, adipocytes and lymphatic
endothelial cells were highly infiltrated in ILC, and cytolytic activity
that represented the global anti-tumor immunity was significantly el-
evated in ILC in TCGA and subsequently validated in METABRIC.

Conclusions: ILC has higher immune response and immune cell in-
filtration than IDC in the luminal subtype.

Keywords: Breast cancer; Invasive lobular carcinoma; Invasive duct-
al carcinoma; Gene expression; Cell proliferation; Immune response

Introduction

The importance of tumor biology in both the staging and treat-
ment of breast cancer patients has become paramount [1, 2].
Most breast cancers are pathologically classified as either in-
vasive ductal carcinoma (IDC), invasive lobular carcinoma
(ILC) or mixed type. It is clinically recognized that wide varia-
tions in outcome exist among patients with cancers with differ-
ing histologic features [3]. Approximately 10-15% of all breast
cancers are characterized as ILC and are identified pathologi-
cally by small, round tumor cells surrounded by stroma grow-
ing in a discohesive single-file pattern [4, 5]. A retrospective
analysis by Danzinger et al of 485 patients with primary ILC
or IDC found that ILC were more likely to be tumor grade 2,
estrogen receptor (ER)-positive, have lower proliferation rate
and a larger size tumor compared to IDC [6].

Additionally, ILC and IDC have molecular differences.
To paint a molecular portrait, several studies have analyzed
the genomic, transcriptomic and proteomic pathways activated
in ILC [7-9]. For example, Zhao et al found differing global
transcription patterns between ILC and IDC, and Kurozumi et
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al found targetable FRBB2 mutations enriched in primary ILC
[10, 11]. However, many of these previous studies compared
all types of ILC and IDC, even though it is known that major-
ity of ILC are the ER-positive subtype. Therefore, the previous
publications may have observed the difference between ER-
positive cancers and the other subtypes. Little is known about
the molecular variability between ILC and IDC specifically
among the ER-positive/human epidermal growth factor recep-
tor 2 (HER2)-negative subtype.

To date, our group has been pursuing in silico transla-
tional research to study the clinical relevance of gene expres-
sion in cancer [12-17]. We have analyzed the biology of path-
ological findings to see if pathologically determined aspects
of cancer reflect the underlying molecular features of tumors
and if these features can be discovered within their genomic
and transcriptomic portraits. For instance, we reported that
breast cancers with lymphovascular invasion are associated
with high proliferation, but not lymphangiogenesis nor im-
mune response [18]. We have also shown that Nottingham
histological grade 3 breast cancers have not only enhanced
cell proliferation but also aggressive transcriptomic features
with enhanced immunogenicity and elevated T-cell exhaus-
tion markers [19]. Furthermore, we found that metaplastic
breast cancer has increased intratumor heterogeneity, en-
riched angiogenesis and epithelial-mesenchymal transition
(EMT) gene sets, as well as being associated with worse
disease-specific survival [20]. Lastly, we have found that
a high proportion of intratumoral adipocytes in breast can-
cer are associated with inflammation, metastatic pathways,
cancer stemness and favorable tumor immune microenviron-
ment; however, a low proportion of adipocytes were associ-
ated with aggressive cancer cell proliferation in ER-positive
breast cancer [21].

To this end, we hypothesized that ER-positive/HER2-
negative ILC and IDC are biologically distinct, in that ILC is
associated with less cell proliferation and subsequent worse
response to neoadjuvant chemotherapy compared with IDC.
Our findings may help explain some clinical features of ILC
and hint at novel therapeutic options.

Materials and Methods

Breast cancer patient cohorts

Two publicly available datasets were collected from online
sources and analyzed in this study. As the testing cohort, we
used the Pan Cancer Clinical Data Resource [22] and the
cBio Cancer Genomic Portal [23] to obtain data regarding
tumor gene expression and clinical data from The Cancer Ge-
nome Atlas (TCGA) cohort, which consists of over 11,000
patient samples, in the same manner as our group has previ-
ously reported [24, 25]. Among them, 584 patients who were
ER-positive/HER2-negative by pathological determination
were analyzed. Nottingham histological grade of primary
breast tumors of TCGA was assessed from pathology re-
ports as shown previously [19]. The validation cohort used
that has gene expression and correlating clinical data was the

Molecular Taxonomy of Breast Cancer International Consor-
tium (METABRIC) cohort (n = 1,355), which was accessed
using the cBio portal system, as our group has previously
described [14, 26, 27]. The cohorts GSE20194 (n = 138) and
GSE140494 (n = 51) were analyzed to assess the relation-
ship with the response to neoadjuvant chemotherapy [28, 29].
These cohorts were downloaded from the GEO database via
the R package GEOquary. GSE20194 is a cohort consisting
of 230 patients with stage I-III breast cancer who received
6 months of neoadjuvant chemotherapy including paclitaxel,
S-fluorouracil, cyclophosphamide and doxorubicin followed
by surgical resection of the cancer at the University at Texas
M.D. Anderson Cancer Center [28, 30]. In this cohort, six
patients with IDC and one patient with ILC achieved patho-
logical complete response (pCR), and 111 patients with IDC
and 20 patients with ILC had residual disease. GSE140494
is a cohort of 114 patients in Germany who were treated
with 3-week cycles of docetaxel followed by 3-week cycles
of 5-fluorouracil, epirubicin, and cyclophosphamide. In this
cohort, seven patients with IDC and one patient with ILC
achieved pCR, and 31 patients with IDC and 12 patients
with ILC had residual disease [29]. All patient information
in both cohorts was deidentified; therefore, Institutional Re-
view Board approval at Roswell Park Comprehensive Cancer
Center (Buffalo, NY, USA) was waived as publicly available
deidentified databases were used. The study was conducted
in compliance with the ethical standards of the responsible
institution.

Gene set expression analysis

As performed in previous studies from our group, we per-
formed Gene Set Enrichment Analysis (GSEA) [31], which is
a computational method to investigate the biological status of
each set of genes. GSEA analyzes the statistical significance
between two groups in the expression of pre-defined gene col-
lection (gene set) representing specific biological pathways.
Gene sets used in this study were from the Hallmark and Path-
way Interaction Database (PID) collection of Molecular Sig-
natures Database (MSigDB) [32]. The analysis was performed
with GSEA software and hallmark gene set collection for path-
way analysis. We used a false discovery rate of 0.25, as previ-
ously recommended for GSEA.

Statistical analysis

The composition of infiltrating immune cells and stromal
cells in the tumor microenvironment were estimated from
gene expression data using xCell algorithm [33]. Statistical
analyses and data plotting were performed using R software
and Microsoft Excel. A P value threshold of 0.05 was used
to declare statistical significance. To determine significance
among different groups we used one-way analysis of vari-
ance (ANOVA) or Fisher’s exact, as we described in legends.
For survival analysis, the Kaplan-Meier method with log-
rank test was used.
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Figure 1. Clinical parameters of ER+/HER2- IDC and ILC breast cancers in TCGA and METABRIC cohorts. Bar graphs demon-
strate the percentage of patients with histologic grades, tumor size, lymph node metastasis, distant metastasis, and stage. The
Y-axis demonstrates the percentage of patients in either cohort. The X-axis represents grade (1, 2 and 3), tumor size (T1, T2, T3
and T4), patients with and without lymph node metastasis, patients with and without distant metastasis, and stage (I, Il and Ill) in
each cohort. Box plot demonstrates tumor size difference between IDC and ILC in the METABRIC cohort. Numbers above each
bar represent the percentage of patients within each cohort. IDC were represented by the blue bars, and ILC were represented
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by the orange bars. Fisher’s exact test was used to calculate P values.
Results

ILC has more Nottingham histologic grade 2, larger tumor
size and more stage III disease compared to IDC within
ER-positive/HER2-negative subtype

We analyzed the difference in American Joint Committee on
Cancer (AJCC) cancer staging between IDC and ILC ER-
positive/HER2-negative breast cancers in the TCGA and
METABRIC cohorts. The Nottingham histological grade,
which pathologically assesses cancer cell proliferation, was
significantly lower (more grade 2 and less grade 3) in ILC
consistently in both cohorts (both P <0.01) (Fig. 1). ILC had
more T3 tumors than IDC in the TCGA cohort, which is in
agreement with the previous report that included all subtypes
[6] (P < 0.001) (Fig. 1), and ILC was significantly associ-
ated with larger tumor size compared to IDC in METABRIC
cohort, which does not provide T-category of AJCC staging
(P < 0.02) (Fig. 1). We found no significant differences in
lymph node or distant metastasis between IDC and ILC in
either of the cohorts (Fig. 1). Despite no difference in N, nor
M category, ILC had more stage III disease than IDC in both
TCGA and METABRIC, but it was only significant in the
former cohort (P < 0.001) (Fig. 1).

There was no disease-free survival (DFS), disease-specific
survival (DSS), or overall survival (OS) difference between
IDC and ILC of ER-positive/HER2-negative subtype

Given the difference in grade, tumor size and AJCC stage be-
tween ILC and IDC, we assessed the differences in survival

outcomes between the two in TCGA and METABRIC cohorts.
We found that there was no significant difference between IDC
and ILC in ER-positive/HER2-negative breast cancer patients
in DFS, DSS, or OS within either TCGA or METABRIC (Fig.
2). Our finding agreed with a previous study, which implicates
that our cohorts follow the same trend [34].

ILC was associated with significantly less intratumoral het-
erogeneity, homologous recombination deficiency (HRD),
altered fractions and mutation rates

Because mutation load is known to correlate with cancer ag-
gression [20, 35-38], we examined its association with IDC
and ILC in ER-positive/HER2-negative subtype. Utilizing the
scores pre-calculated by Thorsson et al [39, 40], we found that
ILC was significantly associated with lower intratumoral het-
erogeneity, HRD, fraction altered, silent and non-silent muta-
tion rates compared to that of IDC in TCGA (all P < 0.001)
(Fig. 3a). Interestingly, there was no significant difference in
either single nucleotide variant (SNV) or indel neoantigens be-
tween IDC and ILC (Fig. 3b).

ILC was less proliferative compared with IDC

Given the previous reports that ILC is less proliferative than
IDC [6], it was of interest to compare the cell proliferation of
patients with IDC and ILC ER-positive/HER2-negative breast
cancer in TCGA and METABRIC cohorts. Gene expression of
Ki67 (MKi67), one of the most used markers of cell prolifera-
tion in the clinical setting, and proliferation score were both
significantly lower in ILC in TCGA (P < 0.001) (Fig. 4a,) but
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Figure 2. Disease-free survival (DFS), Disease-specific survival (DSS), and overall survival (OS) of ER-positive/HER2-negative
IDC and ILC in the TCGA and METABRIC cohorts. Kaplan-Meier plots show DFS, DSS, and OS in the TCGA (n = 584) and ME-
TABRIC (n = 1,355) cohorts. Log-rank test was conducted to determine P values. IDC were indicated by the red lines, and ILC
by the blue lines. ER: estrogen receptor; HER2: human epidermal growth factor receptor 2; IDC: invasive ductal carcinoma; ILC:
invasive lobular carcinoma; TCGA: The Cancer Genome Atlas; METABRIC: Molecular Taxonomy of Breast Cancer International

Consortium; HR: hazard ratio.

this was not validated in METABRIC.

Likewise, we found that cell proliferation-related gene
sets in the hallmark collection (E2F targets, G2M checkpoint,
MYC targets V1, and mTORCI signaling) were all signifi-
cantly enriched in IDC consistently in both cohorts (Fig. 4b).
These results uniformly suggest that ILC was associated with
less cancer cell proliferation in TCGA and METABRIC co-
horts.

No difference in response to neoadjuvant chemotherapy
between IDC and ILC in GSEA20194 and GSE140494 co-
horts

It is well known that proliferative cancer responds to cytotoxic
chemotherapy better than slow growing tumors [41-43]. To
this end, it was of interest to query the response of patients
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Figure 3. Mutation rates amongst ER-positive/HER2-negative IDC and ILC in TCGA. Box plots show (a) intratumoral heteroge-
neity, homologous recombination deficiency (HRD), fraction altered, silent and non-silent mutation rate, and (Bb single nucleotide
variant (SNV) and indel neoantigens between IDC and ILC in the TCGA cohort. P values were determined using Mann Whitney
U test. ER: estrogen receptor; HER2: human epidermal growth factor receptor 2; IDC: invasive ductal carcinoma; ILC: invasive

lobular carcinoma; TCGA: The Cancer Genome Atlas.
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Figure 4. Cell proliferation rates in ER-positive/HER2-negative IDC and ILC in TCGA and METABRIC. (a) Box plots of MKi67
expression and proliferation score in IDC and ILC in TCGA cohort. Box plot of MiK67 expression in IDC and ILC in METABRIC
cohort. Mann Whitney U test was used to calculate P values. (b) Gene set enrichment analysis (GSEA) of hallmark collection
(E2F targets, G2M checkpoint, MYC targets V1, and MTORC1 signaling) and their relationship with IDC and ILC cells in the
TCGA and METABRIC cohorts. Median cut-off was used to perform the analysis. NES and FDR were determined with the GSEA
method. ER: estrogen receptor; HER2: human epidermal growth factor receptor 2; IDC: invasive ductal carcinoma; ILC: invasive
lobular carcinoma; TCGA: The Cancer Genome Atlas; METABRIC: Molecular Taxonomy of Breast Cancer International Consor-
tium; NES: normalized enrichment score; FDR: false discovery rate.

with ER-positive/HER2-negative IDC and ILC to neoadjuvant
chemotherapy. Although IDC appeared to have a higher trend
of pCR compared with ILC, it was not statistically significant
neither in GSE20194 cohort (5.1% versus 4.8%, P> 0.99), nor
in the GSE140494 cohort (18% and 7.7%, P = 0.66) (Fig. 5).

Immune and stromal cell infiltration and cytolytic activity
(CYT) were significantly high in ILC

We then investigated the relationship of ER-positive/HER2-
negative IDC and ILC and immune response in the tumor mi-
croenvironment. We found that ILC was significantly associ-
ated with higher expression of leukocyte fraction (P < 0.001)
but not tumor infiltrating lymphocyte (TIL) regional fraction
score in the TCGA cohort (Fig. 6a). Multiple anti-cancer im-
mune cells, including naive CD4 T cells, terminally differenti-
ated effector memory CD4" T (Tem) cells, Th1 cells, and con-
ventional dendritic cells (¢cDC) were significantly infiltrated
in ILC (all P < 0.02 in both cohorts) (Fig. 6b). In contrast,
pro-cancer immune cells, regulatory T cells (Treg), and both
M1 and M2 macrophages were significantly less infiltrated in
ILC (all P <0.04 in both cohorts) (Fig. 6b).

Given the significant infiltration of immune cells and
higher CYT in ILC, it was of interest to pursue a deeper analy-
sis of specific immune pathways, such as expressions of im-
mune checkpoint molecules and activation of immune-related
signaling pathways. Although expressions of programmed cell
death protein 1 (PD-1), cytotoxic T-lymphocyte-associated
protein 4 (CTLA4), lymphocyte-activation gene 3 (LAG3),
indoleamine 2,3-dioxygenase 1 (IDO1), and T-cell immuno-
globulin and ITIM domain (TIGIT) were significantly higher
in ILC in TCGA, none of them were validated in METABRIC
(Supplemental Material 1, wjon.elmerpub.com). Furthermore,
we conducted GSEA between ILC and IDC. Among the hall-
mark collection gene sets, we found that the cell proliferation-
related, glycolysis and unfolded protein response were the
only gene sets enriched in IDC, and none were enriched in
ILC, including immune-related sets such as allograft rejection,
interferon (IFN)-alpha response, IFN-gamma response, inter-
leukin (IL)2 signaling, IL6 signaling, and complement (data
not shown).

Previously, we have shown that stromal cells such as adi-
pocytes and lymphatic endothelial cells are highly infiltrated
in a less proliferative tumor microenvironment [21, 44, 45].
Similarly, the infiltration of stromal cells such as adipocytes,
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Figure 5. Pathological clinical response (pCR) to neoadjuvant chemo-
therapy in ER-positive/HER2-negative IDC and ILC in GSE20194 and
GSE140494 cohorts. Bar plots show pCR rates after neoadjuvant
chemotherapy in ER-positive/HER2-negative IDC and ILC breast can-
cers in GSE20194 (n = 138) and GSE140494 (n = 51) cohorts. IDC
were represented by the blue bars, and ILC were represented by the
orange bars. Fisher’s exact test was used to calculate P values. ER:
estrogen receptor; HER2: human epidermal growth factor receptor 2;
IDC: invasive ductal carcinoma; ILC: invasive lobular carcinoma.

lymphatic endothelial cells and endothelial cells, as well as the
stromal fraction score, were all found to be significantly higher
in ILC consistently in both cohorts (all P < 0.003) (Fig. 6¢).
CYT, which reflects overall anti-cancer immunity, was sig-
nificantly higher in ILC compared to IDC consistently in both
cohorts (P < 0.005) (Fig. 6d). These results suggest that ILC
is less proliferative but has a more favorable tumor immune
microenvironment compared to IDC.

Discussion

In this study, we used high-powered breast cancer patient co-
horts TCGA and METABRIC to investigate the molecular dif-
ferences between ER-positive/HER2-negative IDC and ILC
breast cancers. We found that ILC was more often Nottingham
histologic grade 2, larger in tumor size, and had more stage 111
and less stage I disease compared to IDC, although there was
no difference in lymph node or distant metastasis. We demon-
strated that there was no difference in DFS, DSS, or OS in both
cohorts between IDC and ILC. Interestingly, ILC was associ-
ated with not only lower mutations rates, but also found to be
less aggressive than IDC. ILC was also less proliferative com-
pared with IDC measured by MKi67 expression, proliferation
score and GSEA. There was no statistical difference between
ILC and IDC in pCR rate after neoadjuvant chemotherapy in
the GSE20194 and GSE140494 cohorts, either. We found that
anti-cancer immune cell infiltrations and CYT were signifi-
cantly higher in ILC. Given the fact that highly proliferative

cancers, as well as cancers with anti-cancer immune cell in-
filtration respond to chemotherapy better, we cannot help but
speculate that IDC and ILC divided these traits that resulted in
no difference in response to neoadjuvant chemotherapy, fol-
lowed by the survival outcomes.

First, we investigated whether the cohorts we used share
similar clinical features with the previous studies. We found that
there was a higher percentage of T3 tumors in ILC compared
to IDC in TCGA, and the tumor size of ILC was found to be
significantly larger than that of IDC in the METABRIC cohort
both within ER-positive/HER2-negative subtype. This is in
agreement with multiple previous studies that ILC are likely to
be associated with larger tumor size [4, 6, 46, 47]. We found no
significant difference in lymph node metastasis or distant metas-
tases in TCGA or METABRIC, which is similar to the report by
Danzinger et al [6]. We also found that ILC had more stage III
disease than IDC in both TCGA and METABRIC, which is in
agreement with previous studies that ILC is detected at a more
advanced stage than IDC [48]. It is thought that ILC is found
only after it grows to a large size in a locally advanced stage be-
cause it often does not form a discrete palpable mass and is more
difficult to detect through physical examination [49-51]. Kim et
al in their investigation on tumor size and its relation to immu-
notherapy response in murine models found that larger tumors
are more immunosuppressive compared to small tumors [52].
Larger tumors may play a role in both the local and systemic ef-
fect, and this may suggest the relationship between immune cell
infiltration and tumor burden.

Survival outcomes between IDC and ILC with positive
hormone receptor have been shown to exhibit similar OS [4,
34]. Arpino et al studied the characteristics of ILC in 4,140
patients at Baylor and found similar 5-year DFS and OS with
IDC [4]. In contrast, one single center study in China by Han et
al demonstrated that the 5-year OS of ILC was worse than that
of IDC after propensity score matching [53], and a large, retro-
spective analysis by Oesterreich et al found that patients with
ER-positive ILC had statistically significant worse DFS and
OS than ER-positive IDC [54]. Our study found no difference
in DFS, DSS or OS between ER-positive/HER2-negative IDC
and ILC in TCGA and METABRIC cohorts. A hint to explain
this discrepancy may be in a report by Pramod et al [49], who
noted that the incidence of ILC is different amongst varying
races. When comparing incidence of ILC from the Surveil-
lance, Epidemiology and End Results (SEER) database, they
found that the 5-year OS and DSS were worse in Black pa-
tients compared with White women and women of other races
[49]. While this was a much larger study, it did not compare
ILC and IDC within the ER-positive/HER2-negative subtype.
We know that TCGA sampled patients from the United States,
and METABRIC from United Kingdom and Canada, and the
analyses may warrant considering varying races in future stud-
ies.

Using multiple methods, we demonstrated that ER-pos-
itive/HER2-negative IDC was highly proliferative compared
to that of ILC (Fig. 4). In both TCGA and METABRIC, ILC
was associated with significantly lower Nottingham histologi-
cal grade (less grade 3, both P < 0.01) (Fig. 1). MKi67, gene
expression of one of the most commonly used markers of cell
proliferation in clinics, and proliferation score were both sig-
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Figure 6. Immune response in ER-positive/HER2-negative IDC and ILC breast cancer tumor microenvironment. (a) Box plots
of leukocyte fraction and tumor-infiltrating lymphocytes (TIL) regional fraction in the TCGA cohort. (b) Box plots of immune cells,
including naive CD4 T cells (CD4+naiveT), effector memory CD4 T cells (CD4+Tem), T helper type 1 (Th1), regulatory T cells
(Tregs), macrophages, M1 and M2 macrophages, and dendritic cells (cDC), in the TCGA and METABRIC cohorts. (c) Box plot
of stromal cells, including adipocytes, lymphatic endothelial cells (LEC) and endothelial cells in the TCGA and METABRIC co-
horts. Box plot of stromal fraction using the TCGA cohort. (d) Box plots of cytolytic activity (CYT) score in TCGA and METABRIC
cohorts. Mann-Whitney U test was used to determine P values. IDC: invasive ductal carcinoma; ILC: invasive lobular carcinoma.

nificantly lower in ILC in TCGA (P < 0.001) (Fig. 4a). Addi-
tionally, the cell proliferation-related gene sets in the hallmark
collection were all significantly enriched to IDC consistently
in both cohorts (Fig. 4b). Mutation rates amongst ER-posi-
tive/HER2-negative ILC were found to be significantly less
compared to IDC. Specifically, ILC was associated with sig-
nificantly lower intratumoral heterogeneity, HRD, fraction al-
tered, silent and non-silent mutation rate compared to that of
IDC in TCGA (all P<0.001) (Fig. 3a) . Interestingly, there was
no significant difference in either SNV or indel neoantigens
between IDC and ILC in our study (Fig. 3b). Together these
results suggest that ILC in addition to being associated with
lower mutation rates were also associated with less cancer cell
proliferation.

In previous studies, we have shown that ER-positive/
HER2-negative tumors with high E2F scores, i.e., highly
proliferative tumors, achieved significantly higher pCR rate
to neoadjuvant chemotherapy [41]. We have also shown that
G2M score is associated with treatment response to systemic
chemotherapy in ER-positive/HER2-negative cancer [42].
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Therefore, given the strong relationship with cell proliferation,
we anticipated that IDC would respond better to neoadjuvant
chemotherapy. Although IDC was found to be more prolifera-
tive, there was no difference in pCR (Fig. 5). This is in agree-
ment with the study by Delpech et al, who looked at 1,895
patients with ILC and IDC breast cancers and found that ILC
was associated with a significantly lower pCR in univariate
analysis but not significant after adjusting for tumor size and
grade. There has been controversy about the benefit of chemo-
therapy in ILC. Some studies have shown significantly lower
PCR in ILC compared to IDC after neoadjuvant chemotherapy
[55-58]. However, these studies did not necessarily differenti-
ate between ER-positive/HER2-negative subtype.

It is clear that the tumor microenvironment plays an im-
portant role in the progression of breast cancer. Although ER-
positive/HER2-negative ILC was significantly associated with
less mutations and cellular proliferation compared to that IDC,
ILC was associated with significantly higher immune response
in the tumor microenvironment (Fig. 6). ILC was significantly
associated with higher leukocyte fraction (P < 0.001), and mul-
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tiple anti-cancer immune cells were significantly infiltrative
in ILC (all P < 0.02 in both cohorts) (Fig. 6b). Additionally,
pro-cancer immune cells, regulatory T cells, helper type I T
cells, and M1 and M2 macrophages were significantly less in-
filtrative in ILC (all P < 0.04 in both cohorts) (Fig. 6b). In
a multicentric retrospective series of ER-positive/HER2-neg-
ative IDC and ILC tumors, Desmedt et al reported that TIL
levels were statistically significantly lower in ILC compared
with IDC. In ILC, high TIL levels were associated with young
age, lymph node involvement, and high proliferative tumors
[59]. Additionally, He et al also found that stromal scores of
IDC were significantly lower than those of ILC [60]. The dif-
ference in immune cell infiltration findings between our study
and these other studies may be due to the difference in the
spatial locations of the samples studied. Our study analyzed
the tissue within a tumor, as opposed to TIL which evaluated
tissue at the edge of a tumor [61]. Furthermore, since we have
observed higher immune cell infiltration in ILC consistently in
two independent large breast cancer cohorts, we cannot help
but speculate that our result may imply a potential role for im-
munotherapy for ILC, even in the ER-positive/HER2-negative
subtype.

Although IDC was found to be more proliferative than
ILC, perhaps we should not be misled by this association be-
cause ultimately there was no difference in pCR. Future bio-
markers would be helpful to identify tumors that may or may
not respond to neoadjuvant chemotherapy or endocrine thera-
py. Similar to LobSig, a molecular signature that captures the
unique features of ILC, we hope that future prospective studies
can identify molecular profiles that provide future prognostic
information for patients with ILC [49, 62].

Our study has several limitations. First, this is a retrospec-
tive study using publicly available large patient cohorts TCGA
and METABRIC containing clinical data and transcriptomes.
These data have selection bias and are not necessarily reflec-
tive of the latest and most efficacious treatments within the
time that they were collected. Additionally, our study does not
include any in vitro or in vivo experiments. The results of our
study are helpful for generating hypothesis and associations;
however, future experiments will need to prove any potential
underlying mechanisms.

In conclusion, in ER-positive/HER2-negative breast can-
cer, ILC has higher immune response and immune cell infiltra-
tion than IDC. ILC is also less proliferative and presents at a
more advanced stage than IDC. There were no differences in
achieving pCR after neoadjuvant chemotherapy nor survival
differences between ILC and IDC.

Supplementary Material

Suppl 1. Gene expression levels of immune checkpoint mol-
ecules.
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