
Modern Pathology (2020) 33:2198–2207
https://doi.org/10.1038/s41379-020-0561-9

ARTICLE

Tumor-infiltrating lymphocytes are associated with poor prognosis
in invasive lobular breast carcinoma

Jean-Christophe Tille1 ● André F. Vieira2,3,4 ● Caroline Saint-Martin5
● Lounes Djerroudi 2

● Laëtitia Furhmann 2
●

Francois-Clement Bidard 6
● Youlia Kirova7 ● Anne Tardivon8

● Fabien Reyal9 ● Matthieu Carton 5
●

Anne Vincent-Salomon2,10

Received: 13 February 2020 / Revised: 22 April 2020 / Accepted: 24 April 2020 / Published online: 13 May 2020
© The Author(s), under exclusive licence to United States & Canadian Academy of Pathology 2020

Abstract
The prognostic impact of tumor-infiltrating lymphocytes (TILs) within invasive lobular carcinoma (ILC) remains to be better
characterized. In estrogen receptor (ER)-negative invasive ductal carcinomas of no special type (IDC-NST), TILs are
associated with good prognosis. The aim of this study was to examine TILs in ILC, with particular focus on prognostic and
clinicopathologic features. A cohort comprising 459 consecutive ILCs diagnosed in a single institution from 2005 to 2008
met the eligibility criteria for this study. The percentage of tumor area occupied by TILs was quantified by two breast
pathologists and categorized into three groups: no TILs, ≤5%, >5%. Clinicopathologic features were tested by Fisher’s exact
tests or Chi2 tests. Overall survival (OS) and invasive disease-free survival (iDFS) were estimated by Kaplan–Meier and Cox
proportional hazard statistics. There were 239 TIL-negative cases, 185 cases with ≤5% TILs, and 35 cases with >5% TILs.
TILs were associated with younger age, larger tumors, lymph node involvement, poor Nottingham prognostic index, HER2
amplification, multinucleation, and prominent nucleoli (p < 0.05). Poor OS was significantly associated with increasing TILs
in the univariate Cox proportional hazards model (p < 0.001) and Kaplan–Meier estimator (p < 0.05, log-rank test). Similar
results were observed for iDFS (p= 0.004 for Cox univariate and p= 0.005 for log-rank test). Notably, TILs can identify a
subset of ILC patients with poor OS independently of molecular subtype and lymph node metastases (multivariate Cox, p <
0.001, OS hazard ratio (HR)= 4.38 and HR= 6.15, for ≤5% and >5% TILs, respectively, vs. absence of TILs). Prominent
nucleoli was the only nuclear feature associated with poor OS (p= 0.05) and iDFS (p= 0.05) in univariate Cox survival
analysis. TILs represent a promising new morphologic biomarker associated with poor outcome of ILC, in contrast with that
observed in ER-negative IDC-NST.

Introduction

Invasive lobular breast cancer (ILC) represents the second
most common histologic type of breast cancer (~15% of all
breast cancers), constituting a distinct molecular entity from
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invasive ductal carcinoma of no special type (IDC-NST)
[1]. ILC is characterized by proliferation of non-cohesive
cells that infiltrate the mammary gland as single cells or
rows of cells with little stromal reaction, making the disease
difficult to diagnose [2, 3]. About 85% of ILC show loss of
expression of E-cadherin protein, which is involved in cell
adhesion, and are predominantly hormone receptor-positive
(estrogen (ER) and/or progesterone (PR) receptors) with a
low proliferation rate [4]. Current clinical management of
ILC consists of surgery and endocrine therapy. Response
rates to neoadjuvant chemotherapy are much lower than
those observed for IDC-NST [5–8]. Some studies indicate
that ILC patients have a poorer long-term (>15 years)
prognosis compared with ER-positive IDC-NST [9–11],
suggesting that ILC cells demonstrate dormancy. Further-
more, the metastatic pattern of ILC includes bone, skin, and
atypical sites such as peritoneum, ovary, and gastro-
intestinal tract [10, 12]. These clinical specificities con-
stitute a challenge for initial clinical management. New
biomarkers that can specifically predict ILC prognosis in
order to tailor treatment therefore need to be identified.

Recent studies described the molecular landscape of ILC
and defined molecular subgroups [13–15]. ILC is char-
acterized by recurrent mutations affecting the CDH1 gene
(coding for E-cadherin), PI3K/AKT pathway, ERBB2, and
genes involved in hormone response (ESR1, GATA3,
FOXA1). Ciriello et al. [13] identified three ILC subtypes in
a subset of TCGA cases that they called immune related,
reactive like, and proliferative. Reactive-like tumors were
associated with a better prognosis compared with the pro-
liferative group [13]. Michaut et al. analyzed the RATHER
cohort and identified a hormone-related group characterized
by genes and proteins involved in hormonal response, and
an immune-related group characterized by immune markers
including genes involved in immune checkpoint inhibition
[14]. These studies indicate the major role played by the
immune response in ILC biology.

Tumor-infiltrating lymphocytes (TILs) are a key com-
ponent of the adaptive immune system with a crucial impact
on cancer progression. In hormone receptor-negative inva-
sive breast tumors, TILs constitute a morphologic marker
for predicting response to adjuvant chemotherapy and
prognosis in triple-negative breast carcinomas and HER2-
positive breast carcinomas [16–19], while the role of TILs
as a prognostic biomarker in ER-positive breast carcinomas
remains unclear. Recent evidence suggests that, in ER-
positive ILC, TILs may have a potential impact on patient
outcome [20]. Further studies are necessary to clarify the
impact of TILs and their immunologic characteristics on the
prognosis of ILC.

The aim of this study was to characterize TILs in a large
cohort of ILC patients followed in a single institution, with
particular focus on TIL quantification, the association

between TIL and clinical and pathologic features and the
intrinsic prognostic value of TIL.

Material and methods

Patients and samples

Patient eligibility criteria for this study were: cases of pure
ILC primary breast cancer operated between January 2005
and December 2008, with no neoadjuvant therapy (endo-
crine or chemotherapy), written patient consent to use their
tumor material for research and availability of a tumor
block. Patient consent was obtained prospectively before
surgery. We retrospectively retrieved 526 cases from the
Institut Curie electronic database. All slides were reviewed
by experienced breast pathologists (JCT and AVS). Histo-
logic review resulted in a total of 459 patients. Cases were
classified into morphologic variants: classic, solid, alveolar,
or mixed type of lobular carcinomas when a second com-
ponent represented more than 10%, according to World
Health Organization criteria [4]. Micro-ILC, non-lobular
carcinomas, mixed carcinomas with a ductal component
>10%, multifocal or multicentric carcinomas with a non-
lobular second tumor were excluded after histologic review.
Nuclear features such as multinucleation and visible
nucleoli at 40×, namely proeminent nucleoli, were regis-
tered when present. ILC tumor grade was determined
according to the Elston–Ellis grading system [21]. Patient
characteristics and outcomes were retrieved from electronic
medical files.

Histopathologic analysis of tumor-infiltrating
lymphocytes

Stroma TILs were quantified as recommended by Salgado
et al. [22]. Briefly, TILs were defined as infiltrating mono-
nuclear inflammatory cells observed within the tumor
stroma. Areas of carcinoma in situ, necrosis and crush arti-
facts were not included. TILs were assessed as a continuous
parameter and categorized after analyzing their distribution.
In cases harboring TILs (TIL-positive ILCs), the median
TILs level was of 5.0%, with an interquartile range of
2.0–5.0%. On the basis of this distribution, ILC cases were
categorized as negative (0%), containing ≤5% of TILs and
>5% of TILs. Histopathologic examination of TILs was
performed by breast pathologists blinded to clinical infor-
mation, including treatment allocation and outcomes.

Immunostaining and histo-molecular subtyping

All cases included in this study were reviewed for ER, PR,
HER2, and E-cadherin (if performed during the initial
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diagnostic procedure). Further immunostainings were per-
formed when initially missing or when considered neces-
sary. In brief, immunostaining was performed on 4 µm
tissue sections prepared from a representative sample of the
tumor. After rehydration and antigen retrieval in citrate
buffer (10 mM, pH 6.1), tissue sections were stained for ER
(clone 6F11, Novocastra, 1/200), PR (clone 1A6, Novo-
castra, 1/200), and ERBB2 (CB11, Leica Biosystems, 1/
100) and E-cadherin when necessary to confirm ILC diag-
nosis (clone HECD1, Zymed Laboratories Inc, 1/50).
Staining reaction was performed with the Vectastain Elite
ABC peroxidase mouse IgG kit (Vector Burlingame, CA)
and diaminobenzidine (Dako A/S, Glostrup, Denmark) as
chromogen. Positive and negative controls were included in
each run. Cases were considered positive for ER and PR
according to standardized guidelines using a percentage of
10% of positive nuclei [23]. A tumor was considered HER2-
positive by immunohistochemistry when it scored 3+
with uniform intense membrane staining of more than 10%
of invasive tumor cells. These cases were confirmed to
harbor ERBB2 gene amplification by FISH according to
ASCO/CAP guidelines [24]. ILCs scored 2+ by HER2
immunohistochemistry were considered to be HER2-
positive when FISH test positive. Histo-molecular sub-
types were defined as follows: luminal A—ER and/or PR ≥
10% and mitotic score of 1; luminal B—ER ≥ 10%, PR <
20% or mitotic score of 2 or 3; HER2—HER2-positive;
triple-negative—ER-negative (<10%), PR-negative (<10%),
and HER2 not amplified [24–26]. A cut-off of 10% for ER/
PR positivity was used in accordance with GEFPICS
guidelines [27, 28] and studies indicating that ER < 10%
cases have a similar clinical behavior to that of ER-negative
cases [26, 29–34].

Statistical analyses

Baseline characteristics were summarized as frequency and
percentage for qualitative data and mean and standard
deviation or median with minimum and maximum for
continuous variables. Associations between categorical
variables were evaluated using Chi2 or Fisher’s exact test.

Overall survival (OS) was defined as the time from
diagnosis of breast cancer until the date of death from any
cause. Patients still alive were censored at the date of last
news. Invasive disease-free survival (iDFS) was defined as
the interval from diagnosis of breast cancer until the first
breast cancer event including local, regional, distant recur-
rence, contralateral disease, second non-breast primary
cancer, and mortality from any cause. OS and iDFS were
estimated using the Kaplan–Meier method and comparisons
between TILs subgroups were performed with the log-rank
test. Univariate and multivariate Cox regression models
were carried out to evaluate prognosis. To assess the

relative influence of prognostic factors using the multi-
variate Cox stepwise procedure, the inclusion criterion was
p ≤ 0.2 and the exclusion criterion was p > 0.2 for covari-
ates. For all analyses, a p value ≤ 0.05 was considered to be
statistically significant.

Results

Clinical and pathologic data

We retrospectively retrieved 526 consecutive ILCs satisfy-
ing the eligibility criteria. After histologic review, 67 (13%)
carcinomas were excluded (15 non-ILC, 49 carcinomas
with a ductal component representing more than 10%, 3
multifocal or multicentric carcinomas with a non-lobular
invasive second tumor), resulting in a total of 459 cases
included in the analysis. The median age of these patients at
diagnosis was 60 years. The majority of patients were
postmenopausal women (77.7%—N= 330), with unifocal
disease (83.8%—N= 378). Surgical treatment comprised
lumpectomy for 69.9% of patients (N= 321) and mas-
tectomy for 30.1% of patients (N= 138). The majority of
ILCs were of classic subtype (68%—N= 312), followed by
mixed subtype (26%—N= 119), alveolar subtype (3.7%—

N= 11), and solid subtype (2.4%—N= 11). Cases were
classified into histologic grades 1, 2, and 3 in 9.8% (N=
45), 79.7% (N= 366), and 10.5% (N= 48) of ILCs,
respectively. The majority of ILCs had a tumor size ≤ 2 cm
(67.3% for pT1—N= 309) and were lymph node-negative
(74.1%—N= 340). The Nottingham Prognostic Index
(NPI) was excellent/good in 54.8% (N= 249) of ILC
patients and moderate/poor in 45.2% (N= 206) of cases.
Multinucleated cells, mostly binucleated cells, were found
in 26.4% (N= 121) of ILCs and proeminent nucleoli were
present in 25.6% (N= 116) of cases.

Postsurgical treatment of patients consisted of standard
treatment: endocrine therapy was administered to hormone
receptor-positive patients (79.7%—N= 366) and endocrine
therapy and/or trastuzumab was administered to HER2-
positive patients (2.4%—N= 13). Adjuvant chemotherapy
was administered to 21.8% (N= 100) of ILC patients and
radiotherapy was administered to 91.3% (N= 419) of ILC
patients. Median patient follow-up was 106 months (range:
3–156 months), with 37 deaths due to disease, 22 local
recurrences, 4 lymph node metastases, and 41 distant
metastases (Table 1).

ILC phenotype

The majority of cases expressed hormone receptors: 96.1%
(N= 441) of ILCs were ER-positive and 72.5% (N= 332)
were PR-positive. HER2 amplification/overexpression was
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demonstrated in 18 patients (4.4%—N= 18) (Table 1). The
majority of ILCs were clinically defined as luminal A,
corresponding to 55.5% (N= 254) of all cases of the series,
followed by 37.8% (N= 173) of luminal B subtype, 3.9%
(N= 18) of HER2-positive subtype, and 2.8% (N= 13) of
triple-negative subtype. ILC molecular subtypes were sig-
nificantly associated with histologic variants (p= 0.003).
More specifically, luminal B ILCs encompassed many
mixed (47.1%—56/119) and solid carcinomas (72.7%—8/
11). There were no HER2-positive or triple-negative
alveolar ILCs (Table 2).

Table 1 Clinical and pathologic features of a series of 459 invasive
lobular carcinomas (ILC).

Patients Patients (%)

Number of cases 459 100

Age

<50 years 90 19.6

≥50 years 369 80.4

Menopausal status

Premenopausal 95 22.3

Postmenopausal 330 77.7

Missing 34

Unifocality

No 73 16.2

Yes 378 83.8

Missing 8

ILC histological type

Classic 312 68.0

Mixed 119 25.9

Alveolar 17 3.7

Solid 11 2.4

Grade

G1 45 9.8

G2 366 79.7

G3 48 10.5

Tumor size

pT1 309 67.3

pT2 112 24.4

pT3 38 8.3

Lymph node metastases

pN0 340 74.1

pN1 78 17.0

pN2 24 5.2

pN3 13 2.8

pNx 4 0.9

Multinucleation

No 338 73.6

Yes 121 26.4

Prominent nucleoli

No 338 74.4

Yes 116 25.6

Missing 5

Nottingham Prognostic Index

Excellent 33 7.3

Good 216 47.5

Moderate 174 38.2

Poor 32 7.0

Missing 4

Estrogen receptor

No 18 3.9

Table 1 (continued)

Patients Patients (%)

Yes 441 96.1

Progesterone receptor

No 127 27.5

Yes 332 72.5

HER2 amplification/overexpression

No 387 95.6

Yes 18 4.4

Missing 54

Surgical treatment

Lumpectomy 321 69.9

Mastectomy 138 30.1

Hormone therapy

No 93 20.3

Yes 366 79.7

Adjuvant chemotherapy

No 359 78.2

Yes 100 21.8

Radiotherapy

No 40 8.7

Yes 419 91.3

Trastuzumab

No 446 97.2

Yes 13 2.8

Local recurrences

No 437 95.2

Yes 22 4.8

Lymph node metastases relapse

No 455 99.1

Yes 4 0.9

Distant metastases

No 418 91.9

Yes 41 8.9

Survival

Alive 422 91.9

Deceased 37 8.1

Tumor-infiltrating lymphocytes are associated with poor prognosis in invasive lobular breast carcinoma 2201



TILs quantification in ILC

ILCs were characterized by low lymphocyte infiltration, as
the mean TIL value was 2.7% for all cases. The mean TIL
score for TIL-positive ILCs was 5.6%, with a median of
5.0%, and an interquartile range of 2.0–5.0%. The majority
of ILCs were classified as TIL-negative, as TILs were not
detected in 239 carcinomas (52.1%—N= 239) (Table 3 and
Fig. 1a), 185 ILCs (40.3%) showed ≤5% of TILs and 35
ILCs (7.6%—N= 359) presented >5% of TILs (Table 3 and
Fig. 1b). Lymphocytes were highly predominant (≥40%) in
only four cases of ILC.

Association between TILs and clinicopathologic
features

Compared with TIL-negative ILCs, TIL-positive ILCs (≤5%
and >5%) were significantly associated with lower age at
diagnosis (p= 0.025), histologic grade (p= 0.002), tumor
size (p= 0.036), and lymph node metastasis (p= 0.003)
and poor NPI (p= 0.001) (Table 3). Of note, TILs > 5%
ILCs were associated with multinucleation (p < 0.001) and
the presence of prominent nucleoli (p= 0.001) (Fig. 2a, b,
respectively, and Table 3). The TIL-positive ILC subgroup
also presented a higher rate of HER2 amplification/over-
expression (p= 0.004) and an association with HER2-
positive molecular subtype. No significant association was
observed between the presence of TILs and ER or PR
expression (p < 0.05, not shown). The majority of alveolar
ILCs were TIL-negative (14 out of 17 cases (82.4%)). In
contrast, we found a small but statistically significant TIL
enrichment in mixed ILC (34.3% of carcinomas with >5%
TILs were mixed ILC vs. 23.8% of TIL-negative carcino-
mas were mixed ILC) (Table 3).

Association between TILs and prognosis

iDFS and OS were significantly different in the various TIL
subgroups. More specifically, an increasing TIL score

among ILC was associated with progressively poorer iDFS
and OS on Kaplan–Meier analysis (log-rank test, p= 0.005
for iDFS and p= 0.00031 for OS) (Fig. 3a, b, respectively).
Ten-year OS in the TIL-negative subgroup was 95.9% (95%

Table 2 Distribution of clinically defined histo-molecular subtypes
(inferred from immunohistochemistry) and histologic variants in ILC
(p= 0.03).

Classic,
N (%)

Mixed,
N (%)

Alveolar,
N (%)

Solid,
N (%)

Luminal A 183 (58.8) 56 (47.1) 13 (76.5) 2 (18.2)

Luminal B 105 (33.8) 56 (47.1) 4 (23.5) 8 (72.7)

HER2-
positive

13 (4.2) 5 (4.2) 0 0

Triple-
negative

10 (3.2) 2 (1.6) 0 1 (9.1)

Total 311 (100) 119 (100) 17 (100) 11 (100)

Table 3 Association of TILs and clinicopathologic features.

TILs

Negative,
N (%)

≤5%, N (%) >5%, N (%) p value

Number of cases 239 185 35

Age

<50 years 38 (15.9) 40 (21.6) 12 (34.3) 0.025

≥50 years 201 (84.1) 145 (78.4) 23 (65.7)

Grade

G1 36 (15.1) 8 (4.3) 1 (2.9) 0.002

G2 180 (75.3) 158 (85.4) 28 (80.0)

G3 23 (9.6) 19 (10.3) 6 (17.1)

Tumor size

pT1 176 (73.6) 111 (60.0) 22 (62.9) 0.036

pT2 47 (19.7) 54 (29.1) 11 (31.4)

pT3 16 (6.7) 20 (10.8) 2 (5.7)

Lymph node metastases

pN0 183 (76.5) 127 (68.7) 30 (85.7) 0.003

pN1 40 (16.7) 38 (20.5) 0

pN2 8 (3.4) 13 (7.0) 3 (8.6)

pN3 4 (1.7) 7 (3.8) 2 (5.7)

pNx 4 (1.7) 0 0

Multinucleation

No 190 (79.5) 131 (70.9) 17 (48.6) <0.001

Yes 49 (20.5) 54 (29.1) 18 (51.4)

Prominent nucleoli

No 190 (80.5) 130 (70.7) 18 (52.9) 0.001

Yes 46 (19.5) 54 (29.3) 16 (47.1)

Missing 3 1 1

Nottingham Prognostic Index

Excellent 27 (11.5) 5 (2.7) 1 (2.9) 0.001

Good 120 (51.1) 79 (42.7) 17 (48.6)

Moderate 74 (31.4) 87 (47.0) 13 (37.1)

Poor 14 (6.0) 14 (7.6) 4 (11.4)

Missing 4 0 0

HER2 amplification/overexpression

No 207 (98.1) 153 (94.4) 27 (84.4) 0.004

Yes 4 (1.9) 9 (5.6) 5 (15.6)

Missing 28 23 3

ILC histological type

Classic 161 (67.4) 131 (70.8) 20 (57.1) 0.011

Mixed 57 (23.8) 50 (27.1) 12 (34.3)

Alveolar 14 (5.9) 3 (1.6) 0

Solid 7 (2.9) 1 (0.5) 3 (8.6)

ILC molecular subtype

Luminal A 130 (54.6) 108 (58.4) 16 (45.7) 0.026

Luminal B 98 (41.2) 62 (33.5) 13 (37.2)

HER2 positive 4 (1.7) 9 (4.9) 5 (14.2)

Triple-negative 6 (2.5) 6 (3.2) 1 (2.9)

Missing 1 0 0

ILCs were classified into TIL-negative (0%), TILs ≤5%, and TILs
more than 5%.
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CI: 92.6–99.4%), in contrast with 82.0% (95% CI:
69.9–96.2%) for the TILs > 5% subgroup, corresponding to
a 13.9% survival difference. An identical result was
observed for iDFS (Supplementary Table 1).

Univariate Cox proportional hazards analysis showed an
increased risk of relapse with increasing TIL scores (hazard
ratio (HR)= 1.93 and HR= 2.93 in the groups containing
≤5% TILs and >5% TILs, respectively, p < 0.004). Simi-
larly, an association was observed between the risk of death
with increasing TIL scores (HR= 4.12 and HR= 5.31, in
the groups containing ≤5% TILs and >5% TILs, respec-
tively, p < 0.001). Univariate analysis showed that the pre-
sence of lymph node metastasis alone was associated with
poorer iDFS and OS (p= 0.003 and p= 0.001, respec-
tively). Univariate analysis also showed that molecular
subtype was significantly associated with OS. More speci-
fically, luminal B and triple-negative carcinomas presented
a higher risk of death from breast cancer than luminal A
ILC (HR= 2.99, 95% CI: 1.53–6.12 and HR= 3.81, 95%
CI: 0.74–12.77, respectively). HER2 overexpressing ILC
treated by adjuvant chemotherapy plus anti-HER2 therapy
(13 out of 18 cases) showed the lowest risk of death (HR=
0.53, 95% CI: 0.004–4.02). The presence of prominent

nucleoli was significantly associated with poor iDFS and
poor OS (p= 0.05 and p= 0.049, respectively) (Table 4).

To determine whether the prognostic impact of TILs was
associated with HER2-positive and TNBC molecular sub-
types, which are known to be associated with poor prog-
nosis in IDC-NST, we performed univariate Cox
proportional hazard analysis excluding these two molecular
subtypes. We found that the prognostic impact of TILs on
iDFS and OS was maintained after excluding TNBC and/or
HER2-positive cases, with comparable HRs (Supplemen-
tary Table 2).

To determine whether the contribution of TILs to poor
prognosis was associated with lymph node metastasis, we
stratified univariate Cox analysis into node-negative and
node-positive (N1, N2, N3) subgroups. Notably, the lymph
node involvement was not different among ER+ and ER−
ILCs (Supplementary Table 3a). Survival analysis con-
sidering only node-negative patients (N= 340) showed a
statistically significant prognostic impact of TIL levels (p=
0.001 for iDFS and p= 0.003 for OS). Similarly, when only
node-positive patients (N= 115) were considered, we
observed an identical significant impact of TIL levels on OS
(p= 0.054) (Supplementary Table 3b). We also did not

Fig. 1 Tumor-infiltrating
lymphocytes (TILs) are
found within ILC.
Hematoxylin–eosin (H&E)
image representative of one ILC
without tumor-infiltrating
lymphocytes (TILs) in the tumor
region (a) and one ILC enriched
in TILs in the tumor region (b).
Scale bar= 50 µm.

Fig. 2 Nuclear features
associated with ILC.
Hematoxylin–eosin (H&E)
image representative of one
TILs > 5% ILC with
multinucleation (black stars
indicating magnified regions
with binucleated cells, in this
example) (a) and one TILs > 5%
ILC showing prominent nucleoli
(b). Scale bar= 50 µm.
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observe any association between lymph node metastasis and
molecular subtypes in our ILC series (p < 0.05, data not
shown).

Multivariate survival analysis showed that the impact of
TILs on OS and iDFS was independent of the number of
metastatic lymph nodes and the molecular subtype of ILC.
HR values were 6.15 and 3.47 in the TILs > 5% ILCs for
OS and iDFS models, respectively (p < 0.001 and p=
0.001), in contrast with the lower HR values found in
univariate models (Table 4).

Discussion

Our study comprehensively addressed the prognostic
impact of TILs in a large cohort of primary surgically
treated ILCs with follow-up from a single institution. We
revealed that increased TILs were associated with poor OS
and poor iDFS in univariate and multivariate models. Fur-
thermore, our study showed the importance of TILs to refine

ILC prognosis by demonstrating that the association
between TILs and poor iDFS and poor OS was independent
of lymph node metastases and ILCs molecular subtypes in
multivariate analysis.

Desmedt et al. showed that, in ILC patients, TILs
enrichment was associated with young age, lymph node
involvement, high proliferative tumors and poorer prognosis
in univariate models, but multivariate analysis of breast
cancer-free survival adjusted for standard clinicopathologic
variables resulted in ambiguous results with a prognostic
impact of TILs in the group with intermediate TILs, but no
significant impact in the group with high TILs [20].

We confirmed that ILCs are characterized by low levels
of TILs. We also found that TILs were significantly asso-
ciated with higher grade carcinomas, tumor size, lymph
node metastases, and NPI index, suggesting a pro-
tumorigenic role of TILs in ILC that deserves further
investigation. The presence of prominent nucleoli and
multinucleated cells, which are associated with more
aggressive tumor behavior in breast cancers and in other
tumor types [35], was significantly associated with TILs.
These nuclear features were identified during retrospective
analysis of ILC cases and could potentially be combined
with other pathologic parameters to more accurately classify
ILCs in clinical practice. In addition, like Desmedt et al.
[20], we found an association between lymphocyte infil-
tration and histologic ILC variants, as the alveolar histotype
was more often TIL-negative, while mixed ILC carcinomas
were mostly TIL-enriched. These observations are con-
sistent with the favorable outcome reported for alveolar ILC
and the poor outcome described for mixed ILC [36–38].
The immunologic implications of these observations need
to be investigated.

The presence of high levels of TILs has been consistently
associated with a more favorable prognosis in patients with
early stage triple-negative and HER2-positive breast cancer
[16–19, 39, 40]. Hormone receptor-positive breast carci-
nomas have been recognized to harbor low levels of TILs
[41], the prognostic impact of which remains uncertain [41–
43]. Our observation that TILs are associated with poor
outcome in ILC therefore provides new insight into the role
of immune cells in hormone receptor-positive breast carci-
noma. Of note, our series of ILC comprised a low frequency
of triple-negative and HER2-positive subtypes, but we
decided to include these cases in our analysis because they
reflect the true heterogeneity of ILC in the clinical setting.
In addition, in our study composed of consecutive ILC
patients treated in a single institution, we found a higher
proportion of luminal B subtype, in accordance with Iorfida
et al. [37], compared with that observed in other ILC studies
composed of selected cases for molecular analyses [13–15].

HER2 amplification/overexpression was rarely observed
in our ILC series, representing only 4.4% (18/405) of ILCs

Fig. 3 TILs are associated with poor survival in ILC.
Kaplan–Meier plots showing iDFS (a) and OS (b) of ILC patients
stratified according to tumor TIL quantification (negative, ≤5%, >5%).
The tables below the curves indicate the numbers of patients at risk.
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(Table 1), in accordance with other studies [37]. We found
that HER2-positive ILCs were associated with a low risk of
cancer death, reflecting the contribution of trastuzumab

therapy to the improved survival of ILC, as shown in the
HERA trial [44]. Da Ros et al. also demonstrated that
HER2-positive ILCs presented lower proliferative activity

Table 4 Univariate and multivariate Cox proportional hazards models for iDFS and OS considering TILs (negative, ≤5%, >5%), tumor size, lymph
node metastases, grade, and molecular subtype.

Invasive disease-free survival (iDFS) Overall survival (OS)

HR CI 95% p value HR CI 95% p value

Univariate COX

TILs in tumor

Negative 1 0.004 1 <0.001

≤5% 1.93 1.17–3.23 4.12 1.91–10.05

>5% 2.93 1.40–5.74 5.31 1.79–15.35

Grade

G1 1 0.09 1 0.48

G2 2.15 0.83–7.85 1.04 0.37–4.34

G3 3.42 1.12–13.58 1.85 0.49–8.78

Tumor size

pT1 1 0.38 1 0.19

pT2 1.41 0.84–2.31 1.64 0.79–3.27

pT3 1.36 0.57–2.77 2.17 0.76–5.2

Lymph node metastases

pN0 1 0.003 1 <0.001

pN1 1.41 0.78–2.42 2.41 1.11–5.03

pN2 2.98 1.33–5.92 5.9 2.21–13.87

pN3 4.61 1.68–10.31 6.99 1.83–19.77

Molecular subtype

Luminal A 1 0.22 1 0.005

Luminal B 1.51 0.95–2.41 2.99 1.53–6.12

HER2-positive 0.52 0.06–1.93 0.53 0.004–4.02

Triple-negative 1.27 0.26–3.79 3.81 0.74–12.77

Prominent nucleoli

No 1 0.05 1 0.049

Yes 1.62 1–2.59 1.95 1–3.71

Multivariate COX

TILs in tumor

Negative 1 0.001 1 <0.001

≤5% 2.03 1.23–3.42 4.38 2.02–10.73

>5% 3.47 1.61–7.02 6.15 1.98–18.60

Lymph node metastases

pN0 1 0.003 1 0.003

pN1 1.51 0.83–2.65 2.66 1.20–5.75

pN2 3.16 1.37–6.41 4.91 1.82–11.73

pN3 4.33 1.55–9.97 6.29 1.60–18.74

Molecular subtype

Luminal A 1 0.03 1 <0.001

Luminal B 1.58 0.97–2.55 3.06 1.54–6.36

HER2-positive 0.26 0.03–1.02 0.24 0.002–1.85

Triple-negative 1.33 0.27–4.05 4.60 0.87–16.22

95% CI 95% confidence interval.
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and lower histologic grade compared with HER2-positive
IDC-NST [45]. In our study, we found that HER2-positive
ILC were slightly but significantly enriched in TILs. The
exact nature of these TILs is unknown and their role or
interaction with anti-HER2 therapy needs to be elucidated.

Newly defined molecular subtypes of ILC have been
proposed [13, 14]. Michaut et al. reported an immune-
related subgroup of ILCs that is enriched in TILs, associated
with lower expression of ER and PR genes, higher cytokine
and chemokine signaling and higher expression of sup-
pressive immune molecules PDL1, PD1, and CTLA4 [14].
Ciriello et al. independently described a different immune-
related subgroup of ILCs characterized by expression of
modulators of immunogenic signaling including cytokines,
chemokines, and major histocompatibility complex [13]. Of
note, the prognostic significance of the classifications
reported by these two teams is not clear and the degree of
overlap between these groups appears to be low. Further
studies on our ILC series are necessary to clarify the asso-
ciation between TIL-enriched ILC and the molecular sub-
groups of ILC, as transcriptomic studies and assessment of
the detailed immune composition in terms of the origin and
levels of immune cells are ongoing and will provide greater
insight into the clinical and biologic behavior of the tumors
analyzed in this study.

This study has a number of limitations. It is a retro-
spective study and we cannot rule out heterogeneity
between our cohort and the cohorts of other studies [20].
The small sample size of HER2-positive and TNBC groups
limits analysis of these subgroups in the context of ILC.
Complete phenotypic characterization of immune cells in
TIL-positive cases and molecular characterization of all ILC
patients are necessary in order to elucidate the mechanisms
responsible for the observed aggressive behavior of TIL-
enriched ILC. As ILC patients have few targeted treatment
options, a better understanding of the immune composition
and transcriptomic heterogeneity of ILC could help to
identify ILC as a distinct malignancy that needs to be
treated as a separate clinical entity.

In conclusion, this study found that TIL assessment in
ILC contributes valuable prognostic information, as it was
associated with poor outcome in a large cohort of patients
followed in a single cancer center. The prognostic value of
TIL was shown to be independent of molecular subtypes
and lymph node metastases. For the first time, we found an
association between TILs and aggressive nuclear features.
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