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Simple Summary: Stromal tumor infiltrating lymphocytes (sTIL) are a validated predictive and
prognostic biomarker in non-luminal breast cancer. Our aim was to evaluate their clinical relevance
in luminal (hormone receptor positive, HER2 negative) early breast cancer. Our results show that,
although sTIL are associated with a better response to neoadjuvant chemotherapy, they are also
associated with worse biological features (proliferation, higher stage) and poorer prognosis in luminal
B breast cancer. TIL might improve prognostic stratification and contribute to therapeutic decision-
making in the early high-risk setting of luminal B breast cancer.

Abstract: Luminal breast cancer (BC) is associated with less immune activation, and the significance
of stromal lymphocytic infiltration (sTIL) is more uncertain than in other BC subtypes. The aim
of this study was to investigate the predictive and prognostic value of sTIL in early luminal BC.
The study was performed with an observational design in a prospective cohort of 345 patients with
predominantly high-risk luminal (hormone receptor positive, HER2 negative) BC and with luminal B
features (n = 286), in which the presence of sTIL was analyzed with validated methods. Median sTIL
infiltration was 5% (Q1–Q3 range (IQR), 0–10). We found that sTIL were associated with characteristics
of higher biological and clinical aggressiveness (tumor and lymph node proliferation and stage,
among others) and that the percentage of sTIL was predictive of pathologic complete response in
patients treated with neoadjuvant chemotherapy (OR: 1.05, 95%CI 1.02–1.09, p < 0.001). The inclusion
of sTIL (any level of lymphocytic infiltration: sTIL > 0%) in Cox regression multivariable prognostic
models was associated with a shorter relapse-free interval (HR: 4.85, 95%CI 1.33–17.65, p = 0.016) and
significantly improved its performance. The prognostic impact of sTIL was independent of other
clinical and pathological variables and was mainly driven by its relevance in luminal B BC.

Keywords: breast cancer; lymphocyte; TIL; prognostic factor; predictive factor; neoadjuvant chemotherapy;
adjuvant chemotherapy; survival; pathologic complete response

1. Introduction

Breast cancer (BC) is the most common malignancy and the leading cause of cancer
death in women [1]. The most frequent subtype of BC, accounting for 70% of cases, is
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luminal BC, which is dependent on estrogenic transcriptional programs and is usually
identified in the clinical setting as the subgroup of hormone receptor (HR)-positive tumors
with an absence of HER2 amplification (HER2 negative) [2]. The recent introduction of
immunotherapy as a treatment strategy in BC has so far involved only triple-negative (HR
negative, HER2 negative) tumors, characterized by increased immune activation and by a
higher presence of tumor infiltrating lymphocytes in the tumor stroma (sTIL) [3]. In contrast,
in luminal BC, immune-activated subtypes are less frequent [4], lymphocyte infiltration is
lower [5] and previous efforts to introduce therapeutic strategies aimed at enhancing the
immune response against tumors have shown poor results in advanced disease [6–8]. More
recent studies with a combination of chemotherapy and immunotherapy in early disease
have yielded somewhat better results in luminal tumors [9], especially in those with high
proliferation and endocrine resistance.

The prognostic significance of lymphocyte infiltration in HR+ HER2- BC is also less
clear than in HR-negative and HER2-positive tumors, in which higher percentages of
sTIL are associated with better disease-free survival (DFS) and overall survival (OS) [10].
This association is not consistently observed in luminal tumors, in which although higher
lymphocyte infiltrates are associated with higher genomic risk (recurrence score) [11], no
differences in survival are observed [12]. The prognostic impact of sTIL in luminal BC has
indeed been inconsistent between publications, with some studies showing no difference in
DFS or OS [10,12,13] and other studies finding a negative impact on OS with no difference
in DFS [5]. In patients treated with neoadjuvant chemotherapy, a recent meta-analysis, prior
to the publication of the largest series [13], concluded that elevated sTIL was associated
with shorter OS in tumors of the luminal subtype [14], although no differences in DFS by
sTIL level were found either.

The different prognostic effect of sTIL in luminal BC is also supported by other series
analyzing specific lymphocyte populations such as CD8+ TILs. Although these studies
have shown varying results [15,16], higher CD8+ TIL infiltration does not seem to predict
better outcomes in HR+ HER2- tumors. This observation strongly contrasts with the
findings in other subtypes, where greater lymphocyte infiltration is associated with an
enhanced antitumor immune response and a more favorable outcome [12]. Mechanistic
explanations for the different meanings of sTIL in luminal BC are lacking: a differential
effect of anthracycline-based chemotherapy was proposed for this group, with an increased
benefit of treatment in HR+ HER2- tumors without CD8+ infiltration [15], but statistical
significance was not reached. No further analyses have supported this concept, with
some data even showing reduced DFS after chemotherapy in patients with intermediate
TIL infiltration [13]. Association of sTIL with higher proliferation, lower differentiation
and higher genomic grade [13], which are well-known prognostic factors in luminal BC,
are also potential explanations, and some data from multivariate models might support
this concept [15]. The association of lymphocyte infiltration with lower HR expression
has been suggested by prior reports, but could not be demonstrated in other cohorts
of luminal BC patients [16]. Finally, other biological features, such as PIK3CA mutated
status and differences in FOXP3+ populations in the tumor microenvironment, have also
been proposed as potential explanations of the diverse prognostic impact of lymphocyte
infiltration in luminal BC [16].

The above cited factors might account at least for some of the differences of prior works,
which could also be driven by differences in the treatment administered (especially neoad-
juvant or adjuvant chemotherapy), in the statistical adjustment for other prognostic factors
or even in the method of sTIL assessment. Taken together, there remains a significant un-
certainty about the clinical meaning of lymphocytic infiltration in HR+/HER2-negative BC.

This lack of impact of sTIL on DFS, together with the uncertainty about its influence
on OS and pathologic complete response (pCR), and with the general difficulties presented
by sTIL in its use as a clinical biomarker [17], have limited its applicability in early luminal
BC. However, the results relating lymphocyte infiltration to higher proliferation [18] and
lower HR expression [19], and those relating them to the luminal B BC subtype [20], could



Cancers 2023, 15, 2846 3 of 14

create differences in the clinical significance and utility of sTIL in luminal A and B tumors.
Previous work has also pointed out different effects of sTIL on DFS in luminal BC depending
on the level of Ki67, with negative prognostic effects in the low proliferation group [21]
and better distant DFS in high-proliferating tumors, especially when the latter are treated
with chemotherapy [18]. This interaction between chemotherapy (predominantly used
in luminal B disease), proliferation and sTIL might also be relevant for understanding
the role of sTIL and its potential variability between luminal A and B tumors. Thus, the
considerable heterogeneity in sTIL distribution in luminal tumors might be translated to
differences in its clinical significance.

Considering the potential relevance of sTIL to define immunotherapy-based ap-
proaches in patients with high-risk luminal BC and that further insights into the clini-
cal correlations of immune microenvironment in luminal disease are needed to facilitate
prognostic stratification in these patients, the aim of this work was to analyze the clinical
significance of sTIL, in terms of relapse-free and overall survival, in luminal BC, taking into
account the surrogate immunohistochemical definition of luminal A and B subtypes.

2. Materials and Methods
2.1. Study Design

An observational single-center cohort of 345 women with early luminal (defined as
HR positive, HER2 negative) BC (2012–2020) was analyzed. This cohort was obtained
from a previous cohort of 1006 consecutive breast cancer cases, including 651 cases of
luminal BC (Supplementary Figure S1) included in a translational study in which most
patients received chemotherapy. Inclusion criteria for this study were positive expression
of hormone receptors (HR), non-amplified HER2 (HER2-), availability of pre-treatment
core biopsy for sTIL evaluation and signed informed consent for the study. Treatment was
performed according to standard clinical practice [22]. The study was approved by the IRB
(CEIC Hospital Morales Meseguer; code EST08/21).

2.2. Pathologic Evaluation and sTIL Analysis

Pre-treatment stromal tumor infiltrating lymphocytes (sTIL) were measured by an
expert breast pathologist (MPR) blinded to the patients’ outcomes. Published standard
methods from the International sTIL Working Group were followed for sTIL evaluation [23,24].
sTIL was expressed as the percentage of TIL in the intratumoral stromal area of H&E
stained slides from a diagnostic core breast biopsy. Briefly, the whole stromal compartment
within the borders of the invasive tumor was considered for sTIL quantification, and the
percentage of area occupied by lymphocytes (related to the total area of stromal tissue, not
to the number of cells) was estimated as a continuous variable. Areas with artifacts, necrosis
or sTIL around ductal carcinoma in situ or normal tissue were excluded. Evaluation of
immunohistochemistry for estrogen receptors (ER), progesterone receptors (PgR), HER2
and Ki-67 was performed following standard validated procedures. Definition of a luminal
B-like tumor was based on a high Ki-67 level (defined as Ki-67 > 14%) or grade 3 or negative
PgR (defined as <20%) [2]. High clinical risk was defined according to Adjuvant! criteria: T
size > 3 cm; N+ with grade 1 and T size > 2 cm; N+ with grades 2–3 and any T size; grade 2
with T2N0 or higher TN stage; and grade 3 with N0 and T size > 1 cm).

2.3. Statistical Analysis

We followed the REMARK guidelines for the analysis and reporting of our results [25]
(Appendix A). Analyses of sTIL were performed both as a continuous variable and as a
dichotomic variable using two prespecified cut-offs: 10% (≤10% vs. >10%) and 0% (classifi-
cation as absence of sTIL or presence of any amount of sTIL). The comparisons between
groups were made with the Mann–Whitney U test or Kruskal–Wallis test for continuous
variables, and with the Chi squared test for categorical variables. The association of sTIL
with other variables was tested with Spearman correlation coefficients. Association of
sTIL and other variables with pathologic complete response (pCR) in patients treated with
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neoadjuvant chemotherapy (NCT) was evaluated with logistic regression models. The
goodness of fit for each model was evaluated with the Akaike Information Criterion (AIC).
Accuracy was assessed with the area under the curve from the receiver operating curve
(AUC ROC) using a probability of 0.5 for pCR as cut-off. The variables considered for
inclusion in multivariable models were age, type of detection, tumor size, axillary node
involvement (both as dichotomic and as the number of positive nodes), progesterone re-
ceptor (PgR) expression (dichotomic), Ki67 (as a continuous variable), grade (grade 3 vs.
grades 1–2) and type of chemotherapy (classified as second- or third-generation chemother-
apy). The selection of variables for the model was based on clinical relevance and statistical
significance in the univariable analysis.

The main outcomes were relapse-free interval (RFI), defined as the interval between
the date of the first treatment (either surgery or first cycle of neoadjuvant chemotherapy)
and the date of distant or locoregional invasive relapse or death by BC, and breast-cancer-
specific overall survival (OS), calculated from the date of the first treatment, according to
STEEP criteria [26,27]. Median follow-up was calculated with the inverse Kaplan–Meier
method. Assuming a maximum censoring rate under 90%, a two-sided alpha error of 0.05
and 80% power, a sample size of 343 patients was required to detect a hazard ratio (HR) of
3.0 for RFI between two groups (1:3) defined by dichotomic sTIL. Kaplan–Meier curves
were generated for each group of patients. The prognostic value of sTIL for RFI and OS
was analyzed by Cox regression models. The proportionality of hazard assumption was
tested with Schoenfeld’s z-test. Comparison of goodness of fit between models was made
with the AIC, while discrimination was compared with the C-index (previously corrected
for optimism with bootstrap). The likelihood ratio test (LRT) was used for comparison of
the prognostic performance of nested predictive and prognostic models.

A p value of 0.05 was considered statistically significant. p values were adjusted for
multiple comparisons with the FDR Benjamini–Hochberg test. All analyses were performed
with R version 4.2.3 and RStudio (version 2023.03.0).

3. Results
3.1. Patient Characteristics and sTIL Distribution According to Clinical and Pathological Variables

A total of 345 patients with available sTIL assessment were included. Patient charac-
teristics are shown in Table 1 and Supplementary Table S1. The median age was 52 years,
and approximately half of the patients were premenopausal. Most tumors were clinically
detected, with 79.4% of tumors larger than 2 cm and 52.4% with axillary lymph node
involvement. According to immunohistochemical classification, the majority of patients
(82.9%) corresponded to luminal subtype B and 79.7% of patients were considered to be at
high clinical risk, with a substantial number of patients with locally advanced disease.

Table 1. Baseline characteristics of population analyzed for sTIL (n = 345).

Total sTIL (%) sTIL = 0% sTIL > 0%

Characteristic n (%) Median (Q1, Q3) p-Value n (%) n (%) p-Value *

Total 345 (100%) 5 (0, 10) – 100 (29.0%) 245 (71.0%) –

Age – <0.001

Median (Q1, Q3) 52 (44, 63) 57 (47, 68) 50 (42, 60)

Menopause status <0.001 0.005

Postmenopausal 178 (51.9%) 5 (0, 10) 64 (64.0%) 114 (46.9%)

Premenopausal 165 (48.1%) 5 (5, 10) 36 (36.0%) 129 (53.1%)

Histology 0.006 0.086

IDC 315 (91.3%) 5 (0, 10) 86 (86.0%) 229 (93.5%)

ILC 27 (7.8%) 2.5 (0, 5) 13 (13.0%) 14 (5.7%)
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Table 1. Cont.

Total sTIL (%) sTIL = 0% sTIL > 0%

Characteristic n (%) Median (Q1, Q3) p-Value n (%) n (%) p-Value *

Other 3 (0.9%) 5 (2.5, 7.5) 1 (1.0%) 2 (0.8%)

Subtype 1 <0.001 <0.001

Luminal A 59 (17.1%) 1 (0, 5) 29 (29.0%) 30 (12.2%)

Luminal B 286 (82.9%) 5 (1, 10) 71 (71.0%) 215 (87.8%)

PgR 0.055 0.849

Negative 44 (12.8%) 10 (0, 15) 12 (12.0%) 32 (13.1%)

Positive 300 (87.2%) 5 (0, 10) 88 (88.0%) 212 (86.9%)

Ki67 – <0.001

Median (Q1, Q3) 30.0 (16.1, 41.7) 20.0 (10.0, 30.0) 35.0 (20.0, 50.0)

Grade <0.001 <0.001

1 52 (15.1%) 5 (0, 5) 24 (24.0%) 28 (11.4%)

2 190 (55.1%) 5 (0, 10) 63 (63.0%) 127 (51.8%)

3 103 (29.9%) 10 (5, 18) 13 (13.0%) 90 (36.7%)

T stage 0.003 0.004

T1 90 (26.3%) 5 (0, 8.8) 37 (37.0%) 53 (21.9%)

T2-4 252 (73.7%) 5 (1, 10) 63 (63.0%) 189 (78.1%)

T size (cm) – <0.001

Mean (SD) 34.9 (21.6) 29.7 (20.5) 37.1 (21.7)

Nodal stage 0.001 <0.001

N0 157 (47.6%) 5 (0, 10) 62 (62.6%) 95 (41.1%)

N positive 173 (52.4%) 5 (2.5, 10) 37 (37.4%) 136 (58.9%)

Positive nodes number – <0.001

Mean (SD) 2.1 (3.7) 1.44 (3.4) 2.4 (3.8)

Chemotherapy 2 <0.001 <0.001

No chemotherapy 56 (16.2%) 0 (0, 5) 32 (32.0%) 24 (9.8%)

2nd generation 52 (15.1%) 5 (0, 10) 16 (16.0%) 36 (14.7%)

3rd generation 237 (68.7%) 5 (2.5, 10) 52 (52.0%) 185 (75.5%)

Clinical risk 3 <0.001

Low 70 (20.3%) 5 (0, 5) 30 (30.0%) 40 (16.3%) 0.006

High 275 (79.7%) 5 (0, 10) 70 (70.0%) 205 (83.7%)

* Differences assessed with the Kruskal–Wallis test (for age, Ki67, T size and node number) and with the Chi
squared test for the rest of variables; p values were adjusted for multiple comparisons (Benjamini–Hochberg
method). 1 Luminal B subtype defined as grade 3 and/or PgR < 20% and/or KKi67 > 14%. 2 Second-generation
chemotherapy include anthracyclines or taxanes; third generation defined as combinations (sequential or con-
comitant) of anthracyclines and taxanes. 3 High clinical risk defined according to Adjuvant! criteria (T > 3 cm; N+
with grade 1 and T > 2 cm; N+ with grades 2–3 and any T; grade 2 with T2N0 or higher TN stage; grade 3 with N0
and T > 1 cm). IDC: invasive ductal carcinoma. ILC: invasive lobular carcinoma.

The majority of women (83.8%) received treatment with chemotherapy, either neoad-
juvant (54.2%) or adjuvant (29.6%), mainly with third-generation schedules (68.7% sequen-
tial or concurrent anthracyclines and taxanes). Total mastectomy was performed in 203
(58.8%) patients and axillary lymphadenectomy in 201 (60.4%). With a median follow-up
of 72 months, breast-cancer-specific OS was 94.4% (95%CI: 0.92, 0.97) and RFI was 89.5%
(95%CI: 0.86, 0.93) at 5 years.
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The median baseline sTIL infiltration was 5% (interquartile range (IQR), 0–10), and
29.0% of cases showed complete absence of sTIL (Table 1), consistent with an overall low
lymphocytic infiltration (Supplementary Figure S2). Among those cases with any presence
of sTIL, the majority (75.9%) presented values from 1 to 10%, and only 24.1% of tumors had
sTIL greater than 10%. The proportion of sTIL (Table 1) was significantly higher in tumors
of grade 3 (p < 0.001), larger than 2 cm (p = 0.004), with axillary lymph node involvement
(p < 0.001) or of high clinical risk (p = 0.006) (Figure 1). Infiltration by sTIL was also
associated with premenopausal status (p = 0.005) and younger age at diagnosis (p < 0.001).
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The distribution of sTIL showed differences between luminal B and luminal A tumors
(Figure 2), with a lower proportion of cases without lymphocytic infiltration and higher
percentages of sTIL in luminal B tumors (luminal A, median: 1 (IQR 0–5); luminal B,
median: 5 (IQR 1–10); p < 0.001). The analysis of sTIL as a dichotomic variable (sTIL = 0%
or >0%) showed similar results (Table 1).
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The percentage of sTIL was significantly correlated with a higher percentage of Ki67
(Rho = 0.391, p < 0.001) and with younger age (Rho = −0.28, p < 0.001), while it showed a
weak correlation with tumor size (Rho = 0.17; p = 0.002) and with the number of positive
nodes (Rho = 0.14, p = 0.012) (Figure 3).
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Figure 3. Correlogram showing the association of sTIL with other variables. Spearman correlation
coefficients are shown for each pair of variables. T: tumor size (cm). N: number of positive nodes.

3.2. Predictive Value of sTIL for pCR after Neoadjuvant Chemotherapy

In the cohort of patients (n = 187) treated with NCT, the pCR rate was 8.6%. The
percentage of sTIL was associated with pCR in the whole cohort of patients treated with
NCT (OR = 1.055, 95%CI 1.024–1.089; p < 0.001). The association of other clinic-pathologic
variables with pCR was only statistically significant for grade 3 and for Ki67, which showed
the best predictive performance (Supplementary Table S2). The addition of sTIL to Ki67
significantly improved the performance of the predictive model for pCR (Table 2) (LRT,
p = 0.006), with higher AUC and lower AIC values. A third model including grade 3 was
not significantly better than the previous model (LRT, p = 0.273).

Table 2. Association of sTIL with pCR after neoadjuvant chemotherapy.

Models OR (95% CI) p-Value AIC AUC ROC LRT p-Value

Model 1 = Ki67

Ki67 (continuous) 1.06 (1.03, 1.09) <0.001 87.5 0.822 1 (reference)

Model 2 = Ki67 + sTIL

Ki67 1.05 (1.02, 1.09) <0.001
75.9 0.876 Model 2 vs. model

1, p = 0.006sTIL (continuous) 1.05 (1.01, 1.08) 0.005

Model 3 = Ki67 + sTIL + grade

Ki67 1.04 (1.01, 1.08) <0.011
76.7 0.872 Model 3 vs. model

2, p = 0.273sTIL 1.04 (1.01, 1.08) 0.021

Grade 3 2.64 (0.48, 20.50) 0.300
AIC: Akaike Information Criteria. AUC ROC: area under the curve of receiver operating curve. LRT: likelihood
ratio test.

3.3. Association of sTIL with RFI and OS in Luminal B Tumors

Survival analysis according to sTIL with a cut-off of 0% showed significantly better RFI
(log-rank test, p = 0.008) and OS (p = 0.029) in the group of patients without sTIL presence
(Figure 4A,B). Multivariate models including sTIL confirmed these results for both RFI and
OS (Supplementary Tables S3 and S4). These differences were mainly driven by relapse
and survival events in the luminal B subgroup (n = 286; 38 events, including 21 deaths by
breast cancer), while only three relapses and no breast-cancer-related deaths occurred in
the luminal A group (n = 59) (Figure 4C–F). In luminal B BC, RFI was significantly better
for patients with no sTIL infiltration (HR, 4.43; 95%CI, 1.36–14.42; p = 0.013), while the
numerical differences in OS (96.9% vs. 92% at 5 years) did not reach statistical significance
(HR, 1.30; 95%CI, 0.85–15.77; p = 0.08).
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To specifically determine the contribution of sTIL to the prognostic performance of a
multivariable Cox regression model for RFI in luminal B tumors, we built a nested model
adding sTIL to a baseline model including tumor size, number of positive nodes, PgR
status and Ki67. After inclusion of sTIL, the model significantly improved its performance
(LRT, p = 0.004) (Table 3). Multivariable models for breast-cancer-specific OS did not
improve their prognostic performance with the addition of sTIL (Supplementary Table S5).
Differences were found neither for sTIL as a continuous variable nor for sTIL with a cut-off
of 10%.
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Table 3. Inclusion of sTIL in Cox prognostic models for RFI of luminal B breast cancer.

Models HR (95% CI) p-Value AIC C-
Index LRT p-Value

Model 1 = T size + N+ (nr) + Ki67 + PgR

T size (cm) 1.02 (1.01, 1.03) 0.002

323.5 0.76 1 (reference)
Number of positive nodes 1.09 (1.04–1.16) 0.001

Ki67 (continuous) 1.01 (0.99, 1.03) 0.060

PgR (positive) 0.47 (0.21, 1.03) 0.059

Model 2 = T size + N+ (nr) + Ki67 + PgR + sTIL

T size (cm) 1.02 (1.01, 1.03) <0.001

317.4 0.75
Model 2 vs. model 1,

p = 0.004

Number of positive nodes 1.09 (1.04–1.16) 0.001

Ki67 (continuous) 1.01 (0.99, 1.03) 0.336

PgR (positive) 0.36 (0.16, 0.82) 0.015

sTIL (>0%) 4.85 (1.33, 17.65) 0.016
AIC: Akaike Information Criteria. AUC ROC: area under the curve of receiver operating curve. C-index: Harrel’s
concordance index. LRT: likelihood ratio test.

4. Discussion

The biological and clinical value of lymphocytic infiltration of tumor stroma in luminal
breast cancer is controversial [5,10,12–14]. In this study, we evaluated the significance of
sTIL, determined according to internationally validated criteria, in a prospective cohort
of luminal BC mostly treated with neoadjuvant or adjuvant chemotherapy. In patients
treated with NCT, the presence of sTIL was shown to be an independent predictive factor
for pCR. However, in patients with luminal breast cancer, especially in luminal B tumors,
the presence of sTIL was associated with a worse prognosis in terms of RFI and with a
non-significant trend to worse OS.

Our findings reveal that there is a low percentage of sTIL in luminal cancer, with ap-
proximately one third of tumors showing no lymphocytic infiltration. This is in agreement
with previous studies that have shown the immunologically “cold” microenvironment
of this subtype, particularly in luminal A tumors [5]. The presence of sTIL was also as-
sociated with features of increased biological aggressiveness, such as grade 3, increased
proliferation, increased nodal involvement and larger tumor size. The significantly higher
sTIL percentage in premenopausal and younger women might be linked to these tumor
features, which are more frequent in this population. Additionally, lower ER and PgR
expression in younger patients might also justify the higher lymphocyte infiltration. These
associations are also consistent with the characteristics of the luminal B subtype, which
is known to be associated with higher immune activation [19,20,28]. The reasons for this
higher lymphocyte infiltration are still unclear; however, a higher clonal diversity and
mutational burden, reflecting a higher neoantigen expression in luminal B tumors [20],
together with lower ER expression and higher proliferation, are potential explanations.
Higher expression of immune checkpoint components, such as IDO1, in luminal B BC has
also been associated with higher proliferation, lower ER expression and higher lymphocytic
infiltration [28]. Therefore, substantial heterogeneity exists in the immune response of
luminal BC.

A noteworthy finding of this study is that the prognostic impact of sTIL remained
independent of other clinicopathologic factors. It was possible that this prognostic effect
could have been a result of sTIL being associated with other high-risk biological variables,
especially those linked to proliferation. However, we specifically analyzed its impact in
patients with tumors classified as luminal B according to the surrogate IHC classification.
The inclusion of sTIL in a prognostic model, along with tumor size, lymph node involve-
ment, proliferation and PgR status, resulted in improved performance, which supports the
independent value of sTIL as a prognostic biomarker in luminal B and high-risk tumors.
In fact, the multivariate model for RFI in luminal B tumors suggests that Ki67, although
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associated with sTIL presence, is a less important predictor of recurrence than PgR and
sTIL. The luminal B group is particularly relevant for improving prognostic stratification
and decision-making on adjuvant approaches, such as the addition of iCDK4/6 or new
immunotherapy-based strategies. Moreover, the potential use of sTIL as a biomarker of
endocrine resistance linked to immune activation [28], with some data indicating that sTIL
could be a marker of these biological features [29], supports the possibility of its use in the
context of treatment in addition to adjuvant endocrine therapy.

The dual effect of sTIL in luminal B BC is similar to that of other variables such
as proliferation or high grade, which are associated with both greater chemotherapy
benefit and worse prognosis. These results differ from those reported by Criscitiello
et al., who reported a lower distant disease-free survival among patients with higher
lymphocytic infiltration treated with chemotherapy [18], but align with those of a larger
meta-analysis [14]. Despite the overall disagreement in the prognostic results, the work
by Criscitiello et al. raises relevant questions concerning the impact of chemotherapy on
the prognostic stratification provided by sTIL in luminal BC. According to their data, no
prognostic differences by sTIL should be anticipated in the group of patients that did
not receive chemotherapy, while a better prognosis for tumors with high sTIL should be
observed, particularly in the subgroup with high Ki67 scores [18]. However, treatment with
chemotherapy is associated, similar to higher sTIL scores, with high clinical risk, luminal B
characteristics and high proliferation, thereby limiting the ability to draw firm conclusions
about the differential prognostic effects between patients who received chemotherapy
and those who did not. In our series, this comparison is further complicated by the
low sample size of the group of patients without chemotherapy (n = 56). Nevertheless,
we did not observe a favorable impact of high sTIL in a predominantly chemotherapy-
treated population, making such an association unlikely. Another difference between our
study and that by Criscitiello et al. is the substantial number of patients who received
neoadjuvant chemotherapy, a therapeutic setting in which a poorer prognosis for high sTIL
infiltration is supported by a recent meta-analysis [13]. The reasons for this association are
unclear, as changes in the tumor microenvironment or gene expression pattern induced by
chemotherapy should theoretically lead to lower proliferation and less aggressive behavior,
especially in the more responsive luminal B subgroup.

Further study of specific lymphocyte subpopulations, such as FOXP3+, macrophages
and T-reg lymphocytes, among others, could provide more insights into the clinical impact
of the immune response in this tumor subtype. Additionally, gene expression signatures,
such as B-cell-related signatures, have shown their value as immune biomarkers, outper-
forming the predictive and prognostic value of sTIL in other subtypes of BC [30]. In luminal
B BC, prior works have shown that genomic signatures related to tumor inflammation or
BRCA-related DNA repair deficiency may also predict endocrine resistance and immune
evasion, even in the presence of high sTIL [31]. While accessible, sTIL is a biologically
limited marker as it can reflect different settings of immune activation or immunosuppres-
sion in luminal B tumors [28]. In fact, the greater presence of sTIL in luminal B tumors
might be indicative of a higher degree of immune tolerance [20,28], which could justify the
poorer prognosis observed in these patients. Therefore, sTIL should probably be comple-
mented by other immune biomarkers to comprehensively characterize the immune tumor
environment and to obtain a more accurate prognostic stratification.

Our work has several limitations. First, the limited sample size and short follow-
up, with a low number of pCR and survival events, may reduce the statistical power for
the evaluation of predictive and overall survival models. Nevertheless, the fact that the
majority of patients of the cohort had luminal B and high-risk tumors, mostly treated
with chemotherapy, makes it more relevant from a clinical point of view and places it in
the context of current development of new adjuvant or neoadjuvant treatment strategies.
Second, the observational nature of the study precludes the assessment of the contribution
of treatment to prognosis and of potential interactions between chemotherapy and sTIL.
Third, the use of sTIL as a dichotomous variable in the survival analysis is a potential
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limitation. Although pre-specified cut-off points were used, the determination of sTIL
is not a continuous variable because infiltration increments are usually 5% or 10%. The
fact that the only cut-off point that has shown prognostic relevance has been the absence
of lymphocytic infiltration versus the presence of any percentage of sTIL might suggest
that the most relevant clinical factor is precisely the detection of any degree of antitumor
immune response. Finally, we only evaluated pre-treatment sTIL in our work, a potential
limitation since prior studies have shown the prognostic value of post-chemotherapy sTIL,
especially in triple-negative BC [32]. The potential value of post-treatment sTIL has been
studied less in luminal tumors, but might provide further prognostic information and
improve our understanding of the interaction of chemotherapy with immune cells in the
luminal BC stroma.

5. Conclusions

Our results show that lymphocytic infiltration in luminal breast cancer may have a dif-
ferent biological significance in comparison with other subtypes. While sTIL is associated
with characteristics of greater biological aggressiveness and a higher rate of pathological
complete response to neoadjuvant chemotherapy, it is also linked with a higher risk of
relapse and breast-cancer-related death. The inclusion of lymphocyte infiltration (sTIL)
improves the predictive and prognostic performance of models based on classical clinico-
pathological variables, even within the specific group of luminal B breast cancer. These
results support the notion that the immune response plays an important role in luminal BC
and suggest that sTIL might be a useful biomarker in those patients with high-risk luminal
B tumors to improve prognostic stratification and therapeutic decision-making.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/cancers15102846/s1, Figure S1: Cohort diagram of the study, Figure S2: Histogram of
frequencies of sTIL score (percentage determined by standard methods [23,24]) in luminal breast
cancer. The red line represents the normal curve, reflecting a non-normal distribution. Table S1:
Additional patient characteristics and sTIL distribution, Table S2: Univariable logistic regression
models for prediction of pCR after neoadjuvant chemotherapy in luminal breast cancer (n = 187),
Table S3: Multivariable Cox regression models for RFI in luminal breast cancer, Table S4: Multivariable
Cox regression models for OS in luminal breast cancer, Table S5: Multivariable Cox regression models
for OS in luminal B breast cancer.
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Appendix A. REMARK Criteria Checklist

Item to Be Reported Page No.

INTRODUCTION

1 State the marker examined, the study objectives, and any pre-specified hypotheses. 2–3

MATERIALS AND METHODS

Patients

2 Describe the characteristics (e.g., disease stage or co-morbidities) of the study patients, including their source
and inclusion and exclusion criteria. 3

3 Describe treatments received and how chosen (e.g., randomized or rule-based). 3

Specimen characteristics

4 Describe type of biological material used (including control samples) and methods of preservation and
storage. 3

Assay methods

5
Specify the assay method used and provide (or reference) a detailed protocol, including specific reagents or
kits used, quality control procedures, reproducibility assessments, quantitation methods, and scoring and
reporting protocols. Specify whether and how assays were performed blinded to the study endpoint.

3

Study design

6
State the method of case selection, including whether prospective or retrospective and whether stratification
or matching (e.g., by stage of disease or age) was used. Specify the time period from which cases were taken,
the end of the follow-up period, and the median follow-up time.

3

7 Precisely define all clinical endpoints examined. 3

8 List all candidate variables initially examined or considered for inclusion in models. 3

9 Give rationale for sample size; if the study was designed to detect a specified effect size, give the target
power and effect size.

Statistical analysis methods

10 Specify all statistical methods, including details of any variable selection procedures and other
model-building issues, how model assumptions were verified, and how missing data were handled. 4

11 Clarify how marker values were handled in the analyses; if relevant, describe methods used for cutpoint
determination. 4

RESULTS

Data

12
Describe the flow of patients through the study, including the number of patients included in each stage of
the analysis (a diagram may be helpful) and reasons for dropout. Specifically, both overall and for each
subgroup extensively examined report the numbers of patients and the number of events.

4
Figure S1

13 Report distributions of basic demographic characteristics (at least age and sex), standard (disease-specific)
prognostic variables, and tumor marker, including numbers of missing values. 4–6

Analysis and presentation

14 Show the relation of the marker to standard prognostic variables. 6–7
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Table A0. Cont.

Item to Be Reported Page No.

15

Present univariable analyses showing the relation between the marker and outcome, with the estimated
effect (e.g., hazard ratio and survival probability). Preferably provide similar analyses for all other variables
being analyzed. For the effect of a tumor marker on a time-to-event outcome, a Kaplan–Meier plot is
recommended.

6–7

16 For key multivariable analyses, report estimated effects (e.g., hazard ratio) with confidence intervals for the
marker and, at least for the final model, all other variables in the model. 7–9

17 Among reported results, provide estimated effects with confidence intervals from an analysis in which the
marker and standard prognostic variables are included, regardless of their statistical significance. 7–9

18 If done, report results of further investigations, such as checking assumptions, sensitivity analyses, and
internal validation. 7–9

DISCUSSION

19 Interpret the results in the context of the pre-specified hypotheses and other relevant studies; include a
discussion of limitations of the study. 9–11

20 Discuss implications for future research and clinical value. 10–11

References
1. Kocarnik, J.M.; Compton, K.; Dean, F.E.; Fu, W.; Gaw, B.L.; Harvey, J.D.; Henrikson, H.J.; Lu, D.; Pennini, A.; Xu, R.; et al. Cancer

Incidence, Mortality, Years of Life Lost, Years Lived with Disability, and Disability-Adjusted Life Years for 29 Cancer Groups
From 2010 to 2019 A Systematic Analysis for the Global Burden of Disease Study 2019. JAMA Oncol. 2022, 8, 420–444. [CrossRef]
[PubMed]

2. Cejalvo, J.M.; Pascual, T.; Fernández-Martínez, A.; Brasó-Maristany, F.; Gomis, R.R.; Perou, C.M.; Muñoz, M.; Prat, A. Clinical
implications of the non-luminal intrinsic subtypes in hormone receptor-positive breast cancer. Cancer Treat. Rev. 2018, 67, 63–70.
[CrossRef] [PubMed]

3. Jacob, S.L.; Huppert, L.A.; Rugo, H.S. Role of Immunotherapy in Breast Cancer. JCO Oncol. Pract. 2023, 19, 167–179. [CrossRef]
[PubMed]

4. Wolf, D.M.; Yau, C.; Wulfkuhle, J.; Brown-Swigart, L.; Gallagher, R.I.; Lee, P.R.E.; Zhu, Z.; Magbanua, M.J.; Sayaman, R.; O’grady,
N.; et al. Redefining breast cancer subtypes to guide treatment prioritization and maximize response: Predictive biomarkers
across 10 cancer therapies. Cancer Cell 2022, 40, 609–623.e6. [CrossRef]

5. Denkert, C.; Von Minckwitz, G.; Darb-Esfahani, S.; Lederer, B.; Heppner, B.I.; Weber, K.E.; Budczies, J.; Huober, J.; Klauschen, F.;
Furlanetto, J.; et al. Tumour-infiltrating lymphocytes and prognosis in different subtypes of breast cancer: A pooled analysis of
3771 patients treated with neoadjuvant therapy. Lancet Oncol. 2018, 19, 40–50. [CrossRef] [PubMed]

6. Rugo, H.S.; Delord, J.-P.; Im, S.-A.; Ott, P.A.; Piha-Paul, S.A.; Bedard, P.L.; Sachdev, J.; Le Tourneau, C.; van Brummelen, E.M.;
Varga, A.; et al. Safety and Antitumor Activity of Pembrolizumab in Patients with Estrogen Receptor–Positive/Human Epidermal
Growth Factor Receptor 2–Negative Advanced Breast Cancer. Clin. Cancer Res. 2018, 24, 2804–2811. [CrossRef]

7. Dirix, L.Y.; Takacs, I.; Jerusalem, G.; Nikolinakos, P.; Arkenau, H.T.; Forero-Torres, A.; Boccia, R.; Lippman, M.E.; Somer, R.;
Smakal, M.; et al. Avelumab, an anti-PD-L1 antibody, in patients with locally advanced or metastatic breast cancer: A phase 1b
JAVELIN Solid Tumor study. Breast Cancer Res. Treat. 2018, 167, 671–686. [CrossRef]

8. Tolaney, S.M.; Barroso-Sousa, R.; Keenan, T.; Li, T.; Trippa, L.; Vaz-Luis, I.; Wulf, G.; Spring, L.; Sinclair, N.F.; Andrews, C.; et al.
Effect of Eribulin With or Without Pembrolizumab on Progression-Free Survival for Patients With Hormone Receptor–Positive,
ERBB2-Negative Metastatic Breast Cancer: A Randomized Clinical Trial. JAMA Oncol. 2020, 6, 1598–1605. [CrossRef]

9. Nanda, R.; Liu, M.C.; Yau, C.; Shatsky, R.; Pusztai, L.; Wallace, A.; Chien, A.J.; Forero-Torres, A.; Ellis, E.; Han, H.; et al. Effect of
Pembrolizumab Plus Neoadjuvant Chemotherapy on Pathologic Complete Response in Women With Early-Stage Breast Cancer:
An Analysis of the Ongoing Phase 2 Adaptively Randomized I-SPY2 Trial. JAMA Oncol. 2020, 6, 676–684. [CrossRef]

10. Loi, S.; Sirtaine, N.; Piette, F.; Salgado, R.; Viale, G.; Van Eenoo, F.; Rouas, G.; Francis, P.; Crown, J.P.; Hitre, E.; et al. Prognostic and
Predictive Value of Tumor-Infiltrating Lymphocytes in a Phase III Randomized Adjuvant Breast Cancer Trial in Node-Positive
Breast Cancer Comparing the Addition of Docetaxel to Doxorubicin With Doxorubicin-Based Chemotherapy: BIG 02-98. J. Clin.
Oncol. 2013, 31, 860–867. [CrossRef]

11. Ahn, S.G.; Cha, Y.J.; Bae, S.J.; Yoon, C.; Lee, H.W.; Jeong, J. Comparisons of tumor-infiltrating lymphocyte levels and the 21-gene
recurrence score in ER-positive/HER2-negative breast cancer. BMC Cancer 2018, 18, 320. [CrossRef] [PubMed]

12. Dieci, M.; Criscitiello, C.; Goubar, A.; Viale, G.; Conte, P.; Guarneri, V.; Ficarra, G.; Mathieu, M.; Delaloge, S.; Curigliano, G.; et al.
Prognostic value of tumor-infiltrating lymphocytes on residual disease after primary chemotherapy for triple-negative breast
cancer: A retrospective multicenter study. Ann. Oncol. 2014, 25, 611–618. [CrossRef] [PubMed]

https://doi.org/10.1001/jamaoncol.2021.6987
https://www.ncbi.nlm.nih.gov/pubmed/34967848
https://doi.org/10.1016/j.ctrv.2018.04.015
https://www.ncbi.nlm.nih.gov/pubmed/29763779
https://doi.org/10.1200/OP.22.00483
https://www.ncbi.nlm.nih.gov/pubmed/36608303
https://doi.org/10.1016/j.ccell.2022.05.005
https://doi.org/10.1016/S1470-2045(17)30904-X
https://www.ncbi.nlm.nih.gov/pubmed/29233559
https://doi.org/10.1158/1078-0432.CCR-17-3452
https://doi.org/10.1007/s10549-017-4537-5
https://doi.org/10.1001/jamaoncol.2020.3524
https://doi.org/10.1001/jamaoncol.2019.6650
https://doi.org/10.1200/JCO.2011.41.0902
https://doi.org/10.1186/s12885-018-4228-6
https://www.ncbi.nlm.nih.gov/pubmed/29573739
https://doi.org/10.1093/annonc/mdt556
https://www.ncbi.nlm.nih.gov/pubmed/24401929


Cancers 2023, 15, 2846 14 of 14

13. Kolberg-Liedtke, C.; Gluz, O.; Heinisch, F.; Feuerhake, F.; Kreipe, H.; Clemens, M.; Nuding, B.; Malter, W.; Reimer, T.; Wuerstlein,
R.; et al. Association of TILs with clinical parameters, Recurrence Score® results, and prognosis in patients with early HER2-
negative breast cancer (BC)—A translational analysis of the prospective WSG PlanB trial. Breast Cancer Res. 2020, 22, 47. [CrossRef]
[PubMed]

14. Gao, Z.-H.; Li, C.-X.; Liu, M.; Jiang, J.-Y. Predictive and prognostic role of tumour-infiltrating lymphocytes in breast cancer
patients with different molecular subtypes: A meta-analysis. BMC Cancer 2020, 20, 1150. [CrossRef]

15. Ali, H.R.; Provenzano, E.; Dawson, S.-J.; Blows, F.M.; Liu, B.; Shah, M.; Earl, H.M.; Poole, C.J.; Hiller, L.; Dunn, J.A.; et al.
Association between CD8+ T-cell infiltration and breast cancer survival in 12,439 patients. Ann. Oncol. 2014, 25, 1536–1543.
[CrossRef]

16. Sobral-Leite, M.; Salomon, I.; Opdam, M.; Kruger, D.T.; Beelen, K.J.; Van Der Noort, V.; Van Vlierberghe, R.L.P.; Blok, E.J.;
Giardiello, D.; Sanders, J.; et al. Cancer-immune interactions in ER-positive breast cancers: PI3K pathway alterations and
tumor-infiltrating lymphocytes. Breast Cancer Res. 2019, 21, 90. [CrossRef] [PubMed]

17. Valenza, C.; Salimbeni, B.T.; Santoro, C.; Trapani, D.; Antonarelli, G.; Curigliano, G. Tumor Infiltrating Lymphocytes across Breast
Cancer Subtypes: Current Issues for Biomarker Assessment. Cancers 2023, 15, 767. [CrossRef]

18. Criscitiello, C.; Vingiani, A.; Maisonneuve, P.; Viale, G.; Curigliano, G. Tumor-infiltrating lymphocytes (TILs) in ER+/HER2−
breast cancer. Breast Cancer Res. Treat. 2020, 183, 347–354. [CrossRef]

19. Hanamura, T.; Kitano, S.; Kagamu, H.; Yamashita, M.; Terao, M.; Okamura, T.; Kumaki, N.; Hozumi, K.; Iwamoto, T.; Honda, C.;
et al. Expression of hormone receptors is associated with specific immunological profiles of the breast cancer microenvironment.
Breast Cancer Res. 2023, 25, 13. [CrossRef]

20. El Bairi, K.; Haynes, H.R.; Blackley, E.; Fineberg, S.; Shear, J.; Turner, S.; de Freitas, J.R.; Sur, D.; Amendola, L.C.; Gharib, M.; et al.
The tale of TILs in breast cancer: A report from The International Immuno-Oncology Biomarker Working Group. NPJ Breast
Cancer 2021, 7, 150. [CrossRef]

21. Fujimoto, Y.; Watanabe, T.; Hida, A.I.; Higuchi, T.; Miyagawa, Y.; Ozawa, H.; Bun, A.; Fukui, R.; Sata, A.; Imamura, M.;
et al. Prognostic significance of tumor-infiltrating lymphocytes may differ depending on Ki67 expression levels in estrogen
receptor-positive/HER2-negative operated breast cancers. Breast Cancer 2019, 26, 738–747. [CrossRef] [PubMed]

22. de la Peña, F.A.; Andrés, R.; Garcia-Sáenz, J.A.; Manso, L.; Margelí, M.; Dalmau, E.; Pernas, S.; Prat, A.; Servitja, S.; Ciruelos, E.
SEOM clinical guidelines in early stage breast cancer (2018). Clin. Transl. Oncol. 2019, 21, 18–30. [CrossRef] [PubMed]

23. Salgado, R.; Denkert, C.; Demaria, S.; Sirtaine, N.; Klauschen, F.; Pruneri, G.; Wienert, S.; Van den Eynden, G.; Baehner, F.L.;
Penault-Llorca, F.; et al. The evaluation of tumor-infiltrating lymphocytes (TILs) in breast cancer: Recommendations by an
International TILs Working Group 2014. Ann. Oncol. 2015, 26, 259–271. [CrossRef] [PubMed]

24. Klauschen, F.; Müller, K.-R.; Binder, A.; Bockmayr, M.; Hägele, M.; Seegerer, P.; Wienert, S.; Pruneri, G.; de Maria, S.; Badve, S.;
et al. Scoring of tumor-infiltrating lymphocytes: From visual estimation to machine learning. Semin. Cancer Biol. 2018, 52, 151–157.
[CrossRef] [PubMed]

25. McShane, L.M.; Altman, D.G.; Sauerbrei, W.; Taube, S.E.; Gion, M.; Clark, G.M. REporting recommendations for tumor MARKer
prognostic studies (REMARK). Breast Cancer Res. Treat. 2006, 100, 229–235. [CrossRef]

26. Hudis, C.A.; Barlow, W.E.; Costantino, J.P.; Gray, R.J.; Pritchard, K.I.; Chapman, J.-A.W.; Sparano, J.A.; Hunsberger, S.; Enos, R.A.;
Gelber, R.D.; et al. Proposal for Standardized Definitions for Efficacy End Points in Adjuvant Breast Cancer Trials: The STEEP
System. J. Clin. Oncol. 2007, 25, 2127–2132. [CrossRef]

27. Tolaney, S.M.; Garrett-Mayer, E.; White, J.; Blinder, V.S.; Foster, J.C.; Amiri-Kordestani, L.; Hwang, E.S.; Bliss, J.M.; Rakovitch, E.;
Perlmutter, J.; et al. Updated Standardized Definitions for Efficacy End Points (STEEP) in Adjuvant Breast Cancer Clinical Trials:
STEEP Version 2.0. J. Clin. Oncol. 2021, 39, 2720–2731. [CrossRef]

28. Anurag, M.; Zhu, M.; Huang, C.; Vasaikar, S.; Wang, J.; Hoog, J.; Burugu, S.; Gao, D.; Suman, V.; Zhang, X.H.; et al. Immune
Checkpoint Profiles in Luminal B Breast Cancer (Alliance). J. Natl. Cancer Inst. 2020, 112, 737–746. [CrossRef]

29. Dunbier, A.K.; Ghazoui, Z.; Anderson, H.; Salter, J.; Nerurkar, A.; Osin, P.; A’Hern, R.; Miller, W.R.; Smith, I.E.; Dowsett, M.
Molecular Profiling of Aromatase Inhibitor–Treated Postmenopausal Breast Tumors Identifies Immune-Related Correlates of
Resistance. Clin. Cancer Res. 2013, 19, 2775–2786. [CrossRef]

30. Fernandez-Martinez, A.; Pascual, T.; Singh, B.; Nuciforo, P.; Rashid, N.U.; Ballman, K.V.; Campbell, J.D.; Hoadley, K.A.; Spears,
P.A.; Pare, L.; et al. Prognostic and Predictive Value of Immune-Related Gene Expression Signatures vs Tumor-Infiltrating
Lymphocytes in Early-Stage ERBB2/HER2-Positive Breast Cancer. JAMA Oncol. 2023, 7295, 490. [CrossRef]

31. Schroth, W.; Büttner, F.A.; Kandabarau, S.; Hoppe, R.; Fritz, P.; Kumbrink, J.; Kirchner, T.; Brauer, H.A.; Ren, Y.; Henderson, D.; et al.
Gene Expression Signatures of BRCAness and Tumor Inflammation Define Subgroups of Early-Stage Hormone Receptor–Positive
Breast Cancer Patients. Clin. Cancer Res. 2020, 26, 6523–6534. [CrossRef] [PubMed]

32. Lee, H.; Lee, M.; Seo, J.-H.; Gong, G.; Lee, H.J. Changes in Tumor-infiltrating Lymphocytes After Neoadjuvant Chemotherapy
and Clinical Significance in Triple Negative Breast Cancer. Anticancer. Res. 2020, 40, 1883–1890. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s13058-020-01283-w
https://www.ncbi.nlm.nih.gov/pubmed/32408905
https://doi.org/10.1186/s12885-020-07654-y
https://doi.org/10.1093/annonc/mdu191
https://doi.org/10.1186/s13058-019-1176-2
https://www.ncbi.nlm.nih.gov/pubmed/31391067
https://doi.org/10.3390/cancers15030767
https://doi.org/10.1007/s10549-020-05771-7
https://doi.org/10.1186/s13058-023-01606-7
https://doi.org/10.1038/s41523-021-00346-1
https://doi.org/10.1007/s12282-019-00977-0
https://www.ncbi.nlm.nih.gov/pubmed/31098866
https://doi.org/10.1007/s12094-018-1973-6
https://www.ncbi.nlm.nih.gov/pubmed/30443868
https://doi.org/10.1093/annonc/mdu450
https://www.ncbi.nlm.nih.gov/pubmed/25214542
https://doi.org/10.1016/j.semcancer.2018.07.001
https://www.ncbi.nlm.nih.gov/pubmed/29990622
https://doi.org/10.1007/s10549-006-9242-8
https://doi.org/10.1200/JCO.2006.10.3523
https://doi.org/10.1200/JCO.20.03613
https://doi.org/10.1093/jnci/djz213
https://doi.org/10.1158/1078-0432.CCR-12-1000
https://doi.org/10.1001/jamaoncol.2022.6288
https://doi.org/10.1158/1078-0432.CCR-20-1923
https://www.ncbi.nlm.nih.gov/pubmed/33008814
https://doi.org/10.21873/anticanres.14142
https://www.ncbi.nlm.nih.gov/pubmed/32234876

	Introduction 
	Materials and Methods 
	Study Design 
	Pathologic Evaluation and sTIL Analysis 
	Statistical Analysis 

	Results 
	Patient Characteristics and sTIL Distribution According to Clinical and Pathological Variables 
	Predictive Value of sTIL for pCR after Neoadjuvant Chemotherapy 
	Association of sTIL with RFI and OS in Luminal B Tumors 

	Discussion 
	Conclusions 
	Appendix A
	References

